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INDUSTRIAL TRAINING IN BRITAIN 


Aoa the White Paper outlining the Govern- 
ment’s proposals for industrial training was pub- 
lished in December *, it attracted little attention prior to 
the debate on training in industry which Mr. W. Proudfoot 
opened in the House of Commons on February 1, and to 
which Mr. R. Carr made an important contribution. 
However, it was discussed in the House of Lords on 
February 11, and some reference was made to it in a 
debate in the Lords on unemployment on February 19, 
particularly by Lord Hailsham and the Bishop of Man- 
chester. Close attention to the whole subject was also 
directed in the memorandum by the director-general of 
the National Economie Development Council, Sir Robert 
Shone, which was published on February 20. This insisted 
that, to achieve the desired average rate of growth of 
4 per cont between 1961 and 1962, the estimated growth 
of 0-8 per cent per annum in the labour force, even if 
supported by sufficient mobility of labour, must be re- 
inforced by a much bigger training programme. Such 
would be necessary to overcome the anticipated regional 
shortages of manpower, and in so far as apprenticeship 
training cannot do the job, adult retraining must be 
expanded. 

The report, which concludes that, given a consistent 
incomes policy, a national rate of growth of 4 per cent 
should enable real incomes in Britain to be doubled in 
little more than twenty years, besides stressing the need 
for reconsidering the operation of the tax system, has 
two features of special interest to the’scientist. First, it 
recommends much fuller investigation of whether Britain 
is devoting enough to research and development to 
support real economic growth, and also of whether better 
means can be found of determining how the State can 
best invest in research with the view of getting the best 
economic and social returns. Specifically it suggests here 
that many more civil development contracts might be 
granted to industry. 

Secondly, the report insists that a high and advancing 
standard of education is a main factor in economic growth. 
Quoting with approval a statement by the Organization 
for Economic Co-operation and Development that ex- 
penditure on education should rank very high in any 
national investment programme, it adds that money spent 
in improving skill and knowledge gives at least as 
good a return economically as investment in buildings and 
equipment. Since Britain’s working population is growing 
more slowly than in most European countries, during 
the next decade it is even more important to improve the 
educational facilities all round. Inquiry into seventeen 
industries indicates that the increase in apprenticeships 
since 1958 will be insufficient to remove the shortages of 
eraftsmen which have prevailed since the end of the 
Second World War. Accordingly, a continued increase in 
apprenticeships during the next five years is urged, but 
as this will not help much with the skilled labour force 
during that period, adult training facilities must also be 
expanded, and especially in the less prosperous regions. 

This, then, is the background against which the Govern- 
ment’s proposals in the White Paper are to be considered, 


* Ministry. of Labour. Industrial Training: Government Proposals. 
Pp, 6. (Cmnd. 1892.) (London: H.M. Stationery Office, 1962.) 8d. net. 


and the report proceeds to comment on the White Papor 
and to add its own further recommendations. It suggests, 
for example, that the Ministry of Labour should play a 
larger part in providing training facilities for workers who 
are redundant or want to change their jobs. It criticizes 
both the poor training allowances paid to workers and 
the opposition of craft unions to adult training. Allow- 
ances should also be varied according to trade and to 
local wage-levels. It argues that the Ministry could pro- 
mote a far more ambitious adult training programme in 
conditions of expansion which could well reach 100,000 
workers a year, instead.of the 5,000 (including 3,000 dis- 
abled) of 1961. More attention to the establishment of 
standards, proficiency tests, age of entry, length of 
apprenticeship and contents of training is urged. It 
recommends a thorough overhaul of apprenticeship, and 
questions whether expansion is compatible with craft 
divisions, quotas, fixed entry ages, the five-year appren- 
ticeships and the absence of tests. 

Speedy establishment is urged of the Boards responsiblo 
for all aspects of training in individual industries recom- 
mended in the White Paper, particularly in engineering 
and construction where shortages of craftsmen affect the 
whole economy. More radical solutions will be needed if 
the Boards are not established or do not act quickly 
enough; rightly it maintains that economic expansion is 
too important to be hindered. by bottlenecks in the supply 
of trained men. The report recommends that industries 
should make regular five-yearly forecasts of their man- 
power needs by types of skill, so that apprenticeship, 
adult training and re-deployment could also be planned. 
It maintains that this should generally be feasible and it 
would also encourage industries and firms to consider 
their policies for recruitment, training and retirement. 
Larger training grants for new and existing firms in the 
development areas would assist these firms to provide key 
workers, reduce their higher indirect costs, and contribute 
to the pool of skilled workers in Britain as a whole, but 
the report is opposed to a wage-rate subsidy or remission 
of social security payments. 

Inasmuch as the proposals in the White Paper were 
put forward largely as talking points for discussions being 
undertaken between the Ministries, employers, workers 
and teachers, from which some improved pattern of 
training for industrial employment was expocted to 
emerge, a certain vagueness is excusable. This has been 
corrected to some extent by Sir Robert Shone’s report, 
as well as in the earlier discussions in Parliament. Tho 
White Paper begins by recognizing that shortages of 
skilled manpower have been an important factor in 
retarding the rate of economic expansion, and not loast 
in those parts of Britain where such expansion could have 
done most to reduce a level of unemployment higher than 
the average. A steadier and more rapid rate of economic 
growth cannot be secured unless skilled manpower is 
available on a growing scale. 

Hitherto, satisfactory training schemes have been pro- 
vided mainly by the larger firms in each industry. The 
smaller firms, on the other hand, have frequently been 
unable, or unwilling, to provide similar training facilities 
for apprentices and others, and generally obtained their 
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skilled workers without payment for their training and 
without themselves contributing to the pool of skilled 
labour. The Carr Committee in 1958 reminded. employers 
that the training of young workers was a responsibility 
shared by each firm in an industry, and recommended 
that firms unable to provide training themselves should 
contribute towards the cost of training. Now the Govern- 
ment has decided that the time has come to strengthen 
and improve the existing partnership between itself, 
industry and the education authorities in this field. 
The Boards which, as already noted, it is proposed to 
establish, will include among their functions the power 
to make a levy for the purpose from establishments in 
the industry. It is envisaged that firms below a certain 
size might be excluded and rebates allowed to firms pro- 
viding industrial training of approved quality. 

Other functions include the establishment of training 
policy in the industry and standards of training, estab- 
lishment of qualifications and tests for instructors, pro- 
vision of advice and assistance about training to firms, 
and devising tests for apprentices and others. The White 
Paper itself rather directs attention to first-year training 
for apprenticeship and the problem of retraining for 
redundant or displaced workers is virtually ignored. This 
did not pass unnoticed in the debates, and although Mr. 
Proudfoot’s motion welcoming the Government’s pro- 
posals was adopted, the motion specifically urged an 
expansion of the facilities for training and retraining 
adult workers to meet the changing requirements of 
industry and to enable men and women whose jobs become 
redundant to acquire a new skill. The limits placed on 
apprenticeship were severely criticized and a higher 
starting age was urged by several speakers in the debate, 
in which support for the proposals as well as criticism 
came from both sides of the House. 

A particularly constructive speech by Mr. Robert Carr, 
which emphasized, as did other speakers, the bearing on 
industrial training on the present economic situation, and 
particularly as regards employment and redundancy, 
saw the White Paper as a direct outcome of the work 
done by the Committee of which he had been chairman. 
Mr. Carr saw the new proposals as falling well within the 
recommendations of the Carr Committee but did not 
regard the arrangements visualized as weak: on the 
contrary, he thought they would eliminate two of the 
chief weaknesses which had hitherto characterized 
Britain’s industrial training system. He thought that in 
practice the flexibility would increase the strength of the 
proposed -framework, and, while the responsibility for 
actual training was left entirely with industry, the active 
co-operation of Government was introduced in the form 
of financial grant, membership of the training boards and 
supervision of standards of training. This inevitably 
committed the Government to the use, if necessary, of 
the sanction of their authority to ensure the maintenance 
of standards. 

Mr. Carr was concerned that representation on the 
Training Boards should not be limited to employers and 
trade unions. He thought that the Industrial Training 
Council should continue and urged finally that, while 
first-year training was of the highest importance, the new 
Boards should direct greater attention to the quality of 
training and length of apprenticeship. To give each 
trainee the greatest flexibility of skills was extremely 
important alike in respect of full employment and of the 
economic needs of the industry in which the trainee was 
employed. The Boards should not overlook research into 
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methods of training, and it was extremely important that 
the Boards for each industry should investigate all possible 
new ways of effective training. 

Mr. Carr’s points were freely adumbrated by subsequent 
speakers in the debate, Mr. J. H. Osborn commenting 
also on the participation of voluntary organizations, the 
colleges of technology or further education and stressed 
the need for goodwill all round. Mr. R. E. Prentice 
thought that, backed with sufficiently energetic measures 
by the Government, the White Paper could be the start 
of a new era, but suggested that the Industrial Training 
Council should be replaced with a much stronger body, 
provided with reasonable staff and finance and working 
with the National Economic Development Council. In 
replying on the debate, the Parliamentary Secretary to 
the Ministry of Labour, Mr. W. Whitelaw, said that the 
Minister hoped to enlist in the service of the Boards the 
knowledge and enthusiasm for training which existed in 
many different parts of industry. He pointed out that 
the Minister would have the power to appoint inspectors 
to satisfy himself that the standards of training adopted 
justified payment of the grants, and confirmed that the 
Government’s large financial stake would ensure that the 
Minister withheld the grants if he was not satisfied that 
the national interest was being served. While it was right 


‘for the Boards to give their first attention to the training 


of young people, he claimed that the Government had 
accepted the increasing need to train and re-train adults, 
and said that Government attention here was concen- 
trated on those jobs which contained a fair element of 
skill, training for which could be given in the course of a 
few weeks’ instruction in a firm. Training allowances paid 
to @ man at Government training centres had already 
been substantially increased and the Minister intended to 
open new training centres, while voluntary work on adult 
re-training would be welcomed. 

The debate in the House of Lords on February 11 ran 
on different lines, Lord Eccles, who opened, urged the 
need for a much wider approach than that of economics, 
on which the White Paper was based. To recognize the 
ambitions, difficulties and human predicament of the 
young involved attention to much wider educational needs 
and a very much wider training for the new entrant to 
industry. It might well involve staying on in full-time 
education to sixteen, and Lord Eccles thought that the 
links between the schools and the technical colleges, and 
between both and industry, were the most vital in the 
whole system of training and education for an industrial 
career. He was also concerned at the effect of restrictive 
practices and job demarcation and urged that every 
encouragement should be given to those on both sides of 
industry who sought to remove them. Moreover, he 
strongly supported the argument in the White Papor that 
it was as essential that the recruit to industry should be 


equipped for technical change as that he should master _ 


the skill needed for his first job. 


This approach of Lord Eccles was warmly welcomed by ` 


Lord Hailsham, who also accepted Lord Williamson’s 
contention that while the training of craftsmen was the 
responsibility of industry, the training of technicians and 
graduates was that of the Government. He agreed that 
the present-day length of apprenticeship was too long at 
five years and said that refusal to take apprentices of 
more than sixteen years was contrary to the public 
interest. Pre-apprenticeship courses in schools or colleges 
of further education could largely replace the early 
months or years of apprenticeship, and the Government 
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proposed to make full use of the existing facilities for 
training in colleges of further education, in training 
establishments provided by firms and in Government 
training centres. 

Lord Eccles’s concern that due attention should be 
directed to the human needs of those being trained, par- 
ticularly of the young, was reflected in other speeches, 
notably in those of the Bishop of London, Lord Citrine 
and Lord McCorquodale of Newton, the last-mentioned 
of whom referred to the work done by the Industrial 
Training Council, which he considered had still an impor- 
tant part to play. This view was endorsed by Lord Fleck 
and also by Lord Rochester. Lord Fleck was, however, 
dubious as to whether the White Paper made an effective 
contribution to the traming or retraining of adults and 
suggested that those problems and also the problems of 
managerial and supervisory training were better dealt 
with in independent documents. As regards training of 
recruits to industry, Lord Fleck suggested that it would 
be simpler if training was organized on a geographical 
regional basis and that it was essential to ensure that the 
support from the Ministry of Labour and the Ministry of 
Education was effectively integrated. Lord Rochester, in 
referring to the need for change in training methods and 
the abandonment of restrictive practices, maintained that 
if the unions and others concerned failed to respond the 
Government must not shrink from the necessary action. 

Lord Netherthorpe directed particular attention to the 
question of training in agriculture and commented that 
day-release often appeared to be the only practicable 
method. Lord Todd referred to the comparatively slight 
attention given to the shortage of technicians despite the 
dependence of the scientist and technologist on an 
adequate supply of well-qualified technicians if effective 
use were to be made of their services. Most technicians in 
industry, he said, were simply promoted craftsmen, who 
usually had followed no systematic course of educational 
training to fit them for the work they undertook. He 
insisted that the educational requirements of the tech- 
nician and the craftsman were not identical, and, while 
the White Paper should encourage moves in the right 
direction, he thought for technicians, block-release rather 
than day-release, particularly in the first two or three 
years of employment, offered advantages. The matter 
was of great concern to the Advisory Council on Scientific 
Policy, of which Lord Todd is chairman, and Lord Todd 
hoped that an inquiry instituted by the Council’s Com- 
mittee on Scientific Manpower into the supply and 
demand for technicians would indicate the magnitude of 
the problems. A piecemeal approach, industry by indus- 
try, had dangers here, but he hoped that the White Paper 
would assist a general approach to the problem of the 
education of technicians which would give the vocation 
of technician the status it deserved. 

Lord Carrington, in replying on the debate, expressed. 
particular interest in Lord Todd’s remarks and said that 
‘ the Minister for Science was much concerned with this 
problem. He said that the three-year course for appren- 
tices at Stow College was an experimental course which 
had the approval of the Scottish Educational Department 
and the Ministry of Labour, and that it was proposed to 
assess progress continuously during the three years. Lord 
Carrington agreed as to the importance of dealing with 
people as individuals and that people were more important 
than productivity, but otherwise his speech added little 
to the reassurances previously given in the House of 
Commons. His reply drew from Lord Eccles an emphatic 
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protest against any attempt to continue to draw a dis- 
tinction in responsibility between education and iraining. 
now that the training of workers was more and more being 
carried out in technical colleges. He agreed with Lord 
Todd that we must now work out for technicians a coherent 
industrial policy that went far beyond the training of any 
particular kind of technician. 

If, therefore, the Government’s proposals have received 
a welcome not qualified by too many reservations, the 
debates in Parliament have left no doubt that the 
responsibility for making them succeed rests mainly on 
industry and that both sides of industry have their part 
to play. Much will obviously depend on the extent of the 
financial support which the Government is prepared to 
provide, but that alone will not ensure success, and while 
the Government is understandably reluctant to apply 
sanctions if co-operation can be secured voluntarily, the 
debates left no room for doubt as to its intention to apply 
the sanctions it possesses if necessary or that thoro will 
be widespread support for such action should it prove 
necessary. Meanwhile, it is worth noting that a recent 
book by Lady Gertrude Williams on apprenticeship im 
Europe* provides further authoritative support for the 
Government’s proposals. 

This study of apprenticeship in Europe led to the con- 
clusion that statutory Training Boards for each industry 
should be provided with a professional secretariat. Thi» 
would be charged specifically with the responsibility of 
examining the jobs for which the industry is providing 
training and the way in which they are demarcated, and 
of determining the true length of time that training for 
each of them should take. The Boards would also he 
responsible for attempting to fit the supply of skilled men 
to the future demand, and would then establish an 
inspectorate, the task of which would be to set up nation- 
ally accepted standards for skill and to seo that trainers 
were properly equipped to train. Lady Williams would 
also make day-release for apprentices to attend school 
courses compulsory, and recommends that full-time State 
training schools should be established to supplement 
existing training both within plants and in firms’ own 
training schools. Moreover, she emphasizes that grants 
should be made to adult men and women wishing to 
train for up to one year for semi-skilled jobs. 

If these proposals are in some respects more spocitic. 
they scarcely go beyond what is contemplated by the 
Government’s own proposals, as envisaged by Govern- 
ment spokesmen in the Parliamentary debates. Enough 
was said in the debates to dispose of any argument 
that the cost of industrial training either for entrants to 
industry or for adults will be excessive or disproportionate 
with industrial resources apart from the benctits which 
will accrue. Lady Williams brings her own wide experi- 
ence to show that the demarcation issue can no longer be 
evaded, and the whole trend of both debates in Parliament 
shows that opinion generally has advanced very consider- 
ably since the Carr report was debated in Parliament some 
four years ago. The disclosure of the views of Sir Robert 
Shone and his colleagues on the bearing of this whole 
question of Britain’s economic future should ensure the 
public discussion and the firm Government action that 
are essential. No other preoccupations can discharge the 
Minister for Science in particular from his overriding 
responsibility to see that Britain’s science and techno- 
logical needs are adequately served in this respect. 


* Apprenticeship in Europe: the Lesson for Britain. (London 


Chapman and Hall, 1962.) 18s. 


Pp, 220. 
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CELESTIAL LABORATORIES 


By Pror. R. L. F. BOYD* 


Department of Physics, University College, London 


HE Chinese chronicle T-Hung-Lian-Kang-Mu records 

the siege of the city Kai-Fung-Fu by the Monguls 
in the year A.D. 1232. The defenders, it would appear, 
had two new weapons at their disposal, both of them 
depending on the use of gunpowder. The picturesque 
names of these devices are translated “heaven shaking 
thunder” and “arrow of flying fire’. The first is a bomb, 
and the second is a rocket. 

It is in such war-like circumstances that the rocket 
makes its appearance in the pages of history, already 
uncomfortably associated with the bomb, and the history 
of its development shows the same trend throughout. 
It is true that the Chinese probably had toy rockets before 
that time, but it required the extremity of the siege to 
supply the necessary fillip for a technical advance. 

While the use of the rocket as a weapon of war, a toy 
and a signalling device continued spasmodically down 
the centuries it was rarely thought of as a means of 
reaching the skies. John Wilkins’s Mathematical Magic 
published in 1648, for example, does not list the rocket 
as a means of flying, although it refers to such aids as 
fowls and even angels. The reason, of course, is simple. 
So long as the air remained unconquered and especially 
while the limited extent of the Earth’s atmosphere was 
not realized there was little reason for preferring so unruly 
a contrivance as a rocket to the relative docility of wings, 
either inanimate or belonging to a specially trained skein 
of geese. 

The motion of a rocket is hampered by the presence of 
an atmosphere, but in the absence of the latter it provides 
the only practical way to obtain the motion necessary for 
flight. Airborne flight is no longer possible after an 
altitude of 40 miles is reached; beyond this the air is too 
tenuous to support a vehicle. 

Ziolkovsky, in Russia, realized this at the beginning 
of the century and his dreams of seemingly fantastic 
space-ships were accompanied by a realistic development 
of the theory of rocket propulsion. Robert Goddard in 
the United States, however, was the first to do anything 
practical about overcoming the altitude limit imposed on 
airborne systems. It is interesting to note that, while 

“the pioneering work in Russia had space travel in view, 
that in the United States was aimed at scientific research. 
‘The same trend continued for many years. Perhaps it is 
a pity that it should now be vanishing. Goddard’s objec- 
tive was to lift meteorological instruments to altitudes in 
excess of those attainable by balloons. 

Goddard must, therefore, be regarded as the father of 
space science. By the end of the Second World War, the 
work he had started resulted in the development of a 
meteorological rocket—the WAC Corporal—capable of 
attaining an altitude of 45 miles. The technical progress, 
however, on which space science is based to-day owes 
more to the work of the German Interplanetary Society 
and to the Peenémunde Research Station which grew 
out of it. From this stable, under the pressure of war, 
came the notorious V-2’s. Fabulously expensive (the 
design was by no means the most efficient nor most 
economical) they were fired at an average rate of 200 a 
month for seven months. 


* Substance of the inaugural lecture delivered on February 4, reproduced 
by courtesy of University College, London, from which copies of the original 
publication may be obtained. 


With the coming of peace, a mere week’s supply of 
V-2’s were fired from the desert of New Mexico over a 
period of several years. These rockets carried important 
payloads of scientific instruments, and with their advent 
space science started in earnest. 

If the emphasis implied by some sections of the national 
Press were to be believed, the motive for most of the 
exploits in space to-day would be pure science. In fact, 
however, war, either hot or cold, conflict actual or 
potential, is still the principal benefactor of space science, 
and the expenditure on rockets in the true service of 
natural philosophy is still only a few per cent of the 
rocket budget. It is questionable, too, whether even this 
amount of money would be spent on space science if the 
larger sum were not being poured out on munitions, com- ' 
petitive adventure, defence intelligence and communica- 
tion needs and keeping up in the technological race for 
the use (or should I say, abuse) of rockets. 

Fortunately, in all this frenzied activity here and there 
a sword is beaten into a ploughshare, and now and again 
a pruning hook is made instead of a spear. Thus the 
creation and use of celestial laboratories have become 
possible on a scale greatly exceeding the modest expecta- 
tions of most scientists. Payloads have become so large 
that it is not uncommon for a laboratory in the sky to 
contain many more experiments operating at one time 
than we would normally expect to find behind one door 
on the ground even if the door led to a laboratory in 
such a crowded and space-starved region as the Physics 
Department of University College, London. (Incidentally, 
the myth that space research was started in University 
College because there was no room for more experiments 
on the ground, like all good myths, contains an important 
aspect of the truth.) 

There are three broad classes of celestial laboratory 
at present. Simplest and cheapest is the payload of the 
vertical sounding rocket. This class is represented in 
Great Britain by Skylark, which is able to carry about . 
150 lb. of scientific equipment to an altitude of 175 miles 
(Fig. 1). The useful life of such a payload depends on the 
height-range over which the observations are to be made, 
but ‘might average about 400 sec. This is a short time, 
it is true; but in this time we would normally expect to 
obtain about 600,000 data points at a cost of about 
6d. per data point. : ' 

The second class of payload is the near Earth satellite. 
United Kingdom experience in this class is represented 
by the satellite Ariel—a joint project with the Americans 
(Fig. 2). Satellites are especially valuable for geophysical 
research since in moving from apogee to perigee and from 
southern apex to northern apex, they can survey & 
very large part of the globe and its atmosphere. They are 
also of special importance in the investigation of secular 
disturbances on the Sun since they can maintain an 
almost continuous solar patrol. While the cost is two 
orders of magnitude greater than a typical vertical 
sounding rocket, the long potential life results in a much 
smaller cost per data point—about a halfpenny, in 
fact. Ariel has already sent us about 600 million data 
points. 

It is worth remarking here that this figure demonstrates 
the necessity for a large electronic computer to be available 
if most of the data are not to be wasted. 
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Fig. 2. British-American satellite Ariel during vibration testing 
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European Organization for Space Research (E.S.R.O.) 
and the Launcher Development Organization (E.L.D.O.). 

I have referred to the suitability of space research as a 
branch of study for postgraduate and postdoctorate 
research in universities. I shall have more to say about 
this later; but first may I remark that those who have 
been concerned in laying the foundation for European 
co-operation in space have been very alive to this. They 
have sought to create an organization which shall provide 
the liaison, integration and technical facilities necessary 
for the successful and economic use of celestial laboratories, 
but shall at the same time permit the major part of the 
scientific planning and the development of experiments 
to be done in the universities and similar institutions. 
In this way, the scientists of Europe who are engaged in 
probing this rapidly developing frontier of knowledge will 
not be bled off and concentrated in some central national 
or international institute, but will be left where they 
should be and where the contagion of their enthusiasm is 
most valuable, in the centres of learning. 

But there are other, and equally important, factors 
which make space science a particularly suitable branch of 
studies for a university. The fact could not be better 
demonstrated than by Prof. Van Allen’s discovery of the 
radiation belts, and we may hope that the success of the 
satellite Ariel, the instruments of which were the responsi- 
bility of three British university groups, can be regarded 
in the same light. Both in the United States and in the 
United Kingdom, no small part of the research in space 
done at universities is carried out by those preparing 
for the Ph.D. degree. 

Because the preparation of an experiment for space 
requires very thorough planning and very careful execu- 
tion, the building of actual flight equipment will not 
normally be done by the student. In our own group, 
for example, it is generally done by the engineers and 


technicians of a small but effective payload technology 


unit in association with industry. 

Space equipment, however, must not only be well 
made but also must be well understood, and extensive 
calibration and testing are necessary before launching. 
Perplexing results call for persevering analysis, as the 
young scientist’s too common recourse to the wastepaper 
basket and the drawing board is still less appropriate 
here. These factors, together with the initial and back-up 
work in the laboratory, provide good training for the post- 
graduate student. 

It is frequently remarked among scientists that space 
research is not a branch of science. This is true; for the 
unifying principle is a technological one and the range of 
studies extends widely through geophysics and astronomy 
with many salients in other disciplines. Indeed, to judge 
by the requests for assistance received by bodies respons- 
ible for financing space research, the words should mean 
the study of the whole of natural science. Thus the 
British National Committee for Space Research recently 
had before it a paper defending an application for funds 
which made the point that the Earth itself is a space- 
vehicle (to do justice to the distinguished author of the 
paper, I should say that he did not press the point). 

Even when we have narrowed research down to 
mean the use of celestial laboratories (that is to say, 
laboratories in the sky the major motions of which are 
determined by the normal forces of celestial mechanics) 
the range of investigations and disciplines already involved 
is very great. Amid the constant danger of over-special- 
ization, with its resulting myopia and narrow-mindedness, 
it is this breadth of interest and the equally broad field 
of techniques which are perhaps the greatest contribution 
which space science can make to the true character of a 
university. In the remainder of this article I shall explore, 
not as a cartographer would, but rather in the manner of 
pioneers, the extent and variety of research in space. 
In doing so, I shall not discuss the technological wonders 
of our laboratories in space and of the propulsion systems 
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that place them there. This is a subject more suitable 
for the inaugural lecture of the University of London’s 
first professor of space engineering when such an appoint- 
ment is made (as it surely will be—sooner or later). 
Instead, I shall select some nine or ten important investiga- 
tions or discoveries in quite different fields and will note 
the diversity of technique involved in the investigations. 

Artificial satellites of the Earth, like other heavenly 
bodies, are, of course, subject to the laws of celestial 
mechanics; but because their orbits are commonly close 
to the Earth the operation of these laws is more complex 
and the resulting motion less regular. A study of the 
secular changes in the motion of artificial satellites leads 
to results of great geophysical significance and, moreover, 
has the virtue that it can be done by those who had no 
part in the creation of the satellite. Not only may the 
satellite itself carry no instruments at all (and there are 
many such satellites since each instrumented vehicle 
is accompanied into orbit by a rocket motor and other 
parts which may then be detached) but also the tracking 
instrumentation on the ground may itself be very simple. 
King-Hele, in Great Britain, who has a well-deserved 
reputation for the scientific data he has derived from 
other people’s satellites, has made good use of a stop- 
watch and binoculars to supplement data obtained by 
other means. Telescopic cameras of varying complexity 
and cost are widely used. A large iron key hanging in 
the workshop of this Department of Physics, a duplicate 
of the key to the tower on the top of Leith Hill, will 
always serve as a reminder, if reminder were needed, of 
the arctic conditions in which we installed a hastily con- 
structed photoelectric tracker in that exposed situation 
during the last days of Sputnik I (Fig. 3). Since that 
time, the hospitality successively of our own garden sheds, 
the British Broadcasting Corporation, the University 
Observatory and the Winkfield Tracking Station has 
provided both more comfort and more success. 

If the satellite transmits a radio signal it may be more 
conveniently, though usually less accurately, tracked 
by radio (Fig. 4). The simplest method makes use of the 
change in Doppler shift of the received frequency due to 
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the aj h and recession of the satellite. It was this 
method that Prof. M. Ryle was discussing in the presence 
of the Press shortly after Sputnik I was launched. It 
was his reasonable use of a flat Earth approximation for 
the that gave rise to the headline next day: 
“Cambridge Professor Assumes Earth is Flat”. 

The first change in the path of a satellite across the 
heavens, that becomes evident when it is tracked for 
several days, is a precession of the whole orbit about the 
polar axis of the Earth (Fig. 5). It comes about as a 
result of the non-uniformity in the gravitational attraction 
of the Earth arising from its equatorial bulge. King- 
Hele’s calculations from precession data show the effective 
oblateness of the Earth to be less by some 80 metres than 
was formerly supposed. The calculations of Newton 
(not Sir Isaac!) and others go further and show that the 
Earth behaves as if pear-shaped so that sea-level at the 
North Pole is 30 m farther from the centre than it is at 
the South Pole. These results lead to the surprising fact 
that, in spite of its presumably fluid core and fragile 
crust, the Earth has considerable mechanical strength. 

In a communication to Nature in 1958, Dr. G. V. Groves, 
of the Department of Physics, University College, London, 
pointed out that the variation in the rate of shrinkage of 
some satellite orbits and the concomitant decrease in 
rotational period which comes about as a result of the 
atmospheric drag suggested a slight diurnal variation in 
the density of the upper atmosphere so computed. A 
year later several workers, notably Priester and Martin, 
examining the motion of the tiny ‘grapefruit’ satellite 
Vanguard I, discovered a very large diurnal variation in 
atmospheric density amounting to a factor of 10 around 
660 km (Fig. 6). Further work on many satellites with 
varying perigee altitudes has made it possible to replace 
the earlier roughly inferred averages for high atmospheric 
density by data which vary in a well-determined way with 
time of day and solar activity. Since density is a primary 
property of the atmosphere these discoveries are having & 
profound effect on our understanding of many dependent 
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high atmospheric phenomena. Such are some of the 
discoveries made without using instruments in the 
satellite. 

Clouds are a property of the lower atmosphere, of far 
from merely academic interest. They provide a natural 
thermostat for the globe, increasing if the humidity of the 
air rises with rising global temperatures and dwindling 
if it falls, thus varying the amount of solar radiation 
reflected back from the Earth. They also provide an 
index of air movement and hence of the mode of heat flux 
from Equator to Poles. Their form and distribution 
declare, often unambiguously, the related meteorological 
situation. 

In its effort to obtain world-wide cloud pictures together 
with data on the heat flux radiated from the Earth and its 
atmosphere, the United States has launched the Tiros 
series of meteorological satellites, forerunners of Nimbus, 
which will lead to an operational system concerned with 
forecasting and synoptic studies. The Tiros satellites 
adopt a pair of television cameras using }-in ‘Vidicon’ 
tubes to obtain cloud pictures with a resolution down to 
500 m.. While these satellites are largely experimental, 
significant new data have been obtained, a notable case 
being the detection of hurricane Esther on September 10. 
1961, two days before the existence was confirmed by 
conventional methods. 

Television techniques are relatively complex as space 
instrumentation goes, particularly as regards the storage 
and transmission of data with the minimum consumption 
of power. An entirely different technical approach to a 
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Fig. 5. Diagram showing gravitational force giving rise to precession 
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Fig. 6. Diurnal variation of air density at 660 km as obtained from 
Vanguard I (after Priester, Martin and Kramp, 1960) 
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not wholly dissimilar problem was used by the Soviet 
scientists who obtained the first, and so far only, photo- 
graphs of the averted side of the Moon. 

The transmission of a television picture over hundreds 
of thousands of miles requires an elaborate and powerful 
radio-link. The problem can be overcome if the picture 
is stored until the space-vehicle has returned to the 
vieinity of the Earth. In the meteorological satellites 
internal storage of pictures is provided by feeding the 
signals from the television tube into a tape recorder. 
Such a high-data capacity tape recorder operating on very 
low power is itself a major technical achievement. The 
Soviet scientists chose to tackle the problem with the aid 
of conventional photography. Two telescopic cameras 
photographed the Moon on 35-mm film. The film was 
developed in the celestial laboratory and later the pictures 
were transmitted to Earth using a radio-facsimile trans- 
mission system (Fig. 7). The angular resolution obtained 
by this technique was greatly superior to that obtained 
by the systems in T'iros, though the quality of the pictures 
was poor. It is unfortunate that a premature failure in 
the Lunik prevented subsequent retransmission of the 
pictures, as the loss of quality was largely due to tho 
facsimile transmission. In spite of this, however, the 
results are challenging and so far inadequately ex- 
plained. 

There is no doubt that the averted side of the Moon is 
far less rich in large-scale features, particularly maria, 
than is the more familiar side. No satisfactory theory 
explaining this has yet been evolved, and it may well be 
that it is purely fortuitous that the most decorated side 
faces us. Even if this is accepted, however, the asymmetry 
itself still requires accounting for. Possibly it is a result 
of internal motions and should be compared in some way 
with the fact that here on Earth the major land masses are 


Feature outlines on the reverse side of the moon. ‘This composite drawing in 
lanetary station was 
bservatory 

Pergamon Press, 


April 6, 1963 VoL. 198 


concentrated to the north of the Globe. 
If this is so, the significance of seleno- 
logical studies for geology is increased yet 
further. 

The photochemical properties of silver 
are used by the physicist in more ways than 
the making of photographic images. In 
the space laboratory as on the Earth, 
emulsions are also used as radiation dose 
meters and to record the track of high- 
energy charged particles. 

The advantages of the nuclear emulsion 
as a research tool are many. It is compact, 
robust and reliable. It uses no power, 
has a huge capacity for information, re- 
quires no last-minute checking and no spec- 
ial skill to install in a payload. Its disad- 
vantages are also considerable. It cannot 
easily be switched on and off; it must, at 
present, be physically recovered, and it 
must be handled, processed and scanned 
with great care and patience. 

One of the advantages of the emulsion 
over other types of detector is its ability 
to record at the same time the momentum 
or energy and the charge of particles over 
a very wide dynamic range. Its ability to 
discriminate between particles accordiny 
to the charge they carry makes it a particu- 
larly suitable tool for the study of the 
composition of the primary cosmic radia- 
tion. Such studies must be made at great 
heights as the composition of the primary 
flux is modified by disintegrations occurring 
in the atmosphere, and while much work 
has been done with high-altitude balloons 
it has always been open to a considerable 
uncertainty as to the correction that must 
be made for the effect of the atmosphere re- 
maining above the balloon. In three flights with vertical 
sounding rockets Yagoda has obtained the best data to date 
on the ratio of the flux of the nuclei of the light elements 
lithium, beryllium and boron to the integrated flux of 
heavier elements. The significance of these measurements 
arises from the fact that lithium, beryllium and boron 
appear to be rather rare in the universe as a whole, their 
cosmic abundance estimated from stellar spectra being 
put at about 10-* per cent. That these elements con- 
stitute about one-fifth of the total flux of heavy cosmic 
rays is attributable to the fact that they are commonly 
produced in nuclear disintegrations and have therefore 
presumably arisen from disintegrations of the heavier 
cosmic ray nuclei during collisions with the inter- 
stellar protons and dust. The value of the ratio thus 
provides one of the most important evidences for the 
long journeys and hence very great age of cosmic ray 
particles. 

Turning now to the field of solar astronomy, we find 
that emulsions used as simple radiation dose meters, in 
combination with filters of foils of aluminium and beryl- 
lium, led to the discovery of X-rays in the solar spectrum. 
This discovery and the subsequent research is of great 
importance to our understanding of the structure and 
dynamics of the outer atmosphere of the Sun—the solar 
corona. Of no less importance is its bearing on the pro- 
duction and equilibrium of the lower regions of the iono- 
sphere. Drs. Bowen and Pounds, in the Physics Depart- 
ment of University College, London, have developed this 
technique from a mere detector of radiation to a measuring 
instrument of some precision capable of determining both 
the total flux and the spectral slope, and Dr. Pounds, 
now at the University of Leicester, continues to use the 
method successfully in his investigations of the solar cyclo 
variations. 
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from some of the predictions has led to some feverish 
activity among theoretical astrophysicists. the models and 
detailed computations of which are no longer subject to the 
immunity they once enjoyed. It is safe to predict that a 
number of new ideas about stellar atmospheres will 
result from this activity and, what is more important, 
we shall have the means to determine whether they are 
right or wrong. 

Among the most important work done in this field is 
that of Stecher and Milligan in the United States, who used 
a simple rocket-borne telescope with an objective grating 
scanned by the roll of the rocket. Their general findings 
in the northern sky were complemented and confirmed 
by Dr. Heddle et al. in University College, London, in the 
first ultra-violet scan of the southern sky. It was carried 
out by a Skylark rocket launched from Woomera (Fig. 4). 
Our next experiment of this kind, which is now ready, 
involves the flying of a 13-in. telescope with a group of 
photoelectric photometers in its image plane to enable 
observations to be made of early type stars at a greater 
distance than has been possible in any previous work. 

In case the instrumentation I have mentioned for space 
astronomical investigations should seem crude compared 
with the i t of a terrestrial observatory, it is worth 

ioni solar studies are now carried out with 
high-resolution spectrographs on rockets and satellites. 
These observatories in the sky are capable of pointing 
their instruments at the Sun or at a selected part of the 
solar disk. Comparable facilities and techniques with even 
greater accuracy of pointing will soon be available in 
stellar work. 

There are few scientific instruments simpler than the 
Geiger counter yet it was with such a device on the satellite 
Explorer I that Van Allen made his great discovery of the 
radiation belts. It is ironical, too, that it was because 
the counter ceased operating that the discovery was made. 
Van Allen was engaged in an examination of the cosmic 
radiation and the sensitivity of his equipment was 
adjusted accordingly. So great was the flux of fast- 


charged particles encountered when the satellite ap- 

apogee that the counter ceased to operate. 
Its systematic return to a normal cosmic ray count near 
perigee and its behaviour at intermediate heights showed 
the failure to be due to saturation. 

The role of magnetic fields in space is as varied as it is 
im) t. The Van Allen radiation, to which I have 
just referred, is entrapped in the Earth’s field. The 
cosmic rays mentioned earlier are accelerated to their 
great velocities by the galactic magnetic fields. The solar 
X-rays are probably largely due to the action of streams of 
particles accelerated in the magnetic fields on the Sun, 
and streams of this kind flow out from the Sun carrying. 
as a result of the currents circulating within them, mag- 
netic fields originating in the Sun, and disturbing and 
distorting, as a result of their high conductivity, the fields 
of interplanetary space and of the Earth. The techniques 
which are applied to the measurement of the fields are 
also varied—from the simple rotating coil magnetometer 
of the earliest deep space probes to systems using the 
nuclear precession of protons in water or the precession 
of electrons in the atoms of rubidium vapour. 

An carly and very important magnetic field measure- 
ment was carried out by Singer and Maple. From observe- 
tions of small changes in the magnetic field of the Earth, 
Chapman and Bartells long ago calculated the distribution 
of electric currents flowing in the ionosphere. From thes» 
measurements alone, however, they could not determine 
the altitude at which the currents flow. To find this it is 
necessary to study the way the Earth's field diminishes 
as the altitude increases. Singer and Maple, using a flux 
gate magnetometer, conducted their pioneering experiment 
at the geomagnetic equator where the current is known 
to be concentrated in latitude into the so-called electrojet. 
A departure from the normal inverse cube law docrease 
in the field at an altitude of 100 km showed that it is at 
this height in the ionosphere that the electrojet current 
flows. 

The study of the ionosphere has been very actively 
pursued by the techniques of space science. It was Sir 
Harrie Massey’s great interest and distinguished contribu- 
tions in this field that led to our researches and our uso 
of celestial laboratories. As a final example of the mulți- 
farious techniques of space science, I will take only one of 
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the experiments we are conducting with the _Anglo- 
American satellite Ariel and which we believe is leading to 
results which are both entirely novel and of great signifi- 
cance to our understanding of the upper parts. of the 
ionosphere. The major participant in this work is Dr. 
Willmore, whose application of electronic computer 
techniques to the vast amount of results we have received 
has not only been an essential ingredient in the research 
but has also set an example which must surely be followed 
in many future satellite studies. 

The experiment concerns the measurement of the 
temperatures of the electrons in the ionosphere, and the 
fact that Ariel transmitted data of adequate quality for 
large-seale automatic handling is largely due to experience 
in measuring this illusive parameter in the laboratory for 
purposes. quite unconnected with space research. 

In 1926, Langmuir showed that the temperature of 
electrons in an ionized gas could be found by analysis of 
the current-voltage characteristic of a small electrode 
immersed in the plasma. In several years of painstaking 
research our one-time colleague, Dr. Twiddy, perfected 
(and incidentally used with great effect) an automatic 
method of conducting the analysis, which increases 
the convenience, accuracy and discrimination of the 
system... The instruments on the satellite were based on 
this approach. 

The main data from this part of our examination of the 
ionosphere is a determination of the global distribution of 
the temperature of the electrons between 400 and 1,200 km 


and between latitudes 55° N. and 58° S. under both quiet 
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and disturbed solar conditions for all values of local time. 
We also have some data for seasonable effects, An. impor- 
tant result which seems to be emerging is that these low- 
energy electrons are not at the same temperature as the 
ionized gas, but like their more energetic companions in 
the Van Allen belts are trapped. by the geomagnetic field 
lines which thus delineate the isothermals. 

I have sought in this brief sample of the use to which 
celestial laboratories are being put to include some of 
our own work, so as to give an indication of our activities © 
without, I hope, giving it a disproportionate emphasis. 
We intend to continue our work on the neutral atmosphere 
from the study of the dynamics of celestial artefacts. 
Using the facilities available at Woomera and perhaps 
soon in the United Kingdom, we shall continue our studies 
in the ionosphere and in solar, stellar and perhaps lunar, 
astronomy. With the happy relationship we have estab- 
lished with our American colleagues and with the expecta- 
tion of the establishment of the European Space Research 
Organization we anticipate that we shall not be short of 
satellites and rockets to carry our instruments. 

T have referred earlier to the erroneous impression often 
given to the public of the motives behind research in 
space. In view of this, and of the way pure science is so 
often presented, I should like in closing to put on record 
my own attitude to the pursuit of science, whether on the 
ground or in space, by a quotation from the Psalms: 

“Whither shall I go from Thy Spirit or whither shall I flee 
from Thy presence? If I ascend up into heaven Thou art 
there.” 


BY ISOANTIBODY IN VITRO 


By Dr. BOYCE BENNETT, Dr. LLOYD J. OLD and Dr. EDWARD A. BOYSE 


Division of Experimental Chemotherapy, Sloan-Kettering Institute for Cancer Research, 
Cornell University Medical College ; and Department of Pathology, 
New York University School of Medicine, New York 


Wee inereasing evidence indicating the importance 
of humoral antibody in the rejection of foreign 
tissue, it becomes probable that the formation of humoral 
antibody may be the only specific event in the homo- 
graft reaction’, Host cells undoubtedly participate in 
this process, but their actions, other than the formation 
of antibody, may be effective only in relation to the 
presence: of antibody. 

- Much of our present understanding of immune responses 
to foreign tissue has depended on techniques available 
for the detection of antibody action in vitro, that is, the 
cytotoxic or agglutinating properties of isoantibody. 
Tt seems clear that further analysis requires the develop- 
ment of new methods for investigating interactions 
between host cells and antibody in vitro. 

Although specifie opsonization by isoantibody, with sub- 
sequent ‘phagocytosis by host cells, has frequently been 
considered, it has not previously been amenable to analy- 
sis in-vitro. Gorer directed attention to the accumulation 
of macrophages during the rejection of certain homografts, 
notably ascites sarcomata implanted in the subeutaneous 
space®, Similarly, in an examination of the rejection of 
incompatible ascites leukemias in the peritoneal cavity, 
Amos, and Journey and Amos observed extensive phago- 
< eytosis of leukaemia cells by host macrophages? *. How- 
= ever, there is no certainty as to the importance of phago- 
` eytosis in graft rejection, and the part played by humoral 

antibody is unknown. 

The techniques deseribed in this article make possible 

a direct approach to the study of opsonie activity by 

isoantibody in vitro. The experiments indicate that the 

phagocytosis of a variety of nucleated cells depends on 


the presence of specific isoantibody. Furthermore, the 
phagocytic activity of peritoneal macrophages taken from 
specifically immunized animals appears to depend wholly 
on the presence of antibody in the peritoneal fluid. 

Suspensions of peritoneal macrophages were obtained by 
rinsing the peritoneal cavities of normal mice. with 
2-3 ml. of “Mixture 199 (Microbiological Associates: 
Bethesda, Maryland) containing 0-2 units of heparin/ml. 
The peritoneal rinsings of 3-6 mice were pooled and the 
concentration of nucleated. cells. was adjusted. to. 3.x 10° 
cells/ml. This cell suspension was then placed in Leighton 
tubes containing a 10 x 35 mm cover-slip (1: ml. to each 
tube). Preliminary observations indicated that a suitable 
monolayer of macrophages was best obtained by using 
donor mice that had been injected with starch intra- 
peritoneally 3-4 days previously (1 ml. of a 2 per. cent 
suspension of ‘Starch-Hydrolysed’ (Connaught Medical 
Research Laboratories, Toronto, Canada) in normal saline). 
After incubation for 2 h at 37° C, during whieh time the 
macrophages adhered to the cover-slip, the supernatant: 
fluid was removed and replaced by 1 ml. of medium 
containing the test cells in suspension. The final total 
concentration of mouse serum in this medium was adjus- 
ted to 10 or 20 per cent by the addition of normal mouse 
serum. After the introduction of an atmosphere of 5 
per cent carbon dioxide in air, the tubes were further 
incubated, usually for 4 h. The cover-slips - were 
then removed, and the cells fixed in methanol and stained 
by the May—Grunwald—Giemsa method. All experiments 
included control tubes in which antiserum was omitted 
and the tumour cells suspended in ‘Mixture 199° with 
10 or 20 per cent normal mouse serum. 





No. 4875 April 6, 1963 


Immune sera and peritoneal cells were obtained from 
inbred mice of the strains indicated, bred in our own 
colonies. The A strain tumour, Sa 1, was originally 
obtained from Dr. N. Kaliss, and the C57BL leukosis, 
EL4, from Dr. D. B. Amos. METH A, a BALB/c sarcoma, 
originated in our laboratory and has been described else- 
where’. These tumours were all in the ascites form. The 
animals were immunized with H-2 incompatible cells by 
three or more subcutaneous and intraperitoneal inocula- 
tions of increasing numbers of tumour cells over a period 
of 3-4 months. Serum was taken approximately two 
weeks after the final immunization and the sera of 4 or 
more mice were pooled. 

The cytotoxic test used here was a modification® of the 
method originally described by Gorer and O’Gorman’. 
In all cytotoxic tests, the figures refer to tests with a cell 
concentration of 100,000 tumour cells/ml. 

Opsonization by Specific Antiserum. Peritoneal macro- 
phages from non-immunized animals were found to be 
highly phagocytic for tumour cells in the presence of 
specific isoimmune serum. Similar observations were 
obtained with antisera prepared in a variety of strains in 
tests with an ascites leukemia (ZL4), two ascites sarco- 
mata (METH A and Sa 1), normal lymph node cells, 
and with cells prepared by the trypsinization of a solid 
sarcoma’. Table | illustrates titrations of two isoimmune 
sera, expressed in terms of the frequency of tumour cell 
phagocytosis, over a wide range of serum dilutions. 
Concurrent cytotoxic tests are included for comparison. 
As shown in the table, opsonization is effective even at 
very high dilutions of immune serum and significant 
phagocytosis does not occur in the absence of antiserum. 


Table 1. OPSONIC AND CYTOTOXIC ACTIVITIES OF TWO ISOIMMUNE SERA 


Serum No. 1 Serum No. 2 
C3H/An anti BALB/c ascites (C3H/An x I)F, anti CS7BL 
sarcoma METH A ascites leukemia EL4 


test” Opsonic test 
tized Cytotoxic test* phagocytized 


Antiserum Cytotoxic test 
dilution pry cells in ae melons ye cells in Ray a 
power by trypan blue z -power by trypan blue 
ik (per cent) ie (per cent) 
1/10 90+ 179 90+ 
1/100 118 90+ 156 90+ 
1/1,000 68 90+ 4 90+ 
15,000 14 30 75 90+ 
1/10,000 10 } 49 60 
1/20,000 10 22 17 
1/40,000 3 | 18 l4 
1/80,000 2 <10 5 7 
1/160,000 2 6 10 
1/320,000 0 3 $ 
1/640,000 0 J 3 
20% 1 
mouse serum 
(duplicated) 0,0 < 10, <10 2.5 <10, <10 


* The same preparation of 100,000 tumour cells per ml. of each antiserum 
dilution was used for both tests. Opsonic test, 4 h incubation; cytotoxic 
test, 1 h incubation after the addition of complement (1/2 guinea pig serum). 


It is clear from Table 1 that normal mouse serum alone 
did not induce phagocytosis. Furthermore, in the 
following experiments it was shown that immune serum 
did not contain opsonic factors capable of promoting non- 
specific phagocytosis. For this purpose a mixture of two 
morphologically distinct tumour cells, L4 (C57BL) and 
METH A (BALB/c), was suspended in C57BL anti 
METH A serum and was added to preparations of C57BL 
peritoneal macrophages, Under these conditions, METH 
A was found to be selectively phagocytized; no phago- 
eytosis of EL4 was observed. Thus it appears that 
phagocytosis of cells requires specific isoantibody, and 
that it is not a consequence of non-specific serum factors 
appearing as a result of immunization per se. 

Morphology. Phagocytized tumour cells were entirely 
surrounded by a rim of macrophage cytoplasm. The 
nucleus of the macrophage was displaced to one side of the 
tumour cell (Fig. 1). A single macrophage usually con- 
tained no more than one tumour cell, although two or 
three tumour cells were occasionally found within one 
macrophage. Sometimes several macrophages sur- 


NATURE 11 





rig. 1. Phagocytosis of ascites sarcoma BALB/c METH A cells by 
C3H/An inecropnages in the Pays of immune serum (C3H/An anti 
METH A). e tumour cells in this field are phagocytized (x 400) 


rounded a single tumour cell and formed what appeared 
to be a multicellular syncytium. In addition to the 
phagocytosis described, it was invariably found that 
greater numbers of tumour cells adhered to the cover- 
slip in the presence of immune serum. 

Viability of Tumour Cells at the Time of Ingestion. 
These experiments were designed to determine whether 
or not death of the tumour cells is a necessary preliminary 
to phagocytosis. Morphological criteria applied to fixed 
material are not a sufficient indication of viability. For 
this reason, a number of tests were carried out with the 
addition of trypan blue, since the exclusion of this dye 
is an accepted index of viability. In these experiments 
the May-Grunwald-Giemsa staining procedure was omit- 
ted: instead, the cover-slip preparations were fixed in 
absolute methanol, cleared with xylene, and examined 
by phase contrast microscopy. When trypan blue was 
added at the conclusion of the final incubation period, 
immediately prior to fixation, phagocytized tumour cells 
within macrophages were invariably unstained, although 
some were in advanced stages of disintegration. This 
was to be expected, since these tumour cells had been 
phagoeytized before the addition of the dye, and trypan 
blue would not penetrate the viable macrophage in this 
period of time. In further tests, 0-05 ml. of a 0-16 per cent 
solution of trypan blue, prepared as previously described", 
was added together with the tumour cells to permit 
staining of dead cells before their ingestion. (Quantities 
of trypan blue in excess of this were found to inhibit 
phagocytosis.) Under these conditions, most phago- 
cytized tumour cells were unstained, indicating thet the 
majority were viable at the time of ingestion. The fow 
stained cells which were found within 
probably representing the small proportion of dead cells 
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in the original tumour suspension, indicate that dead 


cells do retain their staining following phagocytosis. 


Are the Macrophages from Immunized Animals Specifi- 


cally” Sensitized ? -The . accumulation of. macrophages 
at the rejection site of certain incompatible grafts has 
raised the question of whether these cells may be ‘specifi- 
cally sensitized’*. The present technique permits a direct 
approach to this question. In the following experiments, 
peritoneal. cells. were collected: from immunized animals 
that. had received starch intraperitoneally three days 
- previously. The. peritoneal cavity of each mouse was 
rinsed with 2-3 ml. of ‘Mixture 199° containing 10 per 
cent normal mouse serum and the yield of cells pooled. 
The cell concentration was then adjusted-to 4-5 x 10° 
nucleated cells/ml. 1 ml. quantities were then dispensed 
in Leighton. tubes and incubated as described before. 
Peritoneal macrophages from non-immunized animals 
“were prepared in the same manner. 

The details of the procedures applied to each tube are 
presented in Table 2... The table illustrates one of several 
such experiments which have given similar results. In 
groups A and E, tumour cells were added directly to the 
Leighton tubes: containing macrophages in their original 
rinsing media... After incubation, phagocytosis was ob- 
served in the preparations from immunized animals 
(group A) and was virtually absent in the preparations 
from non-immunized animals (group Æ). 


Table 2. PHagocy tosis GF BALB/c ASCITES Sarcoma METH A, BY PERI. 
TONEAL CELLS FROM IMMUNIZED OR NON-IMMUNIZED C57BL/6 MICE 


Phagoeytized 
Treatment Tumour cells suspended tumour cells 
Group of macro- in in 40 high- 
phages power fields * 
A Not Original peritoneal rinse 31 
, washed from immunized donors 
Macrophages BE Washed 1:10 normal mouse serum 1 
. from immunized. C Washed 1: 10 antiserum 205 
donors $ (C57BL/6 anti METH A) 


D Washed Original peritoneal rinse 
: from immunized donors t 


E Not Original peritoneal rinse 1 
washed from non-immunized 
woes ; donors 
‘Macrophages F Washed 1: 10 normal mouse serum 2 
co from: pons G Washed 1: 10 antiserum 17 
-immunized (C57 BL/6 anti METH A} 
í Washed Original peritoneal rinse 63 


donors + 
ue from immunized donors t 


* Average reading from duplicate tubes, 
"t Peritoneal macrophages obtained in 10 per cent normal mouse serum, 
t Centrifuged to remove cells, 


In the remaining groups (B, C, D, F, G, and H) the 
macrophages were extensively washed before the addition 
of the tumour. cells and medium: 

~The cover-slips with adherent macrophages were re- 
moved: from the Leighton tubes, washed on both sides 
repeatedly with a steady stream of ‘Mixture 199’, replaced 
in fresh Leighton tubes containing 199, and incubated for 
30 min at 37° C. The cover-slips were again removed, 
washed once more with 199, and finally placed in Leighton 
tubes containing the appropriate medium and tumour 
cells, Afterwards, the tubes were incubated in the usual 
way for an additional 3-4 h. 

When the medium consisted of 10 per cent normal 
mouse serum in ‘Mixture 199’, neither the macrophages 
from. immunized donors (group B) nor those from non- 
immunized donors (group F} contained -phagocytized 
tumour cells. Yet when 10 per cent immune serum was 
added to washed macrophages from either immunized 
(group C) or non-immunized (group G) mice, phagocytosis 
was readily apparent. Finally, when the original peri- 
t+oneal rinse from immunized animals was centrifuged to 
remove cells, and added to washed macrophages from 
either immunized (group D} or non-immunized (group H) 
animals, phagocytosis was present. 

In these experiments, therefore, phagocytosis was 
observed in those preparations exposed, during the final 
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“incubation period, to either immune serum or the peri- 


toneal rinse from the immunized animals. Macrophages 
from immunized animals lost. their ability to phagocytize 
tumour. cells when the original rinse was removed and 
10. per cent. normal mouse serum added to the washed 
macrophages: (It should be emphasized that the same 
final concentration of mouse serum was present in all 
tubes.) . In addition, the ability to phagocytize tumour 
colls could be conferred on washed macrophages from 
either non-immunized or immunized animals by the addi- 
tion of the cell-free rinse from immunized animals. Exten- 
sive washing of the macrophage preparations did not 
modify their subsequent phagocytic potential (groups 
C, D, G and H). 

These observations indicate that phagocytosis is 
dependent on the presence of antibody free in the peri- 
toneal cavities of immunized animals. Tho presence of 
cytotoxic antibody in peritoneal rinsings of immunized 
animals has been repeatedly demonstrated, the titres 
ranging from 1/8 to 1/32 of that found in the serum. 

The methods described in this article have shown. that 
phagocytosis of a wide range of tumour cell types occurs 
in vitro in the presence of specific antibody. Such diverse 
tumours as HL4 and Sa 1, which are thought to represent 
the extremes of sensitivity to cytotoxic isoantibody®, 
were phagocytized in a comparable manner. The absence 
of a fundamental distinction between these two tumours 
in the opsonic test is in keeping with recent evidence that 
Sa 1, like HL4, is completely susceptible to cytotoxic 
isoantibody under the proper conditions’. Although 
most of the studies have been performed with ascites 
tumour cells, specific phagocytosis has also . been 
demonstrated with normal lymphoid cells and with cell 
suspensions prepared by the trypsinization of a. solid 
sarcoma’. 

It is important to note. that phagocytosis does not 
depend on preliminary cytotoxic effects of isoantibody: 
Mouse antiserum alone is not cytotoxic’, and in the 
phagoeytic test described here, unlike the cytotoxic test, 
no foreign source of complement is required. Finally, 
the experiments with trypan blue as an index for viability 
indicate that the majority of phagocytized cells were alive 
at the time of ingestion. 

The observations with macrophages. from immunized 
animals clearly demonstrate that. these cells have no 
inherent, specific ability to phagocytize living cells, but 
rather that their phagocytic activity is a function. of the 
antibody in the surrounding medium. This is shown by 
the fact that the phagocytic capacity of macrophages from 
immunized animals was abolished after the cells had 
been washed. Furthermore, the . cell-free peritoneal 
washings from immunized animals conferred phagocytic 
activity on peritoneal cells from non-immunized 
donors. 

In conclusion, it may be that this technique will be of 
value in situations where the detection of antibody 
in vitro has been unreliable or impossible. It should 
certainly provide a useful approach to some of the prob- 
lems of tissue rejection and to the study of phagocytosis. 

This work was supported by a Public Health Service 
fellowship No. CPD-15,894, by the American Cancer 
Society, Inc., New York, grants No. T-22 and PRA~4, 
and by grant No. C-6338 from the National. Institutes of 
Health. 
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4. In this fully automatic freeze-drying technique samples are placed unfrozen in 


serum bottles. 


Front loading Vacuum St ring 


2. Special split rubber stoppers are partially inserted in each bottle and the tray Tray oa Roirigei mounted on 


containing the serum bottles is placed on the mechanically refrigerated process Mechanica 
shelf. Samples are efficiently frozen then freeze-dried under the influence k, ther- 
mostatically controlled shelf heating and high vacuum. 


Refrigerated Freeze- 
Mobile Cabinet 


3. Stoppering the entire tray load of serum bottles under the original vacuum is quickly accomplished by the unique stoppering 
plate. Air is admitted into the stoppering plate which inflates the gum rubber diaphragm pushing the rubber stoppers into 
the bottles. The stoppering plate is adjustable to accommodate serum bottles from 5 ml. to 100 mil. capacity, and may also 
be filled directly with up to 1.5 liters of sample for bulk freeze-drying. 


OTHER freeze-drying and accessories 
are gon Ok as ee as homogenizer, p pipette 


washers and cenritgal pumps 


and many 
other Aarelaid interest to Pte the clinical 


sciences. 
<g> PICKER INTERNATIONAL CORP. 


OPENINGS are still available in some Countries 
for exclusive representations. — For further de- 
tails on this and for additional information on 
freeze-drying equipment, write: 


1275 MAMARONECK AVE. DEPT. V, WHITE PLAINS. NEW YORK, U.S.A. 
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Interchangeable water and insect nets. 
Made of rotproof Terylene. 
Nets and frames interchangeable. 
Collapsible, but rigid when erected. 


FLATTERS Z GARNETT LTD 


309 OXFORD ROAD, MANCHESTER 13 
Established 1901 


THE FARADAY SOCIETY 


THE BOURKE 
LECTURES 


PROFESSOR A. M. LIQUORI 
(University of Naples) 


Will give the following lectures : 


“CONFORMATIONAL STABILITY OF HELICAL 
POLYPEPTIDE CHAINS” 


in 
Lecture Theatre 2C, University of London, King’s College, 
Strand, London, W.C.2, on Wednesday, May 1, 1963. at 


4.30 p.m. 
RR Professor M. H. F. Wilkins, F.R.S.) 
“ CONFORMATIONAL ANALYSIS OF ORDERED 
LINEAR MACROMOLECULES” 
in 
the Gossage Lecture Theatre, Donnan Laboratories, 
University of Liverpool, Vine Street, Liverpool, 7, on 
Thursday, May 2, 1963, at 5 p.m. 
Chairman : Professor C. E. H. Bawn, C.B.E.. F.R.S 
and 


“ GEOMETRY OF HYDROCARBON-PURINE 
COMPLEXES AND INTERACTION BETWEEN DNA 
AND POLYCYCLIC AROMATIC HYDROCARBONS ” 


in 
the Department of Chemistry, University of Keele, Keele, 
Staffordshire, on Monday, May 6, 1963, at 5 p.m. 
(Chairman: Professor H. D. Springall, M.A.. D.Phil. 
F..R.L.C.). 
Admission free, without ticket. Non-members will be 
welcome. 


THE FARADAY SOCIETY, 
6 GRAY’S INN SQUARE, LONDON, W.C.1. 
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A standardized 
easy-to-use 
system 

for .,.. 








using 
your existing 
electrophoresis tank 


Here is a complete range of special accessories 
designed to streamline the comparatively new 
micro-immunoelectrophoresis techniques. Tailor- 
made for the Shandon Universal Electrophoresis 
Apparatus after Kohn, Mk. Il (Fig. 3), the acces- 
sories will also fit any other tank, providing the 
electrode compartments are at least 94 in. long. 


The accessories include a special Levelling Table, 
Fig. | (carrying, incidentally, a starch gel slicing 
attachment) ; a Slide Tray, Figs. | and 3, holding 
eight standard 3 in. x | in, microscope slides : 
a Gel Scraper, Fig. |, for levelling off the surface 
of the agar gel ; and a versatile Pattern Cutter, 
Fig. 2, which enables you to cut five basic hole 
and slot patterns, each with six variations in 
length and width of slot—total 30 patterns. The 
Slide Tray is inverted in the tank for electro- 
phoresis and connected to the buffer by paper 
wicks (or special Gel Contact Troughs in the 
case of the Universal Electrophoresis Apparatus). 
A stainless steel Humidity Cabinet, Fig. 4, holds 
64 slides during diffusion. Finally, there’s a 
Cold Light Viewer, Fig. 4, enabling you to evaluate 
the slides in shadowless transmitted light. Every- 
thing you need—neat, convenient, easy-to-use. 


Write today or phone for our fully descriptive 
illustrated leaflet. 





SHANDON SCIENTIFIC COMPANY LTD. 
65 Pound Lane, Willesden, London, N.W.10. 
Telephone : WiLlesden 8671 
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THE ROYAL SOCIETY OF EDINBURGH 


OR. the first time in its long history, the Royal Society 
of Edinburgh held an Ordinary Meeting outside the 
` Scottish capital, namely, at Perth, on February 26. The 
president of the Society, Prof. E. L. Hirst, took the chair. 
In his opening remarks, Prof. Hirst emphasized that 
this was a very special occasion in the history of the 
Royal Society of Edinburgh. It was described very 
simply on the billet as the “Fifth Ordinary Meeting” of 
“the presont session, but it was unique in that this was the 
< first occasion during the 180 years which have elapsed 
since the Society was founded that an: Ordinary Scientific 
Meeting had been held outside Edinburgh. 
There is no special reason in the Laws of the Society 
-o why meetings should always be held in that city, and the 
“Council hopes. that the precedent set on February 26 
‘will be followed up on many other occasions in the future. 
The Society's objects as given in the Charter of 1783 
are the promotion of science and literature, and although 
the name “Edinburgh” appears in the title it has always 
maintained a special connexion with Scotland as a 
whole. just as the Royal Society of London, founded 
303. years ago, takes the whole British Commonwealth 
as its parish. For nearly two centuries the Royal Society 
-cof Edinburgh has striven to promote and encourage in 
-- Scotland the cause of scientific research and scholarship 
in'all its many branches. Although the separate section 
for literature which once existed no longer operates, 
the Society still elects to its fellowship a number of people 
- distinguished in the spheres of literature, the arts and the 
law; for twelve years (1820-32) Sir Walter Scott was 
president of the Society (see also Nature, 197, 1052; 1963). 
of the Society are promoted in various ways. 
uarters in Edinburgh, the Society possesses 
entific works and periodicals, some of great 
terest: and value, but so up to date in current 
literature that it is constantly being consulted, 
by Fellows but also by readers from all over 
; from south. of the Border, in the Commonwealth, 
‘and various foreign countries. 
‘The Royal Society of Edinburgh administers several 
funds for providing prizes for distinguished scientific 
-i work and for promoting teaching and research, for 
exainple, in astronomy. Its publications, in which the 
-results of original research in both the physical and 
“biological. sciences are published, find their way to 
libraries and laboratories all over the world. In addition, 
regular ineetings are held in the Society's House in George 
Street, Edinburgh, for the reading and discussion of 
scientific papers and for the delivery of lectures by emi- 
nent scientists—oceasions which give opportunities for 
Fellows and their guests to meet for discussion of matters 
of mutual interest. 
While it is true that many people from distant parts of 
. - Seotland. attend these meetings, there has not hitherto 
been an opportunity for the Society, which is essentially 
a Scottish institution. to ‘spread its wings to include 
meetings away fram its rooms in Edinburgh; but the 
situation was materially altered recently when an-anony- 
mous donor presented a sum of money to the Society to 
form the nucleus of a fund for the “Promotion of Interest 
in Science and Technology in Scotland”. It is the ardent 
wish both of the donor and of the Fellows of the Society 
that this should be only the beginning of a larger fund for 
which further contributions will be most gratefully 
received. It appeared to the Council that one very 
appropriate way of fulfilling these objects would be the 
promotion of scientific meetings and discussions at other 
centres in Scotland, and the official meeting of the Society 
in Perth on February 26 was the first of the new series. 


















The Society was honoured by the presence of the I 
Provost of Perth. The President also thanked the Director 
of Education and the Town Clerk for the valuable assist- 
ance they gave in making the arrangements for the meeting. 

The meeting was then addressed by Mr. Arther P. 
Wannop, who spoke on “More Food from our Hills”. 
It would be difficult to think of a more appropriat 
ject for a meeting of this kind in the city of Perth 
its wide range of interests both in the lowland and 
land districts. There can bo no doubt t 
urgent. problems in the whole world ti 
of more food for the ever-growing population, 
marginal lands and hill lands in particular ma. 
pected to play their part.. Mr. Wannop has wid 
in agriculture and has published a large number « 
on many aspects of agriculture. When in charge of | 
field experimental work of the North of Seotland College 
of Agriculture he gained an enviable reputation for 
the conduct of experiments which have been of the 
greatest value to the farming community thronghowt 
Scotland. He was at one time scientific adviser to the 
Department of Agriculture for Scotland, and since 1954 
he has held the important post of Director of the Hill 
Farming Research Organization. 
contributions to agricultural science he wa 
fellowship of the Royal Society of Edinburg 

In his address Mr. Wannop pointed out th 
two-thirds of Scotland’s land surface, or nen 
million acres, are rough or hill grazing. In the 
agriculture they are of major significance, not 
of what they contribute directly to our food ¢ 
because hill farms provide lowland farms wi 
and fattening sheep and cattle. The development | 
tish agriculture has produced a close association, 
and lowland farming through a more highly intog 
sheep industry than occurs anywhere else in the world. 
It is based on hill sheep, noted for their hardiness. Low- 
land breeding flocks, apart from those devoted to pure- 
bred ram breeding, consist largely of first-eross ow 
bred from hill ewes. Thus, nearly every fat lamb sol 
a lowland farm acknowledges a hill ewe as ite grandimnc 
and sometimes its mother. K i 

Some people describe hill sheep farming as an extrac 
process, slowly turning the highlands into a 
must be admitted that there has been som 
hill fertility, but this was going on before hill she 
ing became established and there is no evidence: 
increased with sheep. Even on the most hea 
hills, the annual drain of minerals in the shoop an 
sold off appears to be less than the input of min 
rainfall. There is of course leaching, and this 
climate is undoubtedly greater than the off 
All-the-year-round sheep grazing at the low # 
rate found on hills does contribute to retrograde 
tion changes, which in turn can be reflected in a 
but in this respect sheep management rather 
is the culprit. Management can, however, 






























































on 90 per cent of farms. 
to develop new methods. 
demand increased productivity per man, ° 
more sheep per shepherd. preferably more 
lambs per ewe per shepherd, and possibly a 
clip. A little can be done with cattle. They play an 
tant but nevertheless a minor part in hill rimis; 





keep hill herbage in a more palatable and ‘nutritionally 
superior state for sheep, as well as- supplying weaned. 


_ calves to arable farms. There are several ways to more 
and better lambs, but land improvement offers the 
greatest scope. It raises the nutritional level. -Flock 
productivity is determined by all-the-year-round avail- 
ability of green herbage, especially scarce on hills in late 
winter and early spring. often called the hungry gap. 
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-Though large areas of hill-land cannot be improved econ- 


omically, nevertheless about. 10 per cent or 1,000,000 acres 
could be improved to-day with profit to the farmer. Part 
can be by ploughing and re-seeding and part by surface 
treatment. In most districts there are progressive farmers 
demonstrating what can be done, but they have too few 
imitators. Scotland needs a new wave of enthusiasm for 
land reclamation. 


OBITUARIES 


Sir Charles Darwin, K.B.E., F.R.S. 


Sin Cuaries Darwin, the distinguished mathematical 
physicist and former director of the National Physical 
Laboratory, died at Cambridge on December 31, at 
the age of seventy-five. He was a son of Sir George Dar- 
win, Plumian professor of astronomy at Cambridge, 
_and-a grandson of his renowned namesake, the author of 
. The Origin of Species. His mother was an American lady 
(maiden name, Maud du Puy) and his sister, the late Mrs. 
Gwen Raverat, has given.an enchanting account of the 
Cambridge in which he grew up in Period Piece. His god- 
parents, Lord Kelvin and Sir Francis Galton, could 
„scarcely have been more appropriately chosen, considering 
~ Darwin's lifelong interest in mathematical physics and 
eugenics. 

Darwin. entered Trinity College, Cambridge, in 1906 
and was bracketed fourth wrangler in the Mathematical 
Tripos list of 1909. Immediately after taking Part II 
of the same Tripos in 1910, he was appointed reader in 
mathematical: physics at the. University of Manchester. 
Seldom can a young physicist have been more fortunate 
in his first appointment, since Rutherford was his pro- 
_ fessor, and his colleagues were Niels Bohr and H. J. 

_ Moseley. Here he worked on the theory of the scattering 
' of @-particles, providing a sound theoretical background 
for Rutherford’s experiments which established the 
nuclear theory of atomie structure. He also gavo the first 
“satisfactory theory of X-ray diffraction by crystals, stimu- 
lated no doubt by Moseley’s brilliant experimental work 
on X-ray spectra. 
~ During the First World War he was engaged mainly 
on sound-ranging and flash spotting, being attached to 
the Royal Engineers as an officer in a field survey unit in 
France... That this frequently brought him into very 
dangerous situations was recognized by the award of a 
Military Cross. `` 
In 1919 he was elected Fellow of, and lecturer in, Christ’s 
College, Cambridge, the College of which his illustrious 
grandfather had been a member. Four years later, he 
‘was appointed professor of natural philosophy in the 
University of .Edinburgh, where he made outstanding 
contributions to electromagnetic theory, quantum theory 
and statistical mechanics. He developed the first general 
theory of the optical constants of matter in bulk out of 
the more primitive phenomenon of the scattering of light 
by atoms, without having to make any assumptions 
about the structure of the atom. His work with Fowler 
on the partition of energy in an assembly of atoms or 
molecules by examining the average state of the assembly, 
instead of the most probable state, provided a rigorous 
mathematical foundation for some of the basic concepts 
in statistical mechanics: He also made important con- 
tributions to the theory of the Zeeman effect. and of the 
refractive index of an ionized medium. This work was 
recognized by the award of a Royal Medal by the Royal 





Society in 1935. — 

In 1936 he returned to Cambridge as Master of Christ’s 
College, an appointment he relinquished two years later 
to become the fourth director of the National Physical 
Laboratory. Within less than a year. the Second World 


War had broken out. and he had to devote himself to 
reorganizing the Laboratory to play its part in that 
conflict. This included methods of dealing with unex- 
ploded bombs, and I well remember his helpful co-opera- 
tion in organizing a scientific test.of a dowser who claimed. 
he could locate unexploded bombs which might be buried 
at depths of 10-15 ft. (To the relief of all the physicists, 
the dowser was less successful than those who guessed 
at random.) 

In 1941 he was seconded to Washington as the first 
director of the British Central Scientific Office, which he 
quickly developed into a very efficient organization for 
maintaining liaison between the scientific war effort of 
Britain and the United States. In 1942 he returned to 
Teddington but almost immediately had to divert a 
considerable fraction of his effort to a simultaneous 
appointment as scientific. adviser to the War. Office. « 
Consequently, it was only after the War ended that hé 
could give the National Physical Laboratory his undivided. 
attention. , : 

Considering these distractions, it is very, remarkable 
that three of the present divisions of the National Physical 
Laboratory were created by Darwin during his period as 
director. These are the Light Division (1940), the 
Mathematics Division (1945) and the Autonomies Division 
(1946), although the last was known in his day as the 
Control Mechanisms and Electronics Division. In addition 
to creating new divisions, he was responsible for organizing 


the withdrawal of the Engineering Division, from which. 


was formed the Hydraulics Research Station at Walling- 
ford in 1947 and tho National Engineering Laboratory at 
East Kilbride in 1949. In the post-War re-organization . 
of the Department of Scientific and Industrial Research. 
he took part in the formation of a Radio Research Organ~.. 
ization and made arrangements to move the main part of 
Radio Division to Ditton Park near Slough to form: the 


Radio Research Station, although the final transfer of all ~ : 


the staff involved did not occur until 1957. After his _ 
retirement in 1949, he continued to take a close interest 
in the National Physical Laboratory, serving as a member 
of its Executive Committee from 1953 until 1959. Be Oe 

Sir Charles was much more than a distinguished physi- < 
cist and an able administrator. His prinċipal other 
interests were in education and: eugenics. He was a 
member of the University Grants Committee during 1943- 
53 and president of the Eugenics Society from 1953- 
until 1959. He was deeply concerned over the Malthusian 
problem and gave an excellent modern analysis of it m 
his Rede Lecture to the University of Cambridge on “The 
Problems of World Population”. 
and rather roguish sense of humour, combined with his 
great common sense and originality of approach, made 
him much sought after when a committee was being 
formed to consider some new problem of national impor- 
tance. It is characteristic of his breadth of outlook that 
he spent the first two years after his retirement in writing- 
a book on The Next Million Years. He considered that 
anything less than a million years was too short a period 
for the kind of changes to occur in which he was interested. 

Among the many honours he received were doctorates 
from the Universities of Bristol, Delhi. Edinburgh, St. 


His genial manner 
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_. Andrews, Manchester and Chicago. He was a vice-presi- 
-dent of the Royal Society in 1939 and president of the 
Physical Society of London during 1941-44. He was 
created a Knight Commander of the British Empire in 
1942. G. B. B, M. SUTHERLAND 


Prof. B. C. P. Jansen 


BAREND COENRAAD PETRUS JANSEN was born on April 
o J, 1884, in the old Dutch town of Zwolle. At the age of 

 faventy he entered the University of Amsterdam as a 

: student of chemistry. He passed his final examination in 
1909 and in the same year became assistant to the newly 

5 appointed professor of physiology in that University. 
G. van Rijnberk. In the stimulating scientific atmo- 
sphere, created by the young professor in the centuries- 
old building--in which the Physiological Laboratory is 
till housed to-day—Jansen took his first steps in bio- 
rhemistry. The subjects he investigated were mainly 
related. to. digestion in the intestinal tract and the 
“metabolism of the amino-acids. Outstanding was his 
-o o cdiscovery of the synthesis of urea from amino-acids in the 
i Inammalian liver in vitro, published in 1915. But before 
“this work had been performed, namely, on July 10, 1912, 
Jansen had already obtained the doctorate of chemistry 
of the University of Utrecht, while in 1913 he had been 
> admitted as privaat-docent in Physiological Chemistry at 
|oo the University of Amsterdam. 

Jansen’s first period at this University came to an end 
in 1917, when he moved to Batavia (now Djakarta) in 
o Java, then the capital of the Dutch East Indies. Here he 
owas soon, appointed head of the Department of Pharmacy 
and Chemistry of the Medical Laboratory, the institute 
in. which the epoch-making researches of C. Eijkman and 
G. Grijns on polyneuritis gallinarum and human beriberi 
had performed. The new building erected for this 
ıt according to Jansen’s design was to be a model 
quipped research institutions in the tropics. 
ansen was also appointed professor of chemistry 
e newly founded Medical School in Batavia. But in 
this year his: sojourn in the tropics was already running 
“to its close. For in 1928 he was to return home as 
professor of physiological chemistry in the University of 
Amsterdam. 

‘Human nutrition in the tropics, the field of research 

. Jansen entered on his arrival in Java, suited his natural 
. 4lisposition extremely well : he was always most pleased 
if his results appeared applicable for the immediate 
benefit of mankind. Indeed his achievements, such as 
those on the iodine content of potable water in various 
regions or on the nutritional value of vegetable proteins, 
were of the highest importance for the health of the 
indigenous ‘population. But also his greatest achieve- 
ment of general scientific importance, which gave him 
world-wide fame, the isolation of pure crystalline vitamin 
Be from huge amounts of rice-polishings, was initiated by 
his wish to provide an easily applicable weapon in the 

“fight against beriberi. 

z In the autumn of. 1928 Jansen returned to his old en- 
vironments, the Physiological Laboratory in Amsterdam. 

-After some extension and alteration the building provided 
sufficient room for provisionally accommodating a 
laboratory for physiological chemistry as well. The 
execution of plans for a new building was prevented 
first by the economic depression of the “thirties, then by 
the outbreak of the Second World War. But, nevertheless, 
Jansen’s laboratory soon became a centre of nutrition 
research in. the Netherlands, the more so after he had 
also become director of the Nederlands Instituut voor 
Volksvoeding (Netherlands Institute for the Nutrition 
of the People) which was thereupon incorporated in his 
laboratory. 

His devotion to the improvement of human nutrition 
was one of the chief causes of the rapid diffusion of the 
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modern views on nutrition among the Dutch people. 
Under his direction many young physicians and cheri 
were trained in nutrition research; his lectures for th 
students of medicine generated numerous propagand 
for better nutritional habits. Thus for many years he was 
the leading man in the field of nutrition in his country 
and one of the prominent specialists in the world. He 
was decorated by the Queen, he was. a member of the 

Royal Netherlands Academy of Sciences and doctor 
honoris causa of the Sorbonne in Paris. 

In his happy family life Jansen. found a fall under. 
standing of the significance of his work; two of his threo“ 
children (one daughter and two sons) worked for thei 
theses under their father’s guidance and received: thei 
doctor’s certificate from his hands. 

In 1954 Jansen reached the age of séventy; which obliged: ~~ 
him to resign as professor. This did not moan that | 
activities suddenly came to an end, But: gradually lis 
health declined and he died on October 18, 1962. in his 
seventy-ninth year. His numerous friends, colleagues and 
pupils will always remember him as one of the noblest 
men they have ever met. 
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Dr. K. W. Luckhurst 


Kesxsra Wiuiam Luckuurst, who died on Beptot- 
ber 19, aged fifty-eight, was for twenty-five yours i secret 
of the Royal Society of Arts and of the Pax 
Designers for Industry. He was educated 
London School, and at Cambridge, where he 
as a scholar of Emmanuel College. The early par 
career was spent in teaching, first at King’s Sch 
Canterbury, and then at the University of Edi 
where he was lecturer in Greek. In 1935 he was e 
assistant secretary of the Royal Society of A and 
became secretary two years later. During the Secand 
World War he served in the (Röyal) Army Education” 
Corps. 

From the beginning of his secretaryship it was apparent 
that Luckhurst’s own wide interests and clear, order: 
mind were well suited to the varied and prodotiinantls 
practical work of the Society for the Encouragement of 
Arts, Manufactures and Commerce. Holding its traditions 
in the highest regard, he also recognized how mnh o 
strength derived from adaptability and a continuing se 
of usefulness in the existing world: This undersban 
and a gift for lucid exposition, informed hie major pob- 
lished. work, the History of the Society, written in col- 
laboration with Derek Hudson to mark its ‘bicenten 
in 1954. Luckhurst afterwards expanded the 
portion of his contributions into a dectorial thesis, 
provides a valuable source of reference for the pioni 
experiments in agriculture and chemistry fostered by t 
Society of Arts. Valuable in another connexion wore 
Cantor Lectures on the Great Exhibition of 1851, given 
in the year of the Festival of Britain, and his book Phe 
Story of Exhibitions, in which again he demonstrated the 
force of the Society’s example. 

The war years apart, the period of Liuckharst’s sa- 
ministration was notably beneficial for the Society: 
membership and revenues more than doubled, additional 
premises were acquired, its activities, ospecially those on 
behalf of industrial design and commercial education, 
were given fresh impetus, and its reputation as a dis- 
interested source of knowledge enhanced. In this last 
regard much depended on Luckhurst’s judgmont in 
organizing, each year, a lecture programme both repre- 
sentative of important developments in the sciences and 
useful arts, and providing interest and enjoyment for 
widely different audiences. Judicious attention to. Lhe: 
details. of each meeting enabled a long success 
visiting speakers to give of their best. 
pleasant and unhurried whatever his preorope 
































always prepared to add to them-—whether by stimulating 
a colleague, representing the Society on a committee or at 
a function, or undertaking an arduous journey overseas. 
He made three visits to North America to extend. the 
Society’s membership there, with the happiest results. 
Many Fellows will remember him especially well as their 
delighted guide in informal tours of the Society’s 
house. 

Very little came amiss to Luckhurst, unless: it was 
hearing disparagement of other people. or the sense of an 
opportunity incompletely realized. He created his own 
pattern of unobtrusive service, not easily copied. 


J. §. SKIDMORE 


Dr. H. Banister 


Harry Banister, who died on January 19, in his 
eighty-first year, was appointed University lecturer in 
experimental psychology at Cambridge in 1926 and played 
a very active part in the affairs of the Psychological 
Laboratory for more than twenty years. Trained in 
physics, Banister brought to experimental psychology a 
great deal of good sense and a notable capacity for hard 
work. In his modest and sensible way, he did much to 
disarm suspicion of psychology in the University and to 
promote its teaching as an experimental discipline. 

Banister had strong interests in acoustics, and his best- 

-known work was on the localization of sound. He took 
issue with C. S. Myers, who had claimed, in opposition to 
Lord Rayleigh, that binaural phase differences owe their 
effect mainly to binaural intensity differences. On the 
hasis of some admirable experiments, Banister concluded 
that the principal cue for localization is the time-interval 
between the arrival of the sound-waves at the two ears. 
In. spite of some modification, this remains the accepted 
view. Banister produced several other experimental 
papers on hearing, and the chapter on audition which he 
wrote. for Murchison’s Handbook of General Experimental 
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Psychology, published. in 1934, for long remained a stan- 
dard source. 

Vision was another of Banister’s interests, and he con- 
tributed a paper on retinal action time to a joint discussion 
held by the Physical and Optical Societies in 1932. He 
worked with Hartridge and Lythgoe on visual acuity 
and, together with J. M. Blackburn, reported an interesting 
correlation between inter-pupillary distance and skill in 
ball games. Banister also wrote a short text on statistical 
method which was widely used by undergraduate students 
of psychology between the two World Wars. 

In his later years, Banister turned his attention in- 
creasingly towards psychological medicine, and was 
extremely active in psychotherapeutic work. He took a 
lively interest in the psychological problems of the 
tuberculous patient, acting for some years as psychological 
adviser to the Papworth Village Settlement. He was 
also active in the Child Guidance Movement, being for a 
time director of the Cambridge Child Guidance Clinic. 
In all this work Banister enjoyed the full co-operation of 
his medical colleagues in Cambridge and farther afield. 
Although his interest in psychotherapy was essentially 
practical, he found time to publish a short book outlining 
recent theories in psychopathology and their application 
to problems of neurosis. He also published jointly two 
papers on the experimental induction of illusions of 
memory. 

As a teacher, Banister is widely remembered for his 
balanced approach to psychological issues and his firm 
reliance on the findings of experiment. He was an exposi- 
tor of fact rather than theory, seldom allowing himself 
to be drawn into the psychological controversies of his 
time. Although this lack of the critical concern. seemed 
to some a limitation, Banister was a much cleverer man 
than many of his pupils realized, his hesitations in regard 
to theory being due very largely to intellectual modesty. 
Had he been less diffident a man his contribution to 
psychology might well have been greater. 

O. L. ZANGWILE 


NEWS and VIEWS 


“World of Opportunity” : the New Scientist 


Ir is surprising to find that despite the widespread 
attention directed to the United Nations conference last 
February on the application of science and technology 
for the benefit of the less-developed areas, the admirable 
issue “World of Opportunity” of the New Scientist of 
February 14 still appears to remain the only one in which 
that conference has been at all adequately handled by 
British periodicals. This comparative neglect, in spite of 
copious literature distributed by the Department of 
Seientific and Industrial Research, in no way detracts 
from. the excellence of the issue of the New Scientist 
which is as welcome for its enterprise as for its intrinsic 
and timely merit. Besides messages from the president 
of the conference, Prof. M. S. Thacker (of whom a profile 
is also included in the issue), and a message from Sir 
William Slater, leader of the British delegation, there are 
special articles by Dr. R. Revelle, science adviser to the 
secretary of the U.S. Department of the Interior, describ- 
ing the Mission to the Indus of a panel of American 
Scientists who studied irrigation in West Pakistan, and by 
Roy Herbert on the aftermath of the conference. A 
selection of. papers presented at the conference is repro- 
duced. These are by Prof. P. M. S. Blackett, on planning 
for science and technology in emergent countries; by 
Dr. 8. H. Crowdy, on “Are Ploughs Obsolete 7"; by 
F. G. Lamont, on the genesis of a chemical industry; and 
by G. Swaine, on fighting the plague of the army worm 
in East Africa. 


The Royal Irish Academy, Dublin 


AT a meeting of the Royal Irish Academy in ‘Dublin 
on March 16, Prof. J. L. Synge, director of the School of 
Theoretical Physies in the Dublin Institute for Advanced 
Studies, was elected president for the third year in sue- 
cession. The following officers were elected: Prof. B. 
O Cuiv, secretary of the Academy and secretary for Irish 
Studies; Prof. J. J. Tierney, secretary of the Polite 
Literature and Antiquities Committee; Prof. PJ. Nolan, 
secretary of the Science Committee; Dr. V. C. Barry, 
treasurer; and Dr. J. St. P. Cowell, executive secretary. 
Dr. G. W. P. Dawson, Prof. M. A. Ellison, Prof. H. 
Halberstam, Prof. T. Jones Hughes, Dr. G. MacNiocaill, 
Prof. T. Murphy. and Dr. L. S. O’Raifeartaigh were 
elected members of the Academy. 


Computation at Manchester: Prof. 5. Gill 


Dr. Stantey Gi has been appointed to a newly 
created (part-time) chair in computation in the Faculty 
of Technology at the University of Manchester and the 
Manchester College of Science and Technology. Dr. Gill 
was educated at Worthing High School and. entered 
St. John’s College. Cambridge, with a State scholarship 
and a major scholarship in 1942. He was successful in 
the Mathematics Tripos in 1945. In 1946 he accepted a 
temporary appointment at the National Physical Labora- 
tory where he was engaged in scientific computing and 
in the design of ACE, one of the early computers designed 
there. He returned to Cambridge in 1948 and was 
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successful in the Natural Sciences Tripos (Physics) in 
1949. From 1949 until 1953 he was engaged in research 
at the Mathematical Laboratory at Cambridge. He was 
awarded the Ph.D. degree in 1952 and was elected a 
Fellow of St. John’s College. He spent the greater part 
of the following two years in the United States where he 
became visiting assistant professor at the University of 
Ilinois and visiting lecturer at the Massachusetts In- 
stitute of Technology. During 1955 he worked at Cam- 
bridge on the design of EDSAC II. In 1955 he joined 
Ferranti Ltd., as assistant head of the Advanced Applica- 
tions Group in the Computer Department, and was 
promoted to the headship of this group a year later. 
Following a reorganization within the firm his group 
became part of the Sales organization. His team was 
specially interested in the ATLAS computer from an 
early stage and has played a large part in the establishment 
of the programming system for ATLAS. Hoe is a member 
of the Council of the British Computer Society, and 
British Representative on the Council of the International 
Federation for Information Processing. Dr. Gill will 
maintain his position as head of Advanced Applications 
Group in the Ferranti Computer Department. 


The University of Leeds 


THe annual report of the University of Leeds for the 
session 1961-62, which records an increase of full-time 
students to 5,561 in October 1962, compared with 4,655 
in 1959 and 5,175 in 1961, of whom 2,061 were new, is 
more than usually concerned with financial matters. In 
particular, the Council expresses its concern that the 
authorized salary scales will prove insufficient to ensure 
the recruitment and maintenance of the necessary 
academic staff. An Advisory Committee in Food Science 
has been appointed and work is progressing on the fitting 
and equipment of the new food science laboratory. 
Another new development was the establishment in 
May 1962 of the Astbury Department of Biophysics in 
commemoration of Prof. Astbury’s pioneering work in 
this subject. The committee appointed under the chair- 
manship of Prof. E. Grebenik to investigate the conditions 
under which students live in hall, lodgings, flats and at 
home found that 38 per cent of men students in lodgings 
did have adequate conditions for study. The report of 
the Grebenik Committeo emphasized the importance of 
the University itself providing more accommodation for 
students and also stimulated discussions on existing 
regulations regarding residence of women students. An 
Academic Planning Committee considered the means and 
extent of academic participation in University govern- 
ment and another committee the question of research 
facilities for members of staff. With the brief reports 
from departments is one from the Appointments Board 
which suggests that although the overall demand for 
graduates showed little change from 1960-61, there were 
more candidates available for employment and com- 
petition for posts was generally keener, particularly in 
the chemical industry. In the Civil Service competitions 
Leeds graduates made a much better showing than at 
any time in the past decade. 


Symbol for the International Quiet Sun Years 


IDENTIFICATION of information relating to the Inter- 
national Geophysical Year (IGY) was greatly facilitated 
by the adoption of a distinctive symbol (Nature, 177, 
559; 1956) by all participating nations. Now that a, 
similar venture is being planned to span the period of 
minimum solar activity—International Years of the Quiet 
Sun (January 1, 1964—-December 31, 1965), the CIG 
(Comité International de Géophysique)-IQSY Commit- 
tee has approved the symbol reproduced here (Fig. 1), which 
it is hoped will confer equivalent recognition to this forth-, 
coming international enterprise. The symbol comprises 
the IGY symbol, with the orbital satellite denoting the 
nations’ activities in probing the upper atmosphere and 
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the interplanetary medium, superposed on a circlo with 
regular spikes radiating from the perimeter to reprosent 
the Sun. By this juxtaposition, it is hoped to convey tho 
importance of solar terrestrial relationships, and by 
retaining the IGY symbol to emphasize that information 
obtained during tho IQSY will be essentially comple- 
mentary to the data recorded during the IGY. Tho 
design for the symbol is based on ideas contained in 
sketches submitted by Dr. N. V. Pushkov, of the U.S.S.R., 
vice-president of the CIG-IQSY Committee, and Dr. 
Hugh Odishaw, of the United States, who is also a 
member of the Committee. 


The Organization for European Co-operation and 
Development 


Tan 0.E.C.D. Observer, No. 2, January 15, 1963, in- 
cludes a Statement by the Ministerial Council outlining 
directives for 1963, in which the importance attached to 
efforts in all member countries in development is reaffirmed, 
with particular reference to the work to be done by con- 
sortia established to support the development policies of 
Greece and Turkey. Aid programmes, it is affirmed, 
should be a well-established part of the policy of every 
developed member country, and the Ministers recom- 
mended that, in the framework of the Organization, 
member countries should work towards policies which 
take full account of the interdependence of trade and 
aid. Substantial adaptations will be necessary in the 
fields of agriculture, industry and manpower to facilitate 
economic growth and the expansion of trade. Recognizing 
the increasing importance of science and technology in 
their many relations with economic life, tho Ministers 
have instructed the Organization to prepare a Ministerial- 
level meeting on co-operation with regard to scientific 
policy and research, to be called within tho noxt year. A 
note by Thorkil Kristensen, the secretary-general of the 
Organization, explains that the Ministers considered that 
@ policy and strategy for science and scientific research 
as an instrument of economic activity were needed. At 
this conference, Ministers will plan the rational distribu- 
tion of scientific research and the possibilitios of setting 
up joint research undertakings such as those at present 
operated by the European Nuclear Energy Agoncy. A 
further article by Dr. A. King, the Organization’s director 
for scientific affairs, discusses the implications in this 
context of a policy for science, suggesting that this does 
not mean interference with research but rathor doals with 
the use of resources as a whole, the balance and offective- 
ness of their deployment, and their relevance to national 
needs, whether economic, social or military. 


Industrial Decentralization in France 


Tue extent of industrial decentralization in Franco 
under the Government’s policy of regional developmont 
is outlined in a pamphlet issued by the Press and Informa- 
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tion Service of Ambassade de France (Industrial Decen- 
tralisation in France. Pp. 13. London: Ambassade de 
France, 1963). Decentralization commenced in 1949-50, 
and after tentative moves towards replanning in 1950-55, 
the movement was decisively launched in January 1955, 
when the construction of industrial buildings in the Paris 
area was limited by decree. Later, a series of decrees of 
June 30, 1955, grouped existing Funds into a Foundation. 
for Economic and Social Development and authorized 
State support for the Regional Developmont Societies, 
prescribing also the elaboration of programmes of regional 
action. Theso programmes were in 1959 amalgamated 
into regional plans of town and country economic and 
social development. In 1960 and 1961 a system of duos 
was instituted in the Paris area to be paid for the con- 
struction of promises for industrial purposes or of offices, 
and simultancously a system of grants to encourage the 
suppression. of such buildings or their transformation into 
living accommodation or school premises. The powers of 
the State to execute the policy of regional action were 
also increased. Reviewing the whole period, the pam- 
phlet claims that within the framework of decentraliza- 
tion, the sector of the mechanical, electrical, electronic 
and car industries provides 201,500 of the new jobs 
planned, and in 1961, 60 per cent of the floor-space 
authorized was concentrated in twenty-two departments, 
compared with nineteen in 1960 and fifteen in 1959. 


Dental Education 


A REPORT recently issued by the World Health Organ- 
ization deals with the problems of dental education in 
countries of varying degrees of development, and with 
the relationship of dental to general university education 
(Public Health Papers, No. 244. Dental Education: 
Report of an Expert Committee on Dental Health. Pp. 
32. Geneva: World Health Organization; London: 
H.M.S.O., 1962. 1Swissfranc; 1s. 9d.; 0.30 dollars). In 
developing or emerging countries, where it may not be 
possible immediately to establish dental schools, a course 
of dental training at sub-professional level, of two to 
three years’ duration, and administered by a fully qualified 
staff, may be the most practicable interim measure. In 
countries with established traditions and existing dental 
services the problem lies in preparing students for the 
realities of practice and at the same time providing for 
the maintenance of professional standards. The sound 
general and biological education on which the professional 
education must be based in order to attain these ends is 
discussed. The recruitment of students of the proper 
calibre is, of course, necessary for the progress of dentistry 
and the service it provides, and the report discusses the 
problems encountered in recruiting in the conditions of 
competition that exist in modern technological society. 
With regard to the curriculum itself, it stresses the 
necessity for dental schools to be part of a university, 
with the dental faculty having the same academic status 
as other faculties, and with its own budget and indepen- 
dent access to financial sources. The minimum period of 
the dental course should be four years (plus the necessary 
course in chemistry, physics and biology). Clinical 
teaching could, with advantage, be brought forward into 
the earlier years and biological studies carried into the 
later years. Other important matters dealt with by the 
report are the teaching of dental public health and the 
provision of dental teachers and dental research workers. 


Special Issue of Stamps for National Nature Week 


Tue Council for Nature is organizing a National Nature 
Week during May 18-25 with the view of directing 
attention to the natural history movement in Great 
Britain and, in particular, to the importance of wild-life 
conservation. To mark the occasion, the General Post 
Office is making a special issue of 3d. and 44d. stamps. 
The 3d. stamp (Fig. 1), designed by S. D. Scott, shows a 
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posy in natural colours of buttercups and daisies, with a 
bee collecting nectar. The Queen’s head is set in an oval 
frame in a medium brown. The whole design is on a pale 
pink-brown background. The 44d. stamp (Fig. 2) is 
designed by Michael Goaman and features a wide variety 
of woodland life. The flora and fauna displayed are a 
badger, a fawn, a great spotted woodpecker, a woodlark, 
a long-tailed tit, a brimstone butterfly and a harvest 
mouse. Lords and ladies, wheat, beech and hartstongue 
fern complete the picture. The Queen’s head in black 
over a faint tone of brown is on the right. The stamp is 
printed in five colours, black, brown, blue, pink and 
yellow. The stamps will be issued on May 16. 


The Iron and Steel Institute 


Mr. F. B. GEORGE, managing director, Consett Iron 
Co., Ltd., has been elected president of the Iron and Steel 
Institute for 1963-64. He became a member of the 
Council of the Institute in 1958 and a vice-president in 
1962. He has been chairman of the Engineers’ Group of 
the Institute since 1957. 

The following awards of medals and prizes have been 
announced by the Iron and Steel Institute: The Bessemer 
Gold Medal for 1963, Dr. F. H. Saniter, director of 
research, the United Steel Co., Ltd., and honorary 
treasurer of the Iron and Steel Institute; the Sir Robert 
Hadfield Medal and Prize for 1963, Mr. E. W. Voice, 
assistant director, the British Iron and Steel Research 
Association; the Tom Colclough Medal and Prize for 1963, 
Mr. R. W. Evans, director and general manager, Steel 
Division, the Steel Company of Walos, Ltd., and member 
of Council, the Iron and Steel Institute; the Williams 
Prize for 1962, Mr. J. N. Adeock (the United Steel Com- 
panies, Ltd., Research and Development Department) 
for his paper “The Laminar Jet System for Cooling Hot 
Stoel Strip” (Journal, 909; November 1962); the Sydney 
Gilchrist Thomas Medal and Prize for 1962, Mr. E. T. 

. Boddye and Mr. R. N. Elderfield (the Steel Company of 
Wales, Ltd.) for their paper “Bottom Making and Re- 
lining Practice in a VLN Steel Plant” (ISI Special Report, 
No. 74, 80; 1962); the Ablett Prize for 1962, Mr. R. Green 
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(the United Steel Companies, Ltd., Research and De- 
velopment Department) for his paper ‘Continuous Rod 
and Bar Mills” (presented at Engineers Group meeting, 
November 29, 1962, to be published in the April issue of 
the Institute’s Journal). 


The Comparative Administration Trust 


Tue Comparative Administration Trust is organizing 
a course in collaboration with the London County Council 
Education Department on “The Use of Case Studies in 
the Teaching of Administration and the Commercial and 
Industrial Subjects” at Kingsgate College, Broadstairs, 
Kent, during June 3-6. The Trust is also organizing 
courses on ‘‘Administration and Management of Research 
and Development” to be held at Gonville and Caius 
College, Cambridge (July 14—August 9), Queen’s College, 
Oxford (September 1-28), and Sundridge Park Manage- 
ment Centre, Bromley, Kent (November 10-December 7). 
Application forms and further information can be obtained 
from the Comparative Administration Trust, 30 St. 
George Street, Hanover Square, London, W.1. 


Training Programme in the Physiology of Reproduction 


Tue Worcester Foundation for Experimental Biology, 
Shrewsbury, Massachusetts, has announced a post- 
doctoral training programme in the physiology of reproduc- 
tion under a grant from the Population Council, Inc. 
The programme will start on July 1, 1964. Fellowships 
for the programme are to be awarded to candidates 
possessing a Ph.D. or M.D. degree, or their equivalents. 
These fellowships will carry a stipend of 5,500 dollars per 
annum and will be for a twelve-month period. An 
allotment will also be made for round-trip travel to 
Shrewsbury, Massachusetts. Application forms may 
be obtained from the Program Director and should 
be returned not later than September 1, 1963. They will 
be processed by an Advisory and Selection Committee 
of experts, and the fellowship awards will be announced 
by December 1. i 

The programme will consist of a course of lectures and 
laboratory work. During the latter part of the year, each 
Fellow will have the opportunity of participating in a 
research project pertinent to his interests and within the 
capacity of the programme. 


Training Course in Polarography 


Tue Department of Physical Chemistry, Charles 
University, and the Polarographic Institute of the 
Czechoslovak Academy of Sciences are organizing a train- 
ing course in “Polarography” during July 15-27." Tho 
course, which will consist of lectures explaining the 
principles of the method given in English, German and 
Russian, and practical training, is essentially intended for 
graduates, but no preliminary knowledge of polarography 
is required. The number of participants is limited to 
twenty persons. The course will be prepared under the 
supervision of Prof. J. Heyrovsky, and the lectures and 
practical training will be given by members of Charles 
University and the Polarographic Institute. The fee is 
Kčs 300—which includes practical training expenses, a 
sight-seeing journey and a dinner, but does not include 
accommodation. 

Preliminary applications should be directed to Dr. V. 
Kalous, Department of Physical Chemistry, Charles Uni- 
versity, Prague 2, Albertov 2030, from whom further 
information is available. 


Announcements 


Sm RICHARD VAN DER Rr Wooniey, Astronomer 
Royal, has been elected president of the Royal Astronomi- 
cal Society in succession to Prof. W. H. McCrea. Prof. 
McCrea has been president since 1961. 


Mr. J. M. Oxtvanr has been appointed to a new post 
of head of the Meat Section of the British Food Manu- 
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facturing Industries Research Association. Mr. Olivant 
graduated at the Royal (Dick) School of Vetormary 
Studies of the University of Edinburgh, and from 1952 
until 1959 was a lecturer in the University of Liverpool. 


A symposium on “The Less Common Means of Separa- 
tion”, arranged by the Midlands Branch of the Institution 
of Chemical Engineors, will be held in Birmingham during 
April 25-26. Further information can be obtained from 
T. R. Bott, Department of Chemical Engineoring, the 
University, Birmingham 15. 


A SYMPOSIUM on “Catalysis in Practice”, arranged with 
the co-operation of the Yorkshire Branch of the Institution 
of Chemical Engineers, will be held in Harrogate during 
June 20-21. Further information can be obtained from 
the General Secretary, Institution of Chemical Engineors, 
16 Belgrave Square, London, 8.W.1. 


Tue Centenary Meeting of the British Pharmaceutical 
Conference will be held in London during September 2-6. 
The programme will include: science and professional 
sessions; a symposium dealing with the subject of fine 
particles in pharmaceutical practice; a conversazione at 
the School of Pharmacy, University of London; excur- 
sions. The Conference Lecture will be given by Dr. J. M. 
Barnes, head of the Toxicology Research Unit of the 
Medical Research Council, who will discuss animal toxicity 
tests and their interpretation. Further information can 
be obtained from Dr. K. R. Capper, the British Pharma- 
ceutical Conference, 17 Bloomsbury Square, London, 
W.C.1. 


Tue Watford and District National Productivity Year 
Committee is organizing a symposium and exhibition on 
the “Effective Use of Information Services” which will 
be held at the Watford College of Technology on April 23. 
The programme of the symposium includes two lectures, 
namely, “Technical and Scientific Information Services”, 
by B. C. Vickery, deputy director, National Lending 
Library for Science and Technology (Department of 
Scientific and Industrial Research), and ‘Effective Use 
of Information Services”, by R. Snel, head of technical 
information, Shell International Petroloum Co., London. 
Further information can be obtained from Mr. A. Short, 
Watford College of Technology, Hempstead Road, Wat- 
ford, Herts. 


Tue fifteenth Hatfield Memorial Lecture will be 
delivered in Sheffield on May 8 by Prof. A. G. Quarroll, 
who has chosen as his subject “Motallography, a hundred 
years after Sorby”. On the following day, May 9, there 
will be an all-day conference entitled “Sorby Centonary: 
Metallography 1963”, sponsored by the Company of 
Cutlers in Hallamshire, the Iron and Steel Institute, the 
Institute of Metals, the Institution of Metallurgists, the 
Sheffield Motallurgical and Engineering Association and 
the University of Sheffield. In connexion with the con- 
ference, there will be an exhibition in the Drawing Room 
of the Cutlers’ Hall, covering modern instruments used in 
metallography, photographs obtained by modern tech- 
niques, illustrating present-day research, and relics of 
H. C. Sorby. Further information can be obtained from 
the Iron and Steel Institute, 4 Grosvenor Gardens, London, 
8.W.1. 


Tar heading of the recent article ‘Investigation of the 
Radio Source 3C 273 by the Method of Lunar Occulta- 
tions” (Nature, 197, 1037; 1963) unfortunately gave the 
impression that one of the authors, Dr. C. Hazard, is a 
member of the Radiophysics Division of C.S.I.R.O. as 
are the other two authors. Dr. Hazard is in fact a member 
of the Chatterton Astronomy Department, School of 
Physics, University of Sydney, and worked as a guest 
investigator on the MRadiophysics Divisions 210-ft. 
telescope during the investigation in question, as stated 
in the last sentence of the article. 
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DECAMETER RADIATION FROM JUPITER 
By Dr. J. L. HIRSHFIELD 


Department of Physics, Yale University, New Haven, Conn. 
AND 
Dr. G. BEKEFI 


Department of Physics and Research Laboratory of Electronics, Massachusetts Institute of Technology, 
Cambridge, Mass. 


i hee observed correlation between solar flare activity 
and intense radio bursts from Jupiter in the 5-38 
Me/s region has prompted several suggestions as to the 
origins of this radiation!-°. On the premise that the radio- 
activity is brought on by sudden eruptions of fast solar 
electrons as they arrive at Jupiter, we will show that an 
existing theory‘-* for maser-like amplification of syn- 
chrotron radiation from electrons with a non-Maxwellian 
energy distribution orbiting in the Jovian magnetosphere 
can provide a quantitative model for the emission. The 
theory predicts a narrow frequency band of amplification 
near the local electron gyro-frequency, but the intensity 
predicted for the second and higher harmonics is smaller 
than that of the fundamental by more than four orders of 
magnitude. Thus the appearance of a single band of 
radiation should not rule out the synchrotron mechanism, 
as has been suggested. 

The amplification arises from a coherent enhancement 
of synchrotron, emission from the solar electrons due to 
the inverted nature of their energy distribution. Maser 
action appears in this theory only if relativistic effects 
are included, to allow the elementary oscillators to have 
energy-dependent resonance frequencies. We will neglect 
any emission or absorption of the relatively cold back- 
ground particles within Jupiter’s radiation belt. The 
essential features of this mechanism are shown in the 
formula for the absorption coefficient «.(8) for radio 
waves in a weakly refracting plasma of stationary ions 
and of electrons of density N and momentum distribution 
Jpm vı), which is normalized so that 2nJdpyfprdpi f Pn 
pı) =l. 


œ% œ% 
told) = =~ N f dps] Apino( Py, PL0) f: 
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Here pn and p; are the electron’s momentum components 
along and across the magnetic field, which makes an angle 
6 with the direction of wave propagation (the distribu- 
tion f is assumed to be independent of azimuthal angle in 
velocity space) ; NalPıp Pi, 8) is the rate of spontancous 
emission of synchrotron radiation by one electron at 
radian frequency w, and is derived from classical radiation 
theory’; and e is the total electron energy m(p*)c%. This 
formula is an extension of an earlier result? for isotropic 
distributions; both results are derived using Kinstein’s 
A and B coefficients for stimulated emission and absorp- 
tion. Since olp, pi, 8) is composed of two terms, one 
for each polarization of the radiation, one has two equa- 
tions of the foregoing form; we will consider the ray with 
the extraordinary polarization only, because for the mildly 
relativistic particles, to be considered here, the ordinary 
ray contributes negligibly. . 

When &w(0) becomes negative, the wave is amplified. 
Equation (1) admits of such negative values for two dis- 
tinct classes of f(pu, py): those for which f if anisotropic 
[that is, pn(3f/ðpı) Æ p1(df/epu)] provided cos 0 Æ 0, 
and those for isotropic distributions with df/ép,>0 
over some range of pı. Amplification in the former class 


does not depend primarily on relativistic effects and can 
take place for particle velocities where terms of order 
(v/c)? are neglected. Amplification in the latter class is 
directly associated with the relativistic mass change of 
the radiating electrons. Instabilities for plasmas with 
anisotropic distributions have received considerable 
attention recently’, but rather than speculate as to the 
possible degree of anisotropy in the Jovian distribution of 
solar particles we will take f to be only a function of 
p= r? + p. Nevertheless, amplification due to an 
anisotropic f should not be discarded a priori. Thus, for 
isotropic distributions, we see that the analogy with the 
maser rests on the necessity for having a distribution of 
continuous energy-levels which are populated more heavily 
at higher energies, relative to lower ones. 

Detailed inspection of equation (1) for isotropic distribu- 
tions shows that «.(8) can be negative near the gyro- 
frequency and its harmonics at mildly relativistic energies 
where w is a sequence of delta-functions, but that 
amplification is impossible‘, contrary to earlier assertions‘, 
at super-relativistic energies where jw is a continuous 


` function of energy and frequency. 


The form for hw appropriate to the lower harmonics n 
and mildly relativistic energies, is: 


eo? nen Pp 27142 
Nea = Bregt 2 n + l)!\e S[nwoll — (w/e) P” — o] (2) 
wherein, to avoid undue complication, the angle of propa- 
gation 6 has the value x/2. For other angles, Doppler 
effects due to orbit drifts along magnetic field lines must 
be inserted in nw; these effects do not preclude the amplifi- 
cation, but lower its magnitude. Therefore, at these 
angles, amplification from anisotropic distributions should 
be included. 

Numerical evaluations for equation (1) have been 
carried out using distributions of the form f(p) a ples 
where b and l are positive constants. For the solar 
electrons near Jupiter, the justification for assuming: a 
non-Maxwellian distribution rests on the length of time 
required for an incoming stream to become Maxwellian 
(l = 0). This time, ts, for slowing down a fast particle 
by collisions with the electrons or ions of the colder 
thermal background of density Ne cm~? and temperature 
T deg. K is estimated® to be: 


gpi 
te = 5.26 Ne log S 


where log S ~ 20 and varies only weakly with N» and T, 
and whore x? (assumed to be much greater than unity) 
is the ratio of fast particles’ kinetic energy to the mean 
energy of the scattering particles. If we take T = 104 
deg. K, N» to be between 10% and 10’ em-’, and take the 
fast particles’ kinetic energy to be 500 eV (the approximate 
value consistent with the 1-10 day delay between solar 
flare activity and the appearance of the radio bursts) then 
ts is between 10 sec and 1 day. We only require this time 
to be longer than the observed burst lengths (~ 1 sec) 
since an electron distribution which is sufficiently inverted 
for maser action to occur might be expected to exist for 
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Fig.1. Amplification (— aw) versus the distribution function parameter 
L, for the first three harmonics n 


only a fraction of the total slowing-down time. Further- 
more, it is not clear that effects outside of Jupiter’s 
magnetosphere do not influence the time scale of the 
observations?®. 

Inserting equation (2) and the distribution f(p) a plete 
into equation (1) yields the following expression for the 
absorption coefficient for the nth harmonic: 


[0 + 3)/4)-" _ nm 
i@ + 1/2]! (27 +1)! 
x Zens ey — 2Z)(1 — Qa(w))-* exp(—Z) (4) 


where A = &p?/cwp with ùp and œ» the plasma and gyro- 
frequencies, and c the speed of light; u is the ratio of the 
electron rest energy Mc? to the average energy of the 
distribution f(p). Z = [l + 3)/4][1 — (@/news)*] and 
represents the frequency variable: Qa(w) = Zu [(d + 
3)/4]-1 and is generally small compared with unity in the 
frequency range of amplification. When Z < 1/2, aw is 
negative and when Z > 1/2, itis positive. Thus, in narrow 
frequency bands near the gyrofrequency and its harmonics, 
the radiation is amplified, and outside of these ranges it is 
attenuated in the normal way. The range of amplification 
for the gyrofrequency is given by Aw/o» = 1/4u. 

Fig. 1 (reproduced, from ref. 6) gives the peak values 
of the amplification coefficient — €e from equation 
(4) for the gyrofrequency (n = 1) and two harmonics 
(n = 2,3), as a function of the distribution function 
parameter 1. The ordinate is normalized to a factor 
A-tys-3, For 500 eV electrons and for l= 0:1 (the 
smallest value we had computed) one finds aa = — 3 x 
10-8 N/B m- (where N is in cm~ and B, the magnetic 
field strength, is in gauss) for the gyrofrequency, but more 
than four orders of magnitude less for the harmonics; 
they would not have been observed by present-day 
radio-telescopes. 

The flux Fo leaving the planet and heading for Earth 
is related to the intensity Ia by: ` 





Oo(n) = — 2rAp?-” x 
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Fo = Iod ="Sa(1 ae 6-82) 0 S ~ Sat %o"d.Q, 
for — aL 1 (5) 


Here, Sw = jo/ew is the source function, and the emission 
coefficient, jo, is the summation of ye over all particles 
in f(p); dQ is the solid angle subtended. by the source at 
the Earth; and L is the thickness of plasma through which 
%» can be assumed to have a constant value. Since & 
given ray traverses regions of inhomogeneous magnetic 
field, L is the scale-length of the inhomogeneity and 
a» is computed at the local gyrofrequency. If the 
distribution f(p) is such as to give rise to maser action 
throughout a range of magnetic fields, the overall fre- 
quency range of amplification can be expected to be corre- 
spondingly broadened. compared with the calculated value. 
Aw = œb/4u. The observed bursts have band-widths 
of 0-3-1 Me/s. 

A typical burst has a flux of 10-2° W m- (c/s) (although 
values as high as 10-18 have been reported). We now 
assume that the burst originates in a cubical volume tho 
linear dimension of which is approximately 1 per cent 
that of Jupiter’s radiation belt. This is consistent with 
the requirement on the magnetic field homogeneity we 
impose here. Thus we obtain a solid angle dQ = 2-5 x 
10-4 steradian, which is 10-4 of the solid angle subtended 
by the Jovian radiation belt at Earth. The source function 
for 500 eV electrons is calculated to be — 4 x 10-1683 W 
m-*(c/s)- steradian-. Inserting these figures in equation 
(5) we find that B® exp(— aoL) = 10° gauss’, which 
for B = 2 gauss yields (cal) = —12. Since from the provi- 
ous calculation, w» = — 1:5 x 10-§ Nm- it follows that. 
NL = 8 x 10°cm*m. It remains to estimate the scalo 
length L in order to find the density of particles N which 
gives rise to the observed burst intensity. 

For a dipole field of magnetic moment M : 


B = Mygr{l + 3 cos? p]? (6) 


and the radial distance L œ Ar over which the magnetic 
field changes by a fractional value (AB/B) is thereforo 
L œ Ar = (1/3)r(AB/B). If we assumo that amplifica- 
tion could arise, at any one time, from a volume over 
which the magnetic field varied by, say 1 per cent, thon 
L ~ Ar = 7/300. For B = 2 gauss at r = 2 x 108 m., 
we find L = 7 x 108 m. Thus the density of 500 oV 
electrons required to amplify the synchrotron radiation 
to a received flux level of 10° W m-*(c/s)-1 is about 
10 cm, assuming the distribution function parameter 
to be l = 0-1. The required electron density is less than 
one per c.c. when J = 1-0. 

From equation (6) we can estimate the frequency 
spectrum of the bursts for an electron distribution which 
we assume to be independent of position within the 
radiation belt. Eliminating r from equation (6) by means 
of L = (1/3)r(AB/B) and substituting in the relation for 
wL, we obtain that, aol = — 10%1 + 3 cosêọ]!" x 
(My.)'3(AB/B)NB-", We then find from equation (5) 
(neglecting the slow variation of «oL with ọ) that: 


Fo & (a/o)? {oxp[1-92 (o/a) ]- 1} (7) 


which is valid for values of w equal to tho available gyro- 
frequencies within the radiation belt; vp = (w)/27) is 
the frequency at which Fe is minimum and has a value 
equal to 22 Mc/s, as was calculated from the parameters 
used. here. The flux given by equation (7) rises steeply 
from the minimum toward lower frequencies, but increases 
gently toward higher frequencies: the flux at 5-6 Mc/s 
(corresponding to B = 2 gauss) is about 400 times that 
at 22 Me/s; while the flux at 44 Mc/s is only 1-6 times that 
at 22 Mc/s. This frequency dependence is not inconsistent 
with available observations?" 
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FORM OF GROUND-WATER FLUCTUATIONS DUE TO NUCLEAR 
EXPLOSIONS 
By Da. J. INESON 


Water Division, Geological Survey of Great Britain 


LUCTUATIONS of ground-water levels arising from 

~variations in microbarometric pressure, due to the 
onset of the direct atmospheric pressure wave set up as a 
result of nuclear explosions, have already been discussed'. 
Tho instruments used to record these fluctuations are 
Munro automatic float-operated water-level recorders, 
the axis of the recording drum being horizontal®. Modifica- 
tions to the standard instrument have been undertaken so 
that the rate of pen-travel has been increased to about 
3-2 in./h; the water-levels have been recorded at natural 
scale, although recently this ratio has been increased to 
2:1. The previous reference indicated that, with the 
time-scale then available, the effect of nuclear explosions 
on ground-water levels was only recorded as a sharply 
defined vertical line corresponding to the arrival and 
passage of the direct pressure waves, and occasionally 
their reflexions, the phenomenon being due to oscillations 
in microbarometric pressure. The general form of some 
of these ground-water fluctuations has now been resolved. 

Ground-water fluctuations due to several nuclear firings 
in the September—October 1962 series of the U.S.S.R. 
were recorded over a wide area of southern England on 
unmodified standard automatic water-level recorders, the 
recording rate not usually exceeding 1:2 in./day. On 
the expanded time-scale at a recording rate of 3-2 in./h, 
the effects of five nuclear explosions by the U.S.S.R. in 
September and October 1962, probably in the Novaya 
Zemlya area, have been recorded ‘and studied in detail. 
The present type of equipment allows a continuous record 
of only about 3 h. Because of the difficulty of knowing 
the exact arrival time of the acoustic wave in south-east 
England, usually about 3-34 h after firing, instruments 
could normally be installed at short notice only on two 
wells in the immediate London area at Kevington, Kent 
(TQ 478679), and at Victoria, London (TQ 293791); the 
aquifer in both cases is Chalk. On one occasion only an 
additional record was obtained at a well penetrating the 
Lower Greensand at Slough, Buckinghamshire (TQ 
980808). Confined conditions of ground-water flow occur 
in the contributory aquifers at the latter two sites, Victoria 
and Slough. The ground-water flow conditions at Keving- 
ton, although more usually considered as ‘water-table’, 
appear to conform. to confined conditions; these probably 
arise as a result of the confining characteristics of the 
calcareous sediments themselves, rather than of the 
overlying impermeable beds. 

Detailed microbarograms have been obtained at Foul- 
ness, Essex; examples of earlier records have already been 
published for the October 1961 firings’. Comparison of 
the microbarometric variations during the five nuclear 
explosions referred to here has been made with the trend 
of recorded ground-water fluctuations. An exact inverse 
relationship has been confirmed. Two examples are 
shown in Fig. 14 for September 19, 1962, and Fig. 1B for 


September 25, 1962, the approximate arrival times of the 
direct atmospheric pressure waves being about 1400 and 
1615 a.m. respectively. The time-scale of the figures is 
arbitrary and does not correspond exactly at zero to the 
arrival time of the direct pressure wave, there being a 
very slight time-delay interval. Tho instrument installed 
at Foulness, Essex, from which the microbarograms have 
been obtained, is believed to have a calibration factor of 
about 120 microbars/em on the recording chart scale. 
This figure refers to the mid-band sensitivity at about 
2-min period; it should be noted, however, that the 
response falls somewhat with both increasing and decreas- 
ing frequency. In each case, the microbarogram is shown 
above the corresponding hydrographs; the upper ground- 
water hydrograph of each pair is that for the well at 
Kevington and the lower one for the well at Victoria. 


19 SEPT 62 





pe MICROBAROGRAM 
Oa a A E N E SEA 
e) IO 2O minutes A 


25 SEPT 62 





MICROBAROGRAM 

O 
0-03 (e) 10 20 minutes B 
FEET 
0:02 
0-0l : 

O 

| RES Cee SEES OET LEER ees 
Fig. 1. Ground-water fluctuations in Chalk wells arising from nuclear 


explosions by the U.S.S.R. on September 19 (4) and 25 (B), 1962; the 

corresponding microbarograms obtained at Foulness, Essex, are figured 

immediately above each pair of hydrographs, the upper one of which is 

for Kevington, Kent, and the lower one for Victoria, London. The 

microbarograms have a vertical scale based on a calibration factor of 
120 microbars per centimetre on the recording chart scale 
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The hydrographs of ground-water fluctuations were 
studied by photographic enlargement, owing to the scale 
of the recorded fluctuations. 

Recorders were installed at Kevington on September 
26 and 27 for the purpose of deriving the effects of the 
first and second reflexions respectively. Although the 
recorded pattern of ground-water fluctuations probably 
suggests the arrival and passage of these reflexions, the 
evidence is not conclusive because of the subdued scale 
of the fluctuations. Evidence of the two corresponding 
reflexions had been obtained after the nuclear firing on 
October 30, 1961 1. 

The two series of hydrographs (Fig. 1) show certain 
similarities, although the sequence of waves recorded on 
September 25 is more complex in form; it was reported 
that the explosion was in the 30-megaton range. Making 
due allowance for the characteristics of the microbaro- 
graph installed at Foulness with reduced responses at 
increasing and decreasing frequencies, the maximum 
peak to trough amplitudes were estimated to be about 
175 and 300 microbars on September 19 and 25, respec- 
tively; the maximum ground-water fluctuation was 
recorded at Kevington on September 25, just less than 
0:02 ft. i: 

Information about the nuclear firing on September 27, 
1962, possibly in excess of 25 megatons, was delayed so 
that no instrument was deployed specifically to obtain 
these records. Fortuitously, an instrument with an 
expanded time-scale, recording at 3-2 in./h, was in opera- 
tion on a well at Slough, Buckinghamshiro (7'Q 980808), 
for the purpose of studying microfluctuations of ground- 
water levels due to other causes. This well was drilled 
down to Lower Greensand, an arenaceous confined 
aquifer about 50 ft. in thickness, occurring about 1,050 ft. 
below the surface. The arrival time of the direct pressure 
wave was about 1115 o.m.r., the form of the ground- 
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water fluctuations being subdued. The maximum peak 
to trough amplitude was between 400 and 500 microbars 
with a maximum ground-water fluctuation of about 
0-01 ft. at this site. Again, the pattern of the ground- 
water fluctuations corresponds to that for the microbaro- 
metric oscillations; the fluctuations extended over a 
period of about 10 min. 

The maximum fluctuations of ground-water levols 
during the September-October 1962 series of nuclear 
firings by the U.S.S.R. were less than those for the 
October 1961 period. 

The conformity of oscillations in microbarometric 
pressure and fluctuations of ground-water levels in the 
two Chalk wells on September 25 (Fig. 1B) is particularly 
marked during the first 15 min after arrival time, even in 
relationship to the smaller oscillations. The rapid re- 
sponses of the ground-water levels to these microbaro- 
metric pressure variations, which are shown in all the 
examples studied, suggest a corresponding response in 
the elastic properties of the aquifer with almost instan- 
taneous deformation, both expansion and contraction. 

No evidence of the arrival of any seismic waves duo to 
this series of nuclear firings in 1962 is known from ground- 
water hydrographs in Britain. 

Information provided by the Meteorological Office. 
the close co-operation and generous assistance of tho 
U.K. Atomic Energy Authority, Blacknest, Brimpton. 
and the Atomic Weapons Research Establishment, Foul- 
ness, and the facilities for installing water-level recordors 
afforded by the Ashley Gardens Properties, Lid., British 
Waterways and the Metropolitan Water Board are grate- 
fully acknowledged. This article is submitted by permis- 
sion of the Director, Geological Survey of Great Britain. 
1Jneson, J., Nature, 195, 1082 (1962). 

3 Gray, D. A., Water and Water Eng., 65, 431 (1961), 
© Carpenter, E. W., et al., Nature, 192, 857 (1961). 


ACCURACY OF SEA GRAVITY SURVEYS 
By Dr. B. D. LONCAREVIC 


Department of Geodesy and Geophysics, University of Cambridge 


URING the 1960 cruise of R.R.S. Discovery IT, the 
Marine Geophysics group of the Department of 
Geodesy and Geophysics, Cambridge, surveyed in detail 
an area of about 200 square miles of the Mid-Atlantic 
Ridge using many geophysical techniques. The survey 
area was centred in the Median Valley, just south of the 
area surveyed in 1953 (ref. 1). Two dan buoys were placed 
in positions N. 45° 44-5’, W. 27° 42-0’ and N. 45° 49-7’, 
W. 27° 39-0’, and used for navigational control. The 
navigation was relatively easy when the dan buoy was 
within the ship’s radar range. Fixes on the dan buoy 
were taken at 2-3 min intervals. The ship’s log was read 
at the same time and radar fixes were used to calibrate the 
log on each section of the track. The calibrated log was 
used to fix the turns on each track. The bathymetric 
information obtained with a precision echo-sounder 
(designed and built by the National Institute of Oceano- 
graphy, Wormley, Surrey) was used by Dr. A. S. Laughton 
in the final adjustment of the length and position of tracks 
so as to improve the depth agreement at track cross- 
overs. It is estimated that the effect of the ship’s east— 
west velocity on gravimeter indications (Eötvös correc- 
tion) was evaluated with an accuracy of 1 mgal (1 mgal is 
an acceleration of 10-3 cm/sec’). 

A ship-borne sea gravimeter of the Askania-Graf typo, 
Ser. No. Gss-2-11, was used to measure the variations of 
gravity along the ship’s track. An earlier model of this 
instrument had been tested at the beginning of 1960 (ref. 3) 
and the results had indicated that a certain amount of 


cross-coupling was present’. As a result of these tests, the 
gravimeter was modified by introducing heavier damping’ 
and the purpose of the Mid-Atlantic Survey was to investi- 
gate further the effect of the cross-coupling. As æ conso- 
quence of the heavier damping the instrumental delay 
was increased and it was necessary to use the five-point 
numerical method! to correct for the instrumental 
response. 

Eighteen track cross-overs were available from the 
survey based on dan buoy IJ. These cross-overs and 
notations are shown in Fig. 1 and the results are summar- 
ized in Table 1. Before analysing the results it must 
be pointed out that this was a very severe test of the 
gravimeter’s performance since the gravity gradients in the 
area were of the order of 1-2 mgal/min and thus a small 
error in track position or a difference between the ‘bridge 
time’ and the ‘scientific time’ could produce significant 
errors in gravity. 

The mean error of all eighteen cross-overs (without regard 
for sign) was 3-8 mgal and the root mean square deviation 
was 2-04. As seen from Table 1, fifteen cross-overs had an 
error of 5 mgal or less. Considering the state of the art 
and of the equipment available, the foregoing results 
were very encouraging and probably indicate the accuracy 
with which gravity can be measured at sea, under moderato 
sea conditions. 

The source of the residual error is of great interest since 
its location might show a way towards further improvo- 
ment in the technique. 
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It was suspected that the foregoing error was due to the 
inaccuracy of cross-over points and the local gravity 
gradient at each cross-over was investigated. A sample 
correlation coefficient of 0-181 was obtained and no signifi- 
cant correlation between the gradient and the error could 
be detected. Likewise, no correlation could be detected 
between the gravimeter and the magnetometer errors on 
the same cross-overs, which would have been expected to 
correlate if they were both due to track inaccuracies. There 
was no correlation between the error and the time-interval 
between the tracks, thus indicating that it was unlikely 
that the error was caused by drift (the longest time-interval 


was 31:5 h). However, in all but three cases, the later 
Table 1. TRAOK CROSS-OVERS ON MID-ATLANTIO RIDGE 
No. Track Time FAA. ag ag/dt dy 
1 A 0655/31 25 0-5 
J 2253/31 29 4 -10 22 
2 A 0622/31 41 2:0 
K 2046/31 41 0 -18 39 
3 A 0622/81 41 ~2:0 : 
L 0254/1 38 -3 1:0 84 
4 K 2047/31 41 —26 
L 0253/1 36 5 12 11 
5 A 0558/81 71 =10 
M 0122/1 69 2 -10 18 
6 B 0836/31 35 0-2 
J 2806/31 31 4 -0'2 31 
7 B 0852/31 55 1-0 
L 0806/1 53 2 15 4 
8 C 0442/31 40 18 
J 2312/31 35 6 0-6 29 
9 ¢ 0456/31 65 165 
L 0308/1 58 7 2-0 1 
10 g 0506/31 79 0 
K 2025/31 71 8 ~05 18 
1 D 2317/30 41 —1-0 
J 2320/81 30 2 1-2 43 
12 E 0224/31 48 —2-0 
J 2826/31 44 4 —0°6 ll 
13 G 1945/30 54 —30 
L 0333/1 50 4 -10 41 
14 F 0147/31 47 1-0 
G 1951/30 45 2 =10 22 
15 F 0149/31 49 25 
J 2337/31 46 3 05 22 
16 F 0161/31 57 28 
L 0334/1 50 7 -1:2 51 
17 H 2022/30 47 15 
L 0339/1 43 4 -05 20 
18 H 2022/30 47 1-5 
J 2343/1 50 3 0-8 20 


F.A.A., free air gravity anomaly in milligals, 

dg/dt, Horizontal gradient in milligals per min. Calculated as the average 
first difference over five 1-min readings. 

dy, Magnetometer cross-over error in y; not corrected for the distance of 
fieh, Found the ship (cable-length 400 ft. = 0-5 min at 8 knots), or the daily 
variation. 
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track gave & lower value which seemed to 
indicate that a tare of a few milligals did 
A occur. 

The largest error (cross-over No. 10) of 
8 mgal is particularly puzzling. This 
cross-over was within a mile and a half of 
the dan buoy, and thus the navigation 
N should have been good. The magneto- 
meter cross-over was l8y, 6y below the 
average. The gradients on both tracks 
were small. Finally, only 15-5 h separated 
the two measurements. From all the 
foregoing considerations, this cross-over 
should have been among the best and not 

the worst. 

With the gravimeter having less damp- 
ing, tracks in opposite directions gave a 
cross-coupling error of opposite sign’. 
The arrangement of tracks in the Mid- 
Atlantic survey was therefore particularly 
suitable for further investigation of the 
cross-coupling effect. There were six 
east-west tracks all traversed during the 
same night. In chronological order they 
were: D, F, E, O, A, B. They were all 
crossed by the north-west to south-east 
track J. The errors on these cross-overs (in 
the above order, cross-overs are numbered . 
11, 14, 12, 8, 1, 6) with respect to track J were —2, — 3, 
—4, —5, +4, —4mgal. Tho only track that showed some 
sign of cross-coupling-was the eastbound track A, which 
had a positive error while the two westbound tracks near 
it (C and B) both had a negative error of the same magni- 
tude. However, the earlier eastbound track Æ also had a 
negative error of the same magnitude. The E-J cross-over 
was at 0234/31 and the A—J cross-over was at 0655/31, and 
thus it seemed possible that the sea conditions had changed 
towards morning, but as the winds were light (6-8 knots) 
it was not likely that a possible change in sea conditions 
could have had a significant effect. Four of the above 
east-west tracks (F, C, A, B) were also crossed by the 
north-south track L. The errors with respect to track L 
were —7, —7, —3, —2, and here the evidence of cross- 
coupling on track A was absent. 

Finally, the gyro-stabilized platform must be mentioned 
as a possible source of error though there were no quanti- 
tative data to check this hypothesis. It was possible 
that the platform had random errors in inclination or 
there might have been some correlation between the 
platform-level and fore-aft horizontal acceleration’. The 
most likely possibility was that the errors were random 
and that all the factors discussed here contributed to 
the error. In conclusion, it must be stressed that the 
present results indicate that the ship-borne gravimeter 
results are of the same accuracy as the submarine pendu- 
lum observations and that there are no large systematic 
errors present in moderate sea conditions. 

I thank my colleagues in the Department of Geodesy 
and Geophysics, Cambridge, for help on board ship and 
with the reduction of data. I also thank the Director, 
National Institute of Oceanography, and the Master of 
R.R.S. Discovery II for ship-borne facilities, and the 
Director, Mathematical Laboratory, University of Cam- 
bridge, for computational facilities. This research project 
was supported by a grant from the Department of Scienti- 
fic and Industrial Research and a personal grant from the 
Athlone Fellowships Committee and the National Research 
Council, Canada. _ 
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CONSTANT ENERGY DIFFERENCES IN ATOMIC STRUCTURE 
. By HARRIMAN H. DASH 


Nassau Hospital, Mineola, New York 


T is notable that, even though it predated the electron 

theory by many years, the Mendeleev periodic system 
of elements has achieved such remarkable success. This 
rests on the fact that periodicity reveals itself in the 
chemistry of the elements but results from the electronic 
arrangements within the atom. This relationship between 
periodicity and atomic structure is best illustrated by an 
orbital block form of the periodic system of elements, 
such as first presented by Gardner! and more recently by 
Longuet-Higgins*. One of its main features is the extreme 
simplicity of the dependence of its structure on the 
principal quantum number n derived from wave mechan- 
ics. The mathematical treatment for this derivation has 
been presented extensively in several excellent texts®-*. 
The significance of the principal quantum number will be 
discussed later in relation to constant energy differences. 

The evidence for the structure of the periodic table 
derives primarily from spectroscopic phenomena. Some 
very interesting features are revealed by plotting the 
ground-state ionization potentials of the elements against 
their orbital positions grouped as a family of curves 
dependent on the principal quantum number (Fig. 1). 
It is indeed surprising that the plot shows an approximate 
limiting value for all elements at —3-4 eV, which is 
equivalent to the second hydrogen energy-level. Another 
interesting feature is the division of the 
six p orbital electrons into triads. This 
triad division is intimately connected with 
molecular orbital theory which is finding 
increasing use in the interdisciplinary 
application of quantum mechanics to 
biology and medicine‘, 

The ionization spectrum of the elements 
provides the real clué to the significance of 
the principal quantum number. These 
ionization potentials obtained from optical 
spectra have been reported for a large 
number of elements by Moore’. Using the 
values given by Moore, Table 1 shows the 
determination of the second-order energy 
differences for the hydrogen isoelectronic 
series. This difference turns out to be a 
constant, referred to as the constant energy 
difference (CED). The constant energy 
difference values for the various isoelec- 
tronic series are given in Table 2 and reveal 
a distinct pattern consistent with the 
quantum shell structure of the Periodic 
Table of elements. There are inadequate 
data to yield reliable results beyond the p 
orbitals of the third quantum shell; but 
sufficient regularity is shown in Table 2 
from which to draw significant conclu- 
sions. The solution for the energy states 
of systems with simple potential functions 
is given by the Schroedinger equation 
as: 
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Since the nuclear charge factor Z? in 
this equation represents a series in which 
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This is equivalent to differentiating equation 1 twice with 
respect to Z. The constant energy difference values 
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Table 1. HYDROGEN ISOBLEOTRONIO SERIES 
Ionization Energy difference * j 
Series Degree Potential First order Second ordert 
(1) (2) (3) (4) 
B? I 13-595 
Hett I 54:403 40°81 
LP UI 122-419 68-02 27-21 
Best Iy 217-657 95:24 27-22 
Bt v 340-127 122-47 27-23 
C't VI 489-84 149-71 27-24 
N+ Vit 666-83 176-99 27-28 
o7 Vu. 871-12 204-29 27-30 











I.P. values from Moore (ref. 7). Figures given are for negative values in 
electron volts, 

* Energy differences are calculated between successive terms in column (2) 
and also column (3). 

t Second order values show a constant energy difference average of 
27°25 + 0-03. 
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the differences between successive term 
differences (AZ? ~ AZ}) is a constant, 
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the constant energy differences can be 
calculated from the equation: 
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Table 2. CONSTANT ENERGY DIFFERENCES 
(for isoelectronic series H to A) 


mel nae 





Isoelect. 
series 


Isoelect. 
series 


Iscelect, 
series * CED} 





H 27:25 Li 
He 27-24 Be 











AV. | 27-25 


+ Dev. 0-01 

















* Each element represents a gare isoelectronic series (H is a two- 
body system; He, three; Li, four; 

+. CED values are calculated from data of Moore (ref. 7) following the 
method given in Table 1 


calculated from equation 2 are in excellent agreement 


with those calculated from the experimental data (Table 
2). 


n CED (from Eq. 2) CED (from Table 2) 
1 27-2 27-25 
2 6-8 6°87 
3 31 3°20 


The constant energy difference values disclose the 
primary significance of the principal quantum number. 
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All elements belonging to a given quantum shell exhibit 
identical constant energy difference values. This holds 
true (at least for the main group elements) even though 
these same elements exhibit different ground stato 
potentiels, and certainly exhibit different electronic 
interactions since they are all different multi-electron 
systems. It is of interest to note that, although derived 
from a two-body system, the constant energy difference 
equation applies unambiguously to multi-electron systems. 
This would appear to offer substantial validity to a centric 
field theory. 

The constant energy difference values also have poten- 
tial uses in medicine. Previous reference has been made 
to the application of molecular orbital theory to 
biology and medicine. One such significant application 
in conjunction with the constant energy difference values 
is the explanation of the role of trace elements in enzymatic 
function. 
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THERMAL REDOX REACTIONS BETWEEN METAL IONS AND 
RADICALS IN AQUEOUS SOLUTIONS 


By Dr, E. COLLINSON, Pror. F. S. DAINTON, F.R.S., B. MILE, S. TAZUKE and D. R. SMITH 
Department of Physical Chemistry, University of Leeds 


A New Experimental Approach 


HE understanding of the factors influencing the rate 

of thermal redox reactions involving as one reagent 
a metal ion (Ms) would obviously be enhanced if the other 
reagent remained constant. If this second reagent were 
also uncharged two further advantages would accrue, 
namely, coulombic interactions would be minimized and 
changes of pH, nature and concentration of other solutes 
would have a major influence on one reagent only. Organic 
free radicals (R'), are both uncharged and capable of 
reacting as one-electron reductants or oxidants’ and are 
therefore suitable for this purpose. An obvious way of 
obtaining values of the rate constants of the desired 
reaction (1) is to investigate the competition between this 
process and the mutual destruction reaction (2) when 


R- + Ms —> molecule + Ma +1 or Maz —7 (1) 


R: + R — molecule(s) (2) 


the rate constant for this latter reaction is known. 
k, is usually large and, therefore, for most systems 
in which radicals are being generated, their stationary 
concentration is rarely greater than 10-83-107 M, 
and is difficult to measure. However, if R- is a grow- 
ing polymer radical, denoted by my’, where j is the 
number of units of monomer in the radical, in a 
system containing a monomer, M,, the rate of polymer- 
ization (Ry) can be used to measure [m,°]. For these 
systems, when the kinetic chain length is sufficiently 
long, Rp = kp[m,][m,-], where kp is the rate constant of 
the propagation reaction (3) and, since k,[m,] can easily 
be chosen to be very much larger than unity: 


B 
My + My, —> Mit 


(3) 


and Rp values of 10-5 Msec~ are easily measured, low 
values of [m;'] can be readily determined. 


Acrylamide is a suitable monomer for this purpose, since 
kp and ki are known over a wide range of temperatures 
and pH and are the same for photochemical or radiation- 
chemical initiation®. If an aqueous solution of acrylamide 
containing a metallic compound having an oxidation 
number g is irradiated with X- or y-rays, the participating 
reactions are (3) to (8) inclusive and hence the relation 
between Rp and [MZ] is given by equation (9), in which 
Rp is the polymerization rate in: 


H,O — H, OH, H, H,0, (4) 


(5) 
(6) 





H + m, ——— my 


OH + m, ——— my 


i 
my + m;*—————_—» dead polymer 


(7) 


r 
-+ Me > dead polymer + either 

Ma—lorMx+1 (8) 
the absence of Mz. A graph of Rp? against R,[Mz] 
should therefore give a straight line, as shown in graph a 
of Fig. 1: 





Ry? = Rp — Rol Malkepke'[m,]/ke (9) 
from the slope of which kẹ may be found. This situation 
has been observed for a variety of metal ions, for example, 
iron IL, copper IT (ref. 3). For other systems, for example, 
titanium ITI, silver I, mercury II, the graph is initially 
curved (BC of Fig. 1b) before becoming straight. If the 
linear portion CD is extrapolated to cut the ordinate at A 
it is found that OA/AB equals Gu/Gon when Mg is a 
reducing ion, for example, titanium III, europium FI, 
and equals Gon/Gu when Mz is an oxidizing ion, for 
example, silver I, mercury II. Gq and Gon are the numbers 
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Table 1. Aguo Ions 
tH, + MÉT Ma ZTP tHE 
Ion Agee au IST Medium kr at 25° C Ay Er 
(Keal. (keal. {cal. deg. {(1.mole-? (Lmole {keal 
mole} mols-) mole~?) sec); 8607?) mole") 
3+ —178 —9-6 26-5 H0, L 2. ? ‘ 3 2-35 £0°6 
F š +2 :1‘0 N.HC1O 2-8 x 10 1:45 x 10 t 
Pag Bd") D,0,1-0 NHGIO, 2.6 x 10° 1-57 x 10° 2-44 +08 
Cu2+ (gq) -35 Uncertain +17 H40,1-0 N.HCIO, 1-17 x 10° 11x10 5413 
at D,0,1-0 Nj HCO, 1-4 x 108 1-0 x 10" 53413 
Cony (44°) — 39-0 Unknown Unknown H,0.1-0 N.HC10, Small Undetermined Undetermined 
Agar) +414 +438 +18 H40, 1-0 N.HCIO, 0-0 — Ti 
2 
Haid (649) -21 Unknown Unknown H,0,0-1 N.HCIO, 1-05 42x10! 62410 
niet (6a) Botween w Unknown Unknown H,0,0-1 N.HCIO, 0-84 Saio SEED 
VOs* (341) H,0,0:8 N.H,SO, 1-1 x 10? Undetermined Undetermined 
* National Bureau of Standards values; heat of formation of a and H, taken as zero. 
t Based on convention S%+ = 0 and taking SHO) = 31-2 cal. deg. mole-, 
of hydrogen atoms and OH radicals respectively which Table 2. (a) LABILE FERRIO COMPLEXES 
are made available to solutes per 100 eV energy deposited AS? for 
in the system. This effect is caused by the ion Mz com- Foza + Xia 
peting with acrylamide for either H or OH. by reactions i R ; i Fer” Tiz 
(10) and (11) respectively. Equation (9) should then be: Complex F eg RE or di Pen A (cal. X- (c.c. x 
= Pee EEEE sec!) mole-) s’) deg.)  107*)* 
H + Mz—>H*++Me—-lorH,+Mz+1 (10) Feon 242x10 (037403 04x10 40-2 Bl 
oe ere 812 x 10: 040 Fi 06 Peas x 105 Pe at 9-0 
OH + Mz —> OH- +Maudl (11) ‘eCl, 1-70 x 10 Undetemm: rel i own 
cc at FeCl; 1-0 x 10¢ Undetorm- Undeterm- Unknown 
, f ausa ne e 
replaced by equations (12) and (13) for oxidizing and pepr 166x10 -L20403 23x10 178 125 
reducing ions respectively : FeN,?+ 156x10% 050402 36x 105 18-3 
FeNCS*+ 136x107 -—2:4+0-9 2-4 x 108 9-3 


Sa Gon kiim 
Ry = Rppo ar t eim] = a : (b) SUBSTITUTION INERT FERRIO COMPLEXES IN 0-2 N SULPHURIC ACID 
Gu + Gon — kelm) + kyl Mz] Complex ky ab 25°C = RT*plnky'/aT At 
On Rpl[M@Vepki'[m,] (12) — vetaipy3+ (at, 0:8140:1x10' Undetermined Undetermined 
GH + Gon ae -< m Fe(o-phen)+ (ditto) 81 Ł+01x105 -4:3 +05 2'2 x 10? 
t Fe(5-Me-o-phen)g* (ditto) 26 +0-2x10° Undetermined Undetermined 
, Fe(ő-phenyl-o-phen)3+ (ditto) 5'1 +0-4x 10° ditto ditto 
Ry? = R ( Gu S kelm] Fe(5-Cl-o-phen)i+ (ditto) 28 +0:2x10° ditto ditto 
2o Ga + Gon | tami] + kylMal ` Fe(CN)* (d'd?) 85 £02%10° 1241 16x 10 
3 Gon ) Rp [ Më) kp Ta 'im,] (13) *Taken from Syrkin and Dyatkina, Structure of Molecules (London 1950). 
Gu + Gon ki compounds not only confirm the truth of these predictions 


It would be expected that two important sets of results 
could therefore be obtained from graphs of Rp? plotted 
against Rp[ Mg]. First, absolute rate constants for the 
reaction of polyacrylamide radicals with any oxidizing 
. or reducing water-soluble metal ions can be measured. 
Secondly, since kio/ks and k/s can be obtained from 
section BC of curve b in Fig. 1, relative rate constants for 
any pair of metal ions reacting with H or OF can also 
be measured. Experiments with a large number of metal 





Rel Mz} 


= “ 
Fig. 1. Expected dependence of Rp? on Rp[ Mz], a, When reactions 
{3).to (8) are the only participating processes; b, when Mz competes with 
mı for either H or OH = 


but also show: (a) that measurements of primary salt 
effects on k,,/k; afford new information about the nature 
of so-called hydrogen atoms in aqueous solution (see 
below); (b) that the same broad patterns of behaviour 
are to be observed in non-aqueous media (Coleborne, 
Collinson, Dainton and Reilly, to be published). Wo 
give here a survey of our results for aqueous solutions. 


Results in Aqueous Solution 
(a) Oxidation of Polyacrylamide Radicals 


The values of k,’, Ar’ and #,’ for aquated ions and for 
substituted ferric ions are given in Tables 1 and 2. These 
results allow the following conclusions to be drawn. 

Aquo Ions. (1) The absence of a relationship between 
the rate constants for oxidation of the polymer radicals 
by ions and the thermodynamic functions relating to the 
oxidation of hydrogen by these ions suggests that the 
reactions are controlled by non-thermodynamic factors. 

(2) The low energies of activation and negative entro- 
pies of activation and the absence of a solvent isotope 
effect (for Ferg and Cuig) disfavour a mechanism such 
as group transfer which involves the breaking of chemical 
bonds and indicate that the reactions probably occur by 
electron transfer, which may involve quantum-mechanical 
tunnelling. . 

(3) High values of k,’ are characteristic of ions with 
incomplete d shells and low values of ions having fully 
occupied shells, suggesting that the oxidation mechanism 
is the entry of an electron into a partially filled g orbital 
on the cation. The reaction mechanism may then be 
envisaged by equation (14) involving a transition state: 


28 

. CHX — CH ny-, 
. ‘ H ` 
having an'overlap of the carbon p-orbital with the 
d-orbital of the cation: 

Mz + - CHXCHymy-, > [M . . . CHX CHmy-;]}*+ > 
H 
Me 4+ CHX = CHmy-, + H+ 

(X = CONH,) 


(14) 


Labile Ferric Complexes. The data in Table 2a show 
that the replacement by a halogen or pseudohalogen ion 
of only one of the water molecules in the co-ordination shell 
of the ferric ion produces very marked changes in the 
rate constants for the oxidation of the polymer radical 
(for example, ki’ for the thiocyanate complex is 5,000 x ki’ 
for the hexa-aquo ferric ion). This effect cannot be 
due to any reduction in electrostatic repulsion and the 
low values of A and E again suggest an electron tunnelling 
mechanism. 

The negative temperature coefficient for' the reduction 
of the -bromide and thiocyanate complexes probably 
implies reversible formation of a complex between 
FeX?+ and R, the enthalpy change for the forward reaction 
being negative. Electron transfer then occurs within 
this complex with low probability and with low activation 
energy. There is an obvious similarity between this 
postulated complex and the bridged activated complex 
demonstrated by Taubet to occur in redox reactions 
between metal ions. 

The reaction scheme can be formulated as in equations 
(15) and (16), in terms of the mechanism proposed by 
Marcus’ for the case of redox reactions between two metal 
ions: . 


Fox» 4 Re aot [rota as [Fon x-R — L 
Sa “he n fast 
Fett + X-+R+ (15) 


7e 


key! a if ky € ky (16) 


Table 2 shows that there is a broad correlation between 
the rate constants and: (1) the entropies of association 
AS of the FeX*+ complexes; (2) the polarizability of the 
halide ion. Both relationships are perhaps explicable on 
the proposed mechanism if the substitution of a water 
molecule by a halide ion mainly influences the pre- 
exponential factor. A,/A-, = exp(AS?/R) where AS; is 
the entropy increase associated with reaction (1). This is 
likely to be small and not very sensitive to the nature of 
X. A, will be a function of the entropy changes associated 
with the electron transfer and of the permeability of the 
barrier of this transfer. This latter factor will increase 


NATURE 


April 6, 1963 VOL; 198 


with increasing polarizability of the halide ion. Thus 


fail is expected to increase in the order H,O < OH < 
Cl < Br < N, < SCN. However, the measured Arrhenius 
parameters show that A’ does not vary greatly through- 
out the series and that the greatest changes occur in the 
energies of activation. (FeN,- is an exceptional case 
because of quadrupolar nature of the azide ion. The 
activated complex bridged by N, will release water 
molecules to a greater extent than would be expected 
for other ions. This will result in a large A;’.) The inter- 
pretation is made difficult by the large errors involved in 
measuring #;’. The errors listed in Table 2 are only the 
standard deviations arising from the measurements of 
ky’ and do not include errors involved in measuring the 
heats of association of the FeX?+ complexes. The energy 
of. activation is given by AH, + E.. AH, will depend 
primarily on the strength of the X—R bond in the FeX ... 
R complex and may well be small, negative and compar- 
able in magnitude with #,, which is the energy needed to 
reorganize the co-ordination sphere of complex I prior 
to electron transfer in order to achieve energy matching 
between I and IT. Small positive or negative values of 
RT°(dink,’ ƏT) are therefore to be expected. 

The apparent irregularity in the rate constants for 
FeCi*+, FeCl,+ and FeCl, is not significant since the errors 
in ke’ increase along the series. 

Substitution inert ferric complexes. Since the ligands are 
non-labile the reaction probably proceeds via an outer 
sphere activated complex. The negative energy of activa- 
tion observed for the Fe(ophen),°+ ion is again taken to 
indicate a prior reversible equilibrium involving a complex 
between the polymer radical and the ferric ion. We 
envisage temporary bond formation between the radical 
and the aromatic ligand through which electron transport 
to the ferric ion can occur. Expulsion of a proton from 
the B-carbon atom of the radical then results in severance 
of this bond and formation of the terminal double bond. 
Increased conjugation of the ligand should then facilitate 
the electron transport through it. The larger value of 
ki’ for the phenyl substituted phenanthroline complexes 
may be a manifestation of this. 





(b) Reduction of Polyacrylamide Radicals 


The results for the reduction of the radical by various 
ions are collected in Table 3. , 

The values of the Arrhenius parameters are similar to 
those observed for the reduction of DPPH by Fe?+ 
in aqueous’ ethanol’ and are typical of H-atom transfer 


‘processes. We represent these reactions according to 


equation (17): 
M4+ OH, + -CHXCH,m;-,~MOH?+ + CH,XCH,m; (17) 


Fig. 2 shows that log k’ is related to the ionization 
potential (I.P.) of the reducing ion in aqueous solution 
according’ to equation (18). Considerations based on 
potential energy curves show this to be in accord with the 
proposed mechanism if Ef = «AH’ +, where œ and 


Table 3 

ky’ at 25° C At Ey LP. aq 
Ion Medium (.mole-? (l.mole" {keal kijke (keal 

sen?) seem!) mole?) mole) 

mp + (3a) H,0.0-8 N H,S0, 5840-3 x 10? 10% W142 5-4 0-5 x 10% 85-643 
ag WE? D,0.0-°8 N H,S0, 8-21 + 03 x 10° Undetermined Undetermined. 1:44 + 0-15 x 10° — 
Euz (5d?) H,0.0-8 N H,S0, 8+4x 10° Undetermined Undetermined 1140-6 x 10° 76-9 
v {3d} H:0.0:8 N H,80, 1-1068 x 10° Undetermined Undetermined 2-441-5 x 10° 75-2 
ont (3d*) H,0.0-8 N H,80, 28414 x 10° Undetermined Undetermined 1-641-:1x10° 73-1 
Feit (3d*) H,0.0-8 N H,S0, Oghe <1 Undetermined~ Undetermined Undetermined 101-3 
Moet (4d) H;0.0:8 N ASO, 740-7 x 10% 10*— 109% 6415 5-6+0-6 x 10° - $2 * 


* Preliminary work done by Z. K. Jamil of this department. 
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Fig. 2. The dependence of log k? on the ionization potential of the 
reducing ion in aqueous solutions 


90 100 


B are constants, and Ay is constant for reactions repre- 
sented by equation (17) (AH’ = constant + I.P. M@aq): 


5 0-308 LP. 
logioke’ = 22-01 — 23 x RT 
The inverse solvent isotope effect. In the case of Ti(III), 
the kę in deuterium oxide is 40 per cent larger than the 
k’ in water. If a hydrogen atom transfer-mechanism is 
assumed to operate, the lower zero point energy of the OD 
bond compared with that of the OH bond would be 
expected to result in k:’(H,O) > &:’(D,O). However, 
several factors may contribute to the observed isotope 
effect. The formation of the transition state from the 
reactants must involve some dehydration and, since the 
solvation of metal ions by D,O is larger than by H,O (ref. 7), ~ 
this will result in a more positive value for ASt in the 
heavy water. This will be reflected in a larger A,’ in 
D,O compared with that in H,O. The following effects 
reduce the influence that differences in zero point energy 
will have on the activation energy: (1) Bigeleisen’ 
estimates that the differences in zero point energy of the 
complexes M(H,0),*+ and M(D,0),°+ are about 340 cal/ 
mole lower than the differences in free water molecules; 
(2) the OH bond is-not completely broken in the transition 
state; (3) the heat of hydration of OD- may be larger than 
that of OH-, this will lead to a reduction in activation 
energy. It is possible that increases in A;’ in heavy water 
may counteract any increase in H,’. More work on this 
effect is clearly desirable. 


(18) 


(c) Oxidation of Hydrogen Atoms 


The values -of kıo/k; (already defined) are shown in 
Tables 4 and 5. 


Table 4 
Ton Kaglk Ton Eyolk, 
AR at 25° c at ghey, 
Fona (3d) Small Ag, (se) 28 
Cu, (30°) Small Hgg) 510 
T (5d?) Small VO(3d) 1,140 


These refer to 0-1 HClO, apart from the VO,* and Agt 
values which were obtained in 0-8 N sulphuric acid and 
1:0 N perchloric acid respectively. 

Comparison of Table 1 with Table 4 shows that, in 
general, ions which oxidize polyacrylamide radicalsrapidly, 
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Table 5 
Pentammine cobalt (IIT) complexes 


(NH) Co(lI)x (medium 01 N perchloric acid) 
2 bd ' ab 25° 


Ligand X biolks t Mobile 
: at 25° C (Kiolkslig x10 G.mole? bond 
seo-t) order 
NH; 3440-5 x10 5740-1 
HO . 3-340°3 x 10° 3°02 + 0:35 Small<1 — 
Acetate 1:3+0-1x10°? 1:02+0°15 Small <1 — 
Succinate 1-2 +0-1x 10° 0-92 +015 Small <1 0:00 
Fumarate (ivans) 4-64 0-4 x10? 432 +045 Small <1 — 0-30 
Maleate (cis) 1-640:3 x 10° 15-7 + 0-30 2-7 ~ 0-30 
Oxalate 2340-1x10° 22-7 40-10 0-75 +0-2 O42 7 
Benzoate 3440-2 x 10? 3-12 40-25 Small <1 — 
o-Phthalate _ 2540-3 x 10? 2:22 + 0-35 Small<1 016 
Isophthalate 47+04x10 4:42 + 0°45 Small<1 0-00 
4-Carboxybenz- 
aldehyde 6-7 +0-4 x 10°? 6-42 + 0-45 Small<1 ~Q15 
Terephthalate L1+0-1 x 10° 10-7401 Small<1 -0:15 
ks fk 
* Colla = 2-3 for Co(NH,),**), that is, this will be a measure 
of the ligand effect. 
+ Ey).—#, was measured for the oxalate complex and found to be between 
0 and 2 keal. Aj /As is therefore about 10°. 


oxidize hydrogen atoms slowly and vice versa, and we 
conclude that unfilled d shelis disfavour reactions with 
H atoms. Halpern® concludes that the reactions of metal 
ions with molecular hydrogen proceed through hydride 
formation and that in these reactions those ions which 
react rapidly contain nearly full d shells and-low d-s 
orbital energy intervals. Similar considerations apply 
to the reactions investigated in this work. 

That the reductant in these acid media is a hydrogen 
atom has been verified by demonstrating the absence of a 
primary salt effect at pH 2 for the case of Agt. In this 
case the reaction can also be studied at pH 4 and primary 
salt effects indicate® that the so-called H atom produced 
by ionizing radiation is in fact a solvated electron. The 
value of k,,/k; is here eight times the value at pH 2 and 
it is likely that ke7 + Agt) > k,(H + Agt), pre- 
sumably due to coulombic effects and possibly a change 
of mechanism. 

The mobile bond order (m.b.o.) values are taken from 
Halpern and Orgel? and are those between the two 
carboxylic oxygens, that is: 


ie) OH 
` a 
(NH;);Co C—X—C (X = CH:CH,CH,CH,, ote.) 
O 5 


<- m.b.o. —> 


These values are those for conjugated hydrocarbon mole- 
cules. The use of carbon atoms instead of carboxylic 
oxygens will cause slight differences but the variation in 
mobile bond order will be as listed. 

The results in Table 5 show the effect of the nature of 
the ligand on the rate of oxidation of hydrogen atoms by 
cobalt (IIT) (de*dy°). In these reactions there ‘are at least 
two possible sites for the reduction. (1) Adjacent attack: 


O O 
D Va 
Lo  C—X—C 
me 
ó OH 
d t 4) 
H 


this mode may be expected to be relatively insensitive 
to the nature of X. (2) Remote attack: 


oO Oo<~H 
X A 
L;Co3+ C—X—C 
va NS 
oO OH 


by this reaction route transfer of the electron from the 
hydrogen atom to the cobaltic centre occurs by ‘condue- 
tion’ through the group X. The efficiency of this ‘conduc- 
tion’ will depend on the properties of X, and in particular 


30 


on the conjugation in the x electron system of this group. 
Halpern and Orgel? have shown that the ‘conduction’ 
of a bridging ligand is related to the mobile bond order 
between the terminal atoms of the bridge. An increase 
in the mobile bond order of X should result in an increase 
in the rate constant for reduction of the Co%+ through the 
dicarboxylic acid ligand. 

The ratio [k,o/ks)ig for the acetate complex is pre- 
sumably the ratio characteristic of adjacent attack. It 
is notable that the same ratio is found for the succinate 
complex where ‘conduction’ through the CH,—CH, 
group is negligible. The results show that, although the 
differences in the ratios for different intervening X’s are 
small, there seems to be a definite relationship between 
the ratios and the mobile bond orders of the x conjugated 
systems of tho dicarboxylic acid ligands. 

It is difficult to estimate the value of k, but it cannot 
be much greater than 10° J.mole~sec-! otherwise the 
high k,/&; ratios found here will give a rate constant, kio 
larger than that for a diffusion controlled reaction. How- 
ever, since k; isprobably not much less than 10°].mole-!sec-!, 
the rates of oxidation of hydrogen atoms by these com- 
plexes must be very rapid indeed. The very slow rate of 
reaction of the polyacrylamide radical may be related to 
the larger positive free-energy change associated with this 
oxidation. It should be noted that a considerable length- 
ening of the Co—N bonds occurs in the change Co(IIL) to 
Co(II) and the larger exothermicity of the H atom oxida- 
tion may lessen the effect of the energy requirement of 
this bond stretching. The low kę’ values for the phthalic 
complexes certainly indicate that addition of the polymer 
radical to the benzene ring does not occur under our 
experimental conditions. 
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(d) Reduction of OH 


The reducing ions listed in Table 3 also reduce hydroxyl 
radicals in addition to polyacrylamide radicals. The 
ratios k,,/k, for the various ions are given in Table 3 and 
log(k,;/k,) diminishes linearly with increasing ionization 
potential of the ion which is oxidized. ‘This similarity 
between the dependence of k:’ and k,,/k, on the I.P.ag 
suggests that the reduction of the hydroxy] radical also 
occurs by a hydrogen atom transfer. 

If all the reduction reactions effected by metal ions 
involve donation of a hydrogen atom from the co-ordinated 
water then the reduction of hydrogen atoms by all the 
ions listed in Table 3 when acrylamide is absent may be 
represented by equation (19): 


M2+,HOH + H — H, + MZ+.OH(—> M4+»+,OH-) (19) 


This conclusion would be in accord with those based on 
recent photochemical and other studies. 

We thank the Department of Scientific and Industrial 
Research and the General Electric Research Laboratory 
for financial aid. 
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VITAMIN D; INHIBITION OF RADIOCALCIUM BINDING BY CHICK 
INTESTINAL HOMOGENATES 


By Pror. R. H. WASSERMAN and A. N. TAYLOR 


Department of Physical Biology, New York State Veterinary College, Cornell University, Ithaca, New York 


HE mechanism by which vitamin D enhances the 

intestinal absorption of calcium is unknown although 
considerable effort is at present being given to the problem. 
It has been proposed by some that vitamin D exerts its 
main effect through the active calcium transport mechan- 
ism}? whereas others suggest that vitamin D may alter 
the permeability of the cellular membranes to calcium?-4. 
In either situation, the behaviour of Catt is modified to 
increase its rate of movement across the mucosal cell 
and, therefore, it was felt that this alteration might be 
reflected in a change in the binding capacity of Catt by 
homogenates of intestinal mucosa. Also, DeLuca and 
associates® recently showed that Catt was accumulated 
by rat kidney mitochondria via a reaction dependent 
on adenosine triphosphate, Mg++ and oxidizable substrate, 
and that vitamin D, or vitamin D, enhanced the release of 
bound Ca++; the vitamins, however, had no effect on the 
accumulation phase. 

The effect of vitamin D on Cat+-binding capacity of 
intestinal homogenates was determined as follows: 
Day-old chicks were placed on commercial starter mash 
for 5 days and then given rachitogenic chick test diet 
(General Biochemicals, Inc.) for 3 weeks, at which time 
gross rickets was observable. At 72 and 48 h before 
experiment, one-half the chicks were given 500 I.u. 
vitamin D, (in corn oil) orally and the rachitic controls 
were given corn oil alone. Duodenum was taken from 
rachitic and vitamin D,-repleted chicks after killing with 
excess sodium pentabarbitol (‘Nembutal’). The segment 
was immediately chilled in cold isotonic saline, everted, 


and re-washed in fresh cold saline. The mucosal tissue was 
stripped from the underlying muscle layers by the use of 
blunt forceps or glass slides and weighed on a micro- 
balance. All subsequent preparations were carried out at 

°-5° C. Approximately 0-:8-0-9 g of wet tissue was 
homogenized in 10 ml. of tris buffer (1:37 x 10-? M tris 
hydrochloric acid, 0-119 M sodium chloride, 4:74 x 10-3 M 
potassium chloride, 9-85 x 10-5 M glucose; pH 7-2-7-4). 
When larger quantities of tissue were homogenized, 
the same ratio of tissue to buffer was usually maintained 
(actual weights given in tables). Homogenization was 
by the use of Potter—Elvehjem homogenizer with a ‘Teflon’ 
pestle or with a high-speed whirling blade homogenizer 
(VirTis); the degree of cell di.ruption was determined by 
microscopic examination of the homogenate. To each ml. 
of homogenate, 0-01 umole calcium chloride and 0-1 ue. 
calcium-45 were added, the homogenate was stirred 
mechanically for 1 min and then centrifuged in the cold 
in either the Spinco ultracentrifuge or the high-speed 
refrigerated International centrifuge. The supernatant 
was recovered, the residual volume estimated and an 
aliquot taken for radiocalcium determination. Calcium-45 
was measured by plating 0-2 ml. of the supernatant on a 
planchet, drying and counting with a Geiger—Miiller 
system. Self-absorption corrections for calcium-45 were 
found to be unnecessary. Total recoveries of radionuclide 
were occasionally run and found to range from 95 to 
99 per cent. 

The pH of the solutions were found not to differ owing 
to origin of homogenate (rachitic or vitamin D chick). 
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Table 1, EFFECT OF SWITCHING SUPERNATANTS BETWEEN RACHITIO AND 
VITAMIN D HOMOGENATES, AND REPLACING THE FIRST SUPERNATANT WITH 
P tris BUFFER, ON BINDING OF CALCIUM-45* 
Source of Calcium-45 in 
Exp. Series debris Supernatant supernatant 
(per cent) 
I A Rachitic Rachitic 3 
Vit. D Vit. D 21 
B Rachitic Vit. D 25 
Vit. D Rachitic 8 
II A Rachitic Rachitic 6 
Vit. D Vit. D 45 
B Rachitic Trig $ 
Vit. D Tris 3 


* Values represent mean of 2-4 determinations. Three additional experi- 


ments of the same design yielded similar data. The ratio of wet mucosal ` 


tissue to ¿ris buffer averaged 0-81 g‘: 10 ml. (w/v) in Exp. I and 0-86 g : 5 ml. 
(v/v) in Exp. II. 


In one experiment, the citrate content of the supernatants 
was analysed by a modification of the method of Marier 
and Boulet®. 

In the initial studies, it was first observed that the 
supernatant from the homogenized mucosal tissue derived 
from the vitamin D-repleted chicks did contain, in fact, 
more radiocalcium than that from the rachitic chicks. 
This was seen whether the homogenates were centrifuged 
at 100,000g for 1 h or at 40,000g for 20 min. The results 
could be interpreted in one of two ways: either the rachitic 
mucosal debris has a greater capacity to bind Ca++, or 
some property associated with the vitamin D supernatant 
depressed, uptake of Cat+. These alternatives were tested 
by switching supernatants and centrifugates between 
groups before addition of Catt. As shown in Table 1 
(Exp. I), it was apparent that the depression in caleium-45 
binding was associated with the vitamin D supernatant 
since the vitamin D centrifugate took up as much calcium- 
45 in the presence of the rachitic supernatant as the 
unchanged rachitic control homogenates. Further, when 
the supernatant was discarded and replaced with labelled 
tris buffer after the initial centrifugation, the rachitic 
and vitamin D debris took up Cat+ to about the samo 
extent and almost completely (Table 1, Exp. Il). Thus, 
the decrease in binding capacity of the vitamin D homo- 
genates was due to some property of the supernatant. 

Vitamin D is known to cause an increase in tissue citrate 
lovels?. Since Cat+ and citrate form a soluble complex, 
it was necessary to determine if this were the explanation. 
The actual citrate concentrations in the supernatant 


Calcium-45 in supernatant (per cent) 





“44 22 30 88 46 54 
Citrate in supernatant (zg) x 


Fig. 1. Relation between total citrate and percentage calcium-45 in 
supernatants from rachitic and vitamin D mucosal homogenates. Wet- 
weight of mucosal tissues in 10 ml. iris buffer averaged 0-89 g 
®, Rachitic; A, vitamin D 
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Table 2. EFFECT OF ADDED CITRATE ON CALCIOM-45 BINDING BY RACHITIC 


AND VITAMIN D MUCOSAL TISSUE HoMOGENATES * 
Level of added citrate t Calcium-45 in 
(ug/10 ml) Source of homogenate supernatant (per cent) 

Rachitie chick 3 

Vit. D, chick 25 

20 Rachitie chick 3 

20 Vit. Ds chick 20 

40 Rachitic chick 3 

40 Vit. Ds chick 23 


* Values represent mean of four determinations each. ‘Che wet-weightZof 
mucosal tissue in 10 ml. iris buffer abs cas 0-86 g. . 
Citrate given in terms of citric acid although sodium citrate was actually 


added. 
Table 3. EFFECT OF CA++ CARRIER-LEVEL ON CALClUM-45 BINDING BY 
RACHITIC AND VITAMIN D Mucosal TISSUE HOMOGENATES* 
Calcium-45 in supernatant 
Level of added Catt Rachitie Vit. 
(ug/5 ml.) (per cent) (per cent) 
25 31 10-4 
12:5 23 72 
25:0 1:2 3-9 
50-0 10 21 


* Values represent mean of four determinations, Wet-weight of mucosal 
tissue in 5 ml. tris buffer averaged 0-43 g. 


from rachitic and vitamin D tissues were measured and a 
scattergram of results from one such experiment is shown in 
Fig. 1. Although there was a higher average concentration 
of citrate in the vitamin D supernatant (as expected), 
there was no correlation between citrate and unbound 
calcium-45 within each group, suggesting no relation 
between the two variables. However, the possible effect 
of citrate on Cat+ binding was tested in another way. 
Sodium citrate, in known quantities, was added to the 
homogenate before addition of calcium-45. The results 
(Table 2) showed that, despite the increased citrate con- 
tent of both types of supernatants, little or no effect was 
seen on the uptake of calcium-45 and the usual rachitic— 
vitamin D differences prevailed. 

Differences due to pH could not account for the observa- 
tions since, as previously mentioned, the pH-levels of the 
supernatant were found not to differ between groups. 

In an additional experiment, the effect of carrior Cat* 
level on calcium-45 binding was determined. From 
Table 3, it may be seen that the percentage unbound 
calcium-45 in the vitamin D supernatant decreasod as 
the calcium-level was increased. -A similar but less 
dramatic effect was seen with the rachitic supornatant. 
This would suggest that some property (or substance) 
of the supernatant was being saturated and, also, that the 
degree of binding of calcium-45 by the debris (rachitic 
or vitamin D) was proportional to calcium concentration. 
This would eliminate deposition of calcium-45 by exchange 
only because the proportion of calcium-45 in the super- 
natant, in that case, should increase as stable calcium 
levels increase. At all levels of Ca++ earrior, the vitamin 
D supernatant contained more radiocalcium than rachitic 
supernatant. 

Other experiments showed that protein-bound calcium 
in the rachitic and vitamin D supernatants was about the 
same. The vitamin D effect also could be seen at cither 
24, 48 or 72 h after administration of the sterol to the 
rachitic chick; the direct addition of vitamin D, to the 
rachitic homogenate was ineffective under the present 
conditions. 

From the foregoing, it appears that the supernatant 
from homogenized vitamin D mucosal tissue has the 
ability to decrease binding of Catt by cellular dobris. 
Theoretically, at least, the present observations may 
bear on the mechanism of vitamin D action because such 
a factor would tend to maintain Cat+ in ‘solution’ during 
its transcellular movement and perhaps enhance its 
transfer across cell surfaces. Since rat kidney mito- 
chondria’ and endoplasmic reticulum from rabbit skeletal 
muscle! bind calcium-45 by a reaction dependent on 
adenosine triphosphate and other factors, a substance 
interfering with these reactions could yield the observed 
results. A difference also in the concentrations of the factors 
essential for the Cat+-binding reaction would influence 
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uptake of Cat+. Studies are continuing to characterize 
further the substance in vitamin D supernatant respons- 
ible for decreased uptake of Cat+ by the cellular debris 
and to relate the present observations, if possible, to the 
mechanism of vitamin D action on Cat+ metabolism. 

This work was supported by U.S. National Institutes of 
Health grant AM—04652. 
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USE OF THE LIVING CHICK EMBRYO AS A BIOLOGICAL INDICATOR OF 
THE EFFECTIVENESS OF CHELATING AGENTS 


By Dr, H. SMITH and I. Y. CHAPMAN 
Production Group, U.K. Atomic Energy Authority, Chapelcross, Annan, Dumfriesshire 


HEMICAL methods permit the determination of 
chelate stability constants, but the critical biological 
evaluation of a chelating agent requires the use of a 
living system. In the case of the bone-seeking radio- 
nuclides the culture of actively calcifying embryo bone 
in the presence of radionuclide and chelating agent would 
appear to be a satisfactory technique. This has been tried 
by us, but it has not been possible to prevent absorp- 
tion of radionuclide on to the surface of the culture vessel, 
even after careful preparation of the glass’, and the 
variation in uptake by individual vessels made physio- 
logical interpretation impossible. There is one major 
criticism of culture technique when it involves isolated 
tissues, in that the tissue is divorced from the milieu 
intérieure of the complete organism. 

For these reasons experiments were 
carried out on developing chick embryos. 
Eleven-day-old eggs were chosen, as the 
enzymes responsible for calcification are 
active at this age. After sterilizing the 
blunt end of the egg with methylated 
spirit, a small hole approximately 4 in. 
in diameter is cut in tho shell using a 
fine-toothed circular saw. The shell over 
the air-space is removed with sterile 
forceps. The radionuclide in neutral 
solution is then injected under sterile 
conditions into the yolk sac of the embryo. 
A maximum volume of 0-2 ml. is intro- 
duced using a 26G hypodermic noodle 70- 
attached to an Agla micrometer syringe. 
By this means a high degree of volumetric 
accuracy is achieved. It is important 
during this manipulation to avoid damag- 
ing the fœtus or the prominent blood 
vessels on the surface of the shell mem- 
brane. Trauma of the membrane can be 
minimized by avoiding unnecessary move- 
ment of the needle after insertion. The 
radionuclide solution is followed at a pre- 
determined interval by the chelating 
agent. This is introduced at a point distal 
to the original injection. The egg is now 
sealed with cellulose tape and placed in an 
incubator at 38° C. Certain elementary 
precautions are necessary. The eggs 
must not be allowed to cool excessively 
during the operation, and they should be 
turned over in the incubator at loast 
twice every 24 h to prevent adhesion of 
the growing embryo to the shell mem- 
brane. In these circumstances the em- 
bryos develop naturally, and can be dis- 
sected out after eight days incubation. 
The various tissues, bones, yolk and 
shell are separately analysed for activ- 
ity and the prevention of uptake of 
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Effect of tetracycline on the ee of radioactivity in the tissues of chick 


radionuclide into bone in the presence of chelating agent 
is used to measure the efficiency of the chemical. 

The chick embryo can also be used for determining the 
toxic effects of any potential chelating agent. Graded 
amounts of the substance are injected into the yolk sac and 
that quantity producing pathological change is observed. 

The following experiment is quoted as an example of 
the applicability of the method. Tetracycline is known 
to be a strong chelating agent for certain metals**, and 
it is preferentially deposited in growing bonet, causing 
inhibition of skeletal formation in the chick embryo if 
administered in sufficient amount®. It has been postulated 
that this effect may be due to chelation of those metal 
ions which act as prosthetic groups for the bone-forming 
enzyme proteins’. 





1-0 mg 2°0 mg 


3-0 mg 


Fig. 1. Toxicity study. Amount of tetraoyoline injected is indicated under each chick 
embryos 
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embryos 
Hatched, 1 uc. strontium-89 given alone (9 embryos); stippled, 1 g: strontium-88 + 2 mg 
tetracycline given within 30 min (5 embryos); double-hatched, 1 ; 

2 mg tetracycline given after 22 h (6 embryos); white, 1 xc. strontium-89 given alone: 


1 xc. strontium-89 + 


animals dead after 48 h (2 embryos) 
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In order to ascertain that amount of tetracycline which 
produces a toxic reaction, 11-day-old embryos were 
injected with up to 10 mg of tetracycline in aqueous 
solution. The eggs were allowed to incubate for eight 
days, after which the embryos were dissected and exam- 
ined for pathological change. The gross anatomical 
pattern is shown in Fig. 1. The dose of tetracyline ad- 
ministered increases from left to right, and it is apparent 
that no retardation of growth occurred in the first six 
embryos, the dose then administered having reached the 
level of 4 mg of tetracycline. Up to this concentration 
bone formation appeared normal. Further increase of 


the dose, however, produced a stunted, deformed embryo. 


with gross degenerative changes in the liver. Examination 
of embryos under ultra-violet light 24 h after adminis- 
tering tetracycline showed that there was extensive 
deposition in the skeleton, thus confirming the observation 
of others®, 

To determine the chelating properties of tetracycline, 
groups of eggs were injected with 1 pe. aliquots of stron- 
tium-89, followed either within 30 min or after 22 h by 
2 mg amounts of the chemical, given in aqueous solution. 
After eight days incubation the tissues of the egg were 
separated. The yolk, liver, gastro-intestinal tract and 
kidneys were included in one fraction. Embryo bones 
and carcass were dissolved in concentrated nitric acid, 
while the shell was dissolved in 2 N hydrochloric acid: 
Yolk and soft tissues were homogenized. Aliquots of 
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each fraction were applied to l-in, stainless steel planch- 
ettes, dried with infra-red heat and ignited with a Bunsen 
flame to destroy organic matter. (No loss of activity was 
observed experimentally using this technique.) §-Act- 
ivity was determined using an end-window Geiger.-Miller 4 
tube, GEC CV2138 and Ekco Scaler N530F. 

Results are recorded graphically in Fig. 2. Tetracycline 
does not inhibit the deposition of strontium-89 in bonc. 
In fact, if the injection is delayed, it would appear that 
an increase in the strontium-89 bone burden ensues. 
This may be due to the fact that once radio-strontium 
becomes firmly incorporated in bone, the deposition of 
tetracycline in skeletal tissue interferes with calcium (and 
strontium) metabolism and this retards the normal ionic 
exchange between the bone crystals, intracellular fluid 
and blood. 

It is interesting to observe the dynamic part which the 
shell plays in strontium metabolism. As the chick matures 
significant amounts of radio-strontium migrate into the 
yolk. This has been confirmed for calcium also, using 
calcium-45 as a marker. 
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‘DESENSITIZATION’ OF CHOLINERGIC RECEPTORS BY ACETYLCHOLINE IN 
MOLLUSCAN CENTRAL NEURONES 


By Dr, L. TAUC and J. BRUNER 


Centre d’Etudes de Physiologie Nerveuse du Centre National de la Recherche Scientifique, Paris, et Institut de Biologie 
marine, Arcachon, Gironde 


N the presence of acetylcholine, the end-plate region of 
vertebrate muscle fibres becomes progressively less 
responsive to the action of further application of this 
compound!*, This process, which has been called the 
‘desensitizing’ effect of acetylcholine, is reversible; several 
seconds after the withdrawal of acetylcholine, the end- 
plate membrane recovers its initial sensitivity to the 
compound. As repetitive nerve stimulation also reduces 
the sensitivity of the end-plate region to applied acetyl- 
choline’, it was suggested that desensitization may play a 
physiological part in functional cholinergic transmission. 
Recently it was shown‘ that in central neurones of 
molluses the synaptic excitatory input to some neurones 
(called D-neurones) and the inhibitory input to others 
(called H-neurones) is probably cholinergic. In both types 
of neurones, the synaptic contacts are located on the 
axons in the neuropil; however, the easily accessible 
somatic membrane, devoid of any synaptic contact, is 
similarly sensitive to acetylcholine and has identical 
pharmacological properties as the sub-synaptic mem- 
brane®?. It therefore seemed pertinent to use this somatic 
membrane to examine whether the process of desensitiza- 
tion to acetylcholine, described for the motor end-plate, 
also occurs in these central neurones. The presence of such 
a process was already suggested by the progressive decrease 
of the action of acetylcholine observed when this sub- 
stance was applied by perfusion to D- and H-neurones®’. 
The experiments were performed on the ganglion cells 
of Aplysia (A. depilans) and giant African snail (Archacha- 
tina marginata). In principle, the technique of Katz and 
Thesleff of ionophoretic injection of acetylcholine by two 
electrodes was used. However, it was often necessary in 
these spontaneously firing cells additionally to hyper- 
polarize the nerve cell membrane artificially by an applied 
current in order to avoid the generation of action poten- 
tials. In a few cases a third acetylcholine electrode was 


used to test the extent of the field affected by desensitiza- 
tion; in these cases five electrodes were used: two intra- 
cellular electrodes for reading and polarizing and three 
extracellular electrodes for injection of acetylcholino. 
All electrodes were placed under direct visual control. 

The results may be summarized as follows: 

(1) During continuous local ionophoretic injection of 
acetylcholine on the somatic membrane, the amplitude 
of initially produced depolarization in D-cells (and 
hyperpolarization in H-cells) usually decreases with timo 
(Fig. 1A). 

(2) Similarly, the efficacy of acetylcholine in modifying 
the polarization of the membrane decreases when the 
compound is repeatedly applied to the membrane at short 
intervals (Fig. 1B). , 

(3) The sensitivity of the membrane to acetylcholine 
was tested by repeated applications of identical doses of 
the compound (test pulses) before, during and aftor 
application on the same membrane region as the test 
pulse, of a continuous dose of acetylcholine by anothor 
maicro-electrode (conditioning pulse). The frequency of 
test pulses was selected so as to avoid any desensitizing 
effects of the test pulses themselves. It was necessary to 
use an interval of 30 sec between individual test pulsos. 
sometimes even of 60 sec, to maintain the amplitude of 
acetylcholine potential unchanged. The results show 
that the transient depolarization produced by test pulses 
progressively decreases during application of the con- 
ditioning dose and that after the withdrawal of this lattor 
the effect of test pulses gradually recovers (Fig. 1C). 
The rate and speed of desensitization increased with tho 
conditioning dose. 

By comparing the results obtained on a larger number 
of cells we were able to note the differences in their 
susceptibility to desensitization. Although it is impossiblo 
to express these differences strictly quantitatively, ono 
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Fig. 1. 
spikes. 


‘Desensitizing’ effect of acetylcholine on Aplysia (A, D) and Archachatina (B, C) central neurones. 
(indicated in black in the schematic diagrams on the left) were used, one for recording and another for hype 


Two intracellular electrodes 
olarizing the cell to avoid 


Acetylcholine was injected fonophoretically on the somatic membrane by extracellular micropipettes (indicated in white in schematic 
diagrams). Z'P, test pulse electrode (duration of pulse: 200 msec); and CP, conditioning pulse electrode. 


Arrows and dots on the lower 


race indicate injection of acetylcholine 


A. The depolarization produced by a steady injection of acetylcholine through electrode CP alone. 
Note progressive decrease pointing to a gradual development of desensitization (D-cell). 


Tho duration is indicated by the arrows. 
B. The efficacy of acetylcholine in depolarizing the 


membrane decreases when small doses of acetylcholine are repetitively applied at short intervals by electrode CP (H-cell hyperpolarized 


beyond the equilibrium-level so as to give a depolarizing acetylcholine potential). 0. 
rane as tested by brief and constant doses of acetylcholine injected by TP electrode before, during, and after the application 


H-coll memb; 


Desensitization and recovery of a hyperpolarized 


to the same membrane region of a steady dose of conditioning acetylcholine through electrode CP. The depolarizing wave in the middle of 
the record is a spontaneously appearing compound synaptic potential, D. Same type of experiment as in C, but in addition another test 


pulse was applie 


on the somatic membrane through electrode 7P 2 located at 50u from electrode CP (see scheme). 


Whereas the region 


under T'P 1 is desensitized by the action of conditioning dose, the acetylcholine action under the distant T'P 2 is not affected. Note the 
slow recovery of the desensitized region (D-cell) 


may nevertheless distinguish cells with rapid and powerful 
desensitization (cells were found which showed clear 
desensitization after conditioning doses producing no 
measurable depolarization), as well as cells with a moderate 
degree of desensitization or even with practically no 
desonsitizing effect. 

Cells also differed in their recovery rate from desensitiza- 
tion effect. In some cells the recovery was rapid and 
completed in a few minutes; other cells needed up to, 20 
min to recover and cells were found in which the recovery 
was not completed even after 30 min. In all cells the rate 
of recovery was found to be dependent in some limits on 
the intensity of the conditioning stimuli. 

(4) The susceptibility to desensitization and the rate of 
recovery of a given cell seems to be identical all over the 
surface of the somatic membrane. 

(5) The kinetics of desensitization is similar in D- and 
H-cells. : 

(6) The desensitization is limited to the region reached 
by the conditioning pulse. In our experimental conditions, 
a@ membrane region as near as 50u from the tip of the 
conditioning electrode showed no desensitizing effect, 
whereas the underlying region was affected (Fig. 1D). 

(7) The impedance measurements have shown that the 
process of desensitization is not related to variations of 
the membrane impedance. 

(8) Similar kinetics of desensitization were also observed. 
when acetylcholine was replaced by carbachol (Fig. 2), 
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Fig. 2. Graph showing recovery from carbachol desensitization of a 


D-cell membrane in Aplysia. he ordinate indicates the changes in 
amplitude of the depolarization produced by a brief and constant 
carbachol test pulse (frequency 1 per sec) after the application on the 
same membrane region of a 1-min duration conditioning dose of carbachol 
by another electrode, The conditioning dose produced a depolarization 


which was about 15 per cent of the preceding test potential 


which has the same effect as acetylcholine on the polariza- 
tion of the membrane, but is not destroyed by acetyl- 
cholinesterase. The effect of desensitization by carbachol 
was also observed on muscular end-plate?. 

The results described here are similar to those on the 
cholinergic receptors of the vertebrate end-plate. The 
main difference lies in the slower time-course of the 
desensitizing process, and especially of the recovery time 
of molluscan nerve cell. This difference is perhaps not 
surprising considering that the transmission processes in 
molluscan central neurones are notably slower than those 
taking place on the vertebrate end-plate. This is indicated 
by a slower rising phase and a longer duration of the post- 
synaptic potential compared with the end-plate potential; 
the direct effects produced by injected acetylcholine on the 
polarization of the nerve cell also have a time-course 
slower than the similar effects found on the end-plate 
region. 

The fact that very small doses of conditioning acetyl- 
choline, the effects of which are similar to a repetitive 
synaptic action, produce desensitization suggests that a 
similar process may occur on the sub-synaptic membrane 
during successive post-synaptic potentials which appear 
regularly as a result of electrical or physiological stimuli. 
The cholinergic synapses would then have their efficacy 
diminished by their previous activity over a considerable 
period of time, which in some cells would reach 20 min; 
in parallel, indeed, to other processes resulting from the 
repetitive synaptic action, which might even show an 
opposite effect, as, for example, the potentiation of 
repeated post-synaptic potentials’®. The great variations 
observed between different cells in their susceptibility to 
the desensitizing effect and in their rate of recovery 
introduces an additional discriminative factor among 
anatomically similar cells and again underlines the impor- 
tance of the physico-chemical specificity of the post- 
synaptic membrane in the process of transmission. 
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HYBRID MOLECULES FORMED BY REACTION BETWEEN HAEMOGLOBINS 
FROM DISTANTLY RELATED ANIMALS 


i By ALBERT E. HERNER* and AUSTEN RIGGS 


Zoology Department, University of Texas, Austin 


AMMALIAN and avian hæmoglobins consist of 
molecules containing two types of polypeptide 
chain sub-units: ‘a-chains’ with high isoelectric points, 
and ‘B-chains’ with low isoelectric points?-?. This nomen- 
clature is based on analogy with human hæmoglobin, 
where the chains are identified in terms of their N-terminal 
` amino-acid sequence’. Exposure to dilute acid has been 
shown to split the hemoglobin molecule into sub-units, 
and re-adjustment to neutral pH results in their recom- 
bination’. The sub-units of canine, rabbit and abnormal 
human hemoglobins have been shown capable of forming 
molecular hybrids with human hemoglobin A®*. This 
article describes the preparation of hybrid hemoglobins 
from pairs of animals with distant phylogenetic relation- 
ships and under a variety of experimental conditions. The 
finding of a similar polypeptide arrangement in sperm 
whale myoglobin and in horse hemoglobin’ suggests 
that all hemoglobins might possess a common overall 
architecture. The findings to be described in the present 
article support this view. 

Blood obtained from mouse (strain C57BL/6), donkey 
and Indian elephant were washed four times with 0-9 per 
cent sodium chloride. Red cells from the bull-frog, Rana 
catesbeiana, both tadpole and adult, and adult leopard 
frog, Rana pipiens, were washed with 0-7 per cent sodium 
chloride. Donkey and elephant red cells were lysed by 
adding an equal volume of iced distilled water and stirring 
gently for 5 min. Tadpole, frog and mouse red cells were 
lysed with iced distilled water equal to twice the volume 
of the cells. Sufficient potassium chloride solution was 
added to the solution of tadpole and frog hemoglobins 
5 min after hemolysis to give a final isotonic concentration 
of 0-17 M. This procedure helps to avoid rupture of the 
nuclear membranes". The hemolysates were centrifuged 
at 20,000g for 20 min: at 4° C. The clear, supernatant 
solution was saturated with carbon monoxide and stored 
at 0° C. 

Hybridization experiments were performed between the 
hemoglobins of mouse and donkey, mouse and tadpole, 
mouse and elephant, frog (Rana catesbeiana) and elephant, 
and tadpole and elephant in the presence of the buffers 
shown in Table 1. We also attempted to form hybrids 
from mixtures of Rana catesbeiana tadpole and adult 
hemoglobins and between these tadpole hemoglobins and 
Rana pipiens frog hzeemoglobins. 

In each hybridization experiment a solution containing 
5 mg of each of two hemoglobins was placed in a 6-2-mm 
diameter dialysis sac with sufiicient acetate buffer to 
make & total volume of 1:0 ml. The contents of each sac 
were dialysed against the appropriate acetate buffer for 
24 h, followed by a 24-h dialysis against starch-gel buffer. 
Each hybridization mixture was analysed by vertical 
starch-gel electrophoresis!® at 400 V at room temperature 
(electrode buffer: solution 0-18 M in tris (hydroxy methyl) 
aminomethane and 0-15 M in boric acid, pH. 8-3; starch 
gel: 46-4 g hydrolysed starch (Connaught Medical 
Research Laboratories, Toronto) heated in 40 ml. of 
electrode buffer diluted to 400 ml.). The gels were stained 
with amido black”. ; 

These data indicate hybrid formation between most of 
the hemoglobins tried (Figs. 1 and 2). It is particularly 

* Present address: Midwest Research Institute, Kansas City, Missouri. 


Table 1. EFFECTIVENESS OF ACID HYBRIDIZATION BUFFERS 

pu 4:2 4:2 +2 42 47 
Ionic strength 0-02 0:20 18 50 0-20 
Frog-elephant + + - = ? 
Tadpole-elephant - + - ea = 
Mouse-donkey + + ? + + 
Mouse-elephant oo + + as = 
Tadpole-mouse + + + - + 
Tadpole and mouse - + + a ae 
Tadpole-frog * me us 
Tadpole-frog t ~ = 


* Both of species Rana catesbeiana. 
+t Tadpole of Rana catesbeiana, adult of Rana pipiens. 


Buffer: 0-02 M acetate, ionic strength adjusted by addition of sodium 
chloride, 


interesting that hemoglobins from animals as distantly 
related as olephant and frog are capable of forming 
hybrids. Experiments with adult and tadpole frog 
hemoglobins from’ Rana catesbeiana failed to indicate 
formation of hybrid molecules. Rana catesbeiana tadpole 
hemoglobin and Rana pipiens adult hemoglobin also 
gave no indication of interaction. The explanation of 


origin Conditions of 


+£ dissociation 
a ae, 3 pH Foal F 
frog ; Ne 42. OR 
e?ephant-frog | 2w 47 02 
n "u ' Eo J | 42 50 
“tf a Me pe 42 1.8 





n n | F Tea 42 OR 

t n h aoe 42 002 
elephant ; j 47 02 

u | i @ . 42 02 


Fig.1.  Starch-gel analysis of the hybridization of elephant and bullfrog 

hemoglobins under the conditions of pH and ionic strength indicated. 

A component, with a greater electrophoretic mobility than either elephant 

or frog hemoglobin alone is clearly visible when the conditions of dis- 

sociation are pH 4-2, and lonio, sirongth 0°02-0-2, Gel stained with 
amido blac! 


Conditions of 


troph ss 
Sees oe dissociation 


at pH 8.3 on starch ge/ 


origin pH B 
tadpole | ers, 02 
elephant 42-47 Q2 
` mouse E 47 02 
wt | 42 02 
u E 42 18 
donke ` 42 02 
pea BQN e o 
m- d KE AK 42-47 002-02 
m-e EKNE 42 18 
t-m E NEE 42 18 
t-m | MOM 42 002-02 
tem E EE 42 oR 


Fig. 2. Diagram of the starch-gel pattern at pH 8:3 resulting from the 
hybridization of four pairs of hemoglobins: tadpole-elephant ((-<), 
mouse-donkey (n-d), mouse-elephant (m-e), tadpole-mouse (¢-m). 
The symbol Gtm) signifies that tadpole and mouse hemoglobins were 
separately brought to pH 4'2, then neutralized and mixed, The open 
rectangles indicate the approximate positions of new hybrid components 
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this failure cannot rest in an inability of these hemo- 
globins to dissociate because hybrids have been formed 
between them and hemoglobins from other species 
(elephant and mouse). 

Singer and Itano® suggested that hybrid molecules are 
produced by asymmetric dissociation of the hemoglobin 
into halves (a%, + B,) at acid pH followed by random 
asymmetric recombination at neutrality. An alternative 
hypothesis has been suggested equally capable of ex- 
plaining the facts'*. However, neither hypothesis explains 
fully the known facts (see critical discussion in ref. 15). 
Hither mechanism indicates that if an experiment were 
performed with two hemoglobins having one common 
chain, no hybrids would be detected. If one of the chains 
were very similar, but not identical, it is possible that 
the hybrids formed would not be detected. One of these 
‘explanations may be the reason for the negative results 
of the tadpole-frog experiments. 

‘Either of the proposed mechanisms* suggests that 
for each pair of hemoglobins, two hybrids would be 
formed as well as the two original hemoglobins. This is 
clearly seen only in the mouse-donkey experiments 
(Fig. 2) at pH 4:2 (u = 0-2) and at pH 4-7 (u = 0-2). In 
-ach of the other experiments, we interpret the existence 
of at least one additional electrophoretic component as 
sufficient evidence for hybridization, since it is possible 
for the two hybrids to have mobilities similar to each 
-other and/or to the original hemoglobins. Similarly, the 
absence of change in the electrophoretic pattern, after a 
‘hybridization experiment, does not completely rule out 
the presence of hybrid hemoglobins. 
©- With the exception of the mouse hemoglobin, when 
the hemoglobins were treated separately with the acidic 
buffers and then brought to neutrality, no electrophoretic 
alteration was noted. Mouse hemoglobin precipitates, in 
part, in pH 4-20 buffer of ionic strengths 0-2 and 1:8. 
The electrophoretic mobility of the remaining hemo- 
globin is, respectively, slightly faster and slightly slower 
than the hæmoglobin which is untreated or treated with 
the other acidic buffers (Table 1, Fig. 2). 
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Control experiments were performed in- which the 
hemoglobins were individually treated with the acidic 
buffers, brought to neutrality, and then mixed. Only the 
mixture of tadpole and mouse hemoglobins showed inter- 
action in these circumstances (Fig. 2) and only under 
conditions where mouse alone is modified (pH 4-2, y = 0-2 
and u = 1:8). Neither donkey nor elephant hemoglobins 
interacted with mouse hemoglobin in parallel experi- 
ments. It would seem that the modified mouse hemo- 
globin and tadpole hemoglobin are singularly suited to 
interact. 

The present results indicate that hemoglobin sub-units 
from distantly related animals are capable of combining 
with one another. This gives additional support to the 
suggestion that the gross arrangement of the polypeptide 
chains in the architecture of the sub-units is similar in all 
hemoglobins. We are at present extending these studies 
to include lower vertebrate and invertebrate hæmo- 
globins. 

This investigation was supported in part by fellowship 
(HPD-10, 672-02) awarded to one of us (A. E. H.) by the 
National Heart Institute, U.S. Public Health Service, and 
by a grant from the National Science Foundation to the 
other (A. R.). 
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` KINETICS OF DEOXYRIBONUCLEASE ACTION ON CHROMOSOMES 
By Pror. JOSEPH G. GALL, 


Department of Zoology, University of Minnesota, Minneapolis 


HE fine structure of chromosomes remains an enigma 

despite detailed knowledge about their component 
molecules. There is general agreement, based primarily 
on. evidence from electron microscopy, that chromosomes 
contain delicate fibres of about 100 x diameter’, and the 
assumption is widely made that these fibres contain DNA 
or DNA-protein. Many workers believe that a chromo- 
some (chromatid) is multi-stranded in the sense that it is 
built like a cable, with numerous similar or identical sub- 
units'“. Others, arguing chiefly on the basis of isotope 
incorporation studies, favour the view that a chromatid 
consists, in so far as its DNA is concerned, of a single linear 
array of double helical molecules*-®. 

Callan and Macgregor? showed that unfixed chromo- 
somes from newt oocytes (lampbrush chromosomes) are 
extensively fragmented by deoxyribonuclease (DNase I 
from beef pancreas). On the other hand, ribonuclease and 
several proteases, alone or in combinations, remove con- 
siderable material from the chromosomes without causing 
breaks in their linear continuity. 

Lampbrush chromosomes provide ideal material for a 
detailed analysis of DNase breakage, since the two chrom- 
atids of which they are composed are completely separate 
in some regions (loops), but elsewhere are not individually 
yesolvable (interchromomeric fibres). These relationships 


are shown in Fig. 1. DNase breakage occurs in both the 
loops and the interchromomeric regions; .and -casual 
inspection shows that the rate of breakage increases with 
time of enzyme action. - An investigation of the breakage 
kinetics has,: therefore, been undertaken in order to 
examine the number of sub-units present. 

We will assume that in a given region of the chromosome 
there are n longitudinal sub-units which are attacked 
independently and with equal probability by the enzyme. 
We will assume further that a visible break occurs only 
when all sub-units have been digested at the same level 
(Fig. 2). It is not necessary to assume exact registry of 
attacks in all sub-units; we could imagine that attacks are 
effective if falling within some specified distance of one 
another. 

Under these assumptions the number of visible breaks, 
b, will be given as a function of time, t, by the relationship : 

b = kg” 
in which k, is a proportionality constant. The equation 
holds only if the enzyme activity remains constant during 
the time of observation. The equation may be re-written: 
log b = nlogt + k, 
A plot of log 6 penne? log ¢ should yield a straight line of 
slope n. 
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a J; To, a small portion of a lampbrush chromosome showing the 

characteristic pairad loops extending laterally from the main axis; 

bottom, interpretation] of the chromosome structure in terms of two 
continuous chromatids 


Fig. 2. The chromosome is assumed to consist of n longitudinal sub- 
units, all of which must be attacked at the same level to produce a 
visible break 


Nuclei were isolated free hand from unfixed oocytes of 
the newt, Triturus viridescens, as described in previous- 
reports'!1*, They were quickly rinsed.in saline, then in 
DNase solution, and finally were pipetted into fresh 
DNase in an observation chamber at room temperature 
(23° C). The nuclear envelope was removed with forceps 
and the chromosomes were allowed to settle to the bottom 
of the chamber. Electronic flash photographs were taken 
at intervals over a period of 15-60 min. The first photo- 
graph was usually made about 3 min after the nucleus was 
removed. from the oocyte. Breaks in the chromosome 
loops appeared within a few minutes. The first inter- 
chromomeric breaks occurred somewhat later, but both 
types of breaks accumulated rapidly. 

In order to reduce sources of variability, all data on 
loop fragmentation were taken from a group of giant 
loops near the middle of chromosome 10. These loops 
average 100-200p in length. In favourable cases 50-60 
breaks were recorded before Brownian motion dispersed 
the fragments and made further observation impossible. 
The fragmentation of the giant loops ‘was analysed in 
23 cases, of which a typical example is shown in Fig. 3. 
In most instances the plot of log b against log t yielded a 
reasonably linear relationship as judged by eye; a straight 
line was fitted by least squares and the slope, n, was 
determined. The mean value of n for these 23 cases was 
26 + 0-2. 

Interchromomeric breaks were recorded from 19 
chromosome preparations. Although the chromosomes 


NATURE 


37 


are very large, they are in constant Brownian motion, and 
breaks become evident by lateral displacement of parts 
originally joined. The value of n was determined as for 
the ea (Fig. 3); the mean value for the 19 cases being 
48 + 0-4 

The equation relating breaks and time is valid only if the 
enzyme activity remains constant during the experiment. 
That the activity does nob fall off appreciably may be 
shown by placing a second nucleus into the observation 
chamber at the end of an experiment. The chromosomes 
from the second nucleus are fragmented about as rapidly 
as the original ones. In this experiment the second nucleus 
is not passed through & preliminary DNase rinse, and care 
is taken to bring over only a small amount of saline in 
order to minimize dilution. 

The data require interpretation at two levels. First, 
we must decide how many independently attacked sub- 
units are present, and secondly, we must inquire what is 
the nature of these sub-units. 

The ratio between the experimentally determined means 
is (4:8/2-6) = 1-8. This suggests that there are twice as 
many sub-units in the interchromomeric region as in the 
loops, and is consistent with the morphological interpreta- 
tion of the loops as regions of the chromosome where the 
two sister chromatids are completely separate. 

Two experimental errors which tend to raise the observed 
value of n above its true value are probably present in 
these experiments: (1) Due to restricted penetration of 
the enzyme through the gelatinous nuclear sap, the DNase 
concentration at the chromosomes may not reach its final 
value for several minutes. (2) A visible break in the 
chromosome may not appear immediately after the 
digestion of the DNA at a given point. The bulk of the 
loop is a non-DNA matrix surrounding a very delicate 
fibre**44, and this material may‘exert a weak binding 
force which must be overcome by Brownian motion. 

For-these reasons the true sub-unit numbers are con- 
sidered to be 2 and 4, despite the fact that they fall 
respectively three and two standard errors away from the 
experimentally determined means; that is, there are two 
sub-units in the loops (one chromatid) and four sub-units 
in the interchromomeric regions (two chromatids). It 
should be emphasized, however, that we have no experi- 
mental reason for excluding either odd numbers or non- 
integers. Except for the experimental errors just men- 
tioned, the results are equally consistent with three sub- 
units in the chromatid. Non-integer values could be 
obtained if the number of sub-units in the chromatid 
varies throughout its length. 


No. of breaks 





a eS ae 4 
20 36 48 
Time (min) 
Fig. 3. Log-log plots of the number of chromosome breaks as a function 


of time of DNase action. A, breaks in a loop; B, breaks along the 
main chromosome axis 
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The nature of the sub-units cannot be deduced from 
the breakage kinetics, but must be inferred from inde- 
pendent knowledge about the enzyme specificity. Exam- 
ination of DNA in solution has shown that DNase I 
attacks the two polynucleotide strands of the molecule 
independently and at random!*16, Scission of the mole- 
cule occurs only when breaks in the two strands fall within 
a few nucleotide pairs of each other. If DNase action 
proceeds similarly when the DNA is in the chromosome, 
then the two postulated sub-units of the chromatid corre- 
spond to the two polynucleotide strands of the molecule. 

Taylor et al. have previously shown by isotope incor- 
poration investigations that a chromatid consists of two 
sub-units which are conserved during replication. Taylor® 
has also demonstrated that these sub-units differ in some 
property which prevents random reunion during sister 
chromatid exchange. 

The simplest model consistent with the isotope incor- 
poration and enzymatic experiments is a chromatid 
containing one very long DNA double helix. An equally 
suitable model consists of a series of DNA molecules 
connected end-to-end by ‘linkers’ of other maztorial’. 
On the other hand, models which propose several doublo 
helices placed side by side (multi-strand models) fit the 
data with more difficulty. Specifically they require one 
of two hypotheses: (a) one enzymatic attack cleaves more 
than one polynucleotide strand; (b) enzymatic breakege 
of one DNA molecule in the chromatid induces non- 
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enzymatic breakage in all other molecules. These hypo- 
theses would have to be tested by determining the number 
of chemical bonds broken during chromosome scission. 

This work was supported by research grants from the 
National Cancer Institute, U.S. Public Health Service 
(C-3503) and from the National Science Foundation 
(G-10725). 
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IMMUNOLOGICAL PROPERTIES OF TUMOURS 
By NORMAN MOLOMUT, LEO GROSS and MORTON PADNOS 


Waldemar Medical Research Foundation, Ince, Port Washington, New York 


HE literature abounds with reports on investigations 

into the possibility of immunizing experimental 
animals against transplantable tumours. As far back as 
1910, Contamin? was able to demonstrate partial immunity 
using X-irradiated tumour tissues. A few recent reports 
on the use of X-rays to attenuate tumour cells for immu- 
nizing purposes are mentioned?-*. Resistance to tumour 
grafts has been demonstrated using other means, for 
example, by lyophilized tumour®, by removal of an 
actively growing tumour, by tumour extracts’, and in 
other ways too numerous to list here. Some investigators 
have reported an inability to establish an immunizing 
potential. Recently, Bellin? concluded that photo- 
dynamically inactivated tumour cells do not possess any 
immunizing properties, while Cosby eż al.® find only a 
partial resistance established. 

In an attempt to understand the relationship between 
various immunizing preparations and to resolve the 
conflicting reports, experiments were begun at our labora- 
tory several years ago in this area. To this end, the 
effect of various methods of immunization was measured 
by titrating the level of protection via a counted number 
of cells in the tumour challenge’. The LDs, for each 
preparation was determined by the method of Reed and 
Muench’. This point, the DD,., was used for purposes of 
comparison with other immunizing methods. The follow- 
ing result was obtained for the Ehrlich’s ascites adeno- 


Table 1. LEVEL OF IMMUNITY ACHIEVED WEH YAROUS IMMUNIZING 


PREPARATIONS : EAC IN 


EDs level of immunity 
No. of cells 


Immunizing preparation 


5 x 10* spleen celis from immunized mice (passive 


immunization) 108 
Lyophilized tumour cells or formalin-treated 

tumour cells 5 x 10° 
X-ray attenuated tumour cells 12 x 10° 
X-ray attenuated tumour cells plus PPD* 50 x 10° 
Any of above methods followed by live cell 

challenge 40-50 x 10° 


* Purified protein derivative of M. tuberculosis 


carcinoma (EAC) for immunization and challenge at the 
same site, intraperitoneally (Table 1). 

Similar properties have been demonstrated in other 
tumours and hosts. £2 lymphoma in A/He mice, 
Sal sarcoma in A/He mice, H2712 mammary adeno- 
carcinoma in C3H mice, among others show a similar 
variation in LD, level of immunity if immunized with 
different preparations. For comparable methods of 
immunization, the LD, level achieved by various tumours 
differs. For example, the level of immunization achieved 
with H2712 was an LD, of 10° cells, compared with an 
LD;, of 12 x 10° cells for EAC. However, mice which 
successfully survived the titration challenge of live cells 
always demonstrated a higher LD5, thereafter. 

In bacterial infection, it is known that the highest 
degree and most persistent immunity results in recovery 
from infection. Lower levels of immunity are conferred 
by vaccines using live but attenuated organisms, the next 
lower protection by killed vaccines and next by denatured 
material and purified extracts. Our results show a 
comparable situation with regard to tumour antigens. 
Table 1 shows that the most antigenic immunizing 
preparations are X-irradiated tumour cells, followed by a 
live challenge, next X-irradiated cells, then dead cells, 
then lyophilized material, and lastly passive immunization. 

There has been speculation that X-irradiation or other 
treatments with radiant energy of sufficiently high 
frequency cause a chemical alteration of the substances 
later used in an immunizing preparation, thus alter- 
ing the antigenic nature of the substances. Some in- 
vestigators, for example, McKee et al.*, presume that this 
alteration is in the direction of increasing antigenicity and 
others, for example, Bellin®, hold an opposite opinion, that 
it lowers the antigenicity. We investigated these ideas 
using lyophilized EAC. The ascitic tumour was taken by 
paracentasis on the seventh day and divided into equal 
portions. One’ portion was untreated and the other 
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portion was X-irradiated at 4,000 r. in a manner which 
enabled it to be used as an immunizing preparation as 
stated in earlier experiments?. Both portions were then 
lyophilized. They were then resuspended in sterile 
buffered saline, pH 7-2, and used for a course of six 
immunizing injections, two per week for three weeks, two 
injections each of 1, 2 and 4 mg dry weight per mouse. 
The LD, of both groups of mice was found to be 5 x 105 
cells. This method could have revealed a difference in 
LEDs. on challenge of plus or minus 10 per cent in the 
number of cells. 

In view of the identical results in both groups we can 
only conclude that X-irradiation does not alter the anti- 
genic nature but merely acts to attenuate the live cells used 
in the course of immunization. 

Experiments reported here were based on immuniza- 
tion and challenge in the same site, namely, intraperi- 
toneally. In both C3H and A/He mice, a site effect was 
discovered. It was found that mice immunized intra- 
itoneally, when challenged subcutaneously, grew 
ours progressively to death. Further, mice growing 
Sal or Ehrlich’s SQ demonstrated considerable immune 
capacity I.P.; the LD; was 5 x 10%. Also a strain difference 
was found, wherein A /He was found to be more susceptible 
to Ehrlich’s than C3H, with BALB/c next and C57BL/6 
most resistant. These two parameters, of site of challenge 
and strain of mouse used, should be controlled in order 
properly to interpret experiments, for example, such as 
those reported by Bellin! in which C3H_mice were injected 
in one site and then challenged in another. 

Bellin treated tumour cells with either light or dyes and 
found them viable and lethal to the host. We infer that 
the virulence of the tumour cells so treated and with the 
dose used was greater than the rate at which the immune 
responses of the mouse were mobilized. Were a smaller 
cell challenge used, perhaps an effect would have been 
observed. 

Bellin found further that tumour cells treated with both 
light and dye did not grow in the host. This latter finding 
does not justify the conclusion that a challenge of ‘tumours 
cells inactivated by photodynamic means are not able to 
induce immunity’. Bellin used but one injection of 
immunizing material, namely, light and dye inactivated 
cells. A single immunizing injection is not an efficient 
way of producing hyperimmune animals, particularly with 
weak antigens. Further subsequent challenge was not 


titrated so that the LD level of protection could be — 


determined. 

On the matter of the alteration in antigenic nature by 
electromagnetic energy, experience with X-irradiation and 
ultra-violet illumination at the relatively low levels 
discussed here has shown that they affect only a small 
number of the molecules of any particular molecular 
species, in the absence of any consequent chemical chain 
reaction. In living cells, there are many molecular 
species. The use of a dye would affect only a limited 
number of them. No proof is adduced that the molecules 
affected by light and dye are those that have antigenic 
properties. The simpler hypothesis is that the viability 
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of the cell is impaired rather than that all or any antigenic 
characteristics are lost or altered. 

When tumour cells are irradiated and used for challenge 
or immunization, a level of irradiation is found beyond 
which a single injection of a counted number of tumour 
cells does not grow progressively to the death of the host. 
When these tumour cells are examined for viability by the 
eosin stain test, the number of live cells was determined to 
be the same as that before irradiation. With increasing 
X-ray dosage the number of live cells decreases slightly but 
the immunizing ability of these preparations decreases 
more rapidly. Goldfeder* reports that with doses as high 
as 60,000 r. the tumour cells lose their immunizing ability. 
Our results indicate that the cells approach the immunizing 
potential of killed cells, namely, for EAC the LDs, level 
goes from 12 x 107 cells for 4,000 r. irradiation dose to 
5 x 105 cells as the dose of radiation is increased. It is 
fair to conclude from these results that X-rays, ultra- 
violet and visible light would have similar effects and that 
before conclusions to the contrary are held, the level of 
immunization should be measured more accurately, by 
LD; protection points or other methods. 

In the report of Cosby et al.* only partial protection was 
achieved. We note that the level of protection of DBA/1 
mice against dbrB adenocarcinoma was not titrated to 
determine the LD5o a point below which full protection 
would have been demonstrated. 

We feel we have in these studies resolved some of the 
contradictions that have appeared in the literature. We 
have shown that tumour immunity for homologous 
tumours such as Ehrlich’s ascites carcinoma, isologous 
tumours such as Sal in A/He, H2712 in C3H, 6C3HED 
lymphosarcoma in C3H, closely parallel the immune 
responses which have been observed for bacterial and for 
viral infections. We have found that the level of induced 
protection is affected by the anatomical site of immunizing 
injection and of challenge. It has been found that 
X-irradiation does not alter the antigenic properties of 
lyophilized tumour and therefore the simpler assumption 
should follow, namely, that X-irradiated cells are attenu- 
ated but viable and that this property enables the immune 
resources of the host to be mustered against them in 
sufficient time to reject the tumour. 

We acknowledge the technical assistance of Violet 
Satory and Judith Gruen in these investigations. This 
work was aided in part by a grant from the Merrick 
Council of the Waldemar Medical Research Foundation. 
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A THEORY OF BINOCULAR FUSION 
By Dr. P. C. DODWELL and G. R. ENGEL 


Queen’s University, Kingston, Ontario 


N a recent article on binocular visioni, it was stated that 

a necessary condition for the stereoscopic fusion of a 
pair of disparate patterns is that they should be presented 
simultaneously, or at least that there should be temporal 
overlap in the presentation of the two patterns. Some 
experimental evidence was presented for this view, but it 
has been shown by Efron? and also earlier workers” + that 


binocular fusion and perception of depth can be obtained 
when the disparate stimuli are presented non-simul- 
taneously and alternately to each eye provided the time 
intervals are small enough. Indeed, Efron was able to 
demonstrate a lawful relation between (a) the interval 
between presentations of two disparate stimuli, ono to each 
eye (called the ‘short interval’, SZ), (b) the interval between 


LEFT 
EYE 


RIGHT 
EYE 


Fig. 1. Descriptive terms. S is the ‘short interval’ between members of a pair of binocular 
pulses, of duration D and intensity J. ZL is the ‘long interval’ between pairs, and T is the 
total time from the initiation of one binocular pair to the next 


presentations of such pairs (the ‘long interval’, DJ), and 
the attainment of stereoscopic fusion (see Fig. 1). This 
relation is such that, if LI = SI (that is, the disparate 
stimuli are presented in regular alternation) then fusion is 
more readily attained than if ZI > SI. As LI is increased, 
in order to maintain fusion SI has to be decreased, and the 
rate of decrease in SI needed .to maintain fusion, as a 
function of LI, closely approximates an exponential decay 
function. Efron fitted a hyperbola to his data (which also 
gives a good fit), but gave no rationel derivation for this 
function. We shall return to this point later. 

It is often thought that the process of binocular fusion, 
to attain stereopsis, depends on the matching up of 
contours in the pair of disparate figures. However, it has 
recently been shown that contour matching is not essential 
to the attainment of stereoscopic fusion. To demonstrate 
this, Julesz® prepared pairs of figures consisting of ‘random 
brightness fields’ generated by a computer. Each figure 
consists of a matrix of minute squares of different bright- 
nesses, arranged in a random pattern. Each member of 
the pair is identical, except that an area (usually a rect- 
angle) in the centre of one of them is laterally displaced. 
Either member of a pair viewed alone appears as a flat, 
fairly uniform, grey field. However, if the pair is placed 
in a stereoscope the central displaced area stands out 
clearly from the background, to give a strong impression 
of depth. On first presentation the depth impression may 
take some seconds to occur, but on subsequent viewings, 
even of different figures, the impression is almost im- 
mediate. Thus, the process of fusion, or binocular 
‘matching’, cannot be simply equated with the matching 
of clearly perceived contours, since in the Julesz figures 
matching occurs without the aid of contour information. 
Julesz’s findings also indicate that fusion precedes, or may 
precede, pattern recognition. It seems most unlikely that 
any sort of scanning process is responsible for binocular 
fusion, since if this were the case one would expect, when 
pairs of disparate figures are presented alternately for 
brief intervals, that certain critical presentation frequen- 
cies would be found, at which fusion is maximally effective, 
which would depend on the scanning frequency. Efron 
found no evidence for such critical frequencies. Thus, the 
fusion process can be thought of as essentially dependent 
on the coding of information about the fine-grain structure 





LEFT EYE 


RIGHT EYE 


Fig. 2. Schematic view of relation between the eyes and the primary 
(line) projection array 
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of the disparate stimuli, and the ‘match- 
ing’ of this information from the two 
eyes, with subsequent analysis or ‘inter- 
pretation’ in terms of pattern and depth. 


pk With these factors in mind, the follow- 
T —ON ing model is proposed to explain binocu- 
OFF lar fusion: 


, Consider a line array of energy-sensi- 
tive cells that receive and transmit 
binary signals. The row of cells (Fig. 2) 
is arranged in such a way that each unit 
receives impulses from a, ‘corresponding’ retinal receptor, 
or group of receptors, in cach eye. Thus, any image focused 
on either retina will be projected to the array. If identical 
patterns occur on both retine simultaneously, both 
patterns will be projected to the array, and the two will 
match. If, however, there is binocular disparity between 
the patterns on the two retine (as when one views any 
three-dimensional display in normal binocular vision) 
there will be signal mismatch at the array, and the degree 
of mismatch will be a function of the binocular disparity. 

From the line array transmission links are connected to 
further cells of a plane array, in such a way that trans- 
mission occurs towards the contralateral side of the plane. 
Thus, a signal transmitted from the left retina to the line 
array will travel away from it, and towards the right hand 
side of the plane array. This arrangement is shown in 
Fig. 3. (To simplify the exposition, inversion of the 
retinal image and crossing at the optic chiasma are 
ignored.) With the restrictions postulated, it can be seen 
that any pair of binocularly disparate patterns occurring 
on the primary array will be displaced towards the midline - 
of the plane array as they travel back overit. Eventually, 
as this process continues, the signals will match, and the 
distance from the primary array at which this occurs will 
depend on the initial disparity of the patterns (Fig. 3). 
Hence, the apparent depth of the fused image is a function 
of the position at which signal matching occurs. It is 
postulated that when fusion occurs a new signal is 
generated which goes to a central ‘recognizer’ which 
analyses the ‘fusion signals’ in terms of pattern and depth. 
The transmission paths for the fusion signals lie outside 
the array. 


Q Q, Q, Q O, O, o 
i RA KAK, PLANE ARRAY 
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+~-- INITIAL SIGNAL MISMATCH 


„SIGNAL MATCH 
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Fig. 3. Propagation across the array of disparate signals at the line 
array may result in a signal match farther back on the array . 


So far, the model simply produces a reflexion of the 
depth relations of the visual world on the plane array, and 
postulates a higher-order analysis of the signals from that 
array at a central ‘recognizer’. To explain Efron’s 
results, and others which we have obtained, some further 
assumptions must be made about the transmission 
characteristics of the system. 

It is known, from flicker fusion experiments, that pulses 
of short duration in the visual system undergo temporal 
expansion, in the sense that, as they pass through the 
system they may fuse into a more or less continuous signal 
when they occur in rapid succession (it being assumed that 
a neurological ‘steady-state’ mediates the visual ‘steady- 
state’ of fusion). The same conclusion can be drawn from 
Efron’s work, which indicates that binocularly fused 
intermittent pulses (such as those generated by the model) 
somehow give rise to a continuous impression of depth, 

(Continued on page 73) 


April 6, 1963 








Just Published; March 1963 Volume 25 


ANNUAL REVIEW OF 


PHYSIOLOGY 


CONTENTS: 700 pages 

Prefatory Chapter: A Look at an Old but Still Current 
Problem 

Protoplasm: Endoplasmic Reticulum and Microsomes 
and Their Properties 

Transport Through Biological Membranes 

Connective Tissue 

Smooth Muscle: Autonomic Nerve Transmission 

Kidney, Water, and Electrolyte Metabolism 

Respiration 

The Digestive System 

Blood: Leukocytes 

The Systemic Circulation 

Heart 

Conduction and Transmission 

Somatosensory Mechanisms 

High Nervous Function: The Orienting Reflex 

Physiology of Vision: Retinal Structure and Visual 

en 
The Neurohypophysis 
Thyroid pA 


yro 

Parathyroid Gland 

Endocrine Control of Metabolism 

Reproduction 

Comparative Physiology: Diurnal Rhythms 

Comparative Physiology: Integrative Action of the 
Nervous System 

Invertebrate Mechanisms for Diluting and Concentrating 
the Urine 


$8.50 post paid (U.S.A.}; $9.00 post paid (foreign) 


ANNUAL REVIEWS, INC. 
231 Grant Avenue, Palo Alto, California, U.S.A. 





MODERN AUTOMATION 
David Foster 


A survey of automation as it exists in various forms written 
by a leading authority on the subject. The book is divided 
into three parts. Part One deals with the general approach 
to automation and its understanding by analogy with human 
mental and nervous functions with, in Part Two, practical 
examples from all over the world. Part Three deals with 
general aspects, including a final chapter on the future of 
automation in Britain. For executive level engineers and 
engineering management. 42s. net. 


SEPARATION METHODS IN 
BIOCHEMISTRY 
C. J. O. R. Morris and P. Morris 


A detailed and comprehensive review of the more recenty 
developed separation methods which have proved of special 
value in biochemistry, e.g., Chromatography, counter- 
current distribution, electrophoresis, membrane separation 
methods, sedimentation, and differential solubility methods. 
Each chapter has a separate bibliography. This is a most 
important work for Honours students, research workers, 
analysts and industrial biochemists. Approx. 95s. net. 


AUTOMATIC PROCESS CONTROL 
W. A. Hadley and Guy Longobardo 


While written primarily for undergraduates and H.N.C. 
level engineers, particularly Mechanical and Chemical, the 
graphical and practical approach to control makes this book 
suitable for instrument apprentices and technicians in the 
process industries and instrument technology. 45s. net. 


NATURE xvii 





=New CHURCHILL Books= 


CHROMOSOME MARKER 
By K. R. LEWIS, M.A., B Sc., Ph.D., and B. JOHN, M.Sc., Ph.D. 
A New Book. Ready this month, 
120 illustrations, 659. 
CHEMICAL CARCINOGENESIS 
By DAVID B. CLAYSON, M.A., Ph.D. 
A New Book. W th 31 charts and formulae. Just ready. T2s. 
RECENT ADVANCES IN PHYSIOLOGY 
New (Eighth) Edition. Ready this month. 
Edited by R. CREESE, Ph.D., M.B., B.S., M.R.C.S.,L.R.C.P. 
120 lilustrations. 55s. 


PHYSIOLOGY OF THE EYE] 
By HUGH DAVSON, D.Sc. 
New;(Second) Edition. 371 Hlustrations. Just ready. 65s. 
By the some author : 


PHYSIOLOGY OF THE OCULAR & CEREBRO-SPINAL FLUIDS 
109 {Hustrations. 65s. 





DRUGS, PARASITES AND HOSTS 
A Biological Council Symposium 
Edited by L. G. GOODWIN, M.B., B.S., 8.Pharm., B.Sc., and 
R. H. NIMMO-SMITH, M.A., D.Phil., M.B., Ch.B. 
Just ready. 55s. 


THE CHEMICAL ANALYSIS 
OF FOODS (Cox) 


By D, PEARSON, M.Sc., F.R.LC. 
New (Fifth) Edition. 
45s. 41 illustrations. 503. 


A New Book, 56 Illustrations. 


A TEXTBOOK OF 
PRACTICAL PHYSICAL 
CHEMISTRY 
By A. M, JAMES, M.A., B.Sc., 
D.Phil., FRC. 
HI Ulustrations. 


New from U.S.A. 


READINGS IN PHARMACOLOGY 
Edited by L. SHUSTER, Ph.D. 
Ready shortly. (Paperback). 40s. 


RON METABOLISM] 


I 
By T. H. BOTHWELL, M.D., M.R.C.P., and C. A. FINCH, M.D. 
118 Hluscrations. Ready shortly. t07s. 6d. 


J. & A. CHURCHILL LTD. 
104 GLOUCESTER PLACE, LONDON, W.! 


Ilustrated. 








ADVANCED PHYSICO-CHEMICAL 
EXPERIMENTS 
J. Rose 


This book is based on the research papers published in a 
variety of scientific journals. The experiments described 
in the book have been chosen in such a way as to supplement 
the theoretical courses in physical chemistry at universities 
and colleges of technology. The author’s aim is to depart 
from the usual type of experiment carried out by students 
at various institutions of Higher Education and to establish 
a close relation between theory and practical work, to 
demonstrate the potentialities of modern apparatus and to 
encourage ability in research. Approx. 45s. net. 


PHYSICS IN BOTANY 

Dr. J. A. Richardson 

This important new work deals with the physical principles 
and physical methods involved in Botany and Botanical 
research. Important sections on the use of x-rays, radio- 
isotopes, the electron microscope, optical studies and 
the polarizing microscope are included. For students of 
university standard. Approx. 40s. net. 


ELEMENTARY AIR SURVEY 
W. K. Kilford 


A new book which forms an introductory course in air 
surveying, for students of civil engineering and land survey- 
ing. Its main theme is the use of vertical photographs and 
simple methods of map-making are fully covered. Approx. 
30s. net. A 





PITMAN PARKER ST, 


KINGSWAY, 


LONDON, WC2 


xviii NATURE 


April 6, 1963 








SPACE 
SCIENCE 
REVIEWS 


Editor-in-chief: 
C. de Jager, Utrecht, Holland 


Editorial Board: 


J. A. Van Allen, lowa, U.S.A. 

J. E. Blamont, Meudon, France 

R. L. F. Boyd, London, England 

L. Broglio, Roma, Italy 

M. Calvin, Berkeley, Cal., U.S.A. 

H. Friedman, Washington, D.C., U.S.A. 
L. Goldberg, Cambridge, Mass., U.S.A. 
W. M. Hess, Greenbelt, U.S.A. 

A. R. Hibbs, Pasadena, Cal., U.S.A. 

L. Hulthén, Stockholm, Sweden 

G. H. Ludwig, Greenbelt, Maryland, U.S.A. 
R. Liist, München, Germany 

K. Maeda, Kyoto, Japan 

H. E. Newell, Washington, D.C., U.S.A. 
B. Peters, København, Denmark 

Sir R. Peters, Cambridge, England 

E. Rechtin, Pasadena, Cal., U.S.A, 

B. Rossi, Cambridge, Mass., U.S.A. 

L. I. Sedov, Academy of Sciences, U.S.S.R. 
F. L. Whipple, Cambridge, Mass., U.S.A. 
J. R. Winckler, Minneapolis, U.S.A. 


Contents of Volume I No. 2 1962 


D. G. Rea, Molecular Spectroscopy of Planetary 
Atmospheres ; J. Geiss, H. Oeschger and U. 
Schwarz, The History of Cosmic Radiation as 
Revealed by Isotopic Changes in the Meteorites 
and on the Earth; H. Yagoda, Radiation Studies 
in Space with Nuclear Emulsion Detectors ; 
W. N. Hess, Energetic Particles in the Inner 
Van Allen Belt; J. Kovalevsky, Détermination 
des Orbites des Satellites Artificiels; H. S. 
Seifert, Propulsion for Space Vehicles: A 
Survey 


Contents of Volume 1 No. 3 1963 


O. G. Gazenko, Medical Problems of Manned 
Space Flight; L. J. Cahill Jr., Magnetic Field 
Measurements in Space; B. J. O’Brien, Review 
of Studies of Trapped Radiation with Satellite- 
Borne Apparatus ; P. Auger, Introduction pour 
le Premier Symposium de la Copers; C. de 
Jager, The Sun as a Source of Interplanetary 
Gas; R. Ltist, Interplanetary Plasma ; L. Bier- 
mann, The Plasma Tails of Comets and the 
Interplanetary Plasma; T. R. Kaiser, Meteors 
and the Abundance of Interplanetary Matter ; 
M. F. Ingham, Interplanetary Matter; R. H. 
Giese, Light Scattering by Small Particles and 
Models of Interplanetary Matter Derived from 
the Zodiacal Light ; D. E. Blackwell, Remarks 
on the Limitations of Optical Methods for 
Measuring Electron Densities in the Corona 
and Interplanetary Space 


Subscription price f 150,—($ 42.—) 
per volume of 4 issues 


D. Reidel Publishing Gompany 


DORDRECHT-HOLLAND 





Translations from Russian 


Physical Processes 


Stellar Interiors 


D. A. FRANK-KAMENETSKII 


This book—the only one of such wide scope on 
the subject in print—is addressed both to the 
astrophysicist interested in physical founda- 
tions and to the physicist interested in 
astrophysical applications of his science. The 
book is in four’ parts: Part I, Introduction; 
Part II, Theory of Stationary Processes; 
Part II, Applications of the Theory of 
Stationary Processes; Part IV, Non-Station- 
ary Processes. £5 


ELEMENTS OF 


Quantum 
Electrodynamics — 


A. I. AKHIEZER and V. B. BERSTETSKII 


The present volume is a condensation of the 
second Russian edition (1959) of Akhiezer and 
Berstetskii's- Quantum Electrodynamics. Con- 
tents: Quantum Mechanics of the Photon; 
Relativistic Quantum Mechanics of the 
Electron; The Quantized Electromagnetic and 
Electron-Positron Fields; Fundamental Equa- 
tions of Quantum Electrodynamics; The 
S-Matrix; Appendix. £3 


MATHEMATICAL APPARATUS 
OF THE 


Theory of Angular 
Momentum 


A. P. YUTSIS, I. B. LEVINSON and 
V. V. VANAGAS 


An advanced textbook on the theory of 
angular momentum, of particular interest to 
physicists working on atomic and nuclear 
spectra, nuclear reactions, scattering and 
angular relations and percentage schemes 
and co-efficients. A knowledge of elementary 
group theory and the representations of the 
three-dimensional rotation group is assumed. 





April 6, 1963 l NATURE xix 











PERGAMON OF OXFORD 





A Selection of Current Titles 


OLFACTION AND TASTE 


Edited by Y. ZOTTERMAN, Kungl. VeterinérHégskolan, Stockholm 
402 pages 288 illustrations £5 net 


EXPERIMENTS WITH DRUGS 


Edited by H. 3. EYSENCK, Director Psychological Laboratories, Institute of Psychiatry, Maudsley, and Bethlem Royal 
Hospital 


436 pages 67 illustrations £5 net 
VISTAS IN BOTANY Volume 2 


Edited by the late W. 8. TURRILL, formerly of the Royal Botanical Gardens, Kew, Surrey 


450 pages 39 illustrations £5 net 
THE MATHEMATICAL WORKS OF J. H. C. WHITEHEAD (in 4 Volumes) 

Volume 1. Introduction, Differential Geometry Volume 3. Homotopy Theory 

Volume 2. Complexes and Manifolds Volume 4. Algebraic and Classical Topology 

Edited by 1. M. JAMES, The Mathematical Institute, Oxford ; 

1637 pages 84s. net per volume £15 net per set 
ELECTROLUMINESCENCE 

H. K. HENISCH, Department of Physics, University of Reading 

375 pages 118 illustrations 80s. net 


AN INTRODUCTION TO PLASMA PHYSICS 
W. B. THOMPSON, Head of the Theoretical Physics Division, Culham Plasma Physics Laboratory of the U.K.A.E.A. 
260 pages 63 illustrations 70s. net 


ANNUAL REVIEW IN AUTOMATIC PROGRAMMING Volume 3 


Edited by R. GOODMAN, Automatic Programming Information Centre, Brighton College of Technology 
363 pages 18 illustrations 80s. net 


VOLATILE SILICON COMPOUNDS 


E. A. V. EBSWORTH, University of Cambridge 
176 pages Illustrated 42s. net 


ORGANIC FUNCTIONAL GROUP ANALYSIS 
F. E. CRITCHFIELD, Union Carbide Chemicals Company, West Virginia 
184 pages Numerous illustrations 42s. net 


Any volume sent on 30 days’ approval without obligation. Please quote this journal when ordering. 





Pergamon Press books are distributed in the Western Hemisphere and the Philippines by the Macmillan Company, 60 Fifth Avenue. New York 11, 
N.Y., and Collier-Macmillan (Canada) Ltd., 132 Water Street South, Galt, Ontario, Canada. 


PERGAMON PRESS Headington Hill Hall, Oxford 











NATURE 








THE OBSERVER’S BOOK OF LICHENS 

By K. A. Kershaw and K. L. Alvin. 
The only authoritative book’ on this increasingly 
interesting aspect of Natural History. Emphasis has 
been placed on the more conspicuous species and 
there are some essential technical data. Beautifully 
illustrated with 32 colour and 32 black and white 
plates. 5s. net. 


THE OBSERVER’S BOOK OF 

SEA AND SEASHORE ` 
Edited by I. O. Evans, F.R.G.S. Every aspect of life 
and character of the sea and seashore is dealt with. 
The book is illustrated with 32 colour and 32 black 
and white plates and numerous line drawings. 
5s. net. 


WILD ANIMALS OF THE 

BRITISH ISLES 

By Maurice Burton, D.Sc. 
Based on Edward Step’s Animal Life of the British 
Isles, This book brings together much standard 
information and knowledge about the fauna of 
these islands. There are 48 colour plates and 63 
plates in black and white. 17s. 6d. net. 


THE BOOK OF FLOWERING 

TREES AND SHRUBS 

By Stanley B. Whitehead. 
Over 250 species are described and illustrated in 63 
plates in full colour. With detailed descriptions of 
species and valuable advice and information con- 
tained in chapters on selection of shrubs to suit 
your garden, soils and situations, planting and 
propagation, and the care of flowering shrubs. 
There is an illustrated glossary, and the book is 
fully indexed. 15s. net. 


WAYSIDE AND WOODLAND FERNS 
By Edward Step, F.L.S. 
Revisions by A. B. Jackson, A.L.S. 


A Guide to the British Ferns, Horsetails and Club- 
Mosses. With 64 plates in colour and 79 plates from 
photographs. 15s. net. 


From all Booksellers 


FREDERICK WARNE & CO. LTD. 
1-4 Bedford Court, Strand, London, W.C.2 


April 6, 1963 
BLACKWELL BOOKS = 


ZONE MELTING OF ORGANIC COMPOUNDS 


E. F. G. Herington D.SC. a.r.c.s. April, 1963. 168 pages, 
63 illustrations. About 35s. 























FAST REACTIONS IN SOLUTION 


E. F. Caldin M.A. D.PAIL. 1963, 288 pages, 47 illustrations, 
About 42s, 


INORGANIC POLYMERS 


D. N. Hunter F.R.I.C. September, 1963. 160 pages, ilus- 
trated. About 25s. 


THE GENETICS OF BACTERIA AND THEIR 
VIRUSES ? 


W. Hayes, SC.D. M.B. F.R.C.P.I D.P.H. June, 1963. 640 
pages. 130 illustrations. About 63s. 


PLANT BIOCHEMISTRY 


D. D. Davies B.SC. PH.D., J. Giovanelli B.SC.AGR. PH.D., 
and T. ap Rees M.A. D.PHIL, May, 1963. 560 pages, ilus- 
trated. About 50s. 


FUNGAL GENETICS 
J. R. S. FINCHAM PH.D. and P. R. DAY PH.D. 1963. 320 
pages, 57 illustrations. 50s. 


A HANDBOOK OF BRITISH MAMMALS 


Edited by H. N. Southern M.A. July, 1963. 400 pages, 108 
iustrations. About 30s. 


HANDBOOK OF MATHEMATICAL TABLES 
Edited by C. D. Hodgman m.s. 1962. 590 pages. 70s. 


HANDBOOK OF CHEMISTRY AND PHYSICS 
Edited by C. D. Hodgman m.S. Forty-third Edition, 1962. 
3,568 pages. £5 5s. 


Blackwell Scientific Publications ° Oxford = 





Part XVIII and 
Volume V of 


Drawings of 
British Plants 


the famous standard series by 
STELLA ROSS-CRAIG, F.L.S. 


Part XVIII (Compositae-4, 41 plates, 10s. 6d.) and 
Volume V (Parts XIV-XVIII, 50s.) have just been 
published. All previous Parts and Volumes are 
available. Write for illustrated prospectus. ‘One 
of those rare works that deserve the name of master- 
piece, BRITISH MEDICAL JOURNAL called 
this famous series. 


Science & the Builder 
by DONALD GRATTAN 


How science is integrated into the work of the 
builder and civil engineer; a book for the young 
reader. 
Illustrated, 17s. 6d. 
G. Bell & Sons Ltd. 

6 Portugal Street, London, W.C.2. 


ABELL% 





April 6, 1963 NATURE xxi 








PERGAMON OF OXFORD 





Important Scientific Journals 


FOOD AND COSMETICS TOXICOLOGY 


This informative journal, published for the British Industrial Biological Research Association, will provide a 
wide-ranging service of abstracts and general articles on food and cosmetics toxicology; it will also cover the 
changes in legislation relating to food additives, and will constitute a medium for the publication of reviews and 
original articles relating to the fields of interest covered. by the British Industrial Biological Research Association. 


Bi-Monthly 


ANIMAL HEALTH. The Journal of the Animal Health Trust 


Incorporating articles and features relating to all animals, this journal will act as a means of international exchange 


of information on the subject of animal health problems. Quarterly 


MEDICAL ELECTRONICS AND BIOLOGICAL ENGINEERING 


This new quarterly is the official organ of the International Federation for Medical Electronics. It offers readers 
a unique opportunity to receive information on new developments in this rapidly expanding field of medical 
science through the fast interchange of research data from everywhere in the world. A wide range of original 
papers concerned with the research and application of electronics to the medical and biological sciences is 
published, providing readers with a rich source of information not readily available elsewhere. Quarterly 


International Journal of APPLIED RADIATION AND ISOTOPES 


This journal was founded at the first Geneva Conference on the Peaceful Applications of Atomic Energy. It 
provides a medium for the publication of isotope and radiation techniques, especially novel ones and. those capable 
of wide application. Technical notes, international news and letters to the Editor are also published. Monthly 


International Journal of ELECTRICAL ENGINEERING EDUCATION 


This excellent Journal provides a medium for the interchange of ideas and information on electrical engineering 
and allied topics, of interest to those engaged in the education of electrical engineers. It will keep pace with the 
increasingly rapid development in electrical engineering education by featuring reports of laboratory activities, 
a laboratory abstracting service, major articles of an expository nature and sequential articles, reports on the 
proceedings of major Educational Conferences, etc. In addition to these purely technical! features, there are items 
relating to new features in university-industrial relationships, seminars, training schemes and post-graduate 
apprentice courses. Quarterly 


International Journal of CORROSION SCIENCE 


This journal is published under the auspices of the Corrosion Science Society and the Centre Belge de I’Etude 
de la Corrosion, with the assistance of an International Editorial Advisory Board. 

Corrosion knowledge has become widely diffused, and also—less happily—extremely diluted. The INTER- 
NATIONAL JOURNAL OF CORROSION SCIENCE forms a link between corrosion scientists and chemical 
and metallurgical staff of practically every industry throughout the world. It covers all kinds of protective 
measures and relates theoretical to practical knowledge in every branch of corrosion and protection. Quarterly 


Inspection copy and details of subscription rates sent on request. 





Pergamon Press books are distributed in the Western Hemisphere and the Philippines by the Macmillan Company, 60 Fifth Avenue, New York 11, 
N.Y. and Collier-Macmillan (Canada) Ltd., 132 Water Street South, Galt, Ontario, Canada. 
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OPTICS AND SPECTROSCOPY 


@ OPTICS AND SPECTROSCOPY publishes, in English translation, original experimental and 
theoretical studies in physical optics, masers, atomic and molecular spectroscopy including that of 
solids, and the application of optical techniques to the study of solids, luminescence, and general 
problems of electron optics, photometry, applied optics, and optical instrumentation. Optics and 
Spectroscopy is the leading Russian journal in its field, its coverage corresponding in part to J. Opt. 
Soc. Am., although the spectroscopy papers are more theoretical in content. Luminescence and the 
optical properties of materials are fully represented, instrumental optics, diffraction and coherence 
problems less so. Monthly $15.00 to non-members. 


@ CUMULATIVE INDEX OPTICS AND SPECTROSCOPY, VOLUMES I THROUGH X, 
1956-1961. OSA will publish in 1963 a Cumulative Index of its translation journal, OPTICS AND 
SPECTROSCOPY. This Cumulative Index will include full information on the first five volumes which 
have never been translated in toto, as well as on Volumes VI-X, which have been published monthly by 
OSA in cover-to-cover translation. Orders are now being accepted for this Cumulative Index, which 
will be sold at $10.00 per copy. The Cumulative Index will also list individual translated papers from 
the first five volumes and information where these translations may be obtained. Every OiS subscriber 
will find this Cumulative Index invaluable. 


© LUMINESCENCE SUPPLEMENT is a collection of some 60 papers reporting a wide variety of 
work in electronic spectroscopy and luminescence. Topics include experimental determination of the 
stimulation of ZnS phosphors by infrared radiation, x-ray electroluminescence from alkali halide single 
crystals, the spectroscopy of crystalline solutions of diphenylpolyenes, and theoretical treatments of 
transitions in complex molecules and the relationship between recombination luminescence and exo- 
emission. The Luminescence Supplement will probably be translated and published some time during 
1963. Volume price approximately $10.00. 


@ MOLECULAR SPECTROSCOPY SUPPLEMENT, probably to be published late in 1963, will 
include some 63 papers ranging in topic over electronic transitions in N, and AIS, EPR spectra of 
macro-radicals, vibration spectra of silicates, strontium nitrate, cyclohexane, cyclopropane derivatives, 
paraffins, and hydrogen bonded substances. Theoretical treatments include a consideration of non-adia- 
batic transitions, optical rotatory dispersion, temperature effects, normal co-ordinate calculations, and 
absolute intensities in vibration spectra. Volume price probably $10.00. 


em ty ts sr n ee it nd edn meen Rhett seen s a a a tet meshes et es Sh tne met me me em yr NN, St em tnt ee Yc 


OPTICS AND SPECTROSCOPY ORDER FORM 
Rm. 101, OSA, 1155 16th St., N.W. 
Washington 6, D.C., U.S.A. 


O Please enter my/our order for the Cumulative Index to OPTICS AND SPECTROSCOPY, Volumes | through X, when it is 
published by the Optical Society of America, at $10.00 per copy. : 


© Please enter my/our order to Optics and Spectroscopy Volumes XIV and XV (1963) and continue until countermanded. 
$15.00 per year (monthly). 


O Please enter my/our order for the OiS Luminescence Supplement, to be published in [963, at $10.00 a copy (approx.). 
O Please enter my/our order for the OIS Molecular Spectroscopy Supplement, to be published in 1963 at $10.00 a copy (approx.). 
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The Encyclopaedic Dictionary of Physics 


Editor-in-Chief 3. THEWLIS, U.K.A.E.A., Harwell 


The entire scope of physical knowledge on a single bookshelf . . . now available complete! 


The Encyclopaedic Dictionary of Physics has no counterpart in the English language. All the world’s current 
knowledge of nuclear space-age physics is gathered into a single set of books, so that authoritative information 
on any physical subject may quickly be found without hunting through whole libraries of unrelated volumes. 

“It is unique in the English language and the high quality of both writing and production such that it must inevitably 
become the standard general reference work on physics on both sides of the Atlantic.” New Scientist 


15,000 current subjects are covered in the 8-volume set, with approximately six thousand photographs, diagrams, 
charts and tables. Each article is a complete, self-contained explanation of the subject or term it discusses—with 
the need for cross-references kept to an absolute minimum. At the end of each article the reader is provided with 
a most valuable selected bibliography as a guide to further study. 

“The work is beautifully produced, and it can be thoroughly recommended.” Nature 


Over three thousand leading authorities on physics, mathematics, chemistry and engineering, from 17 different 
countries, have contributed to the writing of this monumental reference work. Each article is signed by the author 
who was chosen as a specialist in that particular field. Well-known Harwell scientist J. Thewlis, the Editor-in 
chief, was assisted in his vast undertaking by a large board of consulting editors, all experts in their subjects. 


These volumes are finding their place on every library shelf, and many individual scientists will soon discover their 
inestimable value as a personal possession. General explanatory articles are written in a manner easily understood 
by the Advanced Level student and the undergraduate, while any specialist will be able to grasp quickly the facts 
of subjects outside his own field. 


Volumes | to 7 cover alphabetically the whole range of physical knowledge, and Volume 8 is completely devoted 
to a most comprehensive index, making it a simple matter to locate in the Dictionary authoritative articles on 
any topic or term in physics. A four-language glossary (English, French, German and Russian), giving over 
15,000 physical terms, is supplied free to all purchasers of the complete Encyclopaedic Dictionary of Physics. 
This will prove invaluable to scientists having to refer to foreign language periodicals and to those who need to 
translate articles from them. (This unique glossary may be ordered separately at £20 net.) 

“The general layout of the articles, the printing and binding, and the copious illustrations and diagrams are all excellent 
and reflect much credit on the publishers.” Journal of the Royal Aeronautical Society 


There is no comparable work on physics, a subject which has relevance to practically every sphere of modern 
technology and industry, and the Encyclopaedic Dictionary of Physics will be used by scientists, engineers, 
doctors, science teachers, students, managers of technical, engineering, research, and industrial establishments, 
and in consulting and design engineers’ offices, university, industrial and technical colleges, public, grammar 
and secondary schools, and every large public library. 


The Publisher offers Volume 1 on approval to prospective purchasers for a period of 30 days. 
The price for the complete set of 9 volumes, including the four-language glossary, is £106 net. 
No interest is charged on spread payments, which may be over a period of up to five years. 





Pergamon Press books are distributed in the Western Hemisphere and the Philippines by the Macmillan Company, 60 Fifth Avenue, New York It, 
N.Y., and Collier-Macmillan (Canada) Ltd., 132 Water Street South, Galt, Ontario, Canada. 
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Laboratory Organisation and 
Administration 


K. GUY . 
A reference book based on a wealth of knowledge and experience that will be invaluable to all those 
concerned directly or indirectly with the management of educational and industrial laboratories. 


Illustrated. 50s. 


History of Chemistry volume 3: 1700-1800 


J. R. PARTINGTON 
Volume 3, which deals mainly with the 18th century, contains much of interest not only to scientists 
but also to social and economic historians, notably an account of the beginnings of some important 


chemical industries. 
‘Such a mine of learning, curious information and valuable cross-reference will reinforce the pride of 
chemists in the dignified traditions of their subject.’—(New Scientist) on Volume IT 


Volume II—5 gns. Volume III—6 gas. 


The Design of Water-Resource Systems 


Professor ARTHUR MAASS 


The conclusions of a group of experts at Harvard University on modern viable water-resource 
systems and the application of computer techniques to their design. 

‘The principles discussed and the method of approach of this new book will clearly be of value and 
importance to all engaged in water-resource planning. Its appearance can be regarded as most 
timely in view of the increasing need for integrated water conservation and flood control schemes in 
so many parts of the world today.’ —(New Scientist) 90s. ` 


MACMILLAN AND COMPANY LTD <« ST MARTIN’S STREET LONDON WC2 
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The Commonwealth and International Library of Science, 
Technology, Engineering and Liberal Studies 


The 1,000-volume flexi-cover original series in aid of education and the enjoyment of leisure. 


Chairman Editorial Board, SIR ROBERT ROBINSON, O.M., F.R.S. Publisher, ROBERT MAXWELL, M.C. 


SCIENCE AND POLICY. On the Interaction of Scientific and Political Affairs. 
R. SCHRADER, Scientific Affairs Division, NATO, Paris 
84 pages Printed in 2 colours 15s. net 


THE DEVELOPMENT OF SCIENTIFIC METHOD 


W. S. FOWLER, Former Scholar, The Queen’s College, Oxford 
125 pages Printed in 2 colours 25 illustrations 10s. net 


SCHOOL SCIENCE FOR TOMORROW'S CITIZENS 


MICHAEL BASSEY, Sheffield 


108 pages 10 illustrations 10s. net 
REACTION KINETICS Volumes 1 & 2 

Volume 1. Homogeneous Gas Reactions Volume 2. Reactions in Solution 

K. J. LAIDLER, Professor of Chemistry, University of Ottawa 

Volume 1 242 pages - 34 illustrations 21s. net 
Volume 2 146 pages 17 illustrations 17s. 6d. net 


FUELS AND REFRACTORIES 


J. D. GILCHRIST, Department of Metallurgy at King’s College, 
Newcastle-upon-Tyne, The University of Durham 
163 pages illustrated 15s. net 


GENERAL ENGINEERING SCIENCE Volume 1 


G. W. MARR, Cambridgeshire College of Arts and Technology, and R. C. LAYTON 
223 pages 98 illustrations 12s. 6d. net 


BASIC ELECTRIC CIRCUITS 


A. M. P, BROOKES, St. John’s College, Cambridge 
136 pages 149 illustrations 10s. net 


NON-LINEAR CONTROL SYSTEMS ANALYSIS 


Editor : R. H. MACMILLAN, Professor of Mechanical Engineering, University College of Swansea 
179 pages 118 illustrations 17s. 6d. net 


ON TEACHING MATHEMATICS. A report on some present-day problems in the teaching of mathematics. 
Editor : B. THWAITES, Mathematics Department of Southampton University 
133 pages illustrated 7s. 6d. net 


INDUSTRIAL PSYCHOLOGY 
J. MUNRO FRASER, Department of Industrial Administration, College of Advanced Technology, Birmingham 
183 pages 12s. 6d. net 


For an inspection copy of any book from the Commonwealth Library on 30 days’ approval please write to the 
Manager, Inspection Copy Department. 


Full details of Commonwealth Library titles are available on request. 


PERGAMON PRESS Headington Hill Hall, Oxford 
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WILEY 


Interscience 


METHODS OF 


FORENSIC SCIENCE 
edited by FRANK LUNDQUIST, University of Copenhagen 


A continuing series of volumes, each consisting of ten to 
fifteen chapters. Each contribution will be by one or more 
outstanding scientists, and will include a short review of the 
subject followed by a detailed description based on personal 
experience of the procedure recommended for the particular 
purpose. When a chapter is outdated, or new and important 
methods have appeared, these will be covered, providing the 
reader with current developments as the series progresses. 
In this way, the series will provide a useful, self-modernizing 
handbook for forensic laboratory work. 


Volume I—Contents 

Isolation and Identification of Alkaloids, E. G. C. Clarke; 
Detection and Identification of Bloodstains, Angelo Fiori ; 
Investigation of Biological Stains with Regard to Species 
Origin, F. Schleyer ; Identification of Stains of Nonbiological 
Origin, L. C. Nickolls ; Detection and Estimation of Barbi- 
turic Acid Derivatives, Georg Schmidt; Use of Serum 
Haptoglobin Patterns in Cases of Disputed Patérnity, Frode 
Galatius-Fansen ; Quantitative Determination of Carbon 
Monoxide, Andreas Maehly ; Examination of Firearms and 
Ammunition, P. F. Ceccaldi. 

1962, 659 pages, 150s. 


Volume H—Contents 

The Application of Gas Chromatography in Forensic Science, 
W. F. Cadman ; Identification of a Typewriter by the Defects 
of the Stroke, F. Gayet; An Analytical Technique for 
Determining the Origin of Unidentified Paper, E. Martin ; 
Determination of Time of Death in the Early Postmortem 
Interval, F. Schleyer ; The Examination and Identification 
of Inks, 4. H. White ; Some Aspects of Blood Grouping in 
Cases of Disputed Paternity in Denmark, K. Henningsen ; 
Determination of Blood Groups in Blood Stains, P. Moureau ; 
Chemical Methods of the Determination of Metals in Forensic 
Toxicology, A. Dyfverman ; The Determination of Bone 
Age, S. Berg. 

1963, 384 pages, 75s. 








THE SEA 
ideas and observations on progress in the 
study of the seas 


EDITORIAL BOARD 


M. N. HILL, Department of Geodesy and Geophysics, Mading- 
ley Rise, Cambridge, EDWARD D. GOLDBERG, University 
of California, La Jolla, California, C. OD. ISELIN, Woods 
Hole Oceanographic Institution, Woods Hole, Massachusetts, 
W. H. MUNK, Institute of Geophysics and Planetary Physics, 
University of California, La Jolla, California. 


A large group of distinguished scientists present a compre- 
hensive and detailed survey of present-day “oceanography” 
in its broadest sense. The contents given here indicate the 
enormotis range and scope of the presentation from ocean- 
ography’s geophysical and biological aspects to the discussion 
of its practical methods. Within this framework emphasis is 
placed on recent progress in this field. 


Volume 1.—Contents 
PHYSICAL OCEANOGRAPHY 


Fundamentals - physical properties of sea-water ' the equations of motion 
of sea-water > Interchange of properties between sea and air - small- 
scale interactions - large-scale interactions * insolubles > solubles - gases - 
Dynamics of ocean currents - Transmission of energy within the 
sea > light > underwater visibility > light and animal life - other electro- 
magnetic radiation - sound in the sea > sound scattering by marine 
organisms ' sound production by marine animals - Waves > analysis and 
statistics - long-term variations in sea-level - surges - long ocean waves ' 
wind waves - microseisms > ripples - internal waves - tides < Turbulenge - 
The physics of sea-ice. 
1962, 864 pages, 74° X 108", Illus, Cloth. 188s. 


Volume 2—Contents 


THE COMPOSITION OF SEA-WATER 


Chemistry - the oceans as a chemical system ' the influence of organisms 
on the composition of sea-water - artificial radioactivity in the sea - 
radioisotopes and large-scale oceanic mixing > chemical instrumentation > 
collection of water samples - Fertility of the Oceans + productivity, 
definition and measurement - organic regulation of phytoplankton fertility - 
Bioassay of trace substances. 


COMPARATIVE AND DESCRIPTIVE OCEAN- 
OGRAPHY 


Currents + equatorial current systems - eastern boundary currents - the 

southern ocean - deep-current measurements using neutrally buoyant 

floats - drifting buoys + estuaries - applications of the gyropendulum - 

Biological oceanography «+ geographic variations in productivity - 

biological species, water masses and currents - communities of organisms ' 

theory of food-chain relations in the ocean < fishery dynamics—their 
analysis and interpretation - Oceanographical miscellanea + seasonal - 
changes in sea-level > bathyscaphs‘and other deep submersibles for 
oceanographic research + anchored buoys. 

1963, $70 pages, 74”X10}". Tilus, Cloth. 1503, 


Volume 3—Contents 
THE EARTH BENEATH THE SEA 


Geophysical exploration - elementary theory of seismic refraction and 
reflection measurements - continuous reflection profiling - refraction and 
reflection techniques and procedure + the unconsolidated sediments - the 
crustal rocks - the mantle rocks - exploration of sub-oceanic structure by 
the use of seismic surface waves - gravity at sea + the magnetic field over 
the oceans * heat flow through the floor of the sea - Topography and 
structure - topographic forms - the continental shelf and slope - abyssal 
plains - oceanic islands, atolls, guyots and seamounts < ridges + trenches - 
microtopography - photography - submarine canyons : Sedimentation - 
beach and near-shore processes * Neritic Sediments—calcareous and 
non-calcareous * basins > estuaries, shelf, slope - pelagic sediments - clay 
mineral distribution in oceanic areas - Transport of Sediments - turbidity 
currents * transportation of marine sediments ' physical properties of 
marine sediments - age determination in sediments by natural radio- 
activity - cross correlation of deep-sea sediment cores and determination 
of relative rates of sedimentation by micropaleontological techniques. 


HISTORY i 
the evolution of ocean basins - the origin of life « the preserved record - 
paleontology of pelagic sediments ' the pleistocene record. 

In Press 
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‘Where can I learn about lasers?””—this is the question an increasing number of engineers, scientists, 
and students are asking. 


LASERS 


GENERATION OF LIGHT BY STIMULATED EMISSION 
By BELA A. LENGYEL, Member of the Technical Staff, Hughes Research Laboratories. 


The first available survey of the present state of the field, LASERS provides the background necessary for the 
understanding of one of the spectacular technical discoveries of this decade. 


Dr, Lengyel discusses the physics and technology of the generation of light by stimulated emission of radiation at a 
level readily understandable to scientists, students, engineers, technical administrators—in short, anyone seriously 
interested in the development or application of this spectacular new light source. 


The exposition includes an introduction to the physical problem of light generation, the development of the 
quantitative general relations, a presentation of quantitative physical and technical data and results, and a discussion 
of their relation to the analytical results. An extensive bibliography is provided to facilitate further research. 


1963 (February) 136 pages, 38 figures, 6 tables, 55s. 


Expected in May... 


QUANTUM 
BIOCHEMISTRY 


BERNARD PULLMAN, Professor of Quantum Chemistry, The Sorbonne, and ALBERTE PULLMAN, 
Director of Research, Centre National de la Recherche Scientifique 


From the Authors’ Introduction : 


“ This book describes results of research carried out at the borderline of many sciences : quantum mechanics, chemistry, 
physics, biology, pharmacology, etc. No one can be expected to master all of them equally well. Although this situation 
in no way constitutes an excuse'for the errors, omissions or misquotations which the book may contain, we nevertheless 
hope that it will incline the readers to indulgence. 


Our aim in writing this book was twofold: (1) to show biochemists how quantum mechanics can yield answers to the 
problems of the structure and mode of action of the constituents of living matter; (2) to provide the quantum chemists 
with a general outline of the aspects of biochemistry in which their contribution may be useful. In fact, many of 
our friends in quantum chemistry told us of their willingness to enter the field, but remarked on their difficulties 
with the complexities of biochemistry. We hope that this book will help them in finding their way.” 


About 900 pages. Approx. 189s. 


Are you on our g sil 


JOHN WILEY - INTERSCIENCE 


SUBJECT MAILING LISTS ? 


An application form will be sent on 
request 


Glen House, Stag Place, London, S.W.1 
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HEYWOOD SCIENTIFIC BOOKS 


Rutherford at Manchester 
Edited by J. B. Brrxs 


This important new book is a unique record of the work of Ernest Rutherford (later Baron Rutherford of Nelson), 
the acknowledged founder of nuclear science. It is of interest to physicists, scientific historians, students—in fact 
everyone who enjoys reading about the beginnings of scientific development and the human aspects of those 
pioneers who make such discoveries and development possible. The volume arose out of the proceedings of the 
. Rutherford Jubilee International Conference held at Manchester in 1961 to mark the 50th anniversary of Ruther- 
ford’s scattering law and the discovery of the atomic nucleus. 364 pages, 60s. 


Progress in industrial Microbiology, Vol. 4 


Edited by D. J. D, HocKENHULL 


This latest volume in an annual series will be of special interest to those engaged in hospital and pharmaceutical 
work, in addition to everyone participating in the development and application of industrial microbiology. Con- 
tents : Microbial Degradation of Hydrocarbons—The Sterilization of Air—Growth of Animal Cells in Tissue 
Culture—The Lactobacilli, Part 2 (Part 1 in Vol. 2): Applied Aspects—Chloramphenicol—Griseofulvin: Pro- 
duction and Biosynthesis—The Preservation of Cultures. 214 pages, 55s. 


Progress in Applied Materials Research, Vo!. 4 


Edited by E. G. STANFORD, J. H. Fearon, and W. J. MCGONNAGLE 


The first three volumes of this series appeared under the title of Progress in Non-Destructive Testing (q.v.). The 
coverage has now been extended and an American editor appointed. Contents of the present volume are : 
Grain Boundaries and Surface Properties of Metals—Flash Radiographv—Non-destructive Testing of Roads— 
The Current Status of Neutron Radiography—Quality Control in the Foundry by Ultrasonics—X-ray Diffraction 
Examination, Testing, or Control of Materials—Problems and Progress in the Use of Penetrant Methods of Flaw 
Detection, 243 pages Royal 8vo, 70s. 


Complex Compounds of Transuranium Elements 


By A. D. Gev’man, A. I. Moskvin, L. M. Zarrsev and M. P. Merop’sva, Institute of Physical Chemistry, Academy 
of Sciences U.S.S.R. Translated from Russian 


(Released by Consultants Bureau Enterprises, Inc., New York, for distribution in the U.K. and Commonwealth, 
excluding Canada.) ` 


Complex compounds play an extremely important part in the identification and isolation of transuranium elements. 
The valence states and chemical properties of many of the elements synthesized have been studied extensively 
with their help, even before these elements were obtained in weighable amounts. These compounds are of particular 
interest because they extend the possibilities of investigating unstable derivatives of transuranium elements, making 
it possible to determine the position of the latter in the periodic system more accurately. 

Although complex compounds of transuranium elements are being studied thoroughly in many countries and 
extensive experimental data have been collected, this volume is the first to-deal with all aspects of material thus far 
obtained. This book will be of interest not only to radiochemists and specialists in complex compounds, but also 
to a wide group of chemists concerned with this important field of investigation which is extending the boundaries 
of the periodic system and providing new applications of the coordination theory. 195 pages, 65s. 


The Transistor 


By E. WoLFENDALE 


This book has been written as an introduction to the modern approach to semiconductors, their equivalent circuits 
and applications. Mathematical equations are given when they are useful in designing circuits but detailed mathe- 
matical analysis has been avoided. The author has drawn upon his extensive experience in semiconductor research 
in industry and as a lecturer on transistors and their applications. He has been closely associated with research 
into the development of transistors for many years and is well known for the courses he had given on the subject. 
The student and the-engineer who are looking for an introduction to the subject will find this a readily under- 
standable work. 

There are ten chapters : The Transistor: Its D.C. Characteristics and Methods of Biasing—The Transistor: 
Its A.C. Characteristics and Small Signal Equivalent Circuit—The Transistor : Its Large Signal Characteristics 
and Equivalent Circuit—Transistor Technology—Small Signal Amplifiers—Power Amplifiers—Oscillators and 
Mixers—Switching Circuits—D.C, Amplifiers—Inverters, Converters, and Power Supplies. 168 pages, 40s. 
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HEYWOOD SCIENTIFIC QUARTERLIES 


Applied Materials Research 
Editors, E. G. STanrorp (U.K.), T. J. Dotan (U.S.A.), P. G. BASTEN (France), assisted by an international 
advisory board. 
An international quarterly journal of the properties and testing of engineering materials. Published in English 
with abstracts of papers printed in English, French, German, Italian and Russian. 

Papers in the current April issue include : 


REVIEW ARTICLE 
The Recent Development of Metallography. 


PAPERS 


A Study of Waveforms in the Generation and Detection of Short Ultrasonic Pulses—-Thermal Ageing of 
Enamelled Wire in Different Gases—Impurity Distributions in Zone-refined Aluminium—Scattering of Ultrasonic 
Stress Pulses in a Polycrystalline Solid—The Fracture Toughness of 4340 Steel at Various Yield Strength Levels. 


RESEARCH AND TECHNICAL NOTES 


Thermal Motion in Cubic Metal Crystals—Substructures Produced in Aluminium by Impact. 
Subscription £5 per annum (4 issues) 


Dielectrics 
pee J. B. Birks (U.K.), R. W. Crows (U.S.A.), H. RAETHER (Germany), assisted by an international advisory 
oard. 


To be published quarterly, and concerned specifically with the field of dielectrics and the publishing of original 
pon on alae of dielectric research and technology. Abstracts of papers appear in English, French, German, 
talian and Russian. 


Papers in the current February issue include : 


REVIEW ARTICLE 
Vacuum Deposited Dielectric Films. 


PAPERS 


Influence of the Ambient Medium on the Electric Strength of Insulation in the Presence of High Energy 
Discharges—The Estimated Lives of Some Common Insulating Materials Under Conditions of Discharge— 
A Comparison of the Dielectric Behaviour of a Charged and an Uncharged Polymer in Aqueous Solution—The 
Influence of the Constitution of Oils upon their Gassing under Electric Stress—Dielectric Properties of Anodic 
Oxide Films on Tantalum with Metal Counter-electrodes. 

Subscription £5 per annum (4 issues) 


Cryogenics 
plo K. MENDELSSOHN (U.K.), R. B. Scorr (U.S.A.), L. WEL (France), assisted by an international advisory 
oard. 
Cryogenics is a quarterly journal devoted to the publication of original papers in the whole field of low-temperature 
engineering and research. Published in English with abstracts in English, French, German, Italian and Russian. 
Papers in the current March issue include : 


REVIEW ARTICLE 
Infra-red Spectroscopy and Low Temperatures 


ORIGINAL PAPERS 

Pressure—Density-Temperature Relations of Freezing Liquid paraHydrogen to 350 Atmospheres—The 
Orthobaric Densities of paraHydrogen, Derived Heats of Vaporization, and Critical Constants—Thermodynamic 
Analysis of a New Gas Refrigeration Cycle—An Electrical Flux Pump for Powering Superconducting Magnet 
Coils—An Electrical Indicator for Adjusting and Checking the Working of a Piston Expansion Engine—A New 
Arrangement of Induction Method of Measuring Electrical Conductivity—Contributions of Specific Heat Measure- 
ments Below 4° K to the Observation of Helium Diffusion after Annealing in Irradiated Beryllium Oxide. 


Subscriptions £5 per annum (4 issues) 


Obtainable from all booksellers or, in case of difficulty, direct from the publishers: 
HEYWOOD & COMPANY LTD., Carlton House, 66-69 Gt. Queen St., London, W.C.2 





TILI x - 2 nn ET Zz ET oo z z E T 
TE SNA FR NS 8 CAEN, CCN AO ORGS AS D RE ARENDT OER Sa BA Feet MBL CE UST OTTER 


XXX NATURE April 6, 1963 





seeeeeeeeeeeeee EDWARD ARNOLD semen 


E E a 
E 
E 
z 
E E 
a MODERN PHYSICS a SCIENCE PROGRESS : 
fin Introduction to Atomic and Nuclear Physics E isa quarterly review which surveys the latest achieve- 
E D. E. Caro, Ph.D., F.lnst.P. ; J. A. McDonell, Ph.D., g ments in all branches of scientific thought and work. 
F.Inst.P.; and B. M. Spicer, Ph.D., F.Inst.P. g Fach issue contains several articles, many of them 
This new book will be of considerable value in the later M illustrated, by leading euthotities in various fields. 
stages of present sixth-form work and in the first two E 
a | 
years of university courses. ‘Clearly this text is exactly E 
Bhat is required, . . . It will serve both for reference 5 CONTENTS FOR APRIL 
and to clarify some of the confusions that arise from time 
to time about definitions and prospects in this developing B CONDUCTING FLAMES by T. M. Sugden, M.A., 
field? Times Educational Supplement E Sc.D., University of Cambridge 
20s. net E E 
. E BACTERIAL INSECTICIDES by John R. Norris, = 
B.Sc., Ph.D., Bacteriology Department, University of 
= CONCISE PHYSICS FOR E Gasow ` > B 
a | 
a ANCILLARY DEGREE STUDENTS a a 
R. B. Morrison, Ph.D A NUCLEAR MAGNETIC RESONANCE by Richard 
E K.B. Morrison, t h.D. E A.Y. Jones, M.A., M.S., Ph.D., Chemistry Department, a 
E “This book is written for University students taking g University of Sheffield 
E Physics as a subsidiary subject or as part of a general a a 
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AGING AROUND THE WORLD 


Biological Aspects of Aging 

Edited by Nathan W. Shock. (Aging Around the World.) 
Pp. xvi+391. (New York and London: Columbia Uni- 
versity Press, 1962.) 7.50 dollars; 60s. 


Social and Psychological Aspects of Aging 

Edited by Clark Tibbitts and Wilma Donahue. (Aging 
Around the World.) Pp. xviii+952. (New York and 
London: Columbia University Press, 1962.) 20 dollars; 
150s. 


Social Welfare of the Aging 

Edited by Jerome Kaplan and Gordon J. Aldridge. 
(Aging Around the World.) Pp. xii+372. (New York 
and London: Columbia University Press, 1962.) 8 
dollars; 64s. 


HIS general title for the published Proceedings of the 
Fifth International Congress of Gerontology, held 

in San Francisco in August 1960, would seem to be 
justified: research workers from 32 countries presented a 
total of 394 papers, and 1,100 people from 50 nations 
attended the gathering. A similar catholicity is, however, 
also apparent in the range of topics covered by the Con- 
gress, and the reader may be forgiven for wondering what 
inquiry—biological, medical, psychological or social— 
could not be capable of inclusion in the programme. 
For example, the main groups of papers in the biological 
section are entitled “Genetics and Comparative Physiology 
of Aging’; “Body Composition and Age”; “Neuro- 
physiology and Sleep’; “Age Changes in Tissue and 
Cellular Structure’; ‘Cellular Growth, Cancer and 
Aging”; “The Effects of Environmental Factors (includ- 
ing Radiation)’; “Age Changes in Cellular Physiology 
‘and Biochemistry”; and “Aging of Connective Tissue”. 
The fact of the matter is quite simply that ‘aging’ 
in all but its social welfare aspect is no longer focused 
on tho problems of the elderly, but has become a diffuse 
and perhaps unsatisfactory term for all the interrelated 
processes of the adult life-span. We do not know, and 
may never know, what is truly ‘normal aging’; what 
we are doing is to identify some of these processes that 
seem to alter with the passage of time in a unidirectional 


way, and then to see whether these changes are susceptible . 


to experimental interference—with the organism itself 
or with the external environment with which it must 
interact. : 

The work of McCay et al. in the nineteen forties has been 
taken a step further by Berg and Simms, whose papers 
appear in the Biological Aspects volume of these Proceed- 
ings (pp. 30-37). They show on rats up to 1,200 days 
old that onset of disease (including tumours) was delayed, 
and life-expectancy extended.. by a 46 per cent restriction 
of food intake from weaning onwards. This level of food 
restriction “kept the weight of males equal to that of 
(food-) unrestricted females and the weight of restricted 
adult females constant and equal to that of 56-day-old 
unrestricted females’. The important advance over the 
earlier work is that the restricted diet was this time ade- 
quate to permit normal growth and sexual maturity. 
The complementary approach is represented by the work 
of Lindop and Rotblat (pp. 216-221), who showed that 
shortening of life in mice following a single whole-body 
radiation is strictly proportional to dose in the range 50 
to 780 r. They also report that the effect of radiation 
was to “alter the time of onset of different diseases by 
different amounts, but not to alter the probability of 


any one disease occurring’. Shortening of life due to 
radiation is therefore considered ‘“‘the result of advance- 
ment of all causes of death’’. 

Topics in the volume on Social and Psychological 
Aspects of Aging are “Population and Social Organiza- 
tion”; “Economics of Aging’; “Housing, Family 
and Social Relationships”; ‘Mental Health and Rehabili- 
tation’; ‘Personality Theory, Attitudes, Roles and 
Adjustment”; “Experimental Studies in the Psychology 
of Aging’; and the “Meaningful Use of Free Time”. 
Understandably the vast majority of these papers are 
descriptive, many are expressions of opinion—ranging 
from the closely reasoned to the purely assertive—-and the 
few experimental papers indicate both the orientacion 
and the limitations of psychological work on adults above 
the age of about 20 years. The orientation seems right. 
particularly in paying attention to immediate memory 
(notably the paper by Inglis and Sanderson (pp. 782~788), 
to problem-solving, for example, Jerome (pp. 808-823) 
and to the many-faceted nature of ‘rigidity’ (Chown, 
pp. 832-835)). Tho limitations become apparent on exam- 
ining the subject-populations studied in many of these 
investigations. Can one be satisfied that it is mainly ago- 
differences that are at work when, for example, “35 oldor 
men (62-82 years)” include 30 from the local labour 
exchange, and are compared with “34 younger men 
(18-35 years)” of whom 22 were first-year American 
undergraduates ? 

The volume on Social Welfare of the Aging provides a 
useful and interesting source-book for all those who are 
concerned with policy and practice at every level-- 
international, national and local.’ Many stimuli for 
‘experiments’ of a pragmatic nature are to be found. 
relating to such fields of action as institutional caro, 
leisure activities, community organization and social 
case work. This volume concludes with an interesting 
survey of the way American approaches to the problems 
of the elderly appear to a European (Shenfield, pp. 331-- 
339), with which two American workers seem largely in 
agreement. 

Clearly it is impossible to do justice to the full proceed- 


‘ings of any congress in a necessarily short notice; all 


one can do of an evaluative kind is to note the scope, 
the frequent high quality of papers on topics the reviewer 
is reasonably competent to judge—and, of course, the 
inevitably large number of others which may have got the 
authors across oceans and continents but could scarcely 
be the main justification for their presence at the meeting. 
In the present case, however, there is one further obser- 
vation that arises from the material as a whole. Quite 
simply, the conviction cannot be evaded that geronto- 
logical inquiry is desperately in need of more structure. 
Hundreds of individuals are pursuing their inquiries 
independently of one another, muny of them even doing 
so in the same country. This is less serious—perhaps not 
a bad thing at all—at the level of cell or tissue or even 
of studies in the animal laboratory: but when the ‘aging’ 
of the intact human-in-society is being examined. the 
implications are surely serious. 

Every investigation of this kind requires human sub- 
jects about whom certain basic defining data must be 
available if the results are to be evaluated accurately. 
yet almost every such investigation reported in these 
Proceedings is based on a freshly recruited sot of subjects 
about whom little or no basic data are (or often could be) 
provided. So far as I am aware, there are only four 
centres in the world where this problem has been tackled 
at all: in Baltimore (under Shock), in Duke University, 
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North Carolina (under Busse), in Paris (under Bourliére), 
and in Liverpool (under Heron). The first three are multi- 
disciplinary, including clinicians, physiologists and psycho- 
logists, and are set up ‘on 4 long-term basis which permits 
and encourages the planning of repeated studies of the 
same individuals, but their subject populations are un- 
balanced and rather highly selected. The Liverpool work 
(although under Medical Research Council auspices) 
is almost entirely psychological, but has been based on 
what appears to be the most satisfactory body of subjects 
yet assembled for work on human aging. It is, however, 
not established on a permanent basis, thus making it 
difficult to envisage repeated studies of the same individ- 
uals, and the lack of clinical and physiological elements 
combines with an occupational orientation to reduce its 
potential for more fundamental work. It will therefore 
be seen that nowhere in the world is there anything 
resembling a satisfactorily co-ordinated attack on the inter- 
related processes of chango in the adult life-span with 
which gerontology should be mainly concerned. To any- 
one wishing to see our limited resources of research funds 
and man-power applied strategically to this area of inter- 
est, these beautifully produced volumes are to a great 
extent but evidence of under-employed talent and a 
solid challenge to the vision of research administrators. 
ALASTAIR HERON 


TWO CHEERS FOR THE 
ORGANIZER 


Primary Embryonic Induction 

By Lauri Saxén and Prof. Sulo Toivonen. (Scientific 
Monographs in Experimental Biology.) Pp. xi+271+20 
plates. (London: Logos Press, Ltd., in association with 
Elek Books, Ltd. Distributed by Academic Press, Inc. 
(London), Ltd., 1962.) 50s. 


NE of the more simple-minded theses about the 

scientific method is that if one wishes to understand 
a phenomenon, the first step must be to discover some 
method of controlling it. On these grounds, it has long 
been generally admitted that the discovery of embryonic 
induction by Spemann in the years around 1920 was a 
landmark in the history of the causal analysis of develop- 
ment. However, as is well known, ‘the organizer story’ 
quite soon found itself in deep water, in which any line of 
thought which might hope to get down to solid bed-rock 
would have to be able to penetrate some of the pro- 
foundest questions in the whole of biology. Most of the 
authors who had started with the biochemical approach, 
and found themselves gazing down into these impene- 
trable depths, thought discretion the better part of valour 
and turned their attention to other possibly more manage- 
able problems. Fortunately enough, however, a new 
echelon of bolder spirits took over, and in the late 1940s 
ae the organizer problem has seen a new lease 
of life. 

The book under review has been written by the two 
Finnish authors who have been the centre of one of the 
most active schools of research in recent years. Toivonen, 
around 1940, was one of the first to demonstrate that 
certain tissues from adult vertebrates, if inserted into an 
early embryo, could not only control the development of 
the surrounding tissues so that they developed into some 
highly differentiated form, such as nerve, muscle, kidney, 
ete., but also could rather specifically induce the appear- 
ance of particular segments of the embryonic body, 
such as the fore-brain with its accompanying nose and 
eyes. or more posterior parts of the brain together with 
the ears, or the spinal cord surrounded by the somites 
and underlain by the notochord. He, and a few other 
workers, have followed this up by chemical analysis. 
They have tried, with considerable success, to isolate the 
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chemical substances responsible for switching the develop- 
ment of indifferent but competent embryonic tissues into 
various different pathways which lead to these complex 
late embryonic structures. Everyone interested in the 
problem of embryonic differentiation, and nowadays 
that includes not only embryologists in the strict sense but 
also, it is gratifying to note, many physiological geneticists 
and molecular biologists, must take into very serious 
consideration the facts which Saxén and Toivonen relate. 
We owe them a great debt for bringing together this 
scattered material into a single coherent account, with 
an extensive, though not exhaustive, bibliography. _ 
The book is perhaps weakest on the theorotical side. 
Thero is, indeed, a considerable discussion of the more 
immediate theoretical issues. Are there only two, or 
more, classes of these adult (‘heterologous’) inducers ? 
Is there only one substance in each class? Are these 
substances proteins (as seems probable) or nucleic acids ? 
Do they induce organ-systems (fore-brain, spinal cord, or 
the like) or mixtures of tissues such as nervous tissue 
and mesoderm, which later re-arrange themselves into 
organs? On such points the authors show themselves 
critical and well balanced. But behind these issues lie 
other more profound ones which must be grappled with 
before the subject can be clearly formulated. What, 
for example, is implied by the suggestion that the initial 
products of the induction are mere masses of tissue, which 
“then arrange or, as I prefer to say, ‘individuate’ themselves 
into organs? More fundamental still is the question 
whether the substances act ‘directly’, or ‘indirectly’ by 
releasing other compounds already present in the reacting 
cells. But what, in the last analysis, could we mean by a 
‘direct’ action ? I cannot see that any clear connotation 
can be attached to the phrase except in terms of a control 
exerted over the basic protein-synthesizing mechanisms 
of the reacting cells: and that involves essentially a con- 
sideration of their genes. It is, in my opinion, only when 
‘the organizer’ is’ seen as part of the developmental 
physiology of the genetic system that one can ask the 
right questions about it. Saxén and Toivonen’s book is 
most welcome and valuable; but it would have been even 
more illuminating if they had pushed their theoretical 
analysis down to this level. C. H. WADDINGTON 


BIOCHEMISTRY OF CANCER 


Chemical Carcinogenesis 
By Dr. David B. Clayson. Pp. viii +567. 
J. and A. Churchill, Ltd., 1962.) 72s. 


EADERS of scientific books often find diffculty in 

- knowing for whom the books were intended. Dr. 
Clayson, however, says that he has in mind the needs of 
tho graduate who has chosen to enter the field of cancer 
research; he hopes that it will be useful to research chem- 
ists and medical officers who are responsible for “the 
public health which is menaced by some of our techno- 
logical advances”. 

The book in general seems admirably suited for people 
entering or even established in cancer research. Since 
the Biochemistry of Cancer by the late Dr. J. Greenstein 
became out of date, a modern equivalent has been needed. 
Even in 1954, when the second edition of Biochemistry of 
Cancer was written, it was something of a tour de force for 
one writer to cover the whole field. Dr. Clayson has pro- 
vided a work which deals admirably with the induction 
of cancer by chemical substances. It is to be hoped that 
other authors will write equally good text-books on the 
chemotherapy of cancer, and on the chemistry and bio- 
chemistry of tumours. 

Dr. Clayson deals with the subject under four main 
headings, including causation of cancer in man, the 
experimental determination of carcinogenic activity, 
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the kinds of chemical substances which induce cancer and 
finally the theories which have beon propounded to explain 
the observed facts. The role of viruses and radiation 
in cancer is discussed only briefly. 

There are many occupational and environmental haz- 
ards which are known to cause cancer in man although 
they are difficult to identify because there is often a 
latent period of twenty years or so between exposure to 
particular’ chemical compounds and the development of 
the disease. Progress has been occasionally hampered 
by attempts to suppress knowledge of the hazard. The 
discovery of causes of cancer is also complicated by the 
occurrence of spontaneous cancer in men or animals, 
who are not known to have been exposed to carcinogens. 
If an individual develops tuberculosis it is certain that he 
has been infected with the tubercle bacillus; but if a 


man develops lung cancer it cannot be said with certainty ` 


that this was due to exposure to cigarette smoke or to 
atmospheric pollutants. By examination of the incidence 
of cancer of the lung in populations it is clearly established 
that lung cancer is twice as common in larger cities as 
in the rural areas in Britain, and twenty times higher 
among heavy smokers as among non-smokers. Lung 
cancer is also higher among men occupied in copper 
smelting, in asbestos mining and in chromate workers. 
There is evidence indicating that some cases of cancer of 
the skin, bladder, nasal sinuses, bone, peritoneum, and 
liver in man are caused by external factors which could 
be avoided and the incidence of malignant disease at these 
sites reduced. : 

The examination of the relationship between chemical 
structure and the activity of cancer-producing compounds 
began in the nineteen thirties, when first the activity of 
polycyclic hydrocarbons related to 3: 4-benzopyrene, 
which was isolated from coal tar, was described. Later 
heterocyclic polycyclic compounds containing nitrogen 
or sulphur were shown to be carcinogenic. By 1946 the 
activity of a sufficient number of compounds was known 
for theories of the biological action to be put forward; 
but we still do not know the mechanism of action of these 
polycyclic aromatic derivatives. Another important 
group of chemical carcinogens is the aromatic amines, 
three of which, 2-naphthylamine, benzidine and 4-amino- 
biphenyl, cause cancer of the bladder in man. Because the 
action of these compounds is exerted at sites remote from 
the point of application, the effect must be due to some 
metabolic product. Dr. Clayson puts forward evidence 
in favour of the active metabolites being ortho amino- 
phenols, but more recent work indicates, in my opinion, 
that arylhydroxylamines are more probably the effective 
agents. 

Still other types of carcinogenic agents, all of which 
cause liver cancer in rodents, are the azo dyes, one of 
which, butter yellow, was once added to margarine, 
pytrolizidine alkaloids which have been used in folk 
medicines in many parts of the world, chloroform, an 
anesthetic and flavouring agent, carbon tetrachloride 
which was used in the treatment of hookworm infestation, 
thiourea used as a preservative for oranges, and 
nitrosamines of which the simplest and first recognized 
member is dimethylnitrosamine. 

After discussing the different kinds of carcinogen, the 
author considers the ‘two-stage’ theory of carcinogenesis, 
the role of hormones, the significance of binding of carcino- 
gens to proteins, the relationship of chemical carcinogens 
to the chemotherapy of cancer and the more hypothetical 
aspects of the problem, including somatic mutation and 
the immunological concept. 

In a final short chapter on future trends the author says 
rightly that: “It is undesirable that any carcinogenic 
agent should be allowed to come in contact with man”, 
and then proceeds: “but, to me, it appears that effective 
control may best be achieved by defining maximum 
permissive levels and by evolving methods for the 
analysis of the appropriate levels in the environment”. 
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In many cases this is wrong because the best way of 
preventing contact with food: additives or contaminants 
is to prevent their use. 

Dr. Clayson is to be congratulated on his work, which 
should be of great help to many people. One of the 
difficulties about books of this kind is that some purts 
are out of date because publication takes a long time, and 
progress in research is rapid. The book is well produced 
excopt that the hexagons in chemical formule reprosenting 
benzene rings are elongated in an unusual and unpleasant 
way. E. BOYLAND 


RUSSIAN VIEW OF CANCER 


Cancer 

A General Guide to Research and its Treatment. Editod 
by Prof. N. N. Petrov. Translated by A. P. Fletcher. 
Pp. xvi+387. (London and New York: Pergatnon 
Press, 1962.) 80s. not. 


HE purpose of this book, according to the English 

editor’s preface, is to provide a summary of important 
findings in theoretical, experimental and clinical oncology 
and to provide Western readers with an adequato intro- 
duction to most lines of cancer work being pursued at 
present, not only in the U.S.S.R. but also throughout the 
world. It seems to have been written for Russian medical 
students and doctors interested in theoretical oncology. 
and is now presented in an excellent English translation. 
Of the 17 chapters, nine are written by Prof. N. N. Petrov 
and the remainder by collaborators. The first part of the 
book is devoted to the pathology of tumours, and comprises 
definitions, the distribution of twmours in living nature. 
their spread, morphology and biochemistry, and the 
factors which influence tumour genesis and growth. 
Experimental tumour induction and etiology occupy 
roughly a quarter of the book. The subject-matter then 
changes to questions of diagnosis, prognosis, troatment 
(operative, radiotherapeutic or chemical), prophylaxis 
and anti-cancer campaigns. Thus the fiolds covored aro 
enormous and it is inevitable that their exposition should 
be cursory and superficial. 

The reader of this book steps back into the past. For 
example, the statistics quoted in defence of the thosis that 
the incidence of cancer is not rising cease at 1940. It is 
stated that the case for a relation between smoking and 
lung cancer has not been proved, the data of Graham 
(1954) being quoted; but since that time unequivocal 
statistical evidence has been forthcoming from Britain 
and other countries. No work on the relation of sox 
hormones to the induction of mammary cancer beyond 
that of Lacassagne (started in 1933 and summarized in 
1947) is quoted, yet a vast number of important new 
observations have been made since that time. 

Certain omissions demand comment. In 24 pages 
devoted to a discussion of chemical substances as cancor 
inducers, the names of Kennaway and his school, famous 
the world over for the isolation of the first pure carcino- 
gens, are not mentioned. In discussing the two-stage 
mechanism of carcinogenesis the work of Rous is omitted. 
and Berenblum and Shubik are quoted only as pro- 
pounding the theory of the diphasic character of carcino- 
genesis, in spite of the vast amount of experimontal 
work done by them and their collaborators. These omis- 
sions would not be so evident if the lesser contributions 
of some other workers were not described in extenso. 

It is difficult to see what place this book could ocuupy 
among British readers. To students and practitionors 
it would give a one-sided and superficial account of the 
subjects enumerated above. For experimentalists there 
are many other deeper and more useful sources of roforonce. 
At eighty shillings it is expensive. 

GEORGIANA M. BONSER 
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NEURAL CONTROL OF THE 
PITUITARY GLAND 


Hypothalamic Control of the Anterior Pituitary 
An Experimental-Morphological Study. By János 
Szentágothai, Béla Flerkó, Béla Mess and Béla Halász. 
Pp. 330. (Budapest: Akadémiai Kiadó, Publishing House 
of the Hungarian Academy of Sciences, 1962.) n.p. 


s HE present volume is the result of some ten years 

team work carried out in the Department of Ana- 
tomy of the Pécs University Medical School.” So runs 
the first sentence of the foreword of this monograph 
by a group of Hungarian scientists led by Prof. J. Szen- 
tagothai. The book presents an integrated account of 
investigations carried out on the neural control of endo- 
erine function in the rat and does so in a most satisfying 
manner. It begins with a chapter on the anatomy of the 
hypothalamus in which the studies of Szentágothai on the 
interneuronal connexions within the hypothalamus are 
given due and welcome prominence, and the nerve supply 
to the primary capillary loops of the hypophysial portal 
vessels examined. Neurosecretion and the blood circula- 
tion of the hypophysis are also dealt with in this most 
lucid section. There follow an examination of the effects 
- of destruction of the pituitary stalk in the rat and chap- 
ters on the control by the hypothalamus of the secretion 
of thyrotrophic hormone, adrenocorticotrophic hormone 
and the gonadotrophins. One chapter is devoted to the 
trophic dependence of the anterior pituitary gland on 
connexions with the hypothalamus and another to the 
localization of the different control mechanisms within 
that part of the nervous system. This latter includes 
much information derived from studies of the changes 
in the size of the nucleus of cells in the hypothalamus 
following experimental modification of endocrine function, 
and it is interesting to compare the localization achieved 
by this means with that obtained from lesion and stimula- 
tion experiments. The validity of this procedure, which 
has been much criticized, appears to be established. 

A considerable amount of hitherto unpublished work is 
described, and of this the examination of the function of 
pieces of anterior lobe tissue introduced into the hypo- 
thalamus, though of a preliminary nature, is particularly 
illuminating. This has led to the definition of a distinct 
‘hypophyseotrophic area’ in the hypothalamus within 
which the grafted tissue retains a substantial degree of 
cytological differentiation and is able, unlike grafts made 
elsewhere, to support target organ activity. Considerable 
evidence is provided against the popular view that the 
classical hypothalamic neurosecretory system of the 
supra-optic and paraventricular nuclei and tracts govern 
the release of anterior lobe hormones. 

The authors are particularly concerned to examine the 
‘broader significance of their findings and to relate them 
to the work of others. They also advance several new 
concepts which merit serious consideration. Thus, the 
possibility that the anterior pituitary hormones may them- 
selves exert a direct feed-back action on the hypo- 
thalamus is discussed. as is the rather strange idea that 
afferent nervous paths from the peripheral endocrine 
organs to the hypothalamus may exist. On the other 
hand, the view that the habenular nuclei play a major 
part in the feed-back action of thyroid hormone on the 
brain has been substantially modified. Consideration of the 
anatomy of the hypothalamus together with experimental 
observations makes it seem unlikely that control of any 
one aspect of anterior pituitary function will ever be re- 
lated to a particular structure within the hypothalamus 
and the view that this part of the brain functions as an 
integrated system has much to recommend it. 

The book is very fully illustrated in colour and in half 
tone, is most attractive, and can be recommended without 
reservation. It is, of course, required reading for all 
‘neuro-endocrinologists’. B. T. DONOVAN 
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RADIOSENSITIVITY 


Fundamenta! Aspects of Radiosensitivity 

Report of Symposium held June 5-7, 1961. (Brookhaven 
Symposia in Biology, No. 14.) Pp. vii+ 308. (Upton, 
New York: Brookhaven National Laboratory, 1961. 
Available from the Office of Technical Services, Depart- 
ment of Commerce, Washington, D.C.) 3 dollars. 


T is commonplace to describe ionizing radiation as a 

two-edged sword. On one side it is used extensively in 
radiodiagnosis and radiotherapy; on the other, it can be 
acutely lethal and notoriously efficient as a leukemogen 
carcinogen and mutagen. An understanding of the multi- 
farious actions of radiation is therefore of more than 
academic interest, for the sharpening of its therapeutic 
properties, and the blunting of its maiming edge are of 
personal concern to each and every one of us. 

This book deals solely with the biological effécts of 
radiation, and apart from one article on ultra-violet, the 
preoccupation is mainly with ionizing radiation. Bold 
speculation was encouraged by the symposium committee 
in the hope that basic mechanisms would be suggested. 
However, despite labyrinthine discussions of irradiated 
bacteriophages and bacteria; yeast, plant and mammalian 
cells; whole plants, plant embryos and whole mammals; 
and despite detailed consideration of gene mutation, 
chromosomal defects, phage inactivation, cytotoxicity, 
growth reduction, developmental abnormalities and 
recovery and repair .phenomena, the committee sadly 
conclude “. . . radiobiologists continue to produce a 
great plethora of factors and figures to ponder but a great 
dearth of general principles to unify and guide the way”. 
No more appropriate general comment on this book can 
be made. Physics, the most advanced of the natural 
sciences, has prospered through a fruitful cross-fertiliza- 
tion between theory and experiment. The Hinsteins have 
complemented the Rutherfords. It is perhaps slightly 
premature to expect an Einstein of radiobiology to appear, 
although this book at least makes clear the emergence of 
a paramount principle in radiobiology—the central, 
though far from exclusive, role of deoxyribonucleic acid. 
With the rapid advance of molecular biology the era must 
be approaching when to-day’s chaos will be largely 
Volumes such as 
this will be indispensable to this important synthesis. 

à P. R. J. BURO 


MONOGRAPHS ON PHARMACOLOGY 


Advances in Pharmacology 


Vol. 1. Edited by Silvio Garattini and Parkhurst A. 
Shore. Pp. xi+ 474. (New York: Academic Press, 
Ine. ; London: Academic Press, Inc. (London), Lid., 
1962.) 93s. 


HIS book is the first of a series each of which is to 

consist of a number of up-to-date monographs on 
important aspects of pharmacology. In this volume eight 
different topical subjects are discussed. 

In the first article, J. H. Burn and M. J. Rand givo a 
lucid account of the evidence which led them to classify 
sympathomimetic amines into those acting directly and 
those acting largely through releasing noradrenaline from 
storage sites. They follow with a stimulating discussion 
of their theory that adrenergic nerve fibres are in reality 
cholinergic fibres, the release of acetylcholine forming a 
necessary intermediate step in the process of noradrenaline 
release. A. H. Conney and J. J. Burns then provide an 
interesting description of chemical and physiological 
factors which affect the rate of destruction of drugs in 
the body. 

The longest article in the volume is that by D. Steinberg, 
who gives a critical and balanced review of some of the 
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rapidly growing and important literature which indicates 
that elevation of the serum lipids may be controlled by 
pharmacological agents. A. F. Green’s authoritative 
article on antihypertensive drugs contains a wealth of 
experimental data and he has succeeded in producing a 
concise and critical account of the important material 
contained in the vast flood of research papers on this 
subject. M. Shepherd and Lorna Wing survey the pharm- 
acological aspects of psychiatry and describe studies 
in both animals and man. The growing importance of 
psychopharmacology has led to the production of a large 
series of reviews on this subject during the past few years 
and the present contribution is extremely valuable in 
bringing this series up to date. 

A clear summary of the properties of anticoagulant 
drugs and their use in the treatment and prevention of 
thromboembolic disease is provided by M. Weiner. B. J. 
Haverback and S. K. Wirtschafter describe the effects 
on the gastrointestinal tract of naturally occurring indolic 
amines and histamine, and their metabolism in both 
health and disease. Finally, J. P. Green provides an 
account of present-day knowledge of the mechanisms 
whereby acetylcholine, catecholamines, hydroxytrypt- 
amine and histamine are bound to tissues or tissue com- 
ponents. 

The book contains few misprints, and the editors are 
to be congratulated on their choice of subjects. All the 
authors are acknowledged experts in their own fields of 
research but, despite this, their reliable articles are fully 
comprehensible to the non-specialist. The book may 
therefore be recommended not only to pharmacologists but 
also to all those in related disciplines, including the more 
advanced undergraduates who are interested in the mech- 
anisms of action and uses of drugs. W. ©. Bowman 


MAN AND HIS BEASTS 


A History of Domesticated Animals 
By Dr. Frederick E. Zeuner. Pp. 560. (London: Hutch- 
inson and Co. (Publishers), Ltd., 1963.) 84s. net. 


N this book, which is claimed to be the first of its kind 
to be published in English and the first for twenty-five 
yoars in any language, Prof. Zeuner examines the origins 
and history of all the domesticated animals from the 
dog to the goldfish, the elephant to the silkworm. He 
brings a brain very fertile of original ideas to bear on the 
subject, and, with his wide knowledge of paleontology 
and archeology, has produced a work of great value not 
only to the specialist but also to the general reader. 

The basic theme of the book is that the early domestica- 
tion of animals was not a deliberate process of exploitation 
but was unintended and not conscious. The domestica- 
tion of animals was derived from the social relationship 
of animal species, man being one of them. ‘“Domestica- 
tion is rooted in the natural contacts of man with beast 
which, in the early stages were provided mainly but not 
exclusively by hunting.” It is significant too that all the 
domesticated mammals, with the exception of a few 
carnivores such as the cat and the ferret, are social or 
gregarious animals in the wild and consequently have a 
social organization into which man has been able to 
intrude and be accepted. 

Many authors have assumed that domestication was 
invented to satisfy economic needs such as the supply of 
meat and skins. Prof. Zeuner points out that domestica- 
tion began in the Mesolithic and that mesolithic man 
would have found it far easier and more economic to obtain 
the necessary supplies by hunting and trapping, just as his 
forefathers had done, instead of embarking on experiments 
of taming unwilling animals that would reward him 
for his efforts only after several generations. The fruitful 
approach to the problem of domestication is the biological 
one. Ifman is considered as an integral part of his physico- 
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biological environment the problem resolves itself into a 
simple and natural process: the habits of man on one 
hand and of certain animal species on the other made the 
appearance of domestication almost inevitable. 

Tho first animal to be domesticated was probably one 
of the smaller geographical races of the wolf, or a closoly 
related “wild dingo”, which may have since received 
some jackal blood in becoming the domestic dog. Be 
that as it may, the relationship at first was that the beast 
was a scavenger of the remains left by man’s hunting and 
a robber of his camps. Zeuner thinks that pot-keeping, 
too, is particularly likely to have played a part in the 
domestication of the dog. Man has always used the 
animal world as a source of food and raw materials but the 
domestication of the dog was an exception, for man and 
dog joined to form a hunting team and the alliance lod 
in course of time to the subjection of tho dog. The 
guest—host relationship thus evolved with the host as the 
exploiting species. Among other animals, such as the 
social insects, the relationship has evolved in the opposite 
direction, with the exploiting species, the scavenging- 
robbing guests, becoming social parasites of the hosts. 

Once the dog had become a member of human society 
the control and later domestication of the goat, sheep, and 
reindeer became possible: they are all animals which had 
always been an important part in the diot of the ancestors 
of the dog. These species were domesticated bofore 
the invention of agriculture. In the early Neolithic the 
larger ruminants, cattle and buffalo, began to intorfore 
with the new artificially created environment provided by 
agriculture. “They came as crop-robbers but endod up 
as domesticated beasts in the pens and stables of tho 
neolithic farmer.” So too did the pig. Tho domostica- 
tion of the beasts of burden, the elephant, horso, ass, and 
camel came later, and here, although the contacts of man 
and beast were provided by overlaps of social media the 
domesticators must from the first have beon awaro of tho 
advantages that were likely to accrue to thom. Finally 
there are the pest-destroyers—tho cat, ferret and mon- 
goose. When rodents became pests of stored grain, ns 
soon as the problem of preserving supplios from one 
harvest to the next was solved, these carnivores became 
the associates of man; it is probable that none of them was 
deliberately domesticated. 

The final section of the book dealing with mammals 
discusses various rodents, and experimental and occasional 
domestication; it contains some very surprising informa- 
tion. The book concludes with a section on domesticated 
birds, fishes, and insects. 

Prof. Zeuner has provided a fascinating account of his 
subject and a well-stocked source-book of groat value to 
students in various disciplines—palrontologists. pre- 
historians, zoologists, sociologists, and many others. 
The book is well produced, fully illustrated, and contains 
an extensive bibliography. There are a few printer's 
errors such as “salt effervescences” for “effloroscences”’ 
on page 119; although “hibernation” does literally mean 
“wintering” it is scarcely correct to speak of the “hiber- 
nation areas” of reindeer; and the bird dopicted in a 
Roman mosaic (p. 471) and identified as a pochard is 
undoubtedly a drake teal. Such slips will no doubt he 
corrected in the future editions that will certainly be 
needed. L. Harrison MATTHEWS 


BIOLOGY FOR BEGINNERS 


Biological Order 

By Prof. André Lwoff. (Karl Taylor Compton Lectures. 
1960.) Pp. x+101. (Cambridge, Mass.: The Massachu- 
setts Institute of Technology Press, 1962.) 4.50 dollars 


HIS book consists of the Carl Taylor Compton 

Lectures at the Massachusetts Instituto of Tech- 

nology in 1960. The aim is to interest physicists and 

chemists in biological problems, starting from scratch in 
j 
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biology. This is a most formidable aim to achieve within 
such a small compass. There is no doubt but that Dr. 
Lwoff has succeeded. 

One must be particularly grateful for an introduction 
to biology, not just to incidental biological problems. 
It would have been easier to describe some of the recent 
fascinating advances in molecular biology by themselves 
than to try to integrate them into a full picture of the 
working of the living organism. As a result of the scope 
of these lectures, one must be prepared to study them 
attentively. They do not make light reading. However, 
perseverance is rewarded with a real grasp of the evidence 
on which modern biological theories are based, just what 
has been observed and what is deduced from it. 

After an introduction to the nature of living systems, 
and a description of the contents of cells and their order- 
liness, Dr. Lwoff moves to the ‘hereditary order’. This 
chapter is mainly about nucleic acids, their role in earrying 
heredity and directing the synthesis of proteins. This 
part of the book is a remarkable tour de force in showing 
concisely how these chemicals fit into their biological 
context. Of course, further advances have been made 


since it was written, both in investigating the mechanism ' 


of protein synthesis and in solving the genetic code. 
There follow two chapters discussing ‘functional order’, 
first in a healthy bacterial cell, second in a cell infected by 
a virus or containing an analogous structure, and in an 
autonomous virus. These topics are close to Dr. Lwoff’s 
main sphere of interest. Much of the research involved 


was carried out in the Institut Pasteur. I shall only try to ` 


summarize them by saying that an astonishing degree of 
insight into the control of a bacterial cell has been gained 
from largely genetic evidence. This insight is not only 
into the actual working of the cell (in terms of switching 
on and off the synthesis of particular proteins); it also 
gives a fascinating illustration of the bacterial eco- 
nomy, its elaborate mechanism for making the best use 
of its supplies. This part of the book sometimes seems 
rather heavy going, but this is probably inevitable if the 
real nature of these most laborious and rewarding dis- 
coveries is to bo conveyed. Anyone who has tried to 
work through a ‘professional’ treatise like Jacob and 
Wollmann’s Sexuality and the Genetics of Bacteria will 
realize how much is achieved here. Starting from a much 
lower origin, some of the essentials are given as concisely 
but logically. j 

The concluding chapter on ‘biological order and en- 
tropy’ is most rofreshing. The confusion of supposing 
that there is some mystery in the way living things reduce 
their entropy is avoided. Dr. Lwoff also steers clear of 
supposing that entropy (or rather lack of it) has some 
biological significance in itself. 

From time to time some pleasantly apposite quotations 
from philosophical works are thrown in. One may feel 
that some of the abstract discussions of terminology are 
over-elaborated. All the same, this is a book which very 
well repays the effort to study it carefully. There is not 
much said about multicellular organisms. No doubt 
this is because the mechanism of the co-operation and 
differentiation of cells is scarcely understood. We are 
taken as far as possible at the moment without losing touch 
with the physical basis of life. R. J. Warrs-Topin 


DRAGONFLIES 


A Biology of Dragonflies 

By Dr. Philip S. Corbet. (Aspects of Zoology Series.) 
Pp. xvi +247 + 6 plates. (London: H.F. and G. Witherby, 
Ltd., 1962.) 30s. net. 


N this work, the author has set out to survey our 
present knowledge of the ecology of the Odonata, 
with special emphasis on their physiology and behaviour. 
Several years’ residence in East Africa has enabled him to 
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study tropical dragonflies in the field and to compare 
their reactions to environment with those of temperate 
regions. The book is divided into nine chapters, dealing 
respectively with habitat selection and oviposition; 
the egg stage; the larval stage: general; growth, meta- 
morphosis and emergence; adult life: general; adult 
feeding behaviour; reproductive behaviour; dispersal; 
and evolutionary perspective. There is a full bibliography, 
and separate indexes are given of authors, Odonata and 
subjects. The work is well and fully illustrated with line 
drawings and six half-tone plates. Many of the line illus- 
trations have been re-drawn by the author, so that there 
is more uniformity of style than is usual in books where the 
illustrations have been taken from various sources. 

Dr. Corbet is to be congratulated on producing a very 
valuable text-book which summarizes our knowledge of 
the ecology of dragonflies up to August 1960. It makes 
available much information which has been published in 
journals which are not easily accessible, and suggests 
lines for future research. The author has also taken, 
in my own opinion, a wise step to avoid the nomen- 
clatorial confusion between the generic names Calopieryx, 
Agrion and Coenagrion. Since Agrion has been variously 
applied to two generic concepts, he has dropped its use 
entirely and uses only Calopieryx and Coenagrion, both 
of which names are unambiguous. D. E. Kosanys 


BIOLOGICAL ORIGINS OF 
ENGINEERING PROBLEMS 


Biological Prototypes and Synthetic Systems 
Vol. 1. Edited by Eugene E. Bernard and Morley R. Kare. 
(Proceedings of the Second Annual Bionics Symposium 
sponsored by Cornell University and the General Electric 
Company, Advanced Electronics Center, held at Cornell 
University, August 30-September 1, 1961.) Pp. xii+ 
397. (New York: Plenum Press, 1962.) 12.50 dollara. 
N the dust-cover of this book, containing papers 
read at a bionics symposium, the ‘bionic hypothesis’ 
is defined as “that one approach to the design of efficient 
and effective systems which mimic some function or 
behaviour pattern of a living organism is to base them 
on biological prototypes”. A more homely definition 
comes from the final paper, a discursive one by W. S. 
McCulloch, on biomimesis. McCulloch says that bionics 
“is concerned . . . primarily*with an attempt to under- 
stand sufficiently well the tricks that nature actually 
uses to solve her problems, thus enabling us to turn them 
into hardware”. 

New problems of science and engineering are often 
found to lie in some ‘no-man’s-land’ between the major 
disciplines. When the area borders on such disparate 
territories as those covered by biology and engineering 
it will be likely to attract those whom the biologists will 
suppose to be engineers and the engineers believe to be 
biologists, and in the absence of defined traditions and 
boundaries it will be more difficult than usual to distinguish 
between the revolutionary ideas of genius and the non- 
sense of cranks. I myself noted with pleasure that 
those who participated in the bionics symposium were 
aware of this problem. In the paper mentioned here, 
McCulloch writes that “there are always empire-builders, 
there are always four-flushers, and they move in on a 
group like this just as fast as they can”. He argues that 
the solution is to work in small groups, on specific and 
well-defined problems continually bearing in mind that 
“we do not fully understand any one (living process) 
yet’”’.: In general the remainder of the papers show that 
their authors were in accord with these opinions. 

Forty papers are presented in extenso, and brief ab- 
stracts are given of eight others. Classification is not easy ; 
but the following account is given as a general guide. 
Five of the papers are direct accounts of experimental 
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Finally, Lynen, Knappe and Lorch deseribe work which 
has led to a detailed understanding of the part played 
by biotin in carboxylation reactions. 

The book by Ingraham is quite different. Clearly, the 
author’s intention is to provide a suitable introduction 
into molecular biochemistry for undergraduates. Un- 
fortunately, by British standards, the price jis rather 
high. The book is divided into two parts. The first 
section provides a concise account of the mechanistic 
principles of reactions and starts from atomic structure 
and the nature of chemical bonds; there is a pause to 
mention transition states, and then ionic, displacement, 
and concerted reactions are described. This section 
concludes with a section on “high-energy” bonds (notice 
the quotation marks!), and the reader is surprisingly 
left to cope with the remainder of the book without 
having encountered more than a few sentences on the 
kinetics of enzyme catalysis. In the second part, the 
author deals with esterification and hydrolysis, elimina- 
tion reactions, decarboxylation, oxidation, condensation, 
alkylation, and rearrangement, and pays considerable 
attention to the comparison between reactions which 
occur with and without enzyme catalysis. Of course, in a 
book of this size, it is all too easy to detect omissions, but 
a surprising amount of material is covered and well 
illustrated with formule. 

This concise book should be attractive to the busy 
reader who wishes to gain an insight into the fundamentals 
of biochemical reactions. D. T. ELMORE 


PETROLEUM CHEMISTRY AND 
REFINING 


Advances in Petroleum Chemistry and Refining 

Vol. 5. Edited by John J. McKetta, Jun. Pp. xiv +545. 
150s. Vol. 6. Pp. xvi+ 550. (New York and London: 
Interscience Publishers, a Division of John Wiley and 
Sons, Inc., 1962.) 158s. 


N 1958 there appeared the first volume of a proposed 
annual series designed for the research scientist and 

refinery engineer, to enable them to keep abreast of 
present advances in chemistry and chemical engineering 
as appropriate to the petroleum and especially the petro- 
chemical industries. The aim of the founders of this 
project, K. A. Kobe and J. J. McKetta, jun., is publica- 
tion of progress reports written by leading authorities 
on particular subjects, conceived in a ‘blueprint’ of the 
whole industry, grouped into five main sections; these 
are: economics and future trends; unit operations and 
design; refining processes; petrochemicals; mechanical 
equipment. Vol. 2 of the series was published in 1959, 
Vol. 3 in 1960, Vol. 4 in 1961; Vols. 5 and 6, jointly 
subject of this present notice, appeared in 1962 and in 
them the sequence of sections as originally adopted is 
maintained. 

In Vol. 5, H. R. Batchelder writes on synt 
in Group I; Group II contains papers by J.§ 
J. M. Honeycutt on process design on dj 
by W. N. Hagler and R, C. Soa 
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In Vol. 6 there are eight reports spread over the five 
main industrial groupings. W. G. Annable and L. t. 
Pless discuss road octanes versus laboratory octancs; 
two essays, one on membrane permeation by C. Y. Choo, 
the other by W. D. Schaeffer and W. S. Dorsey on clath- 
rates and clathrate separations, concorn unit operation 
and design; refining processes are represented by con- 
tributions on thermal cracking, visbreaking and thermal 
reforming by T. A. Cooper and W. P. Ballard, and on 
modern grease technology by F. G. Bollo and H. A. 
Woods. Carbon-silicon compounds by H. J. Fletchor and 
recovery of sulphur from sour natural and refinery gases, 
discussed by J. W. Estep, G. T. McBride. jun., and J. R. 
West, complete the petrochemical section, the volume 
being wound up by J. Fullemann in his paper on centrifugal 
compressors. 

Both these volumes, 5 and 6, are well designed, printed, 
and illustrated with clear line-drawings, diagrams, and 
half-tone blocks from photographs of plant and other 
subjects germane to the texts. With one oxception. 
photographs of each author concerned attached to short 
professional biographies preface each report. Indexing 
in Vol. 5, including s useful cumulative index froin 
Vol. 1 onwards, is adequate, but in my copy Vol. 6 lacks 
index prior to heading ‘W° because sixteen pagos are 
missing (529-544) although the cumulative index has 
survived. To what extent introductory information azul 
photographs of the authors concerned in such highly 
technical and serial reports as these enhanco the valuo 
of each volume as.a whole may be debatable, but in 
my opinion they are unnecessary and not a feature 
to be generally encouraged in important scientific works. 
The price of each volume is certainly on the high side, 
even allowing for collective authorship; in tho case of 
Vol. 6 it should have at least ensured against omission 
of most of the index; it is hoped, however, that this 
is just an isolated copy, minus a feature of vital inpor- 
tance to the reader wishing constantly to refer to such 
authoritative knowledge as is contained in these valuable 
publications. H. B. MILNER 


THEORY OF POLYELECTROLYTE 
SOLUTIONS 


Polyelectrolyte Solutions 

A Theoretical Introduction. By Stuart A. Rice and 
Mitsuru Nagasawa. With a contribution by Herbert 
Morawetz. (Molecular Biology: an International Serics 
of Monographs and Text-books, Vol. 2.) Pp. xv+ 56s. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1961.) 118s. 


HE theoretical interpretation of the proportios of 

polymer solutions is a problem of great difficulty. 
and when ionizable groups are introduced into the mole- 
cule giving charged sites on the chain so that configuration 
y electrostatic forces, themselves screened by 










z move in this complicated 
wee pages of what 
uction” thev 
kof polv- 


50 


counter-ions, electrophoresis ete., and the consideration 
of different models to account for them. 

The book is clearly written, but it is by no means easy 
going for anyone who is not a specialist in the field, and 
the authors make few concessions to the reader in em- 
phasizing and clarifying the experimental implications of 
their treatment. They state that the level of presentation 
is “that suitable for second year graduate students”. 
This suggests that they have been exceptionally fortunate 
in their experience of such students, since few Ph.D. 
students in Great Britain would have the tenacity to 
work through it. Nor indeed would they find it a very 
encouraging experience if they did, since what emerges 
clearly is that in spite of much labour we are still far 
from explaining satisfactorily many experimental results. 

The book is to be welcomed primarily as a valuable 
reference work on mathematical aspects of polyelectro- 
lytes in solution and a useful guide to the recent literature. 

A. HIOKLING 


INORGANIC POLYMERS 


inorganic Polymers 

Edited by F. G. A. Stone and W. A. G. Graham. Pp. 
xi+631. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1962.) 139s. 6d. 


HE successful use of silicones and the considerable 

technological interest centred on the production of 
materials able to stand severe thermal stress in tho 
presence of chemicals, including air and moisture, has 
stimulated interest in the production and study of in- 
organic polymers. This book, which is æ multi-author 
book, consists of a sequence of reviews covering some of 
the areas of present-day research in this field and is not a 
comprehensive account. After a chapter on the general 
properties of polymers by A. V. Tobolsky other chapters 
follow in an arbitrary manner on particular classes of 
polymer. Phosphorus (J. R. Van Wazer and C. F. 
Callis), sulphur (M. Schmidt), boron (A. L. McCloskey) and 
silicone (A. J. Barry and H. N. Beck) polymers are each 
discussed in separate chapters. Other chapters cover 
organo polymers of silicon, germanium, tin and lead 
(R. K. Ingham and H. Gilman), polymeric metal alkoxides, 
organo metalloxanes and organo-metalloxanosiloxanes 
(D. C. Bradley), co-ordination polymers (B. P. Block) 
and electron-doficient polymers (A. J. Leffler). 

It is a book into which one can dip here and there for 
information about the kinds of polymers which have been 
synthesized and at times one feels quite stimulated at 
some of the unusual structures which have been pre- 
pared. It is well illustrated and printed and will be 
a good source of information from which to examine tho 
original literature, which includes many patent publica- 
tions. It has, however, some of the faults which usually 
appear in a book written by many authors, lacking the 
coherence and greater overall critical approach which 
I should like to seo. Only occasional chapter with a 
summary, or with a forward-looking concl 
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of these polymers, such as the nitrogen-sulphur polymer, 
thereby linking the chemical work to the very closely 
related solid-state physics field. The editors rightly 
comment that too great an emphasis on work pointed to 
a particular applied direction should not cause neglect 
of the contribution which such studies of inorganic 
polymers might make to chemistry generally. Let us 
hope that this book will at least provide a start for work 
in the right direction in this interesting field. The book 
has a very large author- and subject-index for the particu- 
lar areas covered. It is expensive. D. CHAPMAN 


POLYAMINO-ACIDS 


Polyamino Acids, Polypeptides and Proteins 
Proceedings of an International Symposium held at the 
University of Wisconsin, 1961. Edited by Mark A. 
Stehmann. Pp. xviii+ 394. (Madison: The University 
of Wisconsin Press, 1962.) 8 dollars. 


HEN confronted with yet another report of an inter- 

national symposium, the reader may justifiably 
shudder. However, the present example is one of the 
welcome exceptions which prove the rule that many 
such reports servo little purpose and eventually might 
even be seriously harmful in removing the excuse for 
scientists attending international symposia and profiting 
from informa] discussions at them. The differences be- 
tween this book and the others just criticized are that: 
(1) it has contributions from most of the groups working 
in a well-defined field ; (2) the individual papers, although 
mainly repetition of work published elsewhere, contain 
fresh information and provide useful guides to rapid 
search of primary sources of information; (3) the printed 
discussions, presumably an edited fraction of what was 
actually said, make the reader aware of which points are 
controversial; (4) there is a proper index; (5) even if 
publication has not been notably rapid, it is tolerably 
prompt, bearing in mind the size of the book and the 
number of contributors. 

Studies of synthetic polypeptides, produced by poly- 
merization of N-carboxy-a-amino-acid anhydrides with 
expulsion of carbon dioxide, have been especially useful 
in increasing our understanding of the physical properties 
of polypeptides and hence proteins. The mechanism of 
the synthesis, or rather its mechanisms in various 
circumstances, also poses fascinating problems. A few 
papers in the symposium under review dealt with pro- 
teins themselves rather than synthetic polypeptides. 
The general scope can be seen from the division into five 
parts, namely, synthesis and chemical properties of 
poly-«-amino-acids and polypeptides (6 papers), kinetics 
and mechanism of the polymerization reaction (3 papers), 
properties of polyamino-acids in solution (11 papers). 
protein and polypeptide structure (5 papers), biological 
properties of poly-a-amino-acids (11 papers). There are 
already very useful reviews in the field, notably the book 
prd, Elliott, and Hanby (1956) and long articles 
ki and Sela in Advances in Protein Chemistry 
14), but this volume is a useful supple- 
G. W. Kenner 
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The technology of the times, primitive or sophisticated, 
has, however, always had decisive effect on the use to 
which diamonds have been put. It is this interplay of 
history and technology which Prof. Tolansky describes. 
It has continued from the Renaissance, when the develop- 
ment of gemstone cutting allowed the intrinsic beauty 
of the stones to be seen and used to full advantage, to 
the great present-day output of diamonds for use in tools. 
Excellent books have been written on various aspects of 
diamond, but few dwell on both history and technology. 
Prof. Tolansky comes to the subject as an eminent 
physicist who has made intensive researches on diamond, 
and has the advantage that he has had access to many 
diamonds: their rarity or their value has not always 
allowed writers on tho subject the first-hand knowledge 
their readers assume them to have. His deep physical 
knowledge is apparent throughout the book, which will 
be of interest to many—scientist, technologist, historian, 
jeweller or general reader. z 

The book reviews the early history from Biblical 
references onwards; the strange physical properties (how 
many know that the heat conduction of diamond is 150 
times better than that of glass and 50 per cent better than 
brass ?); the art of cutting; the growth of the fashion for 
diamonds; the occurrence and mining; and the present- 
day use—from minute stones for watch bearings to large 
rock bits for drilling for oil. An account of the most 
recent development, synthetic diamond, produced in 
millions of carats annually, concludes the comprehensive 
review. Throughout, the historical aspects are never lost 
sight of, and many anecdotes, vouched for or not, are 
told. 
The book is attractively produced, marred only by a 
few literal errors in printing. Corundum is consistently 
wrongly spelt. Occasionally, the need for brevity has 
led to over-simplification—for example, that the expert 
distinguishes diamond by measuring its refractive index. 
There are numerous attractive illustrations, including some 
good photomicrographs of the startling surface appear- 
ances. This will be a useful addition to many bookshelves. 

P. A. SABINE 


BARON FRIEDRICH W. K. H. 
ALEXANDER VON HUMBOLDT 


Alexander von Humboldt 
By Dr. L. Kellner. Pp. 247+7 plates. (London: Oxford 
University Press, 1963.) 25s. net. 


ARON Friedrich Wilhelm Karl Heinrich Alexander 
von Humboldt, commonly known as Alexander von 
Humboldt, courtier, friend of kings, cosmopolite, explorer, 
mountaineer and last, but not least, scientist, was born 
in Berlin of wealthy parents on September 14, 1769, 
and died there in his ninetieth year on May 6, 1859. 
His lifetime thus spans a period during which major 
advances were made in almost every branch of science. 
During his long career he filled many roles, but his life’s 
passion was the advancement of science. As a patron 
of science he may, perhaps, be compared with Sir Joseph 
Banks, whom he met, and with whom he corresponded; 
but he also contributed much to scientific knowledge 
through his own researches. He made important contri- 
butions to science in the fields of geography, geology, 
botany, meteorology and geophysics (geomagnetism). The 
late George Sarton, writing in 1943, claimed that “A 
century ago Alexander von Humboldt was by far the most 
famous man of science in the world”, yet, in most British 
histories of science he receives only the briefest of 
mentions, if indeed he is mentioned at all. Several reasons 
may account for this neglect. His scientific interests 
were so wide that he failed to make a permanent name 
as the master of any one science. His published work 
was often written in a style so verbose as to have little 
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appeal to modern readers; though Charlos Darwin’s 
statement that the whole course of his life was determined 
by his having read Humboldt’s: “Personal Narrativo of 
Travels to the Equinoctial Regions of the New Continent” 
should not be overlooked. Finaly, so far as I am »waro, 
no adequate account of his life and work has appeared 
in the English language since 1873, when a somowhat 
abbreviated translation of a three-volume biography in 
German was published!. This latter deficiency has now 
been filled by Dr. L. Kellner, who has written a shorter’ 
but most readable account of Humboldt’s life and work. 
Her book is, indeed, not simply a chronicle of Humboldt’s 
achievements, for she has sketched in, as background, 
the varied and changing political conditions undor which 
Humboldt had to work, which sometimes assisted him 
and at other times put difficulties in his way. Humboldt, 
in addition to being a prolific author, was a groat lettcr 
writer, and much of his correspondence has been published, 
so that there is no lack of material to work on, and this 
new life is fully documented. 

It is only possible here to make a brief reference to 
some of the more outstanding achievements in Hum- 
boldt’s long and varied career. He was educated in 
Germany, attending courses at several universities, notably 
Gottingen (1789-90), and then spent several months 
studying mining geology under A. G. Werner, at Froiberg. 
After a fow years working as a mining official for the 
Prussian Government, the opportunity came to satisfy 
his ambition to travel. In 1799 he set out on his great 
expedition to South America, accompanied by tho 
botanist Aimé Bonpland. During the five years that this 
expedition lasted he travelled through Cuba, Venezuela, 
Colombia, Ecuador, Peru and Mexico, exploring river 
systems and mountain ranges, studying volcanic geology 
and mining activities, and making systematice botanical, 
meteorological and geomagnetic observations. A little 
remembered but remarkable feat accomplished during 
his exploration of the Andes was his climb, in company 
with Bonpland, to a height exceeding 19,000 feet, almost 
to the top of the volcano Chimborazo. It was made not 
for pleasure or fame but to carry out meteorological 
observations. As a feat of mountaineering alone it was 
not beaten until some thirty years later. One important 
result of his South American expedition was his littlo 
pamphlet, “Essai sur la Géographie des Plantes”, Paris, 
1805, which laid the foundation of modern plant geography. 

On his return Humboldt took up residence in Paris, 
where, in contact with the scientists of the day, ho pre- 
pared for publication the scientific results of his expedition. 
In 1827 circumstances forced him to move, unwillingly. 
to Berlin, where he made his home for the rest of his 
life. Shortly afterwards, in 1829, the opportunity oc- 
curred for another major expedition, this time to study 
mining activity in the Urals and Siberia. Again, he 
recorded numerous observations, geographical, mcteorolo- 
gical and geophysical, during a journey of somo 12.000 
miles occupying five months. 

Humboldt viewed Nature as a whole, not as a series of 
compartmented sciences; and during the lattor part 
of his life he spent much time working on his magnum 
opus, his book Cosmos, in which he attempted to syn- 
thesize all Nature into a composite whole. The book was 
a great success at the time, and was translated into many 
languages, including English®. It is encyclopedie in 
scope though much of its information is necessarily out 
of date. Humboldt was deeply read both in the history 
of science and in the scientific literature of his timo, and. 
as a source book the work is still of value. 

Towards the close of his long life, in 1852, Humboldt 
was fittingly awarded the Copley medal by tho Royal 
Society, for his work in the field of geophysics. 

This new account of the life and work of a man who 
lived through one of the most important periods in the 
history of science, and who met and was on friendly 
terms with many prominent scientists, is woll worth 
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reading, both as history and as a reminder of the not 
inconsiderable debt that science as a whole owes to 
Humboldt. yV. A. EYLES 


1 Life of Alexander von Humboldt, edit. by Bruhns, Karl, and translated by 
Lassell, J., and Lassell, C., 2 vols. (London, 1873). 


? Cosmos: a Sketch of a Physical Description of the Universe, 5 vols. (London, 
1849-1858). 


INDIA’S RESOURCES 


The Wealth of India 

A Dictionary of Indian Raw Matorials and Industriel 
Products. Edited by B. N. Sastri. Raw Materials, Vol. 4 
(Supplement) Fish and Fisheries. Pp. iv+132+xv+1l1 
plates. Vol. 6: L-M. Pp. xxxi+483+xiv+14 plates. 
(New Delhi: Council of Scientific and Industrial Research, 
1962.) n.p. 


HE appearance of two new sections of The Wealth of 

India is a welcome event. Volume 6, although it 
deals only with the initials L and M, covers 483 pages 
of carefully selected subject-matter profusely illustrated 
and bristling with references. Like its predecessors, it 
is concerned mainly with botanical subjects, which 
occupy 77 per cent of the text, 8 per cent being devoted 
to animals and 15 per cent to minerals. The longest 
articles are those on linseed, mangoes and Musa (bananas), 
each of about 20 pages, while limestone and mica are also 
liberally treated. Altogether 205 genera of plants and 
367 species are included and their salient features de- 
tailed, the whole forming an invaluable contribution 
to the literature. 

Fish and Fisheries has a somewhat different character 
from the main work. It is a comprehensive and readable 
monograph written by an expert who appears to have 
personal acquaintance with every item he mentions. 
Informality is enhanced by the absence of references in 
the text, the needs of those seeking further information 
being met by a list of some 220 authorities and a good 
index. Starting with a well-illustrated list of 336 species 
of fish and a brief description of each, it continues with a 
survey of those normally caught in the fishing grounds 
around the coasts of India and in the main freshwater 
sites. Since the annual production of fish from these 
sources is now about 1-4 million tons, one-third of which 
comes from inland fisheries, the industry is' one of great 
importance, and practical methods of improvement are 
discussed at length. Deep sea and off-shore fishing have 
immense possibilities, while inland, vast areas are suitable 
for the culture of carp and other fish. The Government 
of India has spent about £9 million on development in 
recent years. 

An interesting description is given of the ingenious 
nets, traps and vessels used for catching fish, and of the 
methods used for preservation of the catch, a very 
essential process in a hot climate. This is followed by an 
account of the manufacture of fish oils and manure, and a 
section containing the results of numerous analyses of 
fish and their products. A chapter on trade indicates 
that the annual value of exported fish products is not far 
from £4 million, and, rather surprisingly, that nearly 
half this sum is spent on imports from East Pakistan. 
The volume concludes with an illuminating description 
of crustacean and molluscan fisheries which is comple- 
mentary to “Molluscs” in Vol. 6. These are by no means 
insignificant since the catch of prawns has, in some years, 
exceeded 20 per cent of the whole catch of marine fish. 

The editorial committee of this comprehensive work is 
still in a most difficult position owing to the ever-increasing 
amount of matter with which it has to deal. Fish and 
Fisheries was originally expected in 1956; Volume 1, 
published in 1948, is now stated to require revision, and 
1971 is an optimistic estimate for the date of completion 
of the whole. It would seem that a possible, though 
not very desirable, solution lies in drastic curtailment, 
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perhaps by one-half; only items of more general interest 
should be published, and the remainder, including all 
that can be found in readily accessible journals, replaced 
by references. Selection and verification would be 
facilitated and if all the subject-matter now available 
were indexed and kept together in a central bureau, it 
could still be consulted. H. E. Watson 


THE RARE ELEMENTS 


Detection and Analysis of Rare Elements 

Edited by A. P. Vinogradov and D. I. Ryabchikov. 
Translated from the Russian. Pp. xvi+ 744. (Jerusalem: 
Israel Program for Scientific Translations; London: 
Oldbourne Press, 1962.) 105s. 


HIS book has been quite ably translated from the 

original Russian by the staff of the Israel Program 
for Scientific Translations, and is published in Jerusalem. 
The original Russian publication owed its origin to the 
recommendation made at the All-Union Conference on 
the Analysis of Rare Elements, held in the U.S.S.R. in 
December 1959, and it describes those analytical methods 
used by Soviet chemists in industry, in universities and 
in. the research institutes. 

Diagrammatic illustrations of apparatus are few in 
number, and chemical equations are rarely used, the 
general naturo of the text being such that the publication 
could be more appropriately described as a detailed re- 
ference work rather than a practical hand-book. The 
individual chapters have been devoted to those less- 
common elements which are important to modern tech- 
nology, that is, lithium, rubidium, cesium, beryllium, 
strontium, scandium, yttrium, thallium, gallium, titanium, 
zirconium, hafnium, thorium, germanium, tantalum, 
niobium, molybdenum, selenium, tellurium and rhenium. 

Each chapter is provided with a well-referenced biblio- 
graphy which is essentially international in character, 
and which is liberally interspersed with references to 
Russian scientific publications. The analytical coverage 
for each element includes the study of mineral ores and 
makes mention of the best-known volumetric or gravi- 
metric methods. Although the procedures described are 
frequently given in sufficient detail to supply adequate 
practical information for the trained analyst, yet there are 
instances where the practical details appear rather meagre; 
for example, the determination of strontium-yttrium 
radionuclides and their chemical separation, or the 
application of the thoron method to the analysis of lithium. 

Instrumental methods of all types, that is, polaro- 
graphic, spectrographic, spectrophotometric, and allied 
methods are described for most of the elements. Radio- 
chemical methods are used for some particular determ- 
inations. Occasionally some obviously valuable methods 
of analysis are dismissed in a few lines, for example. 
the application of the X-ray fluorescence method 
to scandium and yttrium, although mention is made 
in the text to strontium as an internal standard for the 
determination of the latter element. 

This reference work. however, contains a most valuable 
and exhaustive compilation of those methods of analysis 
recommended throughout the U.S.S.R. Many of the micro- 
chemical techniques follow standard Western practice, for 
example, the use of 9-phenyl-2,3,7-trihydroxyfluorone for 
trace germanium or of diethyldithiocarbamate reagent for 
copper assessment. Treatment insome cases is fairly exhaus- 
tive; for example, 19 elemental impurities in beryllium are 
allocated specific methods for chemical analysis in the 
impurity range 10-3 to 10-° per cent. Gaseous studies of 
beryllium impurities are carried out by the usual vacuum 
fusion—platinum melt technique. 

Much use is made of the complexans in conventional 
analysis, and the well-known Fischer method is described. 
in some detail for trace water determinations. 
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The earlier chapters of the book detail those specifica- 
tion requirements for pure metals and non-metals used 
in the production of semiconductors, or in high-purity 
metallurgy. Compared with these technical limits are 
the quoted sensitivities of the available methods of 
analysis. It is pointed out that much work remains to be 
done for the case of ultra-pure metals, because an extensive 
gap still exists between the sensitivity of available 
methods of analysis and the exacting requirements of the 
consumer. 

The general impression one gets of this volume is that a 
tremendous amount of analytical information, has been 
compressed, into small compass, but the picture presented 
of the general trend in Soviet analytical chemistry will, 
undoubtedly, prove of the greatest interest to European 
chemists. As an analytical reference book it will be, 
undoubtedly, in considerable demand, and will in many 
instances provide sufficient laboratory instruction to 
satisfy the trained analyst. In other cases, its value will 
rest in directing the attention of analysts to more detailed 
original papers. D. T. Lewis 


HIGH MAGNETIC FIELDS 


High Magnetic Fields 

Proceedings of the International Conference held at the 
Massachusetts Institute of Technology, Cambridge, 
Massachusetts, November 1-4, 1961. Edited by Henry 
Kolm, Benjamin Lax, Francis Bitter and Robert Mills. 
Pp.xv+751. (Cambridge, Mass.: Massachusetts Institute 
of Technology Press; New York and London: John 
Wiley and Sons, Ine., 1962.) 113s. 


d Nees generation of high magnetic fields has become 
a major technological problem common to many 
branches of physics, and is at present exercising the 
resources and ingenuity of an increasing number of 
physicists, engineers, and mathematicians. About 900 
of these attended the first International Conference on 
High Magnetic Fields held at the Massachusetts Institute 
of Technology in November, 1961. The eighty-eight 
papers presented in eleven sessions on the production and 
application of high magnetic fields in plasma, solid-state, 
nuclear, and low-temperature physics are collected to- 
gether in this volume. The three sessions on biological 
effects of magnetic fields have not been included and 
will be published instead in appropriate journals. 

The original order of the papers has been rearranged 
and divided into four parts. Part 1 consists of forty 
papers on the generation of high magnetic fields. The 
latest work on the theoretical design of both normal and 
‘force-free’ coils, and on the techniques of measuring high 
fields, is followed by a section on d.-c. magnets and their 
power supplies, including recent work on water-cooled 
solenoids, cryogenic magnets, auxiliary use of iron, and 
the design of homopolar generators. In the papers on 
pulsed magnets the emphasis is on the production of 
pulsed fields of long duration, and on methods of flux 
concentration, including a description of the implosion 
technique of attaining fields greater than 107 oersteds. 
The section also includes a paper summarizing methods 
of storing and transferring energy. Part 1 concludes 
with accounts (some prepared on the eve of the Con- 
ference) of the first magnets constructed from the new 
high-field super-conducting alloys Nb-Zr and Nb,Sn, 
together with a paper on the magnetic radiation shielding 
of space vehicles. 

Part 2 is devoted to accounts of high-field research 
programmes at nine laboratories in Britain, the United 
States, Japan, Holland, and Poland. Part 3 consists 
of twenty-six papers on solid-state and low-temperature 
physics in high magnetic fields covering resonance and 
oscillatory phenomena, magnetism and transport pheno- 
mena, and the latest measurements on high-field super- 
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conductors, including the announcement that V-Ga 
may remain superconducting up to fields of order 500 
kilogauss. Finally, in Part 4 there are thirteen papers on 
applications of high magnetic fields in plasma, fusion. 
and nuclear physics, and a theoretical paper on the non- 
linear quantum electrodynamic phenomena that should 
be observable in ultra-high fields. 

With few exceptions, the authors have written for those 
already familiar with the previous work and general 
background of the subject. The emphasis throughout 
is on latest ideas; introductions and summaries are 
kept to a minimum and the papers are designed to be read 
in close conjunction with their references. This absence 


‘of explanatory introductions, together with the omission 


of many of the diagrams and photographs shown at the 
conference, has considerably reduced the value and clarity 
of many of the papers. There are no abstracts, although a 
list of these appeared. in the Conference programme, and 
no attempt was made to record the questions and discus- 
sions which followed each paper. Many will also regret 
the omission of the biological papers, which provoked 
considerable interest and controversy when presented. 
For these reasons, this volume does not provide a very 
satisfying record of the Conference. In spite of its short- 
comings, however, it is a collection of papers of consider- 
able value, providing a unique guide to the present-day 
trends in high magnetic field research, and will form a 
useful source-book for workers in this field for soveral 
years. P. F. Sire 


MATERIALS AT LOW TEMPERATURES 


Properties of Materials at Low Temperature (Phase |) 
A Compendium. Edited by Victor J. Johnson. Pp. 508. 
(London and New York: Pergamon Press, 1961.) 200s. 


VER tho past few years the scope of work at very low 
temperatures has so broadened that today thoro are 
engineering and even large-scale industrial applications of 
temperatures and techniques which a short time ago were 
thought of only in terms of academic research. The change 
has been one not only of scale but also of point of viow. 
as can clearly be seen from the present volume, compiled 
by members of the U.S. National Bureau of Standards 
Cryogenic Engineering Laboratory, and intended to be the 
first of a series providing rapid reference to data on tho 
physical properties of materials at low temperatures. The 
information is presented in the form of boldly drawn 
graphs, together with selected numerical values. Tho 
substances, the properties of which are given, aro treated 
in a standard manner, as if they were all of equal impor- 
tance, and the emphasis is on quick reference rather than 
high accuracy, even where tables of more procise data are 
available. 

The volume is issued in the form of a very stoutly bound 
book of loose-leaf data sheets, which can be replaced. or 
supplemented as new information becomes available. 
Part 1 covers ten selected properties—including density, 
thermal conductivity, specific heat, vapour pressure 
and viscosity—of the principal cryogenic fluids. while Part 2 
covers the thermal expansion, thermal conductivity, 
specific heat and enthalpy of various solids, chiefly metals 
and alloys. Part 3 consists of a very useful cross-indexed 
bibliography. It has to be said that although the volume 
brings together a great mass of data, the method of presen- 
tation decidedly limits its usefulness. For example, 
the vapour pressure of liquid helium is given in a single 
serni-logarithmie plot, together with a short table of values 
at equal intervals of temperature. The boiling point and 
lambda point are not given, and the tabulated values are too 
widely spaced for use in accurate thermometry. It is only 
fair to say, however, that though the editor expresses the 
hope that the volume will be of value to research workers. 
it is primarily intended for the design engineer with a 
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severely practical interest in low-temperature phenomena. 
For his benefit the graphs and tables, though expressed in 
the metric system, are given auxiliary scales in more 
familiar units (temperatures in degrees Rankine, thermal 
conductivities in B.T.U./ft. hr.°R, andsoon). A.H.Cooxr 


ORBITALS IN ATOMS AND 
MOLECULES 


Orbitals in Atoms and Molecules 
By Chr. Klixbill Jergensen. Pp. v+162. (London: 
Academic Press, Inc. (London), Ltd.; New York: Aca- 
demic Press, Inc., 1962.) 358. 
‘HIS volume attempts to bring together so far as 
possible the treatment of electronic configurations in 
atoms, molecules and ions in crystals. This is a task 
which has not been attempted at such & high level before 
and it is very lucky indeed that Dr. Jergensen has been 
persuaded to publish this expansion of his lecture course. 

The treatment begins with a discussion of the configura- 
tions of spherical systems and can only serve as a reminder 
and introductory chapter for those who already know 
something of the subject. Tho treatment of the origin 
of the term schemes for many-electron atoms is very 
compact and makes an excellent introduction to a subject 
which previously has been very difficult to get into. 
(The magnificent book by Condon and Shortley will 
always be necessary but is just a little frightening to the 
beginner.) After this introduction via atomic systems 
in full spherical symmetry, the problem of octahedral 
symmetry is dealt with in detail as an example of what 
happens when the symmetry is degraded from spherical. 
The means of constructing the lowest molecular orbitals 
for systems of this symmetry are discussed and the origin 
and use of variable crystal field splitting diagrams is 
explained. Particularly notable is a well-balanced chapter 
on the concept of electro-negativity in chemical bonding. 
This concept has perhaps been at one and the same time 
the most valuable and most perplexing one in the chemistry 
of inorganic solids, and many of us will find his discussion 
useful. It is still a long way from easy for a physicist 
to get at the core of the concept, but Jorgensen at least 
poses some of the questions which crowd, ill-formulated 
but insistent, into one’s mind when dealing with ‘ionicity’. 
Discussion of spin-orbit coupling effects serves to complete 
the formal discussions of the terms required in spectral 
analysis and then all the terms are brought together in a 
discussion of the energy-levels of crystals and of rare 
earth and five-f elements. 

The book is written in a refreshing style, as is often the 
ease with the first publication of a series of lectures. I 
feel sure it will run to a second edition and that that 
second edition will be expanded in a number of respects. 
T particularly hope the index will be expanded. 

To sum up, then. This book is rather strictly about 
its title. It does not seek to teach the fundamentals of 
quantum. mechanics and indeed relies on a good deal of 
background knowledge both of solids and of the spectros- 
copy of atomic and molecular systems. I am sure the 
book will be very useful to a wide group of physical 
chemists and of solid-state physicists. W. M. Lommr 


ELEMENTARY PARTICLES 


An Introduction to Elementary Particles 

By W. 8. C. Williams. (Pure and Applied Physics: 

a Series of Monographs and Textbooks, Vol. 12.) Pp. 

ix + 406. 

Academie Press, Inc. (London), 1961.) 88s. 

Ne field of physics has undergone more rapid and 
widespread development in the past decade than 

that of the so-called ‘elementary’ particles, and, as & 
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result of this development, one is now led to ask: Which 
particles can, if any, be meaningfully termed ‘elementary’? 
This monograph, while not answering this question, does 
set out to show us some of the reasons for asking it, and 
deals with the necessary theoretical background to an 
understanding of particle physics. Experimental results 
are included mainly as supporting evidence for theoretical 
predictions, or as evidence from which a theory of the 
phenomenon could be developed. 

The book is concerned with the subject up to about 
mid-1959-—-what might be termed as the ‘pre-higher- 
pion-resonances-and-Pomeranchuk-theorem-era’. In some 
respects this (with hind sight not available to prospective 
authors) is a pity because a considerable wealth of new and 
exciting experimental and theoretical material, involving 
strong interactions, has come to light in the intervening 
period and the last real excitement in this book is the 
non-conservation of parity (1956). 

Much of the subject-matter relates to some of the most 
complex concepts in modern physics and the author’s 
aim is to introduce us to these in a logical manner. The 
word. ‘introduction’ in the title certainly does not apply 
to the basic theoretical ideas involved, for example, 
relativistic field theory and quantum mechanics, and a 
good grounding in mathematical physics and a knowledge 
of these theoretical aspects will be of advantage to the 
student coming to study this book. In writing it, the 
author is at once faced with a dilemma: on one hand, 
the pure theorist will prefer a basically theoretical ap- 
proach to everything, while on the other, the experimen- 
talist may only wish to know in what respects his experi- 
ment is likely to influence the theory and why it does so. 
In facing the dilemma, the author has written essentially 
for experimental physicists and they will find much in 
his book for which to be grateful. It is commended to 
graduate students who propose to undertake research 
in this field, since one of its main aims is to lead them to 
think of the theoretical implications of their experiments 
and to reduce their possible reluctance to resort to more 
theoretical papers dealing with these implications. Theo- 
retical physicists will also find it valuable as a reference 
book since it is a good review of the field. 

Tho book is well written in an easy (not over-conversa- 
tional) style. There are parts which might have been 
shortened or re-arranged. For example, those parts 
dealing with Pauli spin matrices and developments 
leading to the two-neutrino hypothesis might have been 
better had all the material been gathered together in one 
chapter. As it is, one deals with pertinent aspects in 
Chapters 2, 9, 10 and 11 and not until p. 265 is the inter- 
relation between the Pauli and y matrices clearly stated. 
In Chapter 7, dealing with z-mesons, there is a slight lack 
of balance, indicated by the inclusion in considerable 
detail of pion photo-production, and by the exclusion 
of any discussion on pion production in nucleon—nuclear 
collisions and the role of isobars in determining the 
pion energy spectrum. An opportunity was missed in 
Chapter 8 to illustrate the various types of nucleon- 
nucleon scattering experiments {including the production 
of a beam of longitudinally polarized nucleons) by three- 
dimensional sketches. There is a somewhat odd selection 
of references to experimental work in connexion with the 
charged K-meson (para. 12.7); for example, while three 
references are given enabling one to see how the life- 
time is measured, those relating to the ‘considerable 
evidence’ as to how a zero spin assignment was ascribed 
appear to be missing. While the Lamb-—Retherford shift 
is described in Chapter 9, it is not named as such until 
Chapter 13. 

If one were asked to single out one chapter as an ex- 
ample of an excellent blend of theory and experiment, 
then I would select that on beta decay. One point here, 
however, is not clear, and that is (p. 278) why the inter- 
mediate ‘boson would have to be very much heavier than 
the proton’. 
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These criticisms, however, are about points of detail. 
The overall concept of the work is good and the author 
has contributed considerable time, effort and scholarship 
to it. He is to be congratulated on his firmness of purpose 
and on successfully presenting an Introduction of such 
wide scopo. W. GALBRAITH 


INTRODUCING ELECTRONICS 


An Introduction to Electronics 
By Dr. Dennis F. Shaw. Pp. vi+338. (London: Long- 
mans, Green and Co., Ltd., 1962.) 30s. net. 


Electronics for Scientists 

Principles and Experiments for Those Who use Instru- 
ments. By Prof. H. V. Malmstadt, Prof. C. G. Enke and 
Dr. E. C. Toren, jun. Pp. xi+619. (New York: W. A. 
Benjamin, Ine., 1962.) 10.75 dollars. 


Physical Electronics 

By Prof. Curtis L. Hemenway, Prof. Richard W. Henry 
and Martin Caulton. Pp. xiv+396. (New York and 
London: John Wiley and Sons, Lid., 1962.) 62s. 


HETHER a sixth-form physics teacher ought to 

review æ university-level book is a point that the 
writers of blurbs and prefaces should consider; if they 
are not very careful, this may indeed befall. When three 
books on the same subject arrive together, one takes up 
the challenge expecting that any two shall provide 
ammunition for dealing with the third, or that at least 
they can be set cyclically against one another the Mid- 
shipman Hasy way. It turns out, though, that the books 
are so different in contents and treatment that comparison 
would be a fruitless exercise. 

Of Dr. Dennis Shaw’s book it is said that “although it is 
too advanced for use in schools, it will be of interest to 
sixth-form masters teaching physics up to scholarship 
level’. But in this context, where it does touch on work 
that might be taught in class, it is neither detailed enough 
nor thorough enough; and outside the syllabus, those 
who are interested in electronics will frequently want 
assistance in quite advanced terms—much more about 
the oscilloscope, for example, than is given here. But 
this is professedly an introduction, and should be useful 
in that respect at its own level. The earlier chapters are 
basie circuitry with the associated mathematics, and 
electronics proper begins in Chapter 9 with the discussion 
of electrons in solids. This may well be the most profit- 
able start for those whose later concern is primarily with 
transistor circuits, but the explanation is very condensed 
and I have doubts about the efficacy of this approach. 
Later there is a chapter on semi-conductor diodes and 
another on transistors. The thermionic diode and triode 
receive adequate conventional treatment, though no 
mention is made of the gas-filled diode or the thyratron; 
and there is nothing about the pentode or the photo-cell. 
The book ends with accounts of the motion of electrons 
in electric and magnetic fields, and of the cathode-ray 
tube. Units are adroitly handled—electrostatic deflexion 
in #.8.U., and magnetic deflexion in u.m.0. But the case 
that does need thinking about, with both together, is 
not mentioned; and that is the sort of thing that must 
be done most carefully at school. Good selections of 
up-to-date references and of examples to be worked 
through are given; and the student who follows up the text 
through these would find it a very helpful introduction. 

Electronics for Scientists is really a combined experi- 
mental course and laboratory guide. It is largely based 
on apparatus units made by the Heath Co. (known in 
Great Britain as ‘Heathkit’) and. designed by Profs. 
Malmstadt and Enke. It covers basic measurements and 
power supplies, amplifiers, oscillators, bridge measure- 
ments. servo systems, operational amplifiers for measure- 
ment and control, and switching and timing and digital 
counting systems. Since valve voltmeters and Dekatron 
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scalers and d.-c. amplifiers are finding their way into 
schools nowadays, this would be a useful book to many 
teachers, and worth the rather high price—which would 
repay itself in the better understanding with which 
expensive apparatus could be used. In an electronics 
laboratory equipped with the apparatus for which it was 
written, it would be a most useful hand-book. 

Physical Electronics, by Profs. Hemenway and Honry 
and Dr. Caulton, plans to give what the authors call 
“understanding in depth”. After several introductory 
chapters on wave-mechanics and statistics und basic 
physics, they select a limited number of topics and discuss 
them very thoroughly. Among these are the magnotron, 
ionic mobility and diffusion, discharge processes in gasos, 
the klystron, and modern travelling-wave and parametric 
amplifiers. Plasmas and the liquid state are bracketed 
together for a comparative discussion. It is » fitting 
commentary on the speed with which things aro moving 
nowadays that a book published in 1962 speaks of a 
“possible” ruby maser—which is all it could havo boon ai 
the time of writing. The book gives an excellont pro- 
sentation of the physics underlying the devices and 
processes that it covers. G. R. NOAKES 


COLLEGE PHYSICS REVISED 


Modern College Physics 

By Prof. Harvey E. White. Fourth edition. Pp. ix+ 755. 
(Princeton, N.J.: D. Van Nostrand Company, Ine.; 
London: D. Van Nostrand Company, Ltd., 1962.) 76s. 


To preparation of a new edition of an elormontary 
physics text prosents several problems to the 
author. New knowledge must be included; some of the 
old must be sifted carefully, and presented in relation to 
the new with the help of modern resources; and whother 
the book is for the intending future scientist or for the 
student taking science as part of his liberal education the 
treatment should, so far as is consistent with the lovol, 
be philosophically and logically sound, Prof. White deals 
handsomely with the first; the second also has been con- 
sidered—the Physical Science Study Committee's friction- 
less puck, for example, for dynamics experiments, and the 
use of the pulse electrometer for measuring small currents ; 
but he has not entirely come to grips with the third. 

In singling out two points for criticism under this last 
heading, I am not niggling at a very good book. Thoy 
are quite important, and themselves inconsistont with 
the excellent logical approach that the author shows in 
dealing with Newtonian mechanics, which is so often a 
weakness. The first is Ohm’s Law. The concept of 
resistance and the ohm are introduced a whole page 
before Ohm’s Law is mentioned; the experiment to illus- 
trate this is performed with a metal filament lamp. for 
which V/I is unfortunately far from constant, and later 
resistance is defined as “the opposition offered to tho 
flow of current through a circuit”. This troatment mis- 
represents the nature of a physical law, of Ohm's Law. 
and of resistance. ` 

Next, is it legitimate to defer to a later chapter tho 
determination of e, to define the coulomb as a numbor of 
electrons, and the ampere as one coulomb per second ? 
Most of us have to start in more or less this way, doferring 
also much more which has to come in eventually. But if, 
as the author does, you import nothing else but the volt, 
by the time you reach the Millikan ‘exporiment this 
determines only the number you first thought of. Ono 
could be sympathetic if the difficulties and omissions 
were indicated, for there always has to be some conu 
promise with rigour at the start. But there is nothing 
anywhere in the book about the basic current curront 
experiments (on which the treatment of the Physical 
Science Study Committee wisely lays such emphasis). nor 
is the proper definition of the ampere mentioned. This 
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is unfortunate, as a logically acceptable determination of 
e is really one of the keystones of an undogmatic and 
experimental approach to the teaching of modern physics 
at an elementary level. 

The high standard of writing and illustration of the 
earlier editions has been maintained, and the book can 
be recommended as a stimulating source of information 
for the school library. G. R. NOAKES 


VACUUM TECHNIQUE 


An Introduction to Vacuum Technique 

By A. H. Turnbull, R. 8. Barton and Dr. J. C. Rivière. 
(Newnes Practical Science Books.) Pp. x+190. (London: 
George Newnes, Ltd., 1962.) 50s. net. 


N the preface to this volume the authors explein that 
the book grew from a report of the Atomic Energy 
Research Establishment entitled Vacuum Technique for 
Beginners and written in 1951. That this book is still 
eminently suitable for beginners in the field of vacuum 
technology is evident, since it is written in a concise, 
economical style and in easily readable language. How- 
ever, as most vacuum technologists are aware, major 
advances in vacuum science have occurred in the past 
decade, and recognizing this, the authors have included a 
great deal of material describing this recent knowledge. 
This work, therefore, becomes an up-to-date introduction 
and will find a welcome place on many library shelves or, 
what is more likely, on many laboratory benches. 

The book commences with a very adequate analysis of 
the kinetic theory necessary to an understanding of 
vacuum systems and components. This chapter is par- 
ticularly meritorious since the mathematics are lucidly 
presented and unnecessary dotail is avoided. However, 
in view of the factors which limit the attainment of 
ultra-high vacuum (for example, desorption, surface 
migration, etc.) it is felt that this chapter could have 
been usefully improved by a short discussion of the 
concept of the sticking time of molecules to surfaces 
with emphasis on the importance of desorption energies 
and surface temperatures. 

The second chapter, which follows naturally, applies 
the results obtained in the previous section to the cal- 
‘culation of conductances of components normally en- 
countered in vacuum systems (a very useful calculation 
of the conductance of a cold trap is included). An intro- 
duction to the chapter on pumps, in the way of definition 
of pumping speed and the limitations on the vacuum 
obtained would bea great improvement, but apart from 
this the topic is handled efficiently. Examples of the 
topicality of the book are found in a description of a 
triode sputter ion pump (which is still very much in the 
experimental stage) and in a very complete analysis of 
refrigerated and unrefrigerated vapour traps. 

A debate of the hoary question, ‘oil or mercury diffusion 
pumps’, is also treated in a competent manner and should 
help to clear up misunderstandings in the minds of many 
users of these devices. 

In view of the statement on the cover of the book that 
the contents deal largely with branches of the subject 
with which the authors have considerable experience, it 
is unusual to find that the chapter on vacuum gauges 
does not include a description of mass spectrometers. In 
many applications a knowledge of the individual gas com- 
ponents in a system, in addition to the total pressure, is 
mandatory, and the many commercially available gas 
analysers testify to this need. It is hoped that the authors 
may have an opportunity to rectify this omission, which 
detracts from the value of this chapter, in a future 
edition. The table of the ranges of various vacuum 
gauges also would be more valuable if the gauges capable 
of measuring pressures less than 10-8 torr were included 
(for example, Bayard-Alpert, Lafferty, Redhead gauges) 


Supplement to NATURE of April 6, 1963 


VoL. 198 


although to be fair these are adequately described in the 
text. The materials used in vacuum systems and the ' 
techniques used in coupling of components, isolation, 
ebe., are given admirable coverage and the comparison of 
various types of gaskets is conducted objectively. The 
descriptions of hydrogen brazing and argon are welding 
are also commendable. 

The design of vacuum systems and their associated 
protection devices is also treated in some detail, but here 
again the concept of molecular sticking times would be 
advantageous in discussing the necessity of baking ultra- 
high vacuum systems. Finally, the chapter on leak 
detection gives comprehensive coverage of this topic and 
concludes with the observation that care must be taken 
when choosing a commercial mass spectrometer leak- 
detector since many manufacturers quote only a minimum 
detectable leak rate. Of course, the parameter of im- 
portance in leak detection is the minimum pressure change 
detectable by the instrument, and in order to convert 
quoted leak rates to this parameter full knowledge of 
the instrumental pumping speed must be available. 

To conclude, this book fills a gap between the high- 
priced rather bibliographical texts, several of which are 
now available, and some smaller Jess up-to-date works. 
Explanatory illustrations are numerous and the references 
are very adequate. There will be a demand for this text 
in many laboratories, both by research workers who 
use evacuation as a tool and by design technicians. 
The book should also commend itself to undergraduate 
physics and engineering students, as an authoritative 
survey of present techniques in the production and 
measurement of all degrees of vacuum. G. CARTER 


QUANTUM THEORY 


Quanta and Reality 

A Symposium (Nuffield Foundation Unit for the History 
of Ideas), originally broadcast in the BBO Third Pro- 
gramme. Contributions by Prof. A. B. Pippard, Prof. N. 
Kemmer, Dr. Mary B. Hesse, Prof. M. Pryce, Prof. D. 
Bohm and Prof. N. R. Hanson. Pp. 96 (3 plates). (Lon- 
don: Hutchinson and Co. (Publishers), Ltd., 1962.) 18s. 


HIS symposium describes and criticizes the conceptual 

background and some technical achievements of 
modern quantum theory. After a historical introduction 
by Dr. Toulmin, Prof. Pippard, in “Particles and Waves”, 
gives a vivid account of basic ideas in electron diffraction, 
energy quantization in atoms, and radioactive decay. 
Prof. Kemmer follows, in “Waves and Probability”, with 
a careful discussion of the kind of knowledge which is 
attainable for electrons, etc., the uncertainty principle, and 
the particle-wave duality in quantum theory. In ‘Models 
and Matter’ Dr. Hesse assesses the significance of models 
of physical entities with ‘positive’ analogies and ‘negative’ 
analogies. In a discussion Prof. Pryce, while wishing 
orthodoxy to be open always to free criticism, emphasizes 
the importance of a theory which makes reasonably 
precise calculations and comparison with experiment 
possible, while his opponent Prof. Bohm makes philo- 
sophical objections and wishes to amplify the conceptual 
content of theory but proposes no possible experiment 
which will show that his ideas are physically preferable 
to the more usual ones. Finally Prof. Hanson sum- 
marizes, gives what seems to me a misleading account of 
‘renormalized’ theory, but comes down in favour of a. 
‘working’ theory, while waiting for alternative specula- 
tions to reach a less vague form. 

To cite one or two sentences which seem to me to be 
historically misleading, wrong, or physically correct but 
confusing, for example, “its velocity is one of a whole 
range of possible velocities”, would be to detract unjusti- 
fiably from the virtues of a bold attempt to bring difficult 
ideas to more general currency. CHARLES STRACHAN 
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CLOUD PHYSICS 


The Physics of Rainclouds 

By N. H. Fletcher, with an introductory chapter by P. 
Squires. Pp. x+386+6 plates. (Cambridge: University 
Press, 1962.) 65s. 


HE purpose of this book is two-fold, to provide an 
introduction to the subject for physicists and 
meteorologists and to act as a reference volume for 
workers in the subject. It succeeds in both aims. The 
newcomer to the subject will find an introductory chapter 
on the dynamics of clouds and a very short chapter 
devoted to a general survey of the microphysical processes 
followed by five chapters about water drops. These 
chapters deal with condensation, condensation nuclei, the 
microstructure of non-freezing clouds, the growth and 
coalescence of cloud droplets and the evolution of rain 
from non-freezing clouds. The next four chapters discuss 
the ice phase, dealing with nucleation, ice-forming nuclei 
in the atmosphere, the growth of ice crystals and rain 
from sub-freezing clouds. There follow two chapters on 
the artificial modification of clouds and on the production 
and properties of silver iodide nuclei and finally a sober 
survey of large-scale rain-making experiments. 

In a subject in which rapid progress is being made it is 
not always easy to assess the significance of new results. 
Nevertheless, Dr. Fletcher has produced a book which 
progresses smoothly from the early chapter on condensa- 
tion to the final, inevitable, chapter on rainmaking. 
Throughout the book theoretical discussions, experimental 
results and descriptions of experimental methods are 
nicely blended. There is only one major omission. The 
physics of cloud electrification receives only brief mention. 
The author defends the omission on the grounds of the 
uncertainty concerning the role of electrification and of 
the space which would be required to deal with it. For 
me this is a matter of regret. 

The worker in the field of cloud physics will find a 
bibliography of nearly 600 references with back refer- 
ences to the page in the bok. Each of the years 1953-58 
contribute between 40 and 50 of these references—striking 
testimony to the continuing interest in this subject. There 
is also a very adequate subject index. 

The production of the book is up to the usual high stan- 
dard of the Cambridge University Press. 

A. ©. Best 


ASTRONOMY IN THE SPACE AGE 


Space Age Astronomy 

An International Symposium sponsored by Douglas 
Aircraft Company, Inc., August 7—9, 1961, at the California 
Institute of Technology in conjunction with the XT 
General Assembly of the International Astronomical 
Union. Pp. xxi+531. Edited by Armin J. Deutsch and 
Wolfgang B. Klemperer. (New York and London: 
Academic Press, 1962.) 118s. 


Astronomy and Spaceflight 

By G. A. Chisnall and Gilbert Fielder. Pp. 2304+12 
plates. (London: George G. Harrap and Co., Ltd., 
1962.) 25s. net. 


HE classical problem facing an astronomer is that of 

perfecting devices for the collection of the maximum 
-amount of radiation. It is only from the radiation emitted 
or reflected by astronomical objects that anything at all 
can be known about them. Radiation is the link connect- 
ing the remote parts of the universe with ourselves. 
Infermation is carried by the radiation in two ways— 
intensity and wave-length. Clearly the more radiation 
we can intercept at various wave-lengths the more, 
in principle, we will know about the object emitting the 
radiation. The amount of radiation collected can be 
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increased by the construction of larger and larger tele- 
scopes, this field of endeavour culminating with the 
200-in. Palomar telescope. No corresponding advance 
could be made in increasing the wave-length range in 
which observations could be made since the Harth’s 
atmosphere absorbs all except the visible radiation at 
optical wave-lengths. 

With the development of radio astronomy after the 
War came the first extension of the range of wave-longths 
in which it was possible to observe. A big advance in 
our knowledge resulted, notably the delineation of the 
structure of the Galaxy. More recently it has been shown 
that radio telescopes can obtain information from more 
distant objects than can be detected with optical tole- 
scopes. However, radio telescopes can only oporate 
within a limited band of wave-lengths, radiation at each 
end of the band being stopped in the Earth’s atmosphere. 

Since the density of the Earth’s atmosphere decreases 
with height so absorption of radiation will docrease with 
height and so if instruments could be placed at great 
heights in the atmosphere a wider range of wave-lengths 
could be studied. To these ends observatories have been 
built on high mountains and telescopes taken up in bal- 
loons. However, modern advances in rocketry have 
now made it possible to put apparatus in orbits clear 
of any absorbing region in the Earth’s atmosphere and 
even. send probes to the vicinity of neighbouring planets. 
Such projects have been before astronomers for several 
years now, and, with the few results to hand, earlier 
excitement has become a more cautious optimism. It 
was at this stage that a symposium “Spaco Age Astrono- 
my” was held in August 1961 at the California Institute of 
Technology. The book, Space Age Astronomy, contains 
the 52 papers and a banquet address presented at the 
symposium. The object of the symposium was to roview 
what had been achieved using satellite techniques and to 
present and discuss future projects. The proceedings of 
the symposium were divided into three sections: accom- 
plishments, current projects and proved techniques 
(13 papers); desiderata for future astronomical obser- 
vations from stations in space (solar, interplanetary, 
galactic and extragalactic phenomena) (16 papers); 
celestial mechanics problems in the solar system, planetary 
exploration and related engineering problems (23 papers). 
To cover such a field in approximately 500 pages means 
that individual contributions are brief. However, biblio- 
graphies are provided where appropriate, and by taking 
several contributions together a fair picture of tho state 
in any given field can be obtained. 

It is arguable that edited discussion is of valuc in 
such a symposium. Since the state of the subject will 
have advanced during the interval necessary for publica- 
tion valuable comments will have been incorporated 
in projects under way and so it forms no part of 
the state of the subject at the time of presenting the 
symposium—namely, August 1961. Of a secondary 
nature is the question of the way in which the symposium 
is presented. Academic Press has produced in overy 
way a well-bound, -printed and -illustrated volumo but 
at a very high price for a progress report in such a rapidly 
advancing subject. While it is to be congratulated on 
producing the volume quickly, paper covers would have 
been adequate for the book’s useful lifetime. 

Of quite a different nature is Astronomy and Space- 
flight.. This is a book for the interested layman who 
wants to find out a simple explanation of the fundamentals 
underlying modern achievements in space. The layman 
must be in a very limited category, however, in order to 
derive maximum benefit from this book—he must have 
General Certificate of Education (Advanced Level) 
mathematics and physics and maintain enough interest 
to stay the course. The book is not a unified treatment 
of the whole subject (clearly this would be impossible 
in the space available) but considers various aspects 
such as rocket propulsion, theory of orbits, telescopes, 
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interferometry to mention but a few. While the reader 
must Jook out for a few small inaccuracies (for example, 
the implication that the Sun is a variable star), one feels 
that this is a book which fills a gap in present popular 
literature for more advanced readers. There have been 
few attempts to bridge the gap between specialist works 
such as Space Age Astronomy and popular literature by 
professional astronomers. Chisnall and Fielder have made 
a worth-while attempt to build such a bridge. 
D. McNary 


A GUIDE TO COSMOLOGY 


Fact and Theory in Cosmology 

By Prof. G. C. MeVittie. (A Survey of Astronomy, Vol. 3). 

Pp. 190. (London: Eyre and Spottiswoode (Publishers), 
_ Ltd., 1961.) 158. net. 


HIS book provides a very readable and sound 

introduction to a difficult subject. Although cos- 
mology by its enigmatic character and generality has 
attracted a plethora of cranks and wishful thinkers in the 
past, it has also some of the greatest names in science, 
such as Newton, Mach, Einstein and Eddington, written 
on its cornerstones. Prof. McVittie, who has been active 
in modern cosmology since the early days when Hubble 
was making his dramatic discovery of the expanding 
universe, is a sure guide for the beginner to the difference 
between fact and fiction in this vast field. 

In his lucid and entertaining style the author first pro- 
vides a selective grounding in the astronomy of local 
space and time. The reader is then educated to a healthy 
scepticism of scientific formule which are established under 
local conditions and applied to the cosmological scene. 
He is shown that the challenging phenomena revealed 
by the great optical and radio telescopes out to distances 
.of the order of thousands of millions of light years have no 
connected meaning without a cosmological theory. 

Throughout the book, however, as if to warn against 
undisciplined flights of fancy, the point is driven home 
that it is the observational tests that have in their turn 
-the last word on any such theory. 

In Chapter 1 the author describes the general nature 
of the cosmological problem. In Chapter 2 he discusses 
very carefully how distance is estimated in the solar system 
and in the Galaxy, from there to nearby galaxies and hence 
to any observed galaxy in the universe. Chapter 3 intro- 
duces the systems of galaxies, clusters, and radio sources, 
and their distribution and motion are examined in terms 
of observables such as optical brightness, spectral red-shift, 
radio flux density and number counts. Chapter 4 contains 
a description of the most important cosmological theories. 
This is followed in Chapter 5 by an appraisal of the 
properties of such model universes in terms of the red- 
shift. How to match a model universe against all the 
available observational data is the subject of detailed 
discussion in Chapter 6. The steady-state model gets 
separate scrutiny in Chapter 7, and is here subjected to 
strong criticism of its logical basis and its ability to satisfy 
the observational requirements. The book ends with a 
summary and conclusion in Chapter 8. There is also an 
appendix giving the tabulated results of the latest red- 
shift and apparent brightness measurements up to the 
end of 1960. Throughout the book the mathematics 
used is such that any undergraduate physicist, say, 
would understand with ease. The references given are 
adequate generally although some important omissions 
were noted. 

Highlights of the book are the valuable discussions 
of the red-shift apparent magnitude data and the number 
counts of radio sources. Here, however, the treatment 
invites criticism on three points. First, the author makes 
the assessment on somewhat slender evidence that any 
conceivable evolution in intrinsic brightness of galaxies 
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can be neglected. This is despite the fact that the periods 
involved are as long as 4,000 million years, and indeed 
Sandage has since shown that plausible evolution could 
significantly affect the interpretation of the red-shift 
apparent magnitude data. Secondly, he seems to place 
too much faith in an identification of the mean density 
of matter in the universe with that of Oort’s estimated - 
mean density of observed matter in the form of galaxies. 
Lastly, on the question of the number counts of radio 
sources the author again overlooks the possibility of 
significant evolution, this time in the intrinsic power of 
the sources. 

However, these considerations are incidental in one’s 
appreciation of the sterling qualities of a book that is of 
inestimable value to the student and necessary reading 
for the expert. W. DAVIDSON 


ILLUSTRATED OCEANOGRAPHY 


Oceans 

An Atlas-History of Man’s Exploration of the Deep. 
General Editor: Dr. G. E. R. Deacon. Pp. 297. (London : 
Paul Hamlyn, 1962.) 50s. 


HIS popular work on the sea consists of a scientific 

libretto set in colour as by a composer and requires 
review rather like an opera. The libretto is completely 
successful and opens with a history of the ocean from 
earliest times by T. F. Gaskell. It is of interest that a 
geophysicist should build his story around the concept 
of continental drift. 

Edward Shackleton then tells the history of maritime 
exploration in terms of six explorers from the Greek, 
Pytheas, to Anderson, who reached the North Pole using 
inertial navigation in the atomic-powered submarine 
Nautilus. Present-day research on the submarine 
archeology of the Mediterranean, revealing so much 
about maritime endeavour in the cradle of Western 
civilization, is then excitingly told by N. C. Flemming. 
Maurice Burton, in presenting marine biology, has had the 
most difficult task since so many good popular accounts 
have gone before. His script is wide-ranging and neces- 
sarily highly selective, but in his hands even the bare 
bones of taxonomy come alive. The whole book is for- 
ward-looking and specialists describe vividly the organiza- 
tion of marine research (G. E. R. Deacon), the floor of the 
sea (A. S. Laughton), currents (John Swallow), the power 
of the tides (K. F. Bowden) and the coasts (C. E. M. King). 
The direct writing in Ronald Currie’s account of the future 
of the sea disguises a brilliant presentation of where the 
science of oceanography is going. 

A final section on facts about the sea gives, in the manner 
of an illustrated pocket encyclopedia, an account of 
instruments, techniques and data to which reference has 
earlier beon made. : 

But 60 per cent of the book consists of pictures and 
only 40 per cent of text. On each page the lay-out is 
pleasing; so is the tasteful display of colour. Undoubtedly 
the book will sell well, particularly around Christmas, 
but for readers of Nature the criterion must be: Do the 
illustrations readily and accurately support the text ? 
In this, all too many fail. This is notably so of many of 
the shadow relief maps of properties of the world ocean 
on which great store is set. Thus, on the relief map of 
pelagic deposits (pp. 94-95) the tinting used for terrigene- 
ous deposits and radiolarian ooze, and again for red clay 
and pteropod ooze, differ so slightly that it is quite 
impossible to make out which of each pair is which. On 
all too many illustrations the lettering is far too small— 
about 6-point—and contrasts poorly with the tint on 
which it is overprinted. The courses of Nansen’s Arctic 
voyages (p. 60) and the place-names of submerged cities 
and wrecks in the Mediterranean (p. 138) are set in grey 
on grey and are unreadable, as are the codings. I myself 
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had to get an additional powerful light and a reading lens 
to learn what many illustrations were meant to illustrate. 
For anyone who wants to understand something about 
the ocean, artistic appeal has been attained at too high a 
price. 

Legends all too often are casual, as on p. 227, where the 
slate cliffs of Cornwall are depicted below and not above as 
stated. On p. 100 whiting are said to be mackerel. On 
p. 243 the Dutch Isle of Schokland is shown before and 
after reclamation of the surrounding sea, but printing 
one of the photographs upside down spoils the point. 
Little thought has been given to the amount of reduction 
which lettering will stand, as on the chart on p. 182 
which has been absurdly reduced. 

It is much to be regretted that such evidently high 
artistic aims by the publishers applied to such an excellent 
script should have given eause for so much criticism. 
A better sub-title would have been: ‘An Atlas-History of 
the Conflict of Science and Art’, or maybe: ‘Two Ways 
of Looking at Truth’. L. H. N. COOPER 


NEW OUTLOOKS IN 
OCEANOGRAPHY 


Oceanography for Geographers 
By Dr. Cuchlaine A. M. King. Pp. xii+337. (London : 
Edward Arnold (Publishers), Ltd., 1962.) 40s. net. 


An Introduction to Physical Oceanography 

By Prof. William S. von Arx. Pp. x+422. (Reading, 
Mass. and London: Addison-Wesley Publishing Com- 
pany, Inc., 1962.) 113s. 


Equatorial Waters and Currents at 150° W. in July- 
August 1952. 

By R. B. Montgomery and E. D. Stroup. (The Johns 

Hopkins Oceanographic Studios, No. 1.) Pp. 68. (Balti- 

more, Md.: The Johns Hopkins Press; London: Oxford 

University Press, 1962.) 40s. net. 


HE first two of these volumes are text-books while 

the third is the first of a new series of research mono- 
graphs.” Oceanography is, by its nature, linked with a 
number of other scientific disciplines and it is important 
that its methods and achievements should be presented 
to students in related fields in a way which will readily 
attract their attention. Dr. King, in her book, has set out 
to idescribe recent discoveries and ideas in oceanography 
against their basic background in a form which will appeal 
to geographers. The author surveys almost all aspects of 
marine science: the form and structure of the ocean 
basins, the ocean floor, the water masses and their move- 
ments and life in the sea. Starting from the beginning, 
the author has nevertheless brought her account remark- 
ably up to date in many ways: recent ideas on the forma- 
tion of ocean bottom features, new thoories of wave- 
generation by wind, observations of deep currents by new 
techniques and theories of the general oceanic circulation 
have all been included. In such an ambitious undertaking 
it is not surprising to find a few errors here and there, 
while the section on “‘Causes and Character of the Ocean 
Currents” contains a number of misleading or ambiguous 
statements. These are minor blemishes, however, in a 
valuable book which should appeal to all readers who 
wish to have a primarily descriptive account of the present 
state of oceanography. 

Prof. Von Arx has treated the subject from the point 
of view of the physicist approaching oceanographic 
problems. In a very useful chapter he explains concisely 
all the essential ideas of fluid mechanics needed to repre- 
sent motion on the rotating Earth. These are then 
applied to a treatment of the atmosphere and oceans as 
a single system before going on to further details of the 
oceanic circulation. There are chapters on tides and other 
waves, methods of current measurement and laboratory 
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models. The final chapter, on “The Gulf Stream Prob- 
lem”, reflects the use of this much-explored current 
system as a means of studying many foatures of morc 
general application. This is a most stimulating book 
from the physical point of view and should appeal tu 
geophysicists of all interests, as well as to students of 
oceanography. There are many excellent illustrations 
in the book, which is very well produced, but the high 
price may act as a deterrent to its wide uso as a text-book. 
In August 1952 an expedition to the equatorial Pacific, 
under the leadership of Townsend Cromwell, made th» 
first direct observations of the Equatorial Undorcurrent, 
which flows eastwards along the equator helow the 
westward flowing South Equatorial Current. This izupor- 
tant, but previously unsuspected, oceanic feature has 
been. named the Cromwell Current after its disco. oror, 
who died in 1958. The preliminary report of this curront. 
published in 1954, naturally aroused great intorost and 
more detailed surveys were made by several expeditions 
during the International Geophysical Year, A full account 
of the original work in the R.S. Hugh M. Smith in 1952 
has been completed by R. B. Montgomery and E. D. 
Stroup, who were Cromwell’s colleagues on this cruise, 
and is published as the first of a new series of monographs 
from the Johns Hopkins Press. This cruise was remark. 
able for the simplicity of the apparatus and the meticulous 
care with which the operations were planned and carricd 
out. Apart from the particular interest of its subjecit. 
this monograph is a model exposition of how an oceano- 
graphic cruise is planned, executed and its results pre- 
sented. In this respect it provides a fitting comploment 
to the broad perspectives and basic principles expounded 
in the first two books reviewed. K. FE. BOWDEN 


TAR AND BITUMEN IN ROAD 
CONSTRUCTION 


Bituminous Materials in Road Construction 
(Department of Scientific and Industrial Research: 
Road Research Laboratory), Pp. xxiv-+611+ 25 plates, 
(London: H.M. Stationery Office, 1962.) 42s. 


OR the first time a text-book on bituminous materials 
for road construction is available in Great Britain - 
tho word ‘bituminous’ of course covering both tar and 
bitumen. The ‘black-top’ road industry has felt the 
need for a book of this nature for years, and has long 
envied other forms of road construction which havo had 
a profusion of literature to support them. 

Possibly it is for this reason that many enginoers re- 
sponsible for the design of major road schemes are so well 
informed about the rigid form of construction—concreti- - 
and in many cases so lacking in information about flexible, 
or black, roads. 

This book is the work of members of staff of the Road 
Research Laboratory, who are to be congratulated on 
producing such a very comprehensive text-book. This 
is indeed the purpose of the volume, rather than to provido 
a practical hand-book for road-makers. It requires 
supplementation by specifications and other literatur: 
to fulfil this latter purpose. In the role of toxt-book 
it is extremely detailed and covers all aspects of flexible 
road construction with tar- and bitumen-bound mixtures. 
ranging from the origin, chemical and physical character. 
istics of the materials to the detailed design and mnethod+ 
of building roads. 

Obviously a, work of this nature has taken several years 
to produce, and it is a little unfortunato that this = 
reflected in the dates of some of the illustrations. and by 
the fact that occasionally references aro out of date. 
Also, the text includes several methods of carrying out 
certain tasks which have now been superseded. for ox- 
ample, the first two methods of applying wetting agents 
to surface dressing described on pp. 323-328 are now 
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almost obsolete in favour of method 3, which is given on 
p. 329. Editorial cutting to remove such surplus informa- 
tion would be advantageous. 

As regards the contents, there are chapters on surface 
dressing and the methods of preventing wet-weather 
damage to it, together with details of the plant and tech- 
nique required. The method of working out the rates of 
application, however, does not entirely agree with that 
favoured by the Association of Road Surface Dressing 
Contractors, who prefer to decide first on the size of 
chipping necessary to carry the traffic on the particular 
road surface in question, and then to adjust the rate of 
spread of tar or bitumen binder to suit. This book tends 
to transpose the emphasis on these two variables. Both 
methods should, however, produco the same result. 

The most important part of the contents, however, 
deals with asphalt, dense tar surfacing and coated mac- 
adam, and the bulk of thirteen chapters (out of twenty- 
seven) is very rightly devoted to these materials. It 
is on this particular subject that dissemination of know- 
ledge is at present so badly needed. The text covers 
details of the specifications available, including the latest 
types of coated macadam which must be laid hot, together 
with methods of manufacture, control, laying, sampling 
and testing. There is a good section on the plant neces- 
R for mixing the materials and for laying them success- 
ully. 

This book should be of great value to universities and 
technical colleges, who hitherto have had no text-book 
from which to work, and have thus been unable to devote 
much of their curricula to the subject of flexible road 
construction. The fact that more than 90 per cent of all 
roads in Great Britain are of this type clearly shows the 
need for this book. 

It is very much easier to criticize than to originate a 
work of this nature, and such minor comments as have 
been made are heavily outweighed by the excellence 
of the book as a whole, the writing of which must have 
been an enormous task. It is good value at 42s. for a book 
of 611 pages, very fully illustrated with photographs and 
diagrams, and no design office or professoria] desk dealing 
with roads should be without one. S. A. STEWART 


DATA FOR ENGINEERS 


Kempe’s Engineers Year-Book for 1963 

Edited by C. E. Prockter, under the direction of B. W. 
Pendred. Vol.1: Pp. xiv+1324. Vol. 2: Pp. vili+ 1394. 
(London: Morgan Brothers (Publishers), Ltd., 1963.) 
928. 6d. the two volumes. 


| Comets engineer has to deal occasionally with a 
problem which is outside his experience; for example, 
the electrical engineer can be confronted with the design 
of a simple structure for supporting equipment, and 
civil and mechanical engineers might have to deal with 
problems concerning minor electrical plant. A variety 
of hand-books is available which can be useful to engineers 
in these circumstances and which provide guidance 
for the non-specialist generally. Indeed, some of the 
contents of hand-books, such as mathematical tables and 
formule, tables of properties of materials, steam, steel 
sections and standard manufactured components, as well 
as summaries of British Standards and codes of practice, 
is exceedingly useful to all engineers at all times. On 
the other hand, the value of the abbreviated theory as 
provided by most hand-books is doubtful: it can serve 
as a reminder but is unsuitable for the uninitiated. The 
details of plant and equipment which are usually featured 
in hand-books, to a greater or less extent, are useful 
provided they are revised frequently. 

It is believed that hand-books would be more useful 
for one of the purposes for which they are apparently 
intended if more formule representing solutions of 
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standard problems were provided, with appropriate 
diagrams and clear statements of assumptions and 
limitations as well as references to authoritative texts. 
For example, in the field of structures symbolic solutions 
exist for a wide variety of beam systems and frameworks 
subjected to various loading conditions. Such material 
would be far more useful in a hand-book than an attempt 
at a brief summary of theory of structures, which might 
in fact be misleading. 

Kempe’s Engineers Year-Book is, perhaps, one of the 
most complete, regularly revised hand-books in English 
which is available to the engineer. Its contents are 
provided by specialist contributors and include general 
data, theoretical matter, design data and details of plant, 
materials and equipment relevant to every branch of 
engineering. Some of the less-obvious aspects considered 
are plastics, grinding, abrasives and polishing appliances, 
forging plant, powder motallurgy, ropeways, lifts, hand- 
ling equipment, railway signalling, industrial safety, 
fire protection, public health engineering, paints, patents 
depreciation and law. 

The standard of the theoretical matter varies widely: 
for example, that included in the sections on gas, steam 
and water turbines is of high standard and many useful 
data are provided. On the other hand, some of the 
sections devoted entirely to theory, such as those on 
thermodynamics and theory of structures, are pedestrian 
and of little value. 

Important aspects which receive little or no attention 
in the book include flexibility of piping systems, plastic 
theory of collapse of structures and the design method 
derived therefrom, water hammer, experimental stress 
analysis and steam-power plant cycles. 

There are extremely useful sections on many topics, 
including nuclear power, aerodynamics, electrical engineer- 
ing, internal combustion engines, marine engines, fuels, 
naval architecture, surveying, concrete and water engin- 
eering to mention but a few. It is interesting to compare 
the approaches in the sections on nuclear power and 
steam engineering; that of the former is entirely in 
accordance with the enthusiasm which attends a new 
subject while the latter seems somewhat out of date 
and provides little information about large, modern steam 
power plants. 

Most sections of the book contain a bibliography. 
It is a pity, though, that all are not as extensive as, for 
example, that of the water turbine section. | 

It is believed that much of the adverse criticism which 
can be made of this book would be remedied automatically 
by fairly frequent changes of contributor on any subject. 
Nevortheless, the editors and publishers are to be con- 
gratulated on this new edition of a comprehensive, well- 
indexed work which is of great value to the engineering 
profession and industry. T. M. CHARLTON 


LIQUID-PROPELLANT ENGINES 


Liquid-Propellant Engines 

By N. I. Malek-Pashayev. Translated by W. E. Jones. 
Translation edited by Dr. B. P. Mullins. Pp. v+175. 
(London and New York: Pergamon Press, 1962.) 20s. 
net. 


USSIAN achievements in rocketry have been so 
prodigious that when a book with tbis title emanates 
from the U.S.S.R. one naturally expects to learn something 
of the equipment and techniques which have made them 
possible. The dust-cover shows pictures of four large 
rocket missiles. Was it one of these, the prospective 
purchaser may wonder, which launched the first Earth 
satellite or put the first man into orbit? He-would do 
well to turn to p. 28; there these rockets are revealed to 
be our old friends: Atlas, Thor, Jupiter and Corporal. 
In fact the only Russian rocket motors which he will 
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find are a project of 1903 and an experimental engine 
said to have heen tested before the War. Otherwise, 
the author appears to have drawn all his material from 
the German, British and American literature. 

The level of the book is elementary; it is not, however, 
suitable for any class of students that I myself can think 
of, being too unsystematic and uneven in the amount 
of knowledge required for understanding. In any event, 
there are already several more satisfactory books on the 
market, written by authors having more immediate 
access to their sources. The translation is adequate, 
but some of the editorial work could be improved. To 
take a small, but typical, example, when the phrase “liquid 
propellant engines” is first introduced, “L.P.E.”? is care- 
fully placed in parontheses after it as though this abbrevia- 
tion will be used in what follows; yet the full phrase is 
meticulously spelled out on every subsequent occasion. 
Another example appears at the end: a short list of refer- 
ences is followed by “suggestions for further reading”; 
nearly half of these have just appeared, in the reference list. 

Translating and editing a technica] book is, of course, 
a difficult and somewhat unrewarding task. In the 
present case it will have been made harder by the fact 
that the book was printed (not very well, it must be said) 
in Poland. What a pity, therefore, that this effort was not 
expended on a more worthy object. D. B. SPALDING 


FROM STIRRUP TO CRANK 


Medieval Technology and Social Change 
By Lynn White, jun. Pp. 194412 plates. 
The Clarendon Press, 1962.) 30s. 


EN of the Renaissance like Francis Bacon were 
fond of reciting the list of recent discoveries which, 

in their cyes, marked the beginning of a new age: the 
sea-route to the East, the invention of printing, the 
navigator’s compass, Columbus’s voyage and the fury of 
gunpowder—these were taken to signify not merely 
Europe’s inventiveness and daring nor her impressive 
command over Nature, but the possibility of an easier, 
richer, finer life. The Renaissance Utopia was founded 
on. technological excellence. Broadly speaking this 
Renaissance view of history has remained in force almost 
to our own day. for if our vision of the future is less rosy, 
we still for the most part (and rightly) trace the emer- 
gence of the characteristics of modern technology and 
modern society to the age of the Renaissance. Prof. 
White does not seek to challenge this view; rather it is 
his object to correct its perspective by pointing out that 
if the roots of modern technology first became conspic- 
uous in the sixteenth and seventeenth centuries it was 
because the seed had germinated far earlier, and that 
even the profound impact of technology on society which is 
to us a truism (although the Renaissance scarcely sus- 
pected it) had begun long before the Renaissance occurred. 
The plein fact is that if we care seriously to under- 
stand the development of our civilization (and Prof. 
White, who is a splendid historian, does have a deep 
concern for this) we cannot be satisfied by the glib talk 
of discovery and invention that flattered the self-esteem 
of the Renaissance. How did the compass, the making 
of paper or the use of wind-power (none of which was a 
European invention) make their way to Europe from the 
Far East ? Moreover, why was their influence so much 
greater in the West than in the Hast? What technical 
considerations prompted the peculiar agricultural practice 
of Western Europe, neither Roman nor Barbarian in origin, 
which endured for more than a thousand years ? For this 
agricultural system was, of course, in its turn the founda- 
tion for a social and political system of almost equal dura- 
tion. What permitted the relative abundance and (as Prof. 
White adds) vitality of late medieval society, urging it 
to expand beyond the Danube and the Volga to both the 
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Indies ? Whence came the military strength to implement 
this expansion ? Above all, why did the technical mutation 
towards the mechanization of production oceur in Europ 
alone? Machines and tools were not unknown outside 
Europe: indeed, it is likely that in, say, the tenth century 
a.D. Europeans were inferior to the Chinese in mechanics 
skill. But it was in Europe alone that manufacture. 
agriculture, economy and society wore ruthlessly enst 
into upheaval by machinery and its concomitant. power 

Prof. White is well aware, as a good humanist must be. 
that techniques are not a sufficient condition for historical 
drama; but they are a necessary condition. A vigorous. 
active population must command an adequate source of 
protein; an armoured, lance-wielding horseman musi 
have his feet in stirrups; a thrusting economy must 
surpass the tempo of the ox, It is not hard indoeod. 
it is almost too easy—to imagine how tho introduction 
of explosive artillery modified medieval warfare: yet 
this was a process that extended over more than two 
hundred years. It is very difficult to discern the obscure 
causes of the far more gradual effects that required even 
longer to manifest themselves. Consider the crank: 
antiquity possessed one device—a small millstone with o 
handle—that could have been rotated but. as Prof. White 
assures us, certainly was not. The first-known uso of a 
crank (on a grindstone) was ¢. A.D. 825. The compound 
crank is not found until five hundred years later. and 1> 
not embodied in a carpenter’s brace until a century after 
that (c. 1420). Then, during the full tido of the Renais 
sance, the crank figures in a host of mechanical devices. 
serving not merely as a handle but, in association with the 
connecting-rod, for the conversion of motion. 

The history of medieval technology is the history ot 
small things with great effects. The evidence is hard to 
recover and interpret. Only the practised and learned 
historian can realize the significance of the change m a 
technical term of a charter, or of some seemingly moaning 
less elements in an illumination. Only a shrewd guide 
can thread a plausible path through the multitude of 
mistranslations, repeated errors, and foolish guosse~ 
that bedevils this still infant subject. Prof. White 1- 
both. He is, indeed, one of the very few professions} 
historians of medieval technology. Hitherto this branch 
of history has been cultivated, of necessity, by archanolo- 
gists, art historians, textual critics and ospecially evonomic 
historians as an adjunct to their central interests. In thi 
admirable book, which certainly owes much to thicse 
earlier studies, technology is the central interest. It has 
only two defects: it is too short, and too closely written. 
Let us hope that Prof. White will publish many more 
books drawing more expansively on his learning and good 
sense. A. Rupert Hat. 


FUNDAMENTALS OF MATHEMATICS 


Fundamental Concepts of Mathematics 

By Prof. R. L. Goodstein. (International Series of Mono- 
graphs on Pure and Applied Mathomaties. Vol. 22.) 
Pp. vili+ 279. (London and New York: Pergamon Pros», 
1962.) 40s. net. 


READY welcome may be givon to this book. We 

have all too few of its kind at present. The title 1 
explicit enough if one observes in the preface that the 
author has concentrated on themes whieh interest hinm. 
by no means forgetful of the fact that there are count les- 
others which might equally well have been included, Heis 
writing especially for the ‘cultivated amateur’. not for thos: 
in search of a technique. It is true that there is a dearth 
of mathematicians; what is slightly doubtful is whether 
recruits will be found other than by the hard way of the 
traditional struggle for manipulative mastery. ‘That ms. 
would seem that these pages should be regarded as some 
thing of a prize (as indeed they are) for those who have 
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gone through the mill and emerged more or less afloat. 
Otherwise much of their intrinsic beauty may be lost. 

Chapter 1 deals with numbers for counting ; Chapter 2 
with numbers for profit and loss, and numbers for sharing; 
Chapter 3 with numbers unending; Chapter 4 with classes 
and truth functions, and Chapter 5 with networks and 
maps. Evidently, as seen from these headings alone, we 
are about to grasp the nettle in a determination to 
embrace mathematics in its modern setting, and that 
means, in brief, a deep appreciation of pattern and 
rhythmic quality. 

A few examples will show how the process works. 
Forming successive powers of (1 + x)" and expanding, 
yields the array known as Pascal’s triangle, with the 
relation of the coefficients to their neighbours ‘above’ and 
‘to left? in any two successive rows. The demonstration 
for the general case is by induction. An alternative 
approach, made easy by the result just obtained, leads to 
the well-known formula for selecting r out of n things. 

The attraction of these particular demonstrations lies 
largely in the emphasis which they place on structure. 

Further on, the act of integration is brought forward 
graphically with the vertical parabola. This is a 
pleasant change from the rather drab way of accepting 
it as a (sometimes very difficult) inverse operation to 
differentiation. But it is a little hard to see why the 
revered fydx should be abandoned in favour of If(x). 
Also there seems to be a slip in the last expression on p. 171 
where v should presumably be b on the right-hand side. 

Coming to more modern mathematics, the treatment 
of truth-functions and sentential propositions is admirable, 
and careful readers may even be bold enough to catch 

. ® glimpse of the summit of Gédel’s theorem in the formula 
~m (sub a — Pm). Finally, come some intriguing problems 
in the colouring of maps and the properties of networks. 

Physicists will be pleased to see a few simple examples 
of the application of Boolean algebra to electrical switch- 
ing circuits. In effect, this provides a species of Occam’s 
razor in that some surprising reductions in the number of 
switches and branches can often by achieved by such a 
use of symbolic logic. Incidentally, George Boole was 
not of Irish extraction; his roots were in Lincolnshire. 

We can but express delight with Prof. Goodstein’s 
book, coupled with high hopes that its mission will be 
amply fulfilled. F. I. G. RAWLINS 


TABLES OF PROBABILITY AND 
STATISTICS 


Guide to Tables in Mathematical Statistics 

By J. Arthur Greenwood and Prof. H. O. Hartley. Pp. 
Ixii+ 1014. (Princeton, N.J.: Princeton University 
Press; London: Oxford University Press, 1962.) 55s net. 


N 1940 the National Academy of Sciences—National 
Research Council in the United States sponsored “a 
sub-committee on statistical tables to prepare an index 
and guide to existing tables in the field of probability and 
statistics”. This very valuable book is the long-awaited 
result. It is easy to use, covers an enormous field and is 
moderately priced. 

It will clarify things if I begin by saying what.is not 
contained in the Guide. No references are given to tables 
of data, tables relating to quantum theory unless they are 
also tables of use to statisticians, and actuarial tables. 
Queueing theory tables are also not listed, nor are “tables 
of the results of random sampling experiments”. Finite 
differences are dealt with very briefly. Otherwise its 
scope is virtually the whole of mathematical statistics 
up to about the end of 1960. 

The Guide is divided into sixteen major sections, with 
a large number of subsections, and three appendixes. 
The section headings are: the normal distribution; the 
chi-squared and Poisson distributions; the beta and 
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binomial distributions; the #, F- and z-distributions; 
various discrete distributions; likelihood-test statistics; 
correlation; rank correlation; non-parametric tests; 
frequency curves, symmetric functions; regression and 
other curves; variate transformations; random numbers; 
quality control; design of experiments; sundry mathe- 
matical tables: Appendix 1 is a supplement to the main 
body of the Guide, bringing it more up to date, and is 
indexed accordingly. Appendix 2 is a list of contents 
of the more readily available books of tables, and Appendix 
3 relates this Guide to Fletcher, Miller and Rosenhead’s 
standard reference on tables. Finally, an author index 
and a very extensive subject index are given. 

An example is possibly the best way of showing the 
detail of the Guide. Under the heading “2 x 2 table”, 
which we find in the subject index under “‘test...in 2 x 2 
tables”, ‘2 x 2 tables”, “2 x 2 tables .. . test of inde- 
pendence in”, “Yates, F.. . . continuity correction”, 
“Yates, F.... distribution of x? in 2 x 2 tables”, ‘“‘four- 
fold contingency tables”, etc., and under “Finney”, 
“Yates”, ote., in the author index, a concise description 
is given of the exact test for independence (with margins 
fixed). A list is given of all the tables available for com- 
puting exact significant levels. Reference is made to 
Fisher and Yates’s paper with a table showing the effect 
of Yates’s correction for y? analysis, and a list of tables of 
the power function under different hypotheses is given. 

This book is much more than just an index of statistical 
tables. The authors have fulfilled the call to provide a 
real guide to the tables cited. For example: when discus- 
sing some work of Cornish and Fisher, they refer the reader 
to Kendall and Stuart for “the most readable account” 
of the work. For cases in which it is now known that 
tables were computed from incorrect formula(e), the 
error(s) in the derivation of the formula(e) is given, and 
any logical inconsistencies in any of the quoted work are 
pointed out. When more than one type of table is avail- 
able as an aid to computing, then a full discussion is 
given of the circumstances in which the different methods 
are ‘best’. The reliability of quoted tables is also con- 
sidered, and known printing (and other) errors in the 
original tables are given in full. 

Every practising statistician will find it most useful to 
have this book within easy reach. M. ©. Pree 


PROBABILITY AND MATHEMATICAL 
STATISTICS 


Introduction to Probability and Mathematical Statistics 
By Prof. Z. W. Birnbaum. Pp. viii +325. (New York: 
Harper and Brothers; London: Hamish Hamilton, Ltd., 
1962.) 46s. . 


An Introduction to Probability and Mathematical 
Statistics 

By Howard G. Tucker. (Academic Press Textbooks in 

Mathematics.) Pp. xii+228. (New York: Academic 

Press, Inc.; London: Academic Press, Inc. (London), 

Ltd., 1962.) 46s. 


HE Americans seem to be far in advance of the British 

in recognizing the importance of a training in statistics 

for the contemporary scientist or mathematician. This 
is the inevitable conclusion from the number of American 
statisticians who find it worth while to augment lecture 
courses into books on probability and mathematical 
statistics. With this flood of text-books, any one must be 
of particular merit or present a very personal approach to 
the subject to stand out from the throng. Prof. Birnbaum’s 
book certainly achieves this. Within the limitations 
of its subject-matter it is lucid, logical and instructive. 
Prof. Tucker’s book appears at first glance to be above 
the general level on account of its unusual approach to 
certain points. But to me these personal touches fail 
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completely in their aim, and even smack of gimmickry. 
One example of his approach will make the point. To me 
the idea of the expectation or mean of a random variable 
has an intuitive meaning of which the standard definition 
is a direct formalization. Prof. Tucker defines the expec- 
tation of a random variable as: 


EX =f (1 — FPx()) de — J Px (a) de 
fè] -%0 


This must be purely to simplify understanding of the sub- 
ject, since no mathematical advantage is gained from it 
(tho standard definition is deduced as a theorem, 
and used in subsequent work). Similarly, he abhors the 
dichotomy in the standard treatment of discrete and 
absolutely continuous distributions, but at the level of 
mathematical sophistication at which he is working 
(which could not easily be higher in such a book) he has 
to revert to the usual practice. 

Apart from these idiosyncrasies Prof. Tucker gives a 
fair account of the usual material. One notable omission 
from the content is any mention of generating functions. 
On the credit side is a discussion of limit theorems, a very 
useful summary of appropriate results in matrix theory, 
with their application to multivariate normal distributions, 
and a clear presentation (if rather unrelated to practical 
uses) of estimation and Neyman’s theory of hypothesis 
testing and confidence intervals. 

Prof. Birnbaum covers rather less ground than Prof. 
Tucker in a book half as long again. The omissions are 
principally in the field of statistical inference, of which 
only a brief but clear statement of basic ideas is given in the 
final chapter. Analysis of variance and related topics aro 
not considered at all. It is doubly unfortunate that no 
references are given to other texts which students might 
consult. But there are here chapters on characteristic 
functions, on the y? goodness of fit test and on distribu- 
tion-free techniques which are not considered in the 
other book. Both books have a number of exercises, 
Birnbaum’s fewer than Tucker’s and of a less searching 
nature. More could have been provided with advantage. 

The limitation of material is self-imposed, and it is 
easy to understand Prof. Birnbaum’s decision. More 
important is his lack of subjective assessment of the 
potential value of different parts of the material. Thus, 
for example, equal weight is given to the t-test and a 
test for the equality of sample correlations. Apart from 
these criticisms, Prof. Birnbaum must be congratulated 
on an excellent text. Used in conjunction with advice 
as to the practical value of the theory, this book will give 
the student a thorough grounding in the standard theory 
slanted in such a way that he will be able to understand 
modern developments. 

Both books are well produced on good quality paper 
and with excellent bindings, and by modern standards for 
mathematics books are reasonably priced. If my recom- 
mendation as ‘best buy’ is clear, the other should by no 
means be abandoned untried. R. M. Cormack 


VITAL AND HEALTH STATISTICS 
FOR GENETIC AND RADIATION 
INVESTIGATIONS 


The Use of Vital and Health Statistics for Genetic and 
Radiation Studies 

Proceedings of the Seminar sponsored by the United 

Nations and the World Health Organization held in 

Geneva, 5-9 September, 1960. Pp. xi+259. (New York: 

United Nations. London: H.M.S8.0., 1962.) 7.50 dollars; 

53s. 6d.; Sw. Fr. 32.00. 


HE forms in which registrars present vital and health 
statistics are not necessarily the most useful to the 
geneticist or the investigator into the long-term effects 
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of radiation who may also require additional information 
which could readily have been added to the original 
survey. 

The United Nations and the World Health Organiza- 
tion sponsored a seminar in 1960, attended by representa- 
tives from national registries and from research organiza- 
tions, with the view of bringing out the conflicting necds 
of the two groups, and the Proceedings have now been 
published in the volume under review. As a rule, the 
Proceedings of conferences or symposia tend to be of 
interest to few besides the members, but the presont 
volume avoids many of the usual failings. Its chief draw- 
back, common to most publications of this type, is that it 
has taken about two years to publish, but the papers 
are such that this delay is not of great importance. The 
choice of topics is better than usual, and though the 
subjects vary widely from present sources of information 
to mothods of processing, they do bring out strongly tho 
neods of the different groups and show relevant differencos 
and similarities in outlook. 

One interesting point is that the registrar generally 
produces ‘transverse’ surveys, rather than the ‘longi- 
tudinal’ type required in genetic and radiation studics. 
where it is often necessary to follow a family or section of a 
family through several generations. The Japanese family 
register and certain records of the Catholie Church con- 
cerned with consanguineous marriages are, howovor, of 
the longitudinal pattern and are described in some dotail 
in two papers. 

Two papers of particular interest to the health physicist 
deal with the medical findings of the Atomic Bomb 
Casualty Commission on the Hiroshima and Nagasaki 
survivors and with follow-up studies of British luminizers. 
The latter, besides presenting the results themselves. 
and giving an account of the way in which the survey 
‘was carried out, emphasizes the dependence of such a 
survey on willing assistance from the subjects themselves. 

The standard of the papers is extremely high and con- 
sistent, as might be expected of the intornational authori- 
ties who contributed. Statisticians, geneticists and health 
physicists will find much to interest thom, even in tho 
parts which are well outside their fields and all should 
benefit from a realization of the different aspects involved, 
It is to be hoped that this is but a beginning to the recon- 
ciliation of the apparently different needs of administra 
tion and research. Hueu D. Evans 


HOW MANAGERS ARE MADE 


The Management Makers 

The Ideas, People and Institutions that make or mar 
Management. By Auren Uris. Pp. xvi+288. (Now 
York: The Macmillan Company, a Division of the 
Crowell-Collier Publishing Company, 1962.) 37s. 


UREN URIS has been a member of the Research 
Institute of America for sixteen years and, during 
that time, has had uncommon opportunities to examine 
the management picture in his country. He has keen 
perceptive powers and, in his book, has combined them 
with considerable persuasive skill to produce a work which 
should appeal to many readers on both sides of the 
Atlantic. For the specialist student of managemunt tho 
book should be of value for a penetrating analysis and for 
dispelling many fashionable whims and gimtnicks. For the 
more general reader who is sometimes overawed and 
perplexed by the mysteries which surround such t: rms as 
management development and executive performance. 
Uris’s review should provide many of tho answers. 

The book falls into four parts. An unusual introduction 
is addressed to wives of managers. It advises then: which 
sections to read if they want to learn what their husbands 
get up to at work. The second is by far the most valuable 
part of the work and, in it, Uris uses all his extonsive 
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experience to examine such techniques and concepts as 
brain-storming, organization structure, decision-making, 
and the essentials of leadership to show how jejune even 
the most sophisticated managements can be in their enthus- 
iastic adulation of the latest device for solving all problems; 
Uris shows only too clearly that management by craze 
is no substitute for management using intelligence, exper- 
ience and application. 

The third section will be useful to those specifically 
charged with developing managers in industry and com- 
merce and here, too, the author shows that there are no 
short cuts to success. With detailed appraisals of manage- 
ment education and training schemes in small and large 
companies, as well as leading American universities, this 
section would help many British readers to get a bird’s-eye 
view of what is happening in the United States. This 
also applies to the last quarter of the book and, although 
Uris makes too much of the contribution of his own 
organization in providing education for management, 
his account of the work of the American Management 
Association will be received gratefully by specialist and 

. generalist alike. Established forty years ago, and now 
with an annual income of £24 million, the work of the 
American Management Association in promoting produc- 
tivity in American industry, agriculture and commerce 
has been unrivalled. All managers and administrators 
should read this chapter at least and should then go on 
to help build up the British Institute of Management as a, 
voluntary organization of comparable size and influence. 
The effects on British industry would be inestimable. 

T. H. Hawxrns 


SCIENCE OF LEADERSHIP 


Leadership and Organization 

A Behavioral Science Approach. By Robert Tannenbaum, 
Irving R. Weschler and Fred Massarik. (McGraw-Hill 
Series in Management.) Pp. xiv+456. (New York: 
McGraw-Hill Book Company, Inc.; London: McGraw- 
Hill Publishing Company, Ltd., 1961.) 58s. 


HIS book comprises a selection of writings during the 

decade 1950-60 of members of the Human Relations 
Research Group, Institute of Industrial Relations and 
Graduate School. of Business Administration, University 
of California. They are arranged in three sections. The 
first deals with leadership and what is described as the 
‘influence process’. It outlines some basic issues in human 
relations and analyses what is implied in leadership and 
attempts to influence others. The second discusses 
‘sensitivity training’, by which is understood the develop- 
ment of skill and understanding in human relations and 
their handling. In the third part are presented what are 
described as ‘studies in organization’, which include, 
besides the concept of management and the nature of the 
process of taking decisions, decidedly sketchy analyses of 
the organization of research and the evaluation of the 
effectiveness of research which virtually ignore any of the 
substantial contributions to the slender literature in this 
field. Finally, almost four hundred pages on these themes 
are followed by three independent critical commentaries, 
one by G. R. Bach, one by R. Dubin and one by L. F. 
Urwick. Withal there is a bibliography of publications 
of the Human Relations Research, Group and a select 
annotated bibliography of other works. 

The titles of the three parts give at least a hint of the 
besetting weakness of the book, for which, moreover, its 
sub-title, “A Behavioral Science Approach”, may also 
prepare the reader. Nor is it jargon alone that makes the 
book heavy going: it is excessively verbose, and for all 
the value and importance of the themes discussed and of 
some of the suggestions made, its verbiage may well deny 
it precisely the readers who could most benefit from the 
attempted exposition. From the communication point of 
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view it is far less effective than it might. have been had 
sounder judgment been exercised in selecting material 
for inclusion, let alone in the writing. i 

One is led, in fact, to wonder just what this particular 
approach has contributed to justify all this time and 
effort. What exactly is to be found that Leighton has 
not expressed far more lucidly and cogently in The Gov- 
erning of Men, that is not to be found in the Lectures on 
Leadership of the Walker Trust or in Field-Marshal Sir 
William Slim’s address Leadership ? The last, at least, is 
quoted by Urwick in his commentary, which is itself by 
far the best thing in the book and in its references intro- 
duce the reader to literature of a quality for the most 
part far above the level of that elsewhere cited. There, 
at least, are to be found names like those of Fayol, Mayo, 
Barnard, Follett, Rothlisberger, Mooney and Reilly, 
which demonstrate, as Urwick himself does, that it is 
possible to deal effectively with such themes as manage- 
ment and human relations in pellucid English unmarred 
by jargon. From the point of view of effective com- 
munication alone, the book warrants the suggestion that 
the would-be expositor of such themes should first imbibe 
Quiller-Couch’s lecture on jargon. In support of this 
suggestion, a comparison of what is written here on the 
introduction of change with the study Technical Change 
of Industrial Relations by Dr. W. H. Scott and his research 
team at the University of Liverpool provides sufficient 
evidence when due allowance has been made for the differ- 
ence in seale and thoroughness of treatment. As it stands, 
it is all too probable that the book will fail to stimulate the 
self-examination and critical thinking on human relation- 
ships and the development of ability in management 
which the immense amount of work that has gone to its 
making was intended to provoke. R. BRIGHTMAN 


FREE SCHOOL CAVENDISH 


The Cavendish Laboratory 

Nursery of Genius. By Egon Larsen. Pp. 95+ 23 plates. 
(London: Edmund Ward (Publishers), Ltd., 1962.) 
15s. net. 


T is difficult to write temperately about this book. 
The claim on the dust jacket is already intemperate: 
“Here, for the first time, is its whole story, telling of the 
fundamental scientific ideas and discoveries which origin- 
ated there.... Within the stiff covers of the book the 
“whole story” occupies 83 pages of generous print, frag- 
mented into twelve short chapters. There are also twelve 
pages of plates—photographs, mostly, of people and 
apparatus, and generally well reproduced. But only the 
last two chapters, which deal briefly with the Cavendish 
of to-day, are free from grave error: elsewhere history is 
misunderstood, geography is at fault and “the funda- 
mental scientific ideas and discoveries” are consistently 
made to appear trivial and irrelevant. It is a sorry story, 
signifying little or nothing on the intellectual level. 

Let the author speak for himself: “This appointment 
[1871] showed great foresight, for Maxwell’s most impor- 
tant work was still to come...” (p. 15); “His name was 
John William Strutt Rayleigh . . . [in 1871] he married 
the sister of Arthur Baldwin, later the Earl of Baldwin, 
the statesman” (p. 22); “Professor Aston” (p. 27); “Sir 
James Clerk Maxwell” (p. 28); “Ernest Rutherford 
repeated Réntgen’s experiments” (p. 31); “Henri 
Becquerel . . . experimented with X-ray tubes. ... But his 
assistant, Polish-born Marie Sklodowska, was not satisfied 
with the Professor’s explanation .. .” (p. 35); “It also 
meant that he could ask his fiancée to come to Montreal 
to marry him, which she gladly did” (p. 39) (Rutherford, 
in fact, went home to New Zealand to be married); “He 
talked with Niels Bohr, and some time later ‘the penny 
dropped’ ” (p. 44) (this purports to be the inner story of 
the discovery of the nucleus in 1911); “Soddy ... was then 
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only twenty-three years old. Ho identified, and named, 
‘the isotope’ ” (p. 46); “In Amorica, the University of 
California built a small machine, called the ‘cyclotron’, 
for the head of its radiation laboratory, Professor E. O. 
Lawrence” (p. 68); “Swanage, Hampshire” (p. 76). 

Here is merely a selection from a multitude of state- 
ments starkly erroneous, grossly misleading or merely 
inept. In total they render the book worthless for readers 
of any class. 

Perhaps the most surprising feature of all is that there 
should be a foreword by Sir John Cockcroft: “I hope 
that this book will inspire young people to take up the 
study of science seriously”. I cannot sec how Sir John 
can fail to be disappointed in the upshot: indeed the 
publishers would be well advised to cut their losses and 
withdraw the book. It can do them no good—nor its 
young readers, either. N. FEATHER 


BLACK, WATT, PRIESTLEY, 
CAVENDISH AND THEIR 
CONTEMPORARIES 


Scientists of the Industrial Revolution 

Joseph Black—James Watt—Joseph Priestley —Henry 
Cavendish. By J. G. Crowther. Pp. xii+365+7 plates. 
(London: The Cresset Press, Ltd., 1962.) 35s. net. 


HIS is the last of five books “in which British science 

has been viewed through biographies of a succession 
of leading figures in its creation”. It deals with the period 
when the ‘British Empire and modern industrialism were 
born at the same time, of the same forces’. The book 
presents a wide vista. Under “Black” there is much 
about Cullen, Adam Smith and Hutton; the section 
headed Watt has chapters on Roebuck and Boulton; 
“Priestley” brings in many others—chiefly Wedgwood 
and E. Darwin; and “Cavendish” introduces further 
personalities, including Captain James Cook and Joseph 
Banks. These are excelient studies, though occasionally 
the author appears to have jumped to conclusions ‘from 
incomplete evidence. 

The tendency to imposo a particular point of view will 
not please all readers. One of the author’s interesting 
simplifications is that science before about 1754 was 
subservient to a mercantile nation, and that after this 
time (which, incidentally, coincided with the foundation 
of the Society of Arts) it was largely re-orientated to serve 
the needs of an industrial country. Mathematics, 
astronomy and navigation are identified with the former, 
physics and chemistry with the latter. By ‘physics’ the 
author means the newer subjects of electricity and heat 
rather than established branches of science like mechanics 
and optics, these being of obvious importance in astronomy, 
navigation and engineering. Thus this view does not quite 
fit the facts. Economic and social factors alone do not ex- 
plain why the sciences developed ai different rates. 

Crowther’s “Conclusion does not emerge naturally. 
It ends with the contention that British science has 
declined and will continue to do so until “there is a publicly 
owned and controlled productive system”—an idea that 
would have sounded strange to several of the rugged 
individualists portrayed here. 

That Gowland Hopkins first referred to “vitamins” 
(actually “minimal qualitative factors’) in an address 
to the Society of Public Analysts rather than to a medical 
society had nothing to do with resistance to social exploita- 
tion by industry. Hopkins, in 1906, was discussing pro- 
fessional difficulties between public analysts and medical 
officers of health. Ho was speaking of the kind of work 
that awaited analysts in the field of physiological chemis- 
try, for which analytical training was at that time inade- 
quate. The chemists at first had difficulty in understand- 
ing Hopkins’s evidence, and the medical profession did 
not become convinced by it for several years. 


Supplement to NA TURE of April 6, 1963 65 


By all means let us have, and be grateful for, stimulating 
and provocative writing, but let us also try not to misread 
the facts. F. W. GiBBS 


PHOTOGRAPHIC SCIENCE 


Scientific Photography 

Proceedings of the International Colloquium held at 
Liège 1959; Sponsored by the Patrimoine de l’Universit« 
de Liége. Edited by Dr. H. Sauvenier. Pp. xx+61%. 
(Oxford, London, New York and Paris: Symposium 
Publications Division, Pergamon Press, 1962.) £10. 


HIS book contains the papers presented at an 

international colloquium at Liège in 1959 and also a 
record of the discussions. The papers are arranged in 
sections on—crystals, fundamental processes, role of 
gelatine, chemical sensitization, errors of reciprocity 
(reciprocity failure) and optical sensitization. The 
contributions include invited papers of a review nature 
and reports on new work. A novel feature of the collo- 
quium was an invitation to the participants to submit 
questions dealing with problems of general interest in the 
field of photographic science. These questions and the 
ensuing discussions are recorded in the appropriate sec- 
tions of the colloquium proceedings. 

More than half the contributions in the section ou 
crystals are review papers, including a comprehensive 
one by F. C. Brown and F. C. Seitz on electronic processe- 
in silver halides. Several papers on latent image theory 
appear in the section on fundamental processes. Thc 
contribution by W. West and V. I. Saunders doseribes 
elegant experiments with single silver bromide crystals 
which provide evidence for the dual role of silver sulphide 
as traps for both electrons and positive holes. The full 
discussion on the theory of photographic sensitivity 
indicates the interest that this topic aroused at the 
colloquium. J. W. Mitchell, in a contribution submitted 
after the colloquium, presents his views on photographuc 
sensitivity and deals with many of tho points raised in 
general discussion. 

The section on the role of golatine is introduced by 
a review from J. Pouradier on the photographie fimction 
of gelatine. Other papers deal with the mechanism ot 
gelation and the part played by gelatine in tho process of 
chemical sensitization. The section on the latter procoss 
ineludes a discussion of several questions on the nature of 
sensitivity centres and fog specks. 

B. H. Carroll’s excellent review of the provess of 
optical sensitization is followed by several papors on the 
structure of sensitizing dyes and the mochanism of adsorp- 
tion to silver halide crystals. Other papers discuss the 
alternative possibilities of energy or electron transfer 
in the sensitization process. 

The value of publishing conference proceedings in a 
volume of the type under review is, howover. questionable. 
The price is prohibitive, and many of tho papors appeared 
in print elsewhere a year or two beforo this volume wa- 
published. Quicker and cheaper publication in a less- 
elaborate form would be of greater value to the conference 
participants. H. O. Dickrxsox 


MAYA DECADENCE 


Mayapán, Yucatan, Mexico 
By H. E. D. Pollock, Ralph L. Roys. T. Proskouriakoft 
and A. Ledyard Smith. (Publication No. 619.) Pp. v> 
4424-89 figures. (Washington: Carnegie Institution of 
Washington, 1962.) 9.00 dollars paper bound: 9 40 
dollars cloth bound. 
HE last great work of the Departmont of Archeology 
(which is now virtually defunct) of the Carnegic 
Institution of Washington was the excavation of the last 
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important Maya site to be built, namely, Mayapdén. One 
of the objects was to see what light archeology could 
throw on the considerable post-Conquest literary evidence; 
it did not resolve every problem, but it meant that we 
know more about Mayap4n than any other Maya site, 
and that, as the introduction says, this understanding 
comes nearer to being living history than is true for 
any other place. 

After a valuable introduction by Pollock, the report 
falls into four parts: (1) “Literary Sources”, by Roys; 
(2) “Civic and Religious Structures”, by Proskouriekoff; 
(3) “Residential and Associated Structures’, by Smith; 
and (4) “Artifacts”, by Proskouriakoff. Each section has 
its own references and its own set of figures, numbered 
independently. The pottery is not deseribed, but use is 
made of a preliminary examination by the late Prof. 
Brainerd, and a fuller report by R. E. Smith is fore- 
cast. 

Mayapan differs from the other great Maya sites in that 
it was a walled city and not primarily a ceremonial 
centre. It has a relatively minor ceremonial centre as a 
nucleus, which was probably the first-part to be built, 
and the main temple pyramid seems to have been modelled 
on the older and much finer Toltec Maya “Castillo” of 
Chichén Itzá. There were also two circular buildings 
of the type of the “Caracol” at the same place, but Maya- 
pan differed markedly from its predecessor in its lack of 
ball courts and signs of the Eagle and Jaguar cults, and 
in its emphasis on serpents. In its heyday, which lasted 
from about 1275 until 1450, it was the capital of a unified 
Government of Yucatan and is estimated to have con- 
tained 11,000-12,000 inhabitants. 

There are no surviving buildings of earlier date, but 
earlier occupations of the neighbourhood are inferred 
from pre-Classic and Classic pottery, and re-used carved 
stones. It was built on an area mainly of bare limestone 
and obtained its food from dependent agricultural pro- 
vinces, but it had the advantage of a good water supply 
from a group of ‘cenotes’ or sink-holes in the limestone. 
The ruins are not impressive in their decay, owing to the 
extremely poor quality of the masonry. Buildings were 
of rough or crudely shaped stones, depending heavily 
on thick coats of stucco to present a good face, and it is 
an indication of the decay of the unified religion associa- 
ted with the old ceremonial centres that the masonry 
of some chiefs houses was better than that of the few 
temples. Many house groups had shrines of their own, 
pointing to the development of a now form of domestic 
cult, to which may belong also a new form of ornate 
pottery censer and certain types of idol. House groups 
were built where possible on natural hillocks on the lime- 
stone, and a haphazard grouping was the result. There 
were few planned roads, and most of the irregular lanes 
were bounded in a casual fashion by property boundary 
walls. One interesting feature brought out by the exca- 
vations was the predominance of a house type described 
by Bishop de Landa in the sixteenth century, which was 
very rare elsewhere and hence almost unknown before, so 
that the Bishop’s accuracy had been unjustly doubted. 
The genoral picture is one of decadence, which is borne 
out by the literary sources, and the life of the city ended 
in violence. 

On some historical matters, particularly the date of 
arrival of the Itzá at Chichén Itzá, the report reveals a 
difference of opinion between the historian Roys and the 
archeologists Thompson and Brainerd. Roys thinks 
that they arrived in the thirteenth century and remained 
until about the time of the fall of Mayapéan, whereas the 
archeological view is that it was the Itzá who were 
responsible for the Toltec Maya work at Chichén during 
the period c. 980-1200, after which it was abandoned. 
If this is so, Roys’s identification of the Cocom rulers of 
Mayapán as a branch of the Itzá can scarcely be main- 
tained. AJl concerned accept the Thompson correlation 
of the Maya and Christian calendars, although Pollock 
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notes that some radiocarbon dates appear to favour the 
Spinden correlation. The new and impressive series of 
measurements from Tikal, which give strong support to 
the Thompson correlation, was not available soon enough 
to receive more than a mention in a postscript. 

Mayapaén proved poor in material remains, but the 
report is rich in valuable information. The work was well 
worth doing. G. H. S. BUSENELL 


A DIRECTORY TO DEVELOPMENT 
FACILITIES 


Development Guide 

A Directory of Development Facilities provided by Non- 
Commercial Organizations in Britam. Pp. 262. (London: 
George Allen and Unwin, Ltd., 1962.) 25s. net. 


S technical advances make civilization progressively 

more complex, the problem of communication be- 
comes increasingly important, and as the realization 
gains ground that the industrialized countries have a 
moral obligation to help those parts of the world which 
are less well developed, the problem of communication is 
accentuated still further. Jt was this realization which 
led to the foundation of the Overseas Development 
Institute, which is an independent body financed by 
grants from the Ford and Nuffield Foundations as well 
as by British industrial and commercial enterprises. 

The main object of the Institute is to serve as a centre 
for the collection, consideration and dissemination of 
ideas which might foster the material progress of countries 
in Africa, Latin America and Asia. In pursuit of this 
object it has now produced a Development Guide. This 
Guide is a directory of about 200 organizations in Britain 
which are in a position to take part in assisting areas in 
need. 

Development is not simply a matter of installing a 
specified amount of industrial plant, for, quite apart from 
questions of finance, that will have repercussions in other 
fields, such as the supply of properly qualified staff, 
transport, postal services, housing, food supplies, health 
and welfare services, and cultural activities. In the 
Development Guide this diversity of requirements receives 
recognition. The first and last entries are Africa Bureau 
and Young Women’s Christian Association of Great 
Britain; but perhaps more representative of the organiza- 
tions listed are the Agricultural Research Council, the 
Association of the Universities of the British Common- 
wealth, the British Veterinary Association, Political 
and Economic Planning, the Royal Institute of Chem- 
istry, and the Victoria League for Commonwoalth 
Friendship. ' 

All the organizations mentioned in the Guide are in 
& position to offer information and advice; many issue 


‘specialized publications; some run courses of training 


which are open to students from overseas, for which 
scholarships may be available; and several carry out 
research. The information given on points like these is 
clear and concise. Reference to educational establish- 
ments has been omitted since in their case contacts 
abroad are maintained by the British Council; at the same 
time, industrial and commercial concerns are not listed 
because the services they have to offer are made known 
through other channels. 

The Guide, then, closes a gap in the nation’s information 
services. It will prove useful to a wide range of people 
in Britain, who otherwise are not in a position to get a 
full measure of the range and variety of assistance which 
is available for development overseas. Still more clearly 
will it be of value to the countries which are in need, 
where people must find it very hard to understand how 
separate projects in development can fit together and 
reinforce each other, and still more, how they can best 
set about obtaining aid. R. WEATHERALL 
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SHORT 


Lehrbuch der Entwicklungsgeschichte und Entwicklungs- 
physiologie der Tiere 

By Prof. Dr. Otto Pflugfelder. Pp. xv+347. 

Veb Gustav Fischer Verlag, 1962.) Dm. 49.80. 


HIS well-produced and well-illustrated text-book 
seeks to give some account of the embryology of all 

the major kinds of multicellular animal. The difficulties 
of such an undertaking should earn for the author a good 
deal of latitude in matters of treatment, and immunity 
from carping criticism of his text. It is therefore with 
regret that it must be said that Prof. Pflugfelder has 
failed to provide a really satisfactory book, and the 
regret is the greater because the need for one is real and 
its welcome would have crossed the language barrier. 

Part of the trouble stems from the sort of compromise 
the author bas chosen to make in order to be both com- 
prehensive and brief. Here there is, of course, room for 
argument, but it cannot be right to offer students an 
account of sponge development which ignores the findings 
of Duboseq and Tuzet; one of onychophoran develop- 
ment which ignores those of Manton; one of lamprey 
development which ignores those of Damas; one of 
vertebrate development which barely mentions Harrison’s 
contributions to our knowledge of the histories of neurone 
and limb. The list could be prolonged, but without profit. 

The gaps in the accounts of developmental physiology 
are also too important to be passed over. Much is 
attempted in the sections on experimental embryology; 
but this only serves to make the omissions more pro- 
nounced. The development of physiological function; the 
roles of the placenta; and nucleo-cytoplasmic interactions 
are among the topics which pre-occupy modern develop- 
mental biologists, but which Pflugfelder has felt able to 
neglect. 

Despite these defects, the book says what it has to say 
with exemplary clarity. D. R. Newra 


(Jena: 


Regeneration 

Edited by Dorothea, Rudnick. (Twentieth Symposium 
of the Society for the Study of Development and Growth.) 
Pp. v+272. (New York: The Ronald Press Company, 
1962.) 9 dollars. 


EGENERATIVE phenomena reveal few unifying 
principles other than that implied by their com- 
mon name. Each can, does, or might, result in the 
replacement of lost parts. None, however, is wholly 
bound by all the rules governing another. Perhaps this 
diversity spoils the experimental morphologist by allow- 
ing him to choose material with almost any properties 
he cares to specify; it certainly makes regeneration even 
less susceptible of generalization than the embryonic 
morphogenesis whose problems it inherits. Ultimately, 
we may expect both to yield to approaches at the cellular 
level suggested by the new conceptions of the control 
of synthetic activities in cells. Meanwhile, the exploration 
of widely different systems must go on. 

The published proceedings of the twentieth “Growth 
Symposium” consist of eight review articles. The selection 
of topics and of authors was happy; the result is accord- 
ingly useful. Three of the cight are devoted to the Amphi- 
bia; Reyer on the eye, Rose on the control and Hay on the 
cytology of limb regeneration. Three more deal with 
invertebrate systems and of these two, Rasmont on 
gemmulation in sponges and Barnett on morphological 
homeostasis in Hydra, bridge the sometimes narrow gap 
between regenerative and non-regenerative phenomena. 
Wolff reviews recent work on planarian regeneration, to 
which his own laboratory has contributed so much. Two 
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papers from plant workers, Stonier on Nicotiana and 
Steeves on fern leaves, show a generous willingness to 
relate plant experience to animal. D. R. NEWTH 


Blood Vessels and Lymphatics 

Edited by David I. Abramson. Pp.xx+812. (New York: 
Academic Press, Inc.; London: Academie Pross, Inc. 
(London), Ltd., 1962.) 186s. 


HE aim of this volume is to assemble and cons»lidate 

present-day data on the embryology, anatomy, 
physiology, pharmacology, biochemistry and pathology 
of the blood vessels and lymphatics. Tho subject-matter 
is divided into four main parts. The first part gives 
“General Considerations of the Circulation of the Blood”. 
in seven chapters. The second part deals with “Special 
Vascular Beds”, in eleven chapters. In the third part the 
‘Disorders Affecting the Arterial or Venous Circulation” 
are discussed in four chapters. The fourth part deals 
exclusively with the ‘Lymphatic System”. in each 
chapter the embryology, gross anatomy, microscopie and 
submicroscopic anatomy, physiology and pharmacolozs 
are discussed. Pathology is also discussed in appropriate 
chapters. 

Since the scope of the subject-matter is so vast, ıt Fas 
been deemed advisable to ask no fewer than fifty-two 
investigators to contribute. Each chapter has boon 
written by a number of different investigators, who are 
authorities on the specific subjects of their soctions. 
Some of the contributors have written more than onc 
section. There is an extensive bibliography of present-day 
research as well as reviews of earlier investigations. 

The format is pleasing and is such that oach chapter 
and section follow the same general pattern in respect of 
headings, sub-headings and style of presentation. This 
I find most helpful. The Editor must havo had a formid- 
ablo task, and he must be congratulated for the way tho 
different sections have been integrated into a sy+{ematie 
and co-ordinated work. The book gives a critical and 
authoritative summary of our present knowledge of the 
blood vessels and lymphatics which will be of grout value 
to specialists and research workers who wish to obtain 
information on subjects allied to their own particular 
fields. This book can be recommended without reserva- 
tions. W. J. Hamir ToN 


The International Zoo Yearbook 

Vol. 3, 1961. Edited by Caroline Jarvis and Desmond 
Morris. Pp. vii+322+46 plates. (London: Hutchinson 
and Co., Ltd., 1962. Published for the Zoological Socioiv 
of London.) 84s. net. 


OLUME 3 of The International Zoo Yearbovl: main. 

tains the high standard it set itself in the two previour 
numbers, particularly in Sections 1 (“Small Mammals in 
Captivity”) and 2 (“Now Developments in the Zoo 
World”). Both these sections have boen admirably 
compiled and will prove of great benefit to directors of 
zoos throughout the world. 

Regarding Section 3, the reference section, I wish it woro 
possible to verify the information which is provided 
There are a number of zoos mentioned here which. +rictly 
speaking, should not be in this section at all. In most of 
the cases with these zoos, the information supplied is 
completely inaccurate and would be very misleading to 
directors living in different parts of the world who hed 
not been able to see them. If the compilers of this 
information feel that such zoos should be included, then 
they should include all zoos of that status, and ther would 
mean hundreds. - 
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It is very easy to criticize, but I feel that the compilers 
of this excellent book should obtain confirmation other 
than the zoo’s own report. Tho reference section is per- 
haps the most important to a director of a zoo; therefore 
every effort should be made to see that statements are 
accurate. 

Much of the information contained in the Yearbook is out 
of date by the time it is published. The 1961 volume has just 
been published at the end of 1962. G. S. MorrersHEAD 


Anatomy and Dissection of the Honeybee 
By H. A. Dade. Pp. xi+158+20 plates. (London: 
Bee Research Association, 1962.) 30s.; 5 dollars. 


“NOME now and I will expound the genius of the bee, 

gift of Jove himself”, so wrote Virgil in the first 
century B.O. in his Georgics. In every age he has been 
followed by many authors, good, bad and indifferent, 
mainly the latter. The latest addition to this vast literature 
is aimed more particularly at “those without a formal 
training in zoology” such as “beekeepers, amateur 
naturalists and younger students” and “those studying 
for the National Beekeeping Diploma and for the examina- 
tion of the British and Scottish Beekeepers’ Associations”. 
Planning a book at such a level, with material of such 
complexity, is far from easy, and one wonders what the 
reader who needs to be told that insects do not have 
lungs will make of the accounts of the background of 
evolution, neotenin and polarized light. He will, however, 
be assisted by the appendix giving “Plural forms and 
derivations of anatomical terms”, if indeed, for example, 
it is a help to know that ‘antenna’ comes from the Latin 
for ‘a sail yard’. 

The book- is divided into two parts. The first of these 
outlines honeybee anatomy in a natural sequence, com- 
mencing with externals and proceeding through the main 
organ systems and immature stages. The second part on 
dissection contains some useful hints on apparatus and 
methods and gives precise directions for practical work 
on the three castes, their heads and juvenile forms. 
Appendixes embrace simple methods for the construction 
of equipment and permanent slides. 

The text is well illustrated by clear semi-diagrammatic 

_ figures and twenty folding plates arranged so that they 
may be consulted alongside the appropriate text. Unfor- 
tunately they are difficult to identify as their numbering 
remains concealed until the plates are unfolded. 

A wide range of students and teachers will find this 
book helpful. B. M. Hossy 


Insect Polymorphism 

Edited by J. 8. Kennedy. (Symposium of the Royal 
Entomological Society of London, No. 1.) Pp. v+115. 
(London: Royal Entomological Society, 1961.) 20s. 


HE preacher of Ecclesiastes might have written “Of 
making many symposia there is no end; and many 
symposia are a weariness of the flesh’. This symposium, 
the first held by the Royal Entomological Society of 
London, was, however, different from the usual kind 
of such gathering, being generally agreed by those present 
to have been an unqualified success. The chairmen of 
sessions were G. C. Varley, Sir Boris Uvarov and O. W. 
Richards, the chief speakers being O. W. Richards 
(introduction), E. B. Ford (theory of genetic polymor- 
phism), P. M. Sheppard (recent genetical work on poly- 
morphic mimetic Papilios), Th. Dobzhansky (dynamics 
of chromosomal polymorphism in Drosophila), C. D. 
Michener (social polymorphism in Hymenoptera), M. 
Liischer (social control of polymorphism in termites), 
A. D. Lees (clonal polymorphism in aphids), J. 8. Kennedy 
(continuous polymorphism in locusts), J. H. Sang (environ- 
mental control of mutant expression), V. B. Wigglesworth 
(insect polymorphism—a tentative synthesis). 
In the account now published discussions are given 
and each contribution is accompanied by a substantial 
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list of references. At the outset it was clear that many 
different kinds of phenomena have been classed as poly- 
morphism; but after a spirited discussion of the parts 
played by genes and environment Prof. Wigglesworth 
was able to sum up: “Within the limits of our present 
restricted understanding it seems to me that we now have 


„a bridge between what have often been regarded in the 


past as antagonistic conceptions of insect polymorphism”. 
University students and museum workers will find this 
volume an indispensable key to the considered views of 
the leading British and American investigators of these 
phenomena. B. M. HOBBY 


The Wild Species of Gossypium and their Evolutionary 
History 

By J. H. Saunders. Pp. viii + 62 (19 plates). (London: 

Oxford. University Press, 1961. Published for the Empire 

Cotton Growing Corporation.) 15s. net. 


HE notable study of the genetics of cotton made by 
geneticists of the Empire Cotton Growing Corpora- 
tion resulted in the publication in 1947 of The Evolution 
of Gossypium by Hutchinson, Silow and Stephens. Its 
continuance since that date has produced this supple- 
mentary book, which presents new evidence and throws 
additional light on the evolutionary history of the genus. 
The main part of the book, measured by area, consists of 
descriptions of the cyto-genetical groups into which the 
genus has been divided. These are illustrated by botanical 
drawings of 19 wild species found scattered through all 
continents which contain subtropical areas. The second 
part, on “World Distribution and Evolutionary History”, 
gives in a few pages the author’s considered opinion 
as to how the various cottons came to be where they are 
and what they are. He gives reasons for locating the 
centre of origin of the genus in central Africa at a time 
when that continent formed a much larger land mass 
than it now does, and indicates that a theory of continental 
drift could account for present distribution of the species. 
This section will provide much food for thought, not only 
to geneticists and to specialists on cotton, but also to a 
wider circle to whom the origin and development of the 
cultivated crops are matters ofinterest. T. A. RUSSELL 


The Observer’s Book of Lichens 

By Dr. K. L. Alvin and Dr. K. A. Kershaw. (The Obser- 
ver’s Pocket Series, No. 33.) Pp. viii+ 126+ 64 plates. 
(London and New York: Frederick Warne, 1963.) 5s. net. 


FTER a long period of neglect there has been in 
recent years a revival of interest in British lichens, 
as shown by the formation of the small but active British 
Lichen Society and its journal, The Lichenologist. Publica- 
tion of a cheap popular hand-book, calculated to arouse 
interest in lichens among a wider public, is thus especially 
timely and welcome. After a brief but adequate account 
of the nature and structure of lichens the text offers a 
key to the genera included in the book, followed by brief 
descriptions of 175 species, 149 of which are illustrated, 
either by photographs or by coloured drawings. Emphasis 
has inevitably to be laid on the larger fruticose and foliose 
genera and several of those distinguished by microscopic 
characters only are omitted. The illustrations are, for 
the price, surprisingly good; only occasionally, as with 
Solorina crocea, is the colouring so unrepresentative that 
the species is difficult to recognize. R. W. G. Dennis 


Studies in Gymnospermous Plants—Cycas 
By D. D. Pant and B. Mehra. Pp. 179. 
Central Book Depot.) Rs. 10. 


YCAS, which is among the most widely cultivated 
genera of botanic gardens, is also one of the most 
written about, and this book, which brings it all together, 
is welcome and useful. It should be available to every 
botany department which takes gymnosperms seriously. 
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The various species and organs of Cycas are worked 
through systematically, uses, diseases and so on are 
included and there is a certain amount about related 
plants, but the bulk is on Cycas itself. 

Tt is based, of course, Jargely on other men’s work, and 
the compilation looks balanced and fair: if something 
has been missed among the two hundred and fifty refer- 
ences I do not know it. Many of the figures are new, 
and the authors freshen their account with a good number 
of their own observations, but it is not to be expected 
that there should be surprising discoveries. 

The price is remarkably low; but it is a pity the pages 
were not larger and the paper more attractive, for both the 
subject and the work were worthy of it. 

T. M. Harris 


Advances in Applied Microbiology 

Vol. 4. Edited by Wayne W. Umbreit. Pp. x + 261. 
oe York and London: Academic Press, Inc., 1962.) 
80s. 


"TRS fourth volume of this series contains one long 
and comprehensive review by C. C. Morris on the main- 
tenance and loss in tissue culture of specific cell character- 
istics, a fairly lengthy article on induced mutagenesis in 
the selection of micro-organisms by S. I. Alikhanian, who 
discusses the use of mutagenic agents in the selection of 
antibiotic-producing organisms, and four shorter articles. 
The most stimulating of these is an interesting account 
of present-day developments in work on the submerged 
growth of plant cells by L. G. Nickell. Some recent 
advances in techniques of continuous fermentation (first 
reviewed in Volume 1 of the series) are briefly discussed. 
by T. Holme. The remaining two articles are less satis- 
factory: H. H. Hall’s annotations on applied microbiology 
in animal nutrition are too brief and uncritical to be useful, 
and F. J. Babel’s discussion of bacterial viruses in the 
dairy industry is a rather rambling account of the prob- 
lems caused by bacteriophage in cheese-making. 

The essay-type of review, commendably being aimed 
at by the editors of this series, is only successful when the 
essayist has, and is able to express, his own views on his 
subject rather than reflect the views of others. The 
indications from this volume are that such authors are 
difficult to find; but found they must bo if the series is 
to survive in its present form. This volume cannot be 
considered as good a value for money as its predecessors, 
and it is unfortunate that the price per page has increased. 
at the same time as the worth of many of the pages has 
decreased. J. W. G. PORTER 


Wilson’s Disease 

Some Current Concepts. Edited by John M. Walshe and 
Professor John N. Cumings. Pp. x+292. (Oxford: 
Blackwell Scientific Publications, 1961.) 47s 6d. net. 


HIS is a distinguished example of the new form of 

scientific literature—the edited proceedings of a 
symposium by distinguished workers. It is not a text-book 
and will not satisfy the clinician looking for detailed 
guidance on treatment of Wilson’s disease (hepato- 
lenticular degeneration) but gives a valuable opportunity 
. to the isolated worker to gain insight into the working 
hypotheses of the leaders in the field, often at the stage 
of the inspired guess which may not reach definitive 
publication for years. 

Wilson’s disease results from damage to the liver, 
cerebral grey matter, and kidney by abnormal accumula- 
tion of copper. The copper binding capacity of the tissue 
proteins is shown to be normal and the excess is attributed 
to lack of a plasma copper—protein, ceruloplasmin. 
There is evidence that, like hemoglobin, the latter is 
heterogeneous and it may be that hepatic synthesis of 
only one fraction or type fails to mature in the absence of 
a specific gene and that this causes failure of the regulation 
- of copper metabolism. Cases are quoted with normal 
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ceruloplasmin-levels and conversely a low plasma-lover 
is compatible with apparently normal health. 

The physiological role of ceruloplasmin remains 1m- 
known. Some of the contributors suggest that it regulates 
the activity of adrenaline, serotonin and other tryptophan 
metabolites though its activity is apparontly of a low 
order. Some clinical features such as aminoaciduria and 
skeletal abnormalities are unexplained. Nevertheless. 
enough is now known about the chemistry of this rare 
disease to make it possible for the geneticist to detect 
heterozygotes and for the clinician to treat the copper 
poisoning which is the proximate cause of syinptoms. 
Penicillamine has proved the most valuable drug and 
indeed its effect so far exceeds the other sequestrating 
agents as to suggest to one of the editors that its action 
may have another explanation. 

The book is well edited and produced. It is highly 
recommended to neurologists and biochemists interested 
in copper metabolism but will also interest biologists in 


other fields. J. K. SLATER 
Biochemical Preparations 
Vol. 9. Editor-in-Chief: M. J. Coon. Pp. ix + 149. 


(New York and London: John Wiley and Sons, Inc., 
1962.) 53s. 3 


OLUME 9 of Biochemical Preparations continues the 
very high standard set by the previous volumes of 
this series. Under the excellent editor-in-chiefship of 
M. J. Coon a number of experts have written articles on 
about 30 widely different topics, each of which describes 
how to prepare a particular product. Every contribution 
gives a formula of the substance under discussion where 
this is possible and then continues with a statement of the 
principle of the method of preparation utilized. The 
starting materials are listed and information is given on 
where unusual ones can be obtained. Very full dotails 
of the preparative procedure are clearly expounded and 
the properties and degree of purity of tho product are 
discussed. Other methods of preparation are mentioned 
where possible and compared with the chosen method. 
Each of these articles has been checked before publica- 
tion by another authority, independent of the author 
of the article. These painstaking editorial procautions 
are rewarded in extremely accurate and highly dotailed 
accounts of methods of preparing substances of importance 
for biochemists and others. This series is an invaluable 
aid for the research laboratory. > A. KORNER 


River Pollution 

2: Causes and Effects. By Dr. Louis Klein. With 
chapters by Dr. J. R. Erichsen and H. A. Hawkes, and a 
section by A. L. Downing. Pp. xiv+456. (London: 
Butterworth and Co. (Publishers), Ltd., 1962.) 75s. 


HE fact that this volume aggregates nearly twice as 

many pages as those contained in the corresponding 
chapters of the author’s original book, Aspecis of River 
Pollution, is some indication of the developments which 
have taken place in this subject during the past fivo years. 
In summarizing the vast amount of literature covering 
these developments, as well as earlier work, Dr. Klein 
has succeeded remarkably well in presenting tho main 
conclusions in a readable form. Wisely, he has sought 
the aid of specialists in compiling chapters dealing with 
fish, biological aspects, and biochemical and physico- 
chemical aspects of pollution. This last subject is brought 
up to date in a concise review of investigations into fac- 
tors affecting the solution of oxygen in water. 

The non-biologist, working in the field of pollution 
prevention, often has difficulty in understanding clearly 
the results of biological examinations of streams because 
of the complications which exist in expressing biotic data 
in a simple form, but the section of this book dealing with 
biological aspects of pollution should help to clarify many 
of the difficulties which arise. 
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The publication of this volume at a time when new 
anti-pollution legislation is just coming into operation is 
most opportune, and all who are concerned with pollu- 
tion prevention will find it an invaluable work of reference. 

` J. MoNIcHoLAs 


Principles of Organic Chemistry 
By T. A. Geissman. Second edition. 
istry Books.) Pp. x+854. (San Francisco and London: 
W. H. Freeman and Company, 1962.) 35s. 


HE second edition of Geissman has appeared about 

three years after the first; it is both larger and cheaper 
than the latter. The increase in size is due partly to a 
larger and clearer type-face, more headings and a better 
lay-out, and partly to the inclusion of three new chapters 
and three appendixes. 

The main content and presentation of material have not 
been changed appreciably. Prof. Geissman has again set 
‘out to develop the principles of organic chemistry, and 
has chosen factual material largely to illustrate these 
principles. Some sections of the original book have been 
shortened or deleted, others have been expanded, re- 
written, or added. The first new chapter, early in the 
book, is an introduction to the main classes of organic 
‘compounds in terms of important functional groups. 
‘The second is a discussion of polymerization from the 
point of view of the application of the general principles 
of bond formation to polymer synthesis. The third 
new chapter describes the structural determination of some 
complex natural products by degradation and by syn- 
thesis; this chapter illustrates the application of some of 
the principles discussed earlier in the book, but does not 
include an account of the use of spectroscopie and other 
physical techniques. The appendixes are composed of a 
list of reaction types with references to the text, a list 
of fifty preparations from Organic Syntheses, and. finally 
a key to the questions on each chapter. 

It should be noted that the clear drawings of molecular 
models in the new edition are a great improvement on the 
rather impressionistic diagrams in the original book. 
In all, the changes and additions have turned an already 
good book into one of the best introductory texts of 
‘organic chemistry available. C. B. REESE 


Organic Synthesis ` 

An Annual Publication of Satisfactory Methods for the 
Preparation of Organic Chemicals, Vol. 41. Editor-in- 
‘Chief: John D. Roberts. Pp. ix+118. (New York and 
London: John Wiley and Sons, Inc., 1961.) 30s. 


S indicated in an editorial note, this series came into 

being at the end of the First World War through the 
shortage of supplies of organic chemicals from abroad 
at that time. Because of its unfailing care, precision, and 
jadicious choice, the series became an outstanding success 
from the very beginning. Conditions have now changed, 
and an amazing variety of organic compounds may be 
-obtained commercially. The present-day emphasis of the 
series is attached to illustrating new and general types 
‘of organic reactions and compounds; so much so, that 
more than a third of the reactions and compounds of 
the present volume have come to light only during the 
preceding five years. 

Originally, directions were aimed at the preparation 
of substantial quantities of the selected compounds. 
However, the newer methods of organic chemistry call 
for decreasing quantities for use in investigations, and this 
feature is reflected in some of the items. Notably, atten- 
tion is directed to the smallest-scale synthesis of the whole 
series: this appears in the volume under notice, and con- 
cerns the preparation of 0-0005 mole of cholestanyl 
methyl ether by a general procedure using diazomethane 
and fluoboric acid. Incidentally, the twenty-nine pre- 
parations described here include a new unpublished 
method for diazomethane; and among substances of 
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particular interest are norcarane and ruthenocene, the 
latter being a stable x-bonded organometallic compound 
which displays substitution reactions resembling those of 
ferrocene. Joun Reap 


European Brewery Convention 
Proceedings of the Congress, Vienna, 1961. Pp. xi+ 460. 
(Amsterdam: Elsevier Publishing Company, 1961.) 70s. 


HE biennial congresses of the European Brewery 

Convention attract a greater concentration of those 
concerned with scientific aspects of brewing than any other 
meetings. This volume, consisting of 45 communications 
of which all but a few describe original experimental work, 
emphasizes both the breadth of the field involved and the 
great usefulness of the meetings themselves. The papers, 
in English, French or German with trilingual summaries, 
came not only from industry but also from universities and 
other centres of research in some fifteen countries. The 
topics range from enzymatic aspects of fermentation and 
malting to yeast genetics, from fractionating barley 
proteins to the origin and nature of the flavonoid com- 
pounds in brewing materials and from the structural 
chemistry of hop resins to the polysaccharides remaining in 
highly fermented beers. The techniques used likewise 
embrace a bewilderingly wide field including micro- 
enzymatic methods and the various forms of chromato- 
graphy. These investigations would be less valuable if not 
mostly directed to meet industrial problems but, even so, 
the several contributions of a more obviously applied 
nature reveal a remarkable spirit of change in the fermen- 
tation industries. For example, the deliberate control of 
malting loss without adverse effect on malt quality, 
further specific malting improvements and continuous 
brewing generally are all advances based on science and 
which to those on the production side must have seemed. 
remote and indeed unlikely even as recently as 5-7 years 
ago. Though inevitably uneven in scientific quality, this 
book has many lessons for scientists everywhere irrespec- 
tive of industrial interests and one overriding lesson as to 
the impact which science can have even on those industries 
which are sometimes regarded as unchanging and 
unchangeable. A. H. Coox 


Report on the Lands-of the Arid Region of the United 
States 

With a more detailed account of the Lands of Utah. By 

John Wesley Powell, edited by Prof. Wallace Stegner. 

The John Harvard Library. (Cambridge, Mass.: The 

Belknap Press of Harvard University Press and London: 

Oxford University Press, 1962.) 40s. 


HE development of an intensive arid zone programme 

by Unesco has directed much attention on the prob- 
lems of the world’s dry regions and their development. 
Those to whom the name John Wesley Powell does not 
stir a chord of memory might be excussd for seeking in 
this book the latest on developments in the United 
States. It is in fact one of the Harvard reprints of classics, 
and the word ‘classic’ is justly applied to this report made 
in 1878 to the Secretary of the Interior by the Director 
of the United States Geographical and Geological Survey 
of the Rocky Mountain Region. 

A one-armed Civil War veteran, Major Powell, became 
briefly a national hero from his exploration of the Colorado 
Canyon in 1869. He foresaw that to try and impose on 
the arid west the land laws, land management and systems 
of farming successful in the well-watered lands of the 
east could only bring disaster. He saw that to settle 
homesteaders on 160-acre square plots was sheer nonsense, 
and he said so in forthright terms that rendered his 
report fiercely controversial. Although Powell predicted 
with uncanny accuracy the droughts, floods, crop failures, 
communal quarrels and individual tragedies which would 
result, and continued to campaign accordingly until his 
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death in 1902, the politicians had their way and the 
scientist was ignored. A few weeks before his death 
Powell saw the signing by Theodore Roosevelt of the 
decree setting up the Reclamation Bureau but, sixty years 
later, the folly of ignoring Powell’s Report is still appar- 
ent. There is, in fact, a great deal in the Report with 
lessons for the present day. L. Duprey Srame 


Progress in Dielectrics 

Vol. 4. Edited by Dr. J. B. Birks and Prof. J. Hart. 
Pp. vii+311+13 plates. (London: Heywood and Co., 
Ltd., 1962.) 63s. net. 


HE fourth volume of this series contains six articles 

which fall into four groups. The first two articles 
concern microwave properties. The first one, by Sheridan, 
is @ useful review of the ‘Microwave Spectroscopy of 
Gases” written largely from the point of view of the 
chemist interested in molecular energy-levels. The second, 
by Illinger, on “Dispersion and Absorption of Microwaves 
in Gases and Liquids”, is rather too long for a survey of 
recent work, while not being fundamental enough to 
fulfil the functions of a text-book. 

The article by Merz on ferroelectricity is lucid and 
concerned with the most difficult aspects of its subject, in 
particular switching, domain boundary motions, and 
space charge and surface effects. Merz also gives a survey 
of dielectric data at infra-red and microwave frequencies, 
and of results obtained with magnetic resonance tech- 
niques. 

The article by Dakin and Berg on the “Theory of Gas 
Breakdown” gives a lucid survey of a large subject, 
addressed primarily to the engineer or physicist concerned 
with practical aspects. Sharbaugh and Watson, writing 
on “Conduction and Breakdown in Liquid Dielectrics”, 
bring up to date a review by Lewis in the same series in 
1957. A fair amount of new experimental information 
has accumulated since that time. However, the conflict 
between the rival electronic and cavitation theories is still 
not resolved. 

The article on “Static Electrification I’? by Loeb is an 
authoritative survey of a subject which has progressed 
relatively little in recent years but is of interest in view of 
the present interest in surfaces. It contains relatively 
simple derivations of the electrokinetie potential and 
allied concepts. V. DANÆL 


Rock Pressure in Mines 
By E. de St. Q. Isaacson. Second revised and enlarged 
edition. Pp. x+260. (London: Mining Publications, 
Ltd., 1962.) 50s. á 


HE need for a second edition of E. do St. Q. Isaacson’s 

Rock Pressure in Mines, after only four years, is 
evidence of the wide acceptance of this book as a standard 
treatise on the subject. 

The most important feature of the new edition is the 
addition of a chapter on stress waves resulting from rock- 
bursts. The author considers the effects on an excavation 
of the longitudinal and transverse vibrations set up by a 
rock-burst, the focus of which is not immediately adjacent 
to the excavation. In particular, he considers their 
effect on a tunnel or shaft lined with concrete. While 
emphasizing that the problem still requires more study, 
he suggests that careful siting and orientation and the 
use of wall-bolting can do much to reduce the risk of 
failure under these vibrations. 

Throughout the book the author hes extended his 
consideration of a number of problems. Among the 
more important of these are the case of an elliptical 
opening with axes inclined to the principal stress axes, 
stress distribution around a crack, and the load which can 
be taken by a pillar. The shaft deformation bar and the 
horizontal pendulum have been included among the 
instruments useful for measuring underground stresses. 

J. K. L. GRAHAM 
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Physics of the Nucleus 

By M. A. Preston. Pp. x+661. (Reading, Mass., and 
London: Addison-Wesley Publishing Company, ine., 
1962.) 113s. 


HIS is a text-book of nuclear physics intended to 

form a suitable basis for post-graduate courses in the 
subject for students already having a grounding in 
nuclear physics and quantum mechanics at undergraduato 
level. 

The main topics discussed are fundamental properties 
of nuclei, nuclear models, electromagnetic properties of 
nuclei, particle radioactivity and nuclear reactions. f 

As an account of nuclear physics in a single volume this 
book is excellent both as to its selection of material, which 
forms the present main stream of the subject, and its 
treatment. In the latter the author has succeeded vory 
well in drawing together and showing the underlying 
unity of topics of historically untidy developmont such 
as nuclear models and nuclear reaction theory. In 
achieving this elegance the historical approach has had 
to be abandoned together with, to a great oxtont, the 
experimental bases on which the account of the nucleus 
presented here resis, and to this extent the treatment is 
incomplete. This material can, however, be supplied from 
other sources. The book must to a great extent be read 
as a whole and this certainly applies to the main soctions. 
This appears to me to diminish somewhat its value as 
a work of reference. : f 

Despite these minor reservations, this is a book which 
can be warmly recommended to all who study, practise 
or teach nuclear physics. A. T. G. FERGUSON 


Worked Examples in Physics 

By V. L. Zubov and V. P. Shal’nov. (Text-book for private 
study.) Fifth edition. Translated by Erwin Marquit. 
English Translation Editor: D. L. Bvans. Pp. xii+341. 
(London and New York: Pergamon Pross, 1962.) 35s. 
net. 


i lire is quite a useful collection of problems. There 
are hints on the solution of questions at the start of 
each section, and outline solutions also as well as answers 
at the end. The student using it for its intended purpose, 
as a text-book for private study, will probably get tho best 
value from it. In terms of absolute value for money, 
however, it is expensive for a set of questions (com- 
pare the Cavendish Problems at 5s. 6d.), costs rather 
more than a complete range of texts that would cover the 
work fully, questions and all, and seems to be in tho same 
price group as the American text-books which provide 
complete courses at this level and are superbly produced. 

Unfortunately, it is not made clear to the prospective 
purchaser exactly what this level is. The short note on 
the wrapper suggests that it goes beyond what is usually 
done in secondary schools, and reaches university scholar- 
ship level. Then one realizes that this is probably direct 
translation, that the word ‘scholarship’ is used in the 
attributive rather than the competitive sense and that the 
university is ‘Moscgrad’ and not ‘Oxbridge’. I consider 
that the standard is somewhere between Ordinary and 
Advanced Levels in British &chools; and that the pub- 
lishers have, all in good faith, confused equivalence of 
status with equivalence of standard. 

Besides numerical examples, there are a number of good 
qualitative oxercises (particularly on magnetism and 
electrostatics) and some interesting historical notes. 
In the Joule—Lenz Law for the heating effect of & current 
there seems to be a new instance of the Boyle—Marriotte 
congruence; and as Boris Semenivich Yakobi (inventor 
of electrotyping, the electric motor, the recording tele- 
graph, and galvanic mines) pioneered resistance standards 
there are one or two examples in Yakobi units as well as 
ohms. One excellent feature is the abundance of simple 
diagrams. There is always room for a new collection of 
exercises for class use, though for this purpose teachers 
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naturally do not want the answers available; and I would 
feel that a much cheaper edition containing only the 
questions would be & better proposition. 

G. R. NOAKES 


Advances in Geophysics 

Vol. 9. Edited by H. E. Landsberg and J. van Mieghem. 
Pp. xi+374. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1962.) 103s. 6d. 


HIS ninth volume completes the first decade of the 

series. It contains six chapters. The largest (90 
pages), by W. M. Kaula and entitled “‘Celestial Geodesy”, 
deals with the dynamical aspects of the use of extra- 
terrestrial objects which are close to the Earth, to detorm- 
ine the external gravitational field and the form of the 
Earth. This chapter discusses the dynamics of a satellite 
in orbit around the Earth and sufficiently close to be 
influenced not only by the Earth’s central gravitational 
field, by the Sun and Moon, but also by the non-central 
terms in the Earth’s atmosphere. There are 281 refer- 
ences. 

W. Stander, in a 70-page chapter entitled “The Focal 
Mechanism of Earthquakes’, surveys the work of the past 
35 years, most of it in the past 12 years, on the study of 
both compression and shear waves to elucidate the focal 
mechanism of earthquakes. There are 111 references. 

A chapter by K. L. Cook, entitled ‘The Problem of the 
Mantle-Crust Mix”, summarizes in 55 pages the evidence 
for the possible lateral inhomogeneity of the Earth’s 
uppermost mantle and postulates that it arises from a 
mixture of mantle and crustal type rocks. It concludes 
with 260 references. 

A chapter entitled “Effects of Trapped Particles on the 
Geomagnetic Field”, by J. R. Apel, S. F. Singer and 
R. C. Wentworth, gives a 53-page mathematical exposi- 
tion of the perturbations introduced into the geomagnetic 
field by trapped particles and a comparison of these 
porturbations with experience. There are 30 references. 

In a short 28-page chapter entitled “Identification of 
Aerosols”, J. P. Lodge discusses the methodology of 
measuring the properties of aerosols, sampling tech- 
niques, particle size determination, identification and 
concentration, and concludes with 108 references. 

Finally P. A. Sheppard contributes a chapter entitled 
‘Properties and Processes at the Harth’s Surface in 
Relation. to the General Circulation of the Atmosphere”. 
These 18 pages are mainly concerned with the effects of 
the turbulent transfer of momentum, energy and water 
vapour near the surface of the Earth. There are 45 
references. A. C. BEST 


Entropy 

The Significance of the Concept of Entropy and its Applica- 
tions in Science and Technology. By Prof. J. D. Fast. 
(Philips Technical Library.) Pp. xii+ 320. (Eindhoven, 
Holland: Philips Technical Library; London: Cleaver- 
Hume Press Ltd., 1962.) 57s. 6d. 


FTER a relatively brief account of entropy as a 
thermodynamic function, the bulk of this book takes 
a statistical-mechanical view of entropy. The author 
describes at length the standard simple derivations of the 
Bose and Fermi statistics, and of the entropy of monatomic 
and diatomic gases. There is also a chapter on ‘“‘Applica- 
tions of the Concept of Entropy” in which emphasis is 
given to all the various uses of the entropy function. As 
the author deliberately restricts himself to writing for the 
beginner in the subject, this chapter is somewhat dis- 
appointing. For example, he refers to irreversible internal 
friction effects but makes no mention of the detailed work 
of Zener, nor of the techniques of entropy production in 
fluids developed by Landau and Lifshitz. However, the 
book provides a useful if somewhat lengthy introduction 
to an important branch of physics. 
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Like many physicists before him, the writer has ditti- 
culty in stating clearly those experimental facts first 
discovered and codified by Charles. Quite frequently 
one reads that it is a matter of observation that the pro- 
duct of the pressure and volume of a gas is proportional] 
to the temperature, without any indication being given on 
the vital point of how the temperature is to be measured. 
Although the present author clearly appreciates this 
difficulty, his treatment might well be misleading to the 
beginner. J. WKS 


Great Ideas and Theories of Modern Cosmology 
By Jagjit Singh. Pp. xii+276. (London: Constable and 
Co., Ltd., 1963.) 21s. net. 


HIS is a survey in non-technical terms of almost the 

whole range of astrophysics and cosmology. Emphasis 
is on ovolutionary aspects. There is even a chapter 
describing some recent ideas on the nature and origin of 
life. There is some discussion of the significance, or lack 
of significance, of cosmology for other departments of 
thought. 

To digest so vast an amount of knowledge into so small 
a bulk is a feat indeed. The presentation is enlivened by a 
wealth of metaphors and literary allusions. While the 
account appears to be largely sound, so far as it goes, it ` 
is not very critical and not always well balanced. It is 
inevitable that a single author attempting to survey 
such an enormous amount of work should sometimes 
misjudge what are the most important contributions 
and sometimes not know which contributions have been 
superseded. One wonders, however, whethor the attempt 
is worth making. One is taken for a breathless run 
through as many ideas as possible when one would have 
preferred to be invited to contemplate the leading ideas 
only. The title actually leads one to expect such a 
treatment, and it is a pity that Mr. Jagjit Singh has 
not given it because one gains the impression that he 
could have done this very effectively. 
` W. H. McCrea 


The Rational and the Real 

An Essay in Metaphysies. By Prof. Leslio Armour. 
Pp. vii+97. (The Hague: Martinus Nijhoff, 1962.) 
8.25 guilders. 


HIS work arose out of a doctoral thesis, and is in 

effect an extension of the views therein elaborated. 
Its value consists in the author’s attitude towards a 
number of perennial problems rather than in any claim 
to basic novelty, even though there is probably enough to 
brand the writer as a rebel. This is all to the good, 
since metaphysics has long been suspect, and as a dis- 
cipline unlikely to command respect in & scientific age 
until it can come to terms with experience. Prof. Armour 
helps this process by showing that metaphysics is a 
necessary subject in its own right, and assuredly not a 
mere something beyond physics. In this context he finds 
the ultimate justification of metaphysics, and proceeds to 
a radical discussion of mind and matter. 

It is probably correct to say that most of us are post- 
Cartesians when left to ourselves. Dr. Armour is deeply 
dissatisfied with this, and wishes to substitute permanent 
possibility for material object and a ‘‘tendency to have 
experiences” for mind. Evidently there is much to be 
said for this, and its dutiful adoption might well eliminate 
a number of paradoxes, and clarify the linguistic problems 
of philosophy. 

What the scientist will ask for, however—if it is a fair 
request—is some rule, or set of rules, by means of which 
he can select from compossible experiences those of which 
he may become experimentally aware. It is well for him 
to be reminded of this, when technological development is 
rapid, and a materialistic view of the Universe perhaps 
getting out of hand. F. I. QG. RAWLINS 
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Adaptation to Desert Environment 
By J. P. Kirmiz, D.Sc. Price 50s. 


A study of the way in which a desert animal, the Jerboa (Dipus aegyptius 
or Jaculus orientalis), can regulate its temperature and energy needs com- 
pared with a rodent of temperate climates, the white rat ; and as a further 
comparison, the results of studies on man’s adaptation to desert climate 
are reviewed. The author has made regular visits to the Egyptian Western 
Desert, where he has studied the jerboa‘'s natural habitat and has collected 
valuable data from the Bedouin. He has also carefully studied the literature 
of desert geography and ethnology and has undertaken comparative 
research in the laboratory on the energy metabolism and thermoregulation 
of the jerboa and whice rat. 





Animal Health and Production 


Edited by C. S. Crunsell and A. I. Wright 
Colston Papers No. 13 Price 42s, 


This voluma contains the Proceedings of the Thirteenth Symposium of 
the Colston Research Society, held at the University of Bristol in April 
1961. The subjects discussed fall into three broad groups: hypomag- 
nesaemia and ketosis in cattle, preceded by an account of individuality 
and its measurement; poultry, and in particular the avian leukosis 
complex ; and immunity, including immune response to viral, bacterial 
and helminth parasite pathogens, and the nature of non-specific resistance. 


t... à most comprehensive picture of the latest development and thought 
in the world of veterinary science.''—Shooting Times. 





Chemistry of Combustion Reactions 


By G. J. Minkoff, Ph.D., D.I.C., and C. F. Tipper 
Price 75s. 


This book describes the conditions under which hydrogen, carbon 
monoxide, the lower hydrocarbons, and related compounds react with 
oxygen in the gas phase at comparatively low temperatures {< 1,000° C). 
The state of knowledge regarding intermediate molecules and radicals is 
reviewed, and present ideas on reaction mechanisms are considered. The 
discussion is then extended to the less explored field of high temperatura 
reactions in a flame front. Experimental methods of studying very fast 
reactions of this type are presented, together with the preliminary results 
now becoming available. 


The Incubation Period of 
Coronary Thrombosis 


By G. R. Osborn, M.D., B.S.(Melbourne), M.R.C.P. 
To be Published in April Price 55s. 


Dr, Osborn has assembled evidence that signs indicating the possibility 
of coronary pathology later in life are present as early as infancy and 
childhood. He also concludes that many of the extraordinary conditions 
seen in the coronary arteries must have a profound effect on the flow of 
blood, and that these abnormal flow-states must themselves favour the 
development of certain pathological lesions. This work is certain to arouse 
controversy, and may well motivate considerable progress in the problem 
of coronary disease. 





An Introduction to the Theory of 
Flotation 


By V. I. Klassen, Dr.Tech.Se, and V. A, Mokrousov, 
Cand. Tech. Sc. Price [26s. 


Russian scientists and engineers have been particularly active in work 
on flotation and surface chemistry, and many of their investigations are of 
fundamental significance in the development of the theory and practico of 
flotation. This book provides, for the first time, a systematic, general 
correlation of the basic investigations ; it reviews the development of 
the theory of flotation in both Western and Russian literature, and empha- 
sizes the different interpretations of various surface-chemical phenomena 
resulting from Russian work in this fleld. 





Progress in Organic Chemistry—5 
Joint Editors: J, W. Cook, D.Sc., F.R.S., and 
W. Carruthers, D.Sc. Price 50s. 


The fifth volume in this series contains five critical reviews of recent 
developments in the field of organic chemistry, with each subject selected 
for its importance and topical interest to all classes of organic chemist. 
List of chapters : Homolytic Oxidation Processes by W. A, Waters ; Develop- 
ments in Hydroxylation of Phenols by J. D. Loudon ; The Chemistry of Dextran 
by C. R, Ricketts ; The Chemistry of the Higher Terponoids by J. A. Barltrop 
and N. A. J. Rogers; Tropylium and Related Compounds by T. Nozoe. 


«|, a worthy successor to the earlier members of the series.""~Science 
Progress. 





Gamma-Rays of Radionuclides in 
Order of Increasing Energy 
By D. N. Slater Price 45s. 


Nuclear physicists, health physicists, radiochemists and radiation chemists 
have long felt the need for a comprehensive list of gamma-rays in order of 
increasing energy. This book has been prepared especially to help in the 
identification and elucidation of gamma-scintillation spectra, and consists 
of a large table presenting the preferred values of all gamma-ray energies 
listed in the Table of Isotopes published in the Review of Modern Physics. 
Appearing at a time when the theoretical and practical importance of 
energy measurements of gamma-photons is rapidly increasing, this work 
will play a valuable role in many future advances in physics. 





Gas Chromatography 1962 
Edited by M. VAN Swaay Price 100s. 


Following the pattern of the highly successful Gas Chromatography 
Symposia of 1956, [958 and 1960, the fourth symposium, organized by the 
Fachgruppe Analytische Chemie of the Gesellschaft Deutscher Chemiker 
and the Gas Chromatography Discussion Group of the Hydrocarbon 
Research Group of the Institute of Petroleum, was held in Hamburg in 
June 1962. Emphasis was placed on the important practical aspects of 
recent theory, and particularly on the applications of such theory to 
industrial uses, together with newly-developed apparatus and technique ; 
and this volume, which contains both the papers and the discussion which 
followed, will be an essantial reference for all concerned with the most 
recent advances in gas chromatography. 


Radiobiology 
Edited by P. L. T. Ilbery ` Price 63s. 


The proceedings of the Third Australasian Conference on Radiobiology 
held at the University, Sydney, in August 1960 by The Australian Radiation 
Society, consisting of twenty-nine papers, and the ensuing discussions, on a 
wide selection of topics related to radiobiology. With subjects ranging 
from radiation damage at the subcellular level, including damage to ribo- 
nuclease and chromosomes, to the relatively complex biological systems 
involved in radiation chimaeras, haemopoietic homografts and the immune 
response, this volume will provide radiobiologis*s, radiotherapists, virol- 
ogists, and research workers in these and related fields with an up-to-date 
record of recent progress. 


Viewpoints in Biology —Volume | 


Edited by J. D. Carthy and C. L, Duddington 
Price 75s. 


Viewpoints in Biology is a series in which active workers consider the 
theoretical aspects of their subject, criticize its well-established methods 
and discuss its material! from an evolutionary point of view. List of chapters 
in this volume: The Physiology of Roots ; Histochemistry in Biology ; 
Protein Synthesis in Micro-organisms ; Predacious Fungi and the Control 
of Eelworms ; The Physiology of Absorption from the Alimentary Canal 
in Insects ; Some Neural Correlates of Perception. 


“The editors and publishers are to be congratulated on an excellent start 
to a venture which fills a definite need . . .’’—~JInstitute of Biology Journal. 
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MECHANICAL 
VIBRATIONS 


AN INTRODUCTION TO MATRIX METHODS 


J. M. Prentis & F. A. Leckie 


PHYSICAL CHEMISTRY 
OF IRON AND STEEL 


MANUFACTURE 


C. Bodsworth 


ORGANIC CHEMISTRY 


Volume 1: The Fundamental Principles 


FOURTH EDITION 


I. L. Finar 


NATURE 
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The last decade has seen a large increase in the 
popularity of matrix methods as a means of 
calculating the behaviour of complicated physical 
systems. 

This book is an introduction to matrix methods in 
the context of vibration analysis, where the basic 
problem is that of determining the response of a 
system to any type of excitation. It is written 
mainly for students specializing in mechanical or 
structural engineering, and assumes no previous 
knowledge of matrices. 


21s net 


The first textbook in 
English on a subject 
which has seen much 
progress during the last 
twenty-five years. There 
are sections dealing with 
theory, the application of 
the theory to different 
manufacturing processes, 
and the available data for 
evaluating the distribution 
of various elements 
between gas, slag and metal. 


50s net 


The new edition of this 
established work represents a 
thorough revision and expansion 
of the text. Much new 
material has been incorporated, 
particularly in the sections on 
mechanisms, where a new 
account of the way in which 
acceptable mechanisms are 
suggested should give the 
student a better 

understanding of mechanism 
in organic chemistry. 


Ready May 50s net 
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New Pirodual 


In order to avoid delay in publi- 
cation, this journal is issued at 
indefinite intervals, according to 
the material received, and con- 
sists of singly priced loose num- 
bers, which will subsequently be 
assembled in volumes. For the 
time being, the journal is inten- 
ded to appear in six numbers 
annually. It is proposed to in- 
crease this number to twelve.— 
This journal will be published in 
German, but contributions in 
French and English will also be 
accepted. 
Price per Volume approx. 

DM 75,— 





SPRINGER-VERLAG 


Berlin - Gottingen - Heidelberg 


Biophysik 


H. Fritz-Niggli, Zürich 

A. R. Gopal-Ayengar, Bombay 
O. Hug, München 

H. Muth, Homburg 

B. Rajewsky, Frankfurt (Main) 


A. Lotz 


In co-operation with 


Edited by 
Editorial Secretary 


“Biophysik” will cover the entire fields of pure and applied biophysics. 
Special consideration will, however, be given to the classical fields of 
biophysics : radiological biophysics, molecular biophysics, the biophysics 
of electric and electro-magnetic fields, climatological biophysics and 
medical physics. The compass of the journal will also include the bio- 
physics of engineering. Both the editors and the publishers hope that in 
this way the new journal will acquire a distinctive character of its own. 


From time to time the original articles will be supplemented by surveys 
written by leading experts in the fields in question or problems concerned. 
“Short communications” may be accepted and published without delay. 





Vol. 1/Fasc. 1: With 32 figures 
72 pages 8vo. 1963 
DM 14,80 


m Prospectuses 
available on request. 





Contents Vol. 1/Fasc. 1 


Rajewsky, B., und A. Redhardt: Zum Zeitverhalten von Elektronen- 
resonans-zignalen in rdntgenbestrahltem TFederkeratin. Oberheuser, 
F., und H. A. Kiinkel: Ultrafraktionierung und relative biologische 
Wirksamkeit schneller Elektronen. Hug, O., und A, Kellerer: Zur 
Interpretation der Dosiswirkungsbeziehungen in der Strahlenbiologi~. 
Kellerer, A., und O. Hug: Zur Kinetik der Strahlenwirkung,j Fritz- 
Niggli, H., E. Diener und P. Schleuss: Sauerstoffeffekt nach konven- 
tioneller Röntgen- und hoch energetischer Elektronenbestrahlung bei 
einer Strahlenmodifikation (Phanokopie). Wojtech, L.: Die durch 
R6ntgenstrahlen induzierte elektrische Leitfähigkeit in dem PVC- 
Kunststoff “Trovidur’’. 
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A. W. LEFTWICH 


A student’s dictionary of 
zoology 


J. G. & P. R. NEEDHAM 


A guide to the study of 
fresh-water biology 


JAGJIT SINGH 


Great ideas and theories of 
modern cosmology 


A section on fishes has now been 
added io the fifih edition of this 
completely revised classic for all 
biologists, zoologists, and those 
interested in the wild life of ponds, 
streams, lakes. 


Definitions of all the principal phyla 
and classes of animals (also orders, 
sub-orders and families) are included 
in this essential work for university 
and senior grammar school students. 


How. was the universe created, and 
when? Does life exist on other 
worlds? What is the origin of the 
planets? A record of the fundamental 
theories developed in the last 

half century. 


18 April 21s 


May 305 


Please write to Constable t Co. Lid. 
10-12 Orange Street for complete lists of 
General & Technical Books and Dover 
Books 


Jast published in Dover paperbacks 


lonic Processes in Solution: Ronald W. Gurney 14s 
Theory of Thermal Convection: Barry Saltzmann 245 


Electric Waves: Heinrich Hertz r4s 





Important Books 


MODERN CONCEPTS OF THE PATHOGENESIS OF 
CORONARY ATHEROSCLEROSIS 


By A. WHITLEY Branwoop, M.D., F.R.C.P.Ed. 
152 pages. 52 illustrations. 30s. 


FLUORESCENT PROTEIN TRACING 


Edited by R. C. Nairn, M.D., Ph.D. 
296 pages. 90 illustrations. 42s. 


CELL AND TISSUE CULTURE 


Second Edition. By JoHN PAuL, M.B., Ch.B., Ph.D. 
M.R.C.P.Ed., F.R.S.Ed. 
324 pages. 32s. 6d. 


THE ASSESSMENT OF PAIN IN MAN AND ANIMALS 


Edited by C. A. Keerz, M.D, FRCP. F.F.A.RCS., 
and ROBERT SMITH, M.A., M.D. 


336 pages. 


HISTORY OF PHARMACY IN BRITAIN 
By LesLie G. Matruews, F.P.S., F.S.A. 
444 pages. 41 illustrations. 45s. 


HUMAN INTERSEX 
By Davin J. B. ASHLEY, M.D. 
369 pages. 40s. 


PROCEEDINGS OF THE SEVENTH INTERNATIONAL 
CONGRESS OF MICROBIGLOGICAL STANDARDISATION 


129 illustrations. 


93 illustrations. 30s. 


Edited by A. F. B. Stanprast, M.A., Dip.Bact., D. G. Evans, ° 


Ph.D., D.Sc., 
564 pages. 


E. & S. LIVINGSTONE, LTD. 
TEVIOT PLACE, EDINBURGH 


F.R.S., and B. G. F. Weirz, M.R.C.V 
77 illustrations. 








S., D.Se. 
£6 10s. 














Flow Measurement 
im Closed Conduits 


A survey of the state of the art of measuring flow in 
pipes is given in these two volumes which are the 
Proceedings of an international symposium held at 
the National Engineering Laboratory in September 
1960. The 29 papers presented and the detailed 
discussion are included in the book, which should 
appeal to both the meter user and the research 
engineer. £4 4s. (post 3s.) 


Heat Bibliography 1961 


Contains material noted in the National Engineering 

Laboratory during 1961 alphabetically arranged under 
subject headings, with source of reference quoted 

in most cases. 25s. (post 2s. 3d.) 


Falkland Islands 
Dependencies Survey 
by W. L. N. TICKELL, M.SC. 
{Scientific Reports No. 33) 


(rl Ad 8 fe) 


H.M.S.O. Government publications are obtainable from the 
Government Bookshops In London, Edinburgh, Manchester, 
Birmingham, Cardiff, Bristol and Belfast or through any b 


18s. (post 8d.) 


elter 





April 6, 1963 


NATURE XXXİX 











SPRINGER-VERLAG 


Berlin : Gottingen: Heidelberg 














Landolt-Bornstein 


Sixth Edition 


Volume II 
Part 9 


l 
With contributions from 


Edited by 
With 2256 figures 
XXVI, 935 pages 4to. 1962 
Cloth DM 496,—~ 


In this volume the preface, the 
table of contents and all 
introductory chapters to the 
special sections are both in 
English and German 


E Prospectuses 
available on request. 


Zahlenwerte und Funktionen aus Physik, Chemie, Astronomie, 
Geophysik und Technik 


In four volumes. Each volume and each volume part is sold 
singly i 

Eigenschaften der Materie in ihren Aggregatzuständen 
Magnetische Eigenschaften I/Magnetic Properties I 


H. A. Alperin, G. Asch, E. S. Dayhoff, J. F. Dillon jr., J. C. Eisenstein, 

V. J. Folen, J. B. Goodenough, C. J. Gorter, I. Grohmann, W. P. A. Hass, 
T. Hirone, M. Höhl, St. Hüfner, R. Jaggi, R. V. Jones, E. Kneller, 

C. J. Kriessman, H. Lämmermann, R. Loudon, T. R. McGuire, O. Madelung, 
L. Ç. van der Marel, S. Methfessel, A. Meyer, W. Pfeffer, St. J. Pickart, 

N. J. Poulis, B. Schneider, J. S. Smart, R. Sommerhalder, E. Treacy, 

E. Vogt, G. Weber, J. S. van Wieringen, H. Ch. Wolf. 


Karl-Heinz Hellwege and Anne Marie Hellwege. 


The essential contents of this volume are tables and curves of magnetic data for 
paramagnetic, ferromagnetic, ferrimagnetic and antiferromagnetic substances. 
The semiconductors and the nuclear relaxation of all compounds are also 
included. The diamagnetic substances (except semiconductors), paramagnetic 
organic compounds and the free radicals will be dealt with in volume II/r0. 
In the last few years magnetic research has undergone a remarkable development 
owing to modern theoretical conceptions of solid state physics as well as practical 
interest shown in heretofore uninvestigated substances. A number of research 
teams in many universities and industrial laboratories are made up of specialized 
scientists whose work it is not only to investigate the magnetic properties of 
well-defined substances (some of which produced synthetically), but also to 
study the other properties important for the total behaviour of the substance 
on the same samples. Consequently this volume has not been subdivided with 
regard to magnetic quantities but to different classes of substances for which 
non-magnetic quantities are also given. 

In order to facilitate the finding of a substance, a list of substances has been 
compiled for the whole volume. 


Table of Contents: Metallic elements and alloys——Magnetic compounds 
with definite structures.—Inorganic compounds with one ion or several ions 
with partly filled shells —Crystals (and glasses) with defects.—-Semiconductors. 
—Paramagnetic relaxation.—Nuclear magnetic relaxation.—List of substances. 
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THE M.I.T. PRESS announces 


Publication of 7 new titles in the United Kingdom 


Biological Order 


by Andre Lwoff, Institut Pasteur. In these Compton 
Lectures the author defines such root concepts as life, 
organism, and the cell, and examines the entire problem 
of biological order in complete generality—its struc- 


High Magnetic Fields 


edited by Henry Kolm, B. Lax, F. Bitter, and R. Mills. 


These papers on one of the fastest-developing areas 
of physical research, today, describe experiments now 
in progress at such leading centres as the Clarendon, 
Cavendish, Kamerlingh Onnes, and National Magnet 


tures, its regulating mechanisms, the control of bio- 
synthesis both in normal and pathological molecules, 
and viral development. 


64 x 84 xi + 101 pp. 34/— 


laboratories, and present theoretical and experimental 
work by such distinguished physicists as Kurti, Lehnert, 
Bloembergen, Bitter, Kunzler, Parkinson, and Suga- 
wara. 


6 x 9 xv + 751 pp., 419 figures 113/- 


Macromolecular Specificity and Biological Memory 


edited by Francis Schmitt, M.I.T. Summaries of 25 
lectures given at M.LT. to explore the possibility that, 
as genetic and immunological specificities have been 
found to depend on macromolecular codes, so bio- 


Communication: A Logical Model 


by David Harrah, University of California. Showing 
how symbolic logic and semantic information can be 
used to analyse aspects of human communication, the 
author constructs a model of how a rational receiver 


logical memory may involve a chemical writing of 
experience in macromolecular code in the cells of the 
brain. 


6 x 94 119 pp. 23/- 


evaluates a message sequence on the basis of its semantic 
and pragmatic properties. With a detailed study of the 
logic of whether and which questions. 


64 x 94 128 pp. 30/- 


Management and the Computer of the Future 


edited by Martin Greenberger, M.I.T. Since its birth 
20 years ago, the automatic digital computer has taken 
over many domains once exclusively human. In this 
symposium, leaders in computer development discuss 


the coming impact of computers upon management, 
libraries, education, national policy, and possibly the 
survival of mankind. 


5} xX 8 xxvi + 340 pp. 57/- 


A Decision Structure for Teaching Machines 


by Richard D. Smallwood, Air Force Cambridge 
Research Laboratory. Most present-day teaching 
machines give all students the same material or at 
most use only the student’s latest answer to decide 
what material he shall receive next. This monograph 


describes a more flexible and sophisticated decision 
structure which estimates the effects of the student’s 
past learning history upon his future pertormance. 

6 x 94 


x + 122 pp. 30/- 


A Communications Theory of Urban Growth 


by Richard L. Meier, University of Michigan. What 
happens when cities grow faster than their communica- 
tion channels? This study examines in detail the relation 
between urban growth and increased communication 


capacity, the¥effects of imbalance, and regulatory 
possibilities, 


64x 94 vii + 192 pp. 34/- 
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Recent research on the properties of metals has been 
concentrated on the experimental and theoretical mapping 
oui of the Fermi Surface. This is a mathematical con- 
struction related to the dynamical properties of the 
conduction electrons in a metal. As a three-dimensional 
figure in momentum space its role in discussions of the 
motion of electrons is similar to that of the Fermi Level 
for the energy problems that are treated in the standard 
books. To the student meeting it for the first time, the 
whole subject must appear difficult and the purpose of 
Dr. Ziman’s book (which originally appeared in parts as 
a series of articles in CONTEMPORARY PHYSICS) 
is to help him over the initial difficulties, to make the 
general theory plausible, and to lead him up to the stage 
at which he can consult more rigorous treatments. 
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THEORY OF FLOW AND FRACTURE OF SOLIDS Volume 1 
Engineering Societies Monographs 
A. L. NADAI 


Volume I of this work was received with great enthusiasm. This second volume pre- 
sents new perspectives in the mechanics of permanently deformed solid substances 
and their fracture phenomena, and offers much urgently needed basic information 
for advanced work in machine design, materials research, and mechanics. £9 14s 


DIFFUSION IN SOLIDS 


Series in Materials Science and Engineering 
P. G. SHEWMON 


This outstanding book provides a coherent, complete treatment of diffusion in solids, 
a knowledge of which is essential to an understanding of the changes that occur in 
solids at high temperatures, and to the motions of atoms in solids. 74s 


INTRODUCTION TO TOPOLOGY AND MODERN ANALYSIS 
International Series in Pure and Applied Mathematics 
G. F. SIMMONS : 


Written for advanced courses in topology, the text covers this intricate subject in a 
practical manner. Wherever possible, the author has clarified intuitive meanings ; 
diagrams are supplied where necessary ; and there is a brief introduction at the 
beginning of each chapter. 69s 6d 
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THE MERCURIAL 
CHEMIST 
THE LIFE OF SIR HUMPHRY DAVY 


ANNE TRENEER’S life of Sir Humphry Davy, 
inventor of the miner’s safety lamp, and one of the 
foremost European chemists in the early 19th century. 

36s, 


THE NATURE OF COMETS 


N. B. RICHTER. A thorough review of all recent 
work, including data on comets Arend-Roland and 
Mrkos. This book will be of interest to all who are 
concerned with solar research. 63s. 


SOIL AND FRESHWATER 
NEMATODES 


T. GOODEY revised by J. BASIL GOODEY. 
The only work dealing comprehensively with all 
genera of nematodes found in soil and freshwater 
habitats. The original edition of this book has been 
revised and brought up to date, and now includes 
numerous new genera and species that have been 
described in the past ten years. Each genus with its 
type species is described and illustrated with line 
drawings and there is also a section noting the salient 
features of the biology of each genus. 100s. 


SIGNS, SIGNALS AND 
SYMBOLS 


A PRESENTATION OF THE BRITISH APPROACH 
TO SPEECH PATHOLOGY AND THERAPY 

Editor: STELLA E. MASON in association with 
DR. LEOPOLD STEIN. An attempt to provide a 
new basis for the discipline of Speech Therapy. 
This is the first work to be published relating speech 
pathology to the wider study of communications. It 
also contains the results of original research with the 
problems of Dyslalia and Stammering. Several 
chapters are devoted to accounts of diagnostic 
measures and aids. 35s. 


PSYCHOLOGY THROUGH 
EXPERIMENT 


Edited by GEORGE HUMPHREY. Like its sister 
volume Social Psychology through Experiment this 
book is written primarily as a companion to work in 
the teaching laboratory, but it will also show the 
interested layman the way the experimentalist works 
on this most elusive and most difficult subject. 30s. 
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The Challenges of Space 
EDITED BY HUGH ODISHAW 


The book, abundantly illustrated, covers such 
topics as: the earth and near space ; the planets ; 
fields and particles`in space ; galactic astronomy ; 
satellites ; the problems of man in space and the 
question of life elsewhere ; national programmes ; 
and international co-operation with all that 
implies for a new social and political outlook. 
52s. net 


The Measure of the Moon 
BY RALPH B. BALDWIN 


Mr. Baldwin offers a step-by-step history of 
the moon from the time it reached its present 
size about 4,500,000,000 years ago until now, 
giving a consistent picture ot its evolution and 
the meaning of the surface markings. It is the 
result of many years’ work collecting, sifting 
and analysing data, as well as pursuing original 
lines of research. 975» net 








VOLUME IV: THE SOLAR SYSTEM 
The Moon, Meteorites 


and Comets 
EDITED BY G. P. KUIPER 
AND B. M. MIDDLEHURST 


This is the fourth volume in a notable series 
intended to collect and systematise information 
available on the solar system. Five chapters 
dealing with the moon are followed by a section 
on meteorites. Discussions of various aspects 
of the study of comets, meteors, and the inter- 
relations between meteors, meteorites, and 
comets conclude the volume. 5 gns. net 


The Calculus : 


A Genetic Approach 
BY OTTO TOEPLITZ 


Toeplitz considered the genetic approach to the 
calculus best suited to bridge the gap between 
secondary-school and university mathematics. 
Furnished with exercises, this book is not a 
history of the calculus but essentially an en- 
lightening introduction to the subject. 

48s. net 


The Collected Papers of 


Enrico Fermi 
Volume I 1921-38 


There can be no greater or more enduring 
monument to Enrico Fermi than his own work. 
The Accademia Nazionale dei Lincei, Rome, and 
the University of Chicago Press are co-operating 
in the publication of his Collected Papers. 

£6 ner 
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INVERTEBRATE ZOOLOGY 


By Rosert D. BARNES, PH.D., 
Associate Professor of Biology, Gettysburg College. 


The author’s approach in this new book is an evolutionary one. There are full discussions 
of the taxonomy, anatomy, physiology, embryology and ecology of each vertebrate phylum 
(except insects and parasites). There are nearly 500 illustrations. 

632 pages, illustrated. 70/~ 
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BLACKIE 


Light 

R. W. DITCHBURN, F.R.S. 

Professor af Physics, Reading University 

In the new edition of this well established 
course in geometrical and physical optics 
the optical instrument, with physical 
receptors and electronic amplifiers, is con- 
sidered as a whole. The author has inclu- 
ded the theory of optical instruments as 
channels for transmitting information. 
He has added chapters on Geometrical 
Optics of Lens Systems and Standard 
Instruments, Photometry, Radiometry and 
Colour Vision and Application of Information 
Theory to Optics. 75s net 


Electronic User Series 


A new series of authoritative monographs, 
dealing with facets of electronic engineering 
applicable to industry or research, edited 
by Professor J. C. West, Head of the 
Electrical Engineering Dept., The Queen’s 
University, Belfast. They are addressed 
primarily to qualified scientists and en- 
gineers. The following three books will be 
published in May. 


Electronic Circuit Techniques 


E. E. ZEPLER and S$. W. PUNNETT 
Department of Electronics, Southampton 
University 

Explains in detail the kind of information 
the electronic-circuit designer needs if he is 
to produce a successful plan. 35s net 


Electronic Devices 
and Networks 


E. E. ZEPLER and S. W. PUNNETT 


Complementary to the above, this book 
gives a detailed explanation of the com- 
ponents which make up the various single 
and multi-stage units. 35s net 


Digital Techniques | 
D. W. DAVIES 
National Physical Laboratory 


For those who use electronics as a tool and 
for the experimenter who wishes to prepare 
data for a computer. 30s net 


Prospectuses and complete catalogue available, 
apply to: 
BLACKIE & SON LIMITED 
5 Fitzhardinge Street, Portman Square, 
London W.1. WELbeck 2919. 














MODERN 
COMMUNICATIONS 


By Tuomas H. Grow ey, GERARD G., Harris, 
SrewarT E. Minter, JoHN R. PIERCE, AND 
Jonn P, Runyon 
This book presents in detail principles and 
practices in the technology of modern com- 
munication. Topics discussed include: pro- 
perties of speech communication, modulation 
theory, communication theory, amplification 
and signal generation, transmission systems, 
and trunking and switching. 

728, nel 


CRYSTAL ORIENTATION 
MANUAL 


By Evimasetu A, Woop 


Designed for use by people employing crystals 
in experimental work, this manual outlines 
the steps for each specific phase of the orienta- 
tion process. 

30s, net 


THE DREAMS 
OF REASON 
SCIENCE AND UTOPIAS 
By Rent Dusos 


This book, which was one of the final non- 
fiction candidates for the National Book Award 
in 1962, explores the relationship of science 
to modern society. 


Paperbound 125. 6d. 


BASIC PROBLEMS 
IN NEOPLASTIC DISEASE 


EDITED By ALFRED GELLHORN AND ERICH 
HIRSCHBERG 
Twelve leading world authorities, including 
three Nobel Prize winners in biochemical 
genetics, discuss recent advances in molecular 
biology and their implications for researchers 
seeking the cause and cure of cancer. 

Gos. net 


MEDICAL AND CLINICAL 
ASPECTS OF AGING 


EDITED BY HERMAN T, BLUMENTHAL 


This volume concerns itself with the appear- 
ance and nature of clinical diseases in old age 
and is the compilation of papers presented in 
the Fifth International Congress of Geron- 
tology held in August 1960. 

86s. net 
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Halogens and the chemical shift 


R S 2 NUCLEAR MAGNETIC RESONANCE SPECTROMETER 


FOR HIGH PERFORMANCE AND FLEXIBILITY 
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CH,F Group. Doublet character due to coupling 
with the fluorine atom (J=46 c.p.s) 

Triplets due to coupling with the adjacent methy- 
lene group (J=6 c.p.s.) 


CHCI Group. Triplets due to coupling with the 
adjacent methylene group (J=6 c.p.s.) 


Methylene Groups. Complex band due to coupling 
with the two different methylene groups and with 
the fluorine atom. 


'T.M.S. reference peak, Peak F is a 2 p.p.m. side 
band signal of T.M.S. for calibration of the 
spectrum. 


These spectra illustrate the effect of Halogen substit- 
uents on the chemical shift of adjacent methylene 
groups. The fluorine atom, because of its greater electro- 
negativity, causes a much larger shift to lower fields than 
does the chlorine atom. The advantage of working at high 
fields (60 Me/s) is clearly shown. Interpretation is easier: 
peaks are well separated whereas at (40 Mc/s) a CH2F 
triplet is partly superimposed on the CH:C1 triplet 
obscuring interpretation and disturbing intensity distri- 
butions. 


Full details of the RS2 NMR Spectrometer are available from: 
AEI Instrumentation Division, 

Sclentific Apparatus Department, 

Barton Dock Road, Urmston, Manchester. 
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Brief specifications of the RS2 


ELECTRO MAGNET 

Field continuously variable from 1,000 to 17,500 gauss. 
Extremely low power dissipation (1 kW for 14,000 gauss), Special 
thermal insulation to minimise drift. 


RF CIRCUITRY 
Up to 6 different frequency units can be incorporated in the 
console covering the widest possible range of nuclei at high 
fields. Rapid selection by coaxial switch, 
PROBE 
Simple interchangeable inserts for variation of frequency, 
sample size and temperature. 
RS2 Facilities cover: 
æ Hydrogen (up to 60 Mc/s) 
Fluorine (up to 60 Me/s) 
Phosphorus (up to 25 Me/s) 
Boron (up to 20 Me/s) 
and many other nuclei. 
Æ Variable Temperature Studies. 
* Broad Line Work. 


Associated Electrical Industries Limited 


Instrumentation Division 
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PEPTIDE SYNTHESIS 


-Nitro-benzyl-oxycarbonyl-.-leucine monohydrate 

A crystalline, chromatographically homogeneous, stable 
compound, which condenses readily with other amino acids 
to form peptides, 

1. Carpenter, F. H., J. Amer. Chem. Soc., 1952, 74, 3819-20. 

1g 16s. 6d; 5g 72. 6d. 


“N-Chioro-methyl-phthalimide 

For preparing phthalimido-methy! esters of carboxylic acids 
and amino acidst. The phthalimido-methyl group is resistant 
to catalytic dehydrogenation but Is readily removed to yield 
the carboxylic acid by treatment with dry hydrogen chloride in 
dry acetic acid, dioxan, or ethyl acetate. 

1. Nefkens, G. H. L., Nature, 1962, 193, 974-5. 

1g 7s. 6d; 5g 28s. 6d. 


ENZYME SUBSTRATES z 


Enzyme substrates recently prepared at Poole include: 

N-Acetyl-L-tyrosine ethyl ester monohydrate, chromato- 

graphically homogeneous—a substrate for determining the 

activity of chymotrypsins 1.2 

1. Rovery, M. and Desnuelle, P., Biochim. Biophys. Acta, 1954, 
13, 300-1. 

2. Laskowski, M., “Methods in enzymology", 1955, (ed. by 
S. P. Colowick and N. O. Kaplan,) Vol. i, page 23, 

19 10s. Od; 5g 41s, 6d. 

L-Leucinamide hydrochloride—recommended as a standard 

substrate for determining the activity of the enzyme leucine 

amino-peptidase!. 

1. Hill, R. H, et af, “Biochemical Preparations", (ed. by 
C. S., Vestling), Vol. 6, page 35. 

1912s. 6d; 5g 52s. 6d. 


B.D.H. SOLVENTS for CHROMATOGRAPHY 
n-Butanol Ethyl methy! ketone 2-Methoxy-ethanol 
Petroleum spirit 60/80°C Phenol 

B.D.H. Chromatographic Solvents are recommended for 
refined chromatographic work where very high quality materials 
are essential. Specially purified and chromatographically 
tested, these solvents can save the analyst the time and 
trouble otherwise spent in ad hoc purifications. Please use 
the designation ‘Special for Chromatography” in each 
Instance when ordering. (Other B.D.H. Materials for Chroma- 
tography Include chromatographic adsorbents, ion exchange 
resins, and statlonary phase materials. A list of them can be 
obtained on request.) 

n-Butanol: 500 mi 18s. 0d; 2} litres 82s. Gd. 

Ethyl methyl ketone: 

250 ml 11s. Od; 500 ml 19s. 6d; 1 litre 38s.0d. 
2-Methoxy-ethanol: 

250 ml 17s. 6d; 500 ml 32s. Od; 1 litre 62s. 6d. 

Petroleum spirit 60/80°C: 

500 ml 9s. 6d; 1 litre 18s. Od; 24 litres 43s. 6d. 

Phenol: 100 g 12s. 6d; 250 g 28s. 3d. 
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(Continued from page 40) 


although there has been no temporal continuity in the 
light signals at the eyes from which the binocular ‘steady 
state’ is eventually generated. The form of Efron’s 
results suggests that this expansion is an exponential one, 
and an equation describing the fusion process can be 
derived in the following way : Given constant duration of 
the monocular pulses to the plane array, the initial length 
of a ‘fusion signal’ or binocular pulse, will depend on the 
temporal overlap between monocular pulses, which will 
depend on the interval separating the pair of monocular 
pulses, SI. This is illustrated schematically in Fig. 4. 
As SI decreases, overlap will increase, and hence a longer 
initial binocular pulse will be generated. For a given 
value of SI, in order for a steady binocular signal to be 
received at the recognizer, the initial binocular pulses 
(generated at the array) must be long enough, and expand 
rapidly ‘enough, for the separate binocular signals to 
coalesce, at the latest, as they arrive at the recognizer. 
That is, the duration of the binocular pulse at the recog- 
nizer must be at least as long as the total length of the cycle 
beginning with the leading monocular pulse and ending 
with the next leading monocular pulse. This duration is 
SI plus LI, which we shall call T. Now, given the 
assumption of exponential growth, we can state the 
relationship between the change in duration of the initial 
binocular pulse, SI, and the final duration T, in the 
following way. The change in the final duration per unit 
change in initial duration will be proportional to the 
amount by which the final duration is short of its maxi- 
mum, Tm. Tm is the asymptotic value of T when the 
initial duration becomes large. This relation can be 
stated as the differential equation : 


aT 
ast = KL» — T) 
ro) 
BINOCULAR 
("FUSED") PULSE 
9° 





Fig. 4. The initiation of a binocular (‘fused’) pulse depends on the 

occurrence of two monocular pulses simultaneously at a unit of the 

array. The duration of the binocular pulse is dependent on the overlap 
between the pair of monocular pulses 





-20 0 10 30 50 70 
(SIm-SI) (msec) 
Fig. 5. Graph of T versus (SIm — SI) for 3 subjects. Empirically 


determined points fitted to the curve of equation 1, estimating para- 
meters separately for each subject 
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Fig. 6. a, Our results for one subject, plotting SJ as a function of the 

ratio LI/SI, b, Efron’s original data, plotted by the same method. 

Efron fitted a hyperbola to his results: our fit (a negative exponential, 
equivalent to equation 1) is about as good 


Ratio = 


The boundary conditions for integration are given by the 
fact that SI has a maximum value when SI = LI. Thus 
when SJ equals its maximum, SIm, T = 2 SIm (remember- 
ing that LI + SI = T). Integrating with these boundary 
conditions gives : 


T = Tm [1 “(rs “ae ee sn | (1) 


Fig. 5 shows the graph of the equation fitted to the results 
for three subjects. Fig. 6a shows the results for one of 
these subjects plotted by Efron’s method. Fig. 6b shows 
Efron’s own plot, and it is apparent that our results confirm 
his. The differences in the curves for the two sets of data 
are to be expected, since in the two experiments different 
stimuli were used, and the type of stimulus is factor in 
determining the ease with which fusion is attainable. 
(Efron used simple stimuli with clear contours. He 
obtained his results using an episcotister to produce his 
intermittent and alternating pulses. This method, apart 
from being somewhat unwieldy, does not permit indepen- 
dent manipulation and control of all three variables, SZ, 
LI and pulse duration D. In our replication we used a 
pair of coupled A.E.L. stimulators (model 104-4) driving a 
pair of glow modulator tubes (Sylvania £11310), which 
allowed precise and independent control of all the varia- 
bles. The stimuli were on 10-mm stereo slides and were 
observed in a commercial stereoscope (Viewmaster).) 
There is only one important discrepancy between our 
results and those of Efron, as plotted in Fig. 6. Our results 
give a zero asymptote for SI whereas Efron’s do noi. 
This is because our criterion for fusion was ‘steady fusion’ 
while Efron accepted a ‘pulsating fusion’ which occurs 
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when there is summation over the short interval but not 
over the long interval. In the latter case the criterion for 
depth perception can be reached with a single pair of 
monocular pulses, but not in the former. 

The model fits the results at present available on bino- 
cular fusion of intermittent stimuli satisfactorily, and gives 
a rational explanation of the process of binocular fusion 
and recognition of depth. It is encouraging to note that 
recent work in which activation of individual neurones in 
the striate cortex of cat has been recorded? has demons- 
trated that many such neurones exhibit properties similar 
to those required. by the model, although detailed confirma- 
tion cannot be expected from this line of investigation 
unless and until techniques for simultaneous recordings 
from several neurones are available. 

We are at present investigating the variable D, signal 
duration, and its relation to the fusion process. Further 
information pertinent to the binocular fusion model can, 
it is hoped, be obtained from work with coloured stimuli. 
It has been shown’ that different cortical latencies in cats 
are obtained on stimulation with lights of different colours, 
suggesting differential rates of neural transmission. If 
this is true of human beings, one would expect to find 
systematic effects of differently coloured stimuli on the 
parameters of the fusion curves, since the independent 
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variable of equation 1 (SIm — SI) is a function of the time 
difference in the arrival of monocular pulses at the point 
of binocular fusion (Fig. 4). Lit’s theory! of variation in 


. retinal latency with light intensity, which he has used to 


explain the Pulfrich illusion, could also be tested. 

In conclusion, it may be pointed out that the model here 
adumbrated can be classed with those explanations termed 
structural models®?° which seem at present to offer the 
best hope for understanding the processes of coding and 
recognition of sensory information, in both humans and 
animals. 

Support for this work from the Defence Research Board 
of Canada (grant No. 9425-12 to P. C. D.) and from the 
Queen’s University Committee on Scientific Research is 
gratefully acknowledged. 
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A MARINE FISH-REARING EXPERIMENT USING ANTIBIOTICS 
By J. E. SHELBOURNE 


Ministry of Agriculture, Fisheries and Food, Fisheries Laboratory, Lowestoft 


HE eggs of the plaice (Pleuronectes platessa, L.) 

often become opaque and adhere one to another 
during development in hatchery tanks. When these 
symptoms are severe, heavy mortalities can be expected 
before hatching is complete. In contrast, the shells of 
late plaice eggs caught at sea seldom show signs of opacity 
and adhesion. Oppenheimer! demonstrated bacterial 
growth on cod egg shells by means of phase photomicro- 
graphs, and found that the percentage hatch of cod, 
turbot and Pacific sardine eggs could be increased by 
controlling sea-water bacteria with a mixture of penicillin 
and streptomycin. Walne? improved the spatfall in his 
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Fig. 1. Temperature régime during a plaice-rearing experiment to test 


the effect of antibiotics on survival 


oyster rearing vessels by suppressing bacterial growth 
with the same antibiotics. 

In March 1962, an experiment was conducted at the 
Marine Biological Station, Port Erin, Isle of Man: (a) 
to test the effect of antibiotic treatment during incubation 
not only on the hatching rate of plaice eggs but also 
on subsequent larval survival to metamorphosis; (b) to 
follow up previous work on optimum temperatures for 
egg and larval survival in the hatchery. Hight 2ft. x 1 ft. 
x 1 ft. glass incubators (capacity 40 1.) were each stocked 
with 1,000 pond-spawned eggs, in the blastula stage of 
development. Pairs of incubators were partially im- 
mersed in four water baths equipped with temperature 
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Table 1. SUMMARY OF STOOK SURVIVAL DURING A PLAICE-REARING 
EXPERIMENT AT PORT ERIN, ISLE OF MAN, 1962 
Water bath ` 1 2 3 4 
Tank treatment Anti- Anti- - Anti- Anti- 
during incu- biotics None biotics None biotics None biotics None 
Egg stock 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
No. eggs hatched 966 942 976 935 975 982 968 911 
No. feeding larvae 708 478 783 536 836 645 742 564 
No. metamor- 
phosed larvae 568 885 666 407 630 422 550 296 


control gear. Each tank could be irrigated with hatchery 
sea-water (open circulation), but only one tank of a pair 
was irrigated during the period of egg incubation. The 
other was treated with one dose of a sodium penicillin @ 
and streptomycin sulphate mixture (50 international 
units and 0-05 mg/ml. respectively), and then kept static 
until hatching began. All tanks were irrigated during the 
larval phase. 

The temperature régime for each water bath is shown in 
Fig. 1. After two days acclimatization at 6° C, the temper- 
atures of three water baths were slowly increased, at a 
mean rate of 1° C per week, until they reached 6°, 7°, 
8° and 9° C in baths 1, 2, 3, and 4 respectively, at the 
time larval feeding began. These temperatures were 
maintained throughout the critical early feeding phase, 
which was of longest duration at the lowest temperature 
(water bath 1). Thereafter, the lower temperatures were 
slowly raised to 9° C, followed by an increase in all baths, 
at an equal rate, to a maximum of 11°C. Plaice larve 
were fed daily rations of Artemia salina nauplii, in sufficient 
abundance to ensure a small residual food population 
in each tank, after 24 h feeding. 

Stock survivals are summarized in Table 1. At all 
temperatures, a higher percentage hatch occurred in tanks 
treated with antibiotics, although differences were not so 
marked as in Oppenheimer’s experiments. The effect will 
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no doubt vary with the degree of egg shell contamination 
at the time tanks are stocked. This in turn will be related 
to the abundance of contaminants in the spawning pond 
and in the hatchery sea-water circulation. The shells of 
eggs in treated tanks remained relatively clear throughout 
incubation; the untreated egg stock was noticeably opaquo 
at hatching. 

Slight differences in survival between treated and un- 
treated egg stocks were magnified during larval feeding. 
at all temperatures, indicating that the benefits of bac- 
terial control during incubation are felt long after hatching 
is complete. Embryos are not necessarily killed, but are 


, undoubtedly weakened, by shell contaminants. Fig. 2. 


showing the stock survival curves of both tanks in water 
bath 2, is representative of all pairs. The treated stock 
clearly produced the more competent feeders. 

The ‘critical period’ between hatching and first-foeding. 
so long a controversial topic among marine fish culturists. 
may, after all, be the consequence of artificial hazards 
in the tank environment. A ‘critical period’ will still 
occur in the sea, however, if suitable planktonic food is 
scarce during the early larval stages. 

The results in Table 1 suggest that the optimum temper- 
ature for plaice egg incubation in the hatchery lics 
within the range 6°—7° C; and that a slight shift to 7°-8° C 
facilitates first-feeding. A slow temperature riso from 
8° C to 10°-11° C during the second six weeks of tank life 
is likely to minimize mortalities among feeding and meta- 
morphosing larve. 

The unusually high survivals achieved in this experi- 
ment are the outcome of several years’ study by a small 
group of biologists from Lowestoft and Port Erin, Isle 
of Man, full results of which will appear later. 


} Oppenheimer, C. H., Copeia, 1, 43 (1955). 
2 Walne, P. R., J. Mar. biol. Assoc. U.K., 37, 415 (1958). 


ACTION SPECTRUM OF PEROXYACETYL NITRATE DAMAGE 
TO BEAN PLANTS 


By Dr. W. M. DUGGER, jun., O. C. TAYLOR, W. H. KLEIN and W. SHROPSHIRE, jun. 


Air Pollution Research Center, University of California, Riverside, and Smithsonian Institution, Washington, D.C. 


OR plant damage from peroxyacetyl nitrate (PAN) 
there is an absolute requirement for light prior to, 
during and after fumigation of plants with the oxidant?. 
It is apparent that this photochemical product in smog 
will therefore only cause damage to plants through 
another photochemical reaction between the PAN and 
some component in the plant. This component in plants 
that reacts with the PAN is depleted by a pre-dark period 
and only begins to appear after plants have been in light 
2-3 h (ref. 2). For bean plants grown under a 15-h 
photoperiod at 21-5 k lux from Sylvania “very high output 
(VHO)” fluorescent lamps this component is prevalent 
in the young primary leaf tissue at a maximum concentra- 
tion up to the eighth day after planting, and is depleted or 
reduced to a level within 5 additional days to the point 
that a 30-min fumigation at 1 p.p.m. PAN will not cause 
plant damage. Such observations make it desirable to 
determine the action spectrum of the photochemical 
reaction between PAN and plants which results in damage. 
PAN was synthesized! and diluted with nitrogen in 
cylinders as previously deseribed*. These cylinders were 
shipped overnight by air freight from Riverside, Cali- 
fornia, to Washington, D.C., as needed. On receipt they 
were stored at 1° C when not in use. After most of the 
oxidant was used from a cylinder, it was returned . to 
Riverside for assay of the PAN concentration by long-path 
infra-red spectrometry. Less than 10 per cent of the 
PAN activity was lost through this method of handling. 


Pinto bean (Phaseolus vulgaris L.) plants were grown. as 
previously described!. Seven-day-old plants were used 
in all fumigations. The period of fumigation was limited 
to that part of the photoperiod which would allow at least 
4-5 h of light prior to and after fumigation. 

The fumigation chamber was adapted from the exposure 
cabinet described by Withrow’. Through preliminary 
experimentation it was determined that a concentration 
of 4 p.p.m. PAN for 10° sec with a volume change every 
2 min would cause appreciable damage to the primary 
leaves of pinto bean plants at 200 „W/cm? whito light. 
This concentration of PAN and period of exposure wore 
used in all subsequent experiments. 

The light-source was a 7-kW condenser-type rotating 
carbon arc mounted adjacent to, but separated from, the 
temperature-controlied room containing the exposure 
cabinet’. This unit has a variation of about + 10 per 
cent in intensity over the 20-cm diameter aporturn'. 
Trradiance was measured with a vacuum thermopile as 
previously reported’. Spectral purity of each of the 20 
filter combinations used was determined on a model 14 
Cary spectrophotometer. The average wave-band half- 
width for the 20 filter combinations was 9-9 + 2-6 my in 
the 370-734 mu region of the spectrum. 

One plant at a time was transferred to the exposure 
cabinet 2 min prior to the irradiation period in order to 
equilibrate the oxidant concentration. The primary 
leavés were supported perpendicular to the incident 


100 546 


LEAF AREA DAMAGED (%) 
D a o 
So c o 


N 
° 


NATURE 


April 6, 1963 VoL. 198 


synthetic level. Action spectra for the 
Hill reaction, photophosphorylation, and 
TPN reduction in chloroplast preparation 
closely correlate with the absorption 
spectrum of chloroplast suspension?-"”. 
However, with PAN damage to plants 
the quantum responsivity curve (Fig. 2) 
shows a maximum at 420 and 480 myu, 
several times that at 640 mp. The lack’ 
of a major response at 640-680 mp 
irradiance suggests that the chlorophyll 
pigments are not primarily involved in the 
PAN light interaction leading to damage. 
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Fig. 1. PAN response-energy curves for three wave-lengths. The abscissa is shifted for 
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Fig. 2. a spectrum for PAN damage to pinto bean leaves. 


light path. The light-exposure period was 10° sec (16-6 
min) and after the exposure period the plant was removed 
to the control room: Plants were exposed to 3 or 4 
incident energy-levels at éach wave-band. At each com- 
bination of energy and wave-band from 370 my. to 641 mu, 
3-5 fumigation experiments were carried out. From 
660 my to 734 my, 2-3 fumigations were done. : 

Assay of PAN damage to the primary leaves was made 
48 h after fumigation as previously described’. 

Fig. 1 shows the response-energy curves for three wave- 
lengths. Although these curves show a linear relationship, 
some of the damage response curves were linear only 
when plotted on a log-energy basis. In all cases the energy- 
level responsible for 50 per cent leaf damage could be 
determined from these curves for subsequent calculation 
of quantum responsivity to PAN. 

The action spectrum for 50 per cent leaf damage from 
PAN is given in Fig. 2. There is considerable variation 
around the points on the curve, evidently caused by. the 
physiological variability of the plant material and also 
by the subjective method used in assaying leaf damage. 
There are definite maxima responsivities of bean plants 
to PAN when irradiated with monochromatic light of 
370, 419, 480 and 641 my. The maximum at 370 my 
evidently extends to some shorter wave-band outside the 
spectral range of the facilities used in this work. Minima 
values were observed in the 386-408 my area of the 
spectrum and at 459 mu. 

Peroxyacetyl nitrate has been reported to inhibit 
oxygen evolution, TPN reduction and non-cyclic photo- 
phosphorylation in chloroplast preparation®?. These 
observations suggest that the photochemical reaction 
between the oxidant gas and the plant is at the photo- 
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for the average variation in leaf damage shown for half the values 


This response could possibly be associ- 
ated with photo-reaction between the 
carotenoid pigments and PAN. With the 
exception of the peak at 450 my. the action 
spectrum for PAN damage between 400 
and 500 my correlates relatively well 
with the absorption of solutions of purified 
carotenoid pigments. 

The role of carotenoids in the protec- 
tive action of chlorophyll-catalysed photo- 
oxidation has been shown for a caroten- 
oid-deficient blue-green mutant of Rhodo- 
spirillum spheroides. Cultures of R. 
rubrum devoid of carotenoids by growth 
in diphenylamine or chromatophores pre- 
pared from Chromatium grown with this 
inhibitor were also aerobically photo- 
oxidized?*. Although the significance of 
carotenoid deficiencies in oxygen-evolving 
autotrophs has not been shown, Stanier 
postulates a function of carotenoids as 
contributing to the protection of chloro- 
phyll from photo-oxidation”. With an 
atmosphere over-abundant in oxidizing 
power such as PAN in air, perhaps the 
normal carotenoid content of plants 
is insufficient to protect the photo- 
synthetic mechanisms and injury ensues. 
The characteristic absorption spectra 
of carotenoids and action spectrum of PAN damage may 
therefore have a common photochemical basis. 

The rise in the quantum responsivity of PAN damage at 
370 mu may be associated with light absorption by some 
specific pigment other than those directly associated with 
the photosynthetic apparatus such as riboflavin. Another 
possibility for the response at this wave-band may be 
associated with the absorption of chlorophyll a at 380 my 
or the absorption peaks of chlorophyll 6 at 357 and 370 
Tau (ref! 13). Additional investigation at shorter wave- 
lengths should help to elucidate this point. 

This investigation was supported in part by a research 
grant (A P-40) from the Division of Air Pollution, Bureau 
of State Services, U.S. Public Health Service. 

We thank Mr. Eugene Cardiff and the staff of the 
Division of Radiation and Organisms, Smithsonian 
yor Washington, for assistance and advice in this 
WOL. 
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PHYSICS 


Detection of Fresh Fission Products in Sydney 
from the 1962 Christmas Island Nuclear Test 
Series 


Fission products arising from the American nuclear 
weapons test series at Christmas Island in the Pacific 
{April 25-July 11, 1962) have been detected in Sydney 
(lat. 34° S.) in both air and rain-water within a period of 
3 weeks. 

Air was filtered through a ‘Forestone’ filter paper at a 
rate of 6-6 x 10‘ kg/day, with an average sampling period of 
3 days/week. Rain-water was collected until a sufficient 
volume (approximately 10 1.) was obtained; over the 
period of interest this restricted the collections to only 6, 
owing to unseasonably low rainfall. The rain-water was 
passed through a mixed-bed exchange resin. The com- 
pressed ‘Forestone’ filter paper and the exchange resin 
were counted in calibrated geometries using a 5 in. x 4 in. 
sodium iodide crystal feeding into a 512-channel pulse- 
height analyser. 

Cerium-141, zirconium-95 — niobium-95 and barium-140 
—lanthanum-140 were identified from the y-ray energies 
and by half-life determinations. A peak at 0:48 MeV was 
also obtained and checks on the decay rate indicated the 
presence not only of beryllium-7 (half-life=53 days, 0-48 
MeV) and lanthanum-140 (half-life (eff) =12-8 days, 0-48 
MeV) but also of some other emitter. This component is 
probably ruthenium-103, and half-life and ratio studies 
support this view, but no attempt has been made to 
obtain a positive identification. The results are shown in 
Tables 1 and 2. 

Since sampling of the air was not commenced until 
May 18, 1962, at which time the fission products were 

Table 1. FALL-OUT LEVELS IN AIR 
uue./kg air x10 


Sampling "Zr and Nb Ce La 0:48 MeV peak— 
period 10Ta gontribution* 

25-—28/5/62 28 — 80 
8 —11/6/62 139 93 55 80 
15—18/6/62 153 85 45 68 
22—25/6/62 47 31 17 36 
29/6-—-2/7/62 49 28 15 33 
6—8/7/62 75 22 9 24 
18—15/7/62 170 75 32 62 
20—22/7/62 765 270 118 194 
27—29/7/62 650 102 54 99 
3/8— 9/8/62 11 45 17 39 
10—16/8/62 143 42 18 44 
17—26/8/62 89 20 4 20 
27/8-—-2/9/62 174 36 2 34 
3— 9/9/62 155 34 _ 28 
10—16/9/62 143 81 -- 27 
17/9—~1/10/62 119 24 - -~= 
2/10- 7/10/62 167 26 oat 7+ 

14/10/62 175 41 =a -- 
15—21/10/82 163 35 - -a 
22—28/10/62 105 24 -= 
29/10-— 4/11/62 92 19 — — 
§/11-~11/11/62 168 29 — — 


* The figures given in this column are based purely on the y-activity. 


Table 2, FALL-OUT LEVELS IN RAIN-WATER 
Rainfall yuc.jl, rain 
Collection during “Zrand "Nb Ce La [0-48-MeV peak 
period period (in.) Lg 
contribution* 
14/4—-14/5/62 9-9 — — 69 119 
14/5-—28/5/62 0-6 252 — 288 294 
28/5-—~11/7/62 12 138 162 122 1863 
11/7-——16/7/62 12 88 70 35 76 
16/7-—-15/8/62 3-1 208 267 93 400 
15/8-—19/9/62 3-2 269 394 — 349 


Norm: Dates of announced test explosions were: — 

25/4, 27/4, 2/64, 4/5, 7/5, 8/5, 9/5, 14/5, 25/5, 28/5, 8/6, 9/6, 10/64, 12/6, 
15/8, 18/6, 19/6, 22/6, 10/7, 11/7. 

* The figures given in this column are based purely on the y-activity. 

t These were explosions in the megaton range. ’ 


already present, a direct value for the transport period 
was not obtained, but it was less than 3 weoks. The ratios 
in zirconium/cerium and zirconium/lanthanwn in the 
earlier part of this sampling period also suggest a transport 
time of this order. 

A histogram of the specific activities shows a inarked 
peak for all isotopes over the sampling period July 10-21, 
1962, at which time an intense anticyclone passed over 
Sydney. Minor peaks were also observed under similar 
meteorological conditions. Correlations of fall-out levels 
with height and duration of inversion layers associated 
with these meteorological conditions are being further 
investigated. 

It may be noted that no fall-out activity was detected 
from the resumed high-altitude series at Johnston Island. 


D. R. Davy 
R. M. GREEN 


Australian Atomic Energy Commission 
Research Establishment, 
Lucas Heights, New South Wales. 


ASTRONOMY 


Wake Spectrum of a Leonid Meteor 


WuiLE photographing meteor spectra using a conven- 
tional meteor spectrograph with a rotating shutter 
arrangement, wake spectra may sometimes be obtained in 
the breaks between the segments of the primary spectra. 
Credit goes to the Canadians for obtaining the existing 
seven wake spectra! in the world. 

This communication describes the eighth wake spuctrum 
in the world (Fig. 1). This is found between the fourth and 
fifth segments of the primary spectrum of a Leonid meteor. 
already described*. As in six of the previous cases, this 
wake spectrum is also confined close to the region of x 
strong flare. There has been some dispute? in explaining 
the mechanism of the formation of wake spectrum. 
although the latter is agreed to be a low excitation recom- 
bination spectrum}? involving elements common in the 
primary spectrum. Millman‘ attributed the strong 
secondary (wake) spectrum of No. 126 to the fragmunts of 
the main meteoroid trailing behind it. He also suggested 
that the number of such trailing particles increases at the 
time of a burst. Opik® objected to this explanation on the 
basis that the deceleration of the fragments behind the 
main mass may not be sufficient. Halliday? suggested that 
the burst of a large portion of the meteoroid might have 
occurred at the position of the wake spectrum, converting 
it into atomic form, which suffered a large deceleration. 
This might have remained at almost the same place pro- 
ducing the recombination wake spectrum, while the rest 
of the meteoroid proceeded in its flight. This stands as the 
only probable explanation for the deceleration mechanism. 

It may be noted that the secondary spectrum between 
the first and the second segments of the primary spectrum? 
of this Leonid meteor has occurred at a position where 
there was no burst. However, fragmentation of loosely 
attached particles might have occurred, high in the 
atmosphere, simultaneously converting them imto the 
atomic form, which suffered a large deceleration. produc- 
ing the weak secondary spectrum. The luminosity of this 
wake spectrum may depend on the mass fragmented. This 
explanation may also be extended to all the wake spectra. 
associated with flares. Another example 
ectrum is that of No. 2121, where the 
¿h variation, and the wake spectrum 
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Table 1. ANALYSIS OF THE WAKE SPECTRUM LINES 
Excitation 
SL No. Wave-length Multiplets identified * potentials Intensityt 
(A) Probable Doubtful (ev) 
1 3738-2 Fe I (5) 3-35 
Te I (21) 4:20 
2 3849-5 Fe I fy 3-23 
Fe I (20 414 
Mg I (8) — 
3 3933-7 Ca IL Ri 3-14 Strong 
Fe I 53 3-23 
Fe I (20 414 
Si I (3) — 
4 3968-7 Call (1) 3-11 Strong 
Fe I (48) 4-59 
5 4231-7 Ca I (2) 2-92 Medium 
Fe I (3) 2-93 
Fe I (42) 4-45 
Fe y (152) — 
Fe (27 — 
Fe i (28 — 
6 4382-4 Fe I (41) 4-29 
. Fe IE (27) — 
7 4481-0 Fe I (2) 2-84 Strong 
Mg (4) — 
Fe II (87) — 
8 4571-4 Me I W 2-70 Medium 
Ca I (23 ? 
Fe Il (87) — 
Fe II (38) — 
9 5174-3 Mg I (2) 5:09 Strong 
Fe I (1) 2-4 
Fe Il (42) — 
10 5329-9 Fe I (15) 3:23 
Fe IX (48) — 
Te II (49) 
11 5445-4 Fe I (15) 3-28 
Fe IT (49) — 
12 5892-9 Na I (1) 2-10 Strong 


* These correspond to those from A Multi iplet Table of Astrophysical 
Inierest by O. B. Mooro, Princeton Observatory Publications, No. 20 (1945). 
+ Relative to the other weak lines in the spectrum. 


showed up for many segments. The latter may be attribu- 
ted to successive fragmentation, occurring along a large 
portion of the trail length. The continuous oxygen green 
line in this Leonid meteor spectrum? is an example, in 
evidence, for the occurrence of such successive fragmenta- 
tion. A similar continuous oxygen green line has been 
observed in the spectrum of a Perseid meteor, obtained by 
Millman’. The presence of the continuous oxygen green 
line may lend support to the loosely knit structure of the 
meteoroid. 

The analysis of the wake spectrum (Fig. 1) is presented 
in Table 1. There, the probable and doubtful identifica- 
tions are listed out separately against each wave-length. 
It may be seen there that the maximum probable excita- 
tion potential is 5-09 eV, consistent with the conclusion of 
Halliday! that the wake spectra are low excitation recom- 
bination spectra limited to potentials not greater than 5 eV. 
The multiplets with higher excitation potentials are listed 
as doubtful cases, following this conclusion. However, as 
the line à 4481 is comparatively strong in the wake 
spectrum, the possibility of its connexion with the 
ionized lines of either Mg II (4) or Fe II (37) or both 
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cannot be completely ruled out. The higher excitation 
reached in the wake spectrum may then be attributed to 
the high cosmic velocity of the Leonid meteor. 

M. Srrama Rao 


: ADHAM 
Meteor Research Laboratory, Pe MOTAN 


Physics Department, 
Andhra University, Waltair. 
1 Halliday, Ian, Astrophys. J., 127, 245 (1958). 
2? Rao, M. S., and Lokanadham, B., Nature, 197, 169 (1963). 
3 Millman, P. M., Nature, 165, 1013 (1950). 
‘Millman, P. M., Nature, 172, 853 (1953); Sky and Tel., 15, 375 (1956). 
* Öpik, E. J., Proc. Roy. Soc., A, 230, 463 (1955). 
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Selenological Implications of the 
South-Australian Ring Structures 


Ix the January 12 issue A. R. Crawford! describes the 
large ring structures in a Pre-Cambrian voleanic complex 
of South Australia, and points out their interest to lunar 
studies. These structures attain 55, and possibly 100, 
miles in diameter and are still associated with saucer-like 
topography, which may be due to rejuvenation. They 
are connected with lineaments which in his view? closely 
resemble the grid systems mapped on the Moon by 
myself*:4 and other workers (Fielder®, Warner). Some of 
the ring fractures display parasitic volcanic vents', which, 
too, bear resemblance to the lunar situation. 

The idea that lunar craters may be similar to cauldron 
subsidences, as exemplified by the Tertiary ring dykes of 
Glen Coe, has been proposed, among others, by Jeffreys’, 
in whose view the difference in size between the terrestrial 
and lunar examples is not significant. The South-Aus- 
tralian structures would bridge the remaining gap. 

The general appearance of the Moon is so different from 
that of the Earth that an extraneous agency in the form 
of meteoritic impacts is often invoked (Baldwin, Urey) to 
account for the peculiarities of the lunar surface. This 
conception, however, appears unnecessary once the two 
main factors which differentiate geological and seleno- 
logical processes, namely, the absence in the latter of 
surface water and gravity reduced by a factor of 6, are 
taken into consideration?}7, 

Although other ideas have been advocated from time to 
time (Filias, Hédérvari), there is good evidence that the 
lunar globe has contracted®:’ as a result of the loss of gases 
from the interior and of the thermal shrinkage, due to the 
progressive decay of radioactive substances. 

On the Earth the chief mechanism by which crustal 
stresses due to shrinkage are relieved is the elevation and 
folding of geosynclinal sediments in great mountain 

ranges. Sedimentary rocks may exist 

on the Moon (Gold®, Firsoff’), but in 
the absence of air and water they will 
be relatively thin and patchy. With- 
out seas, however, there can be no 
selenosynclinal sediments and, conse-’ 
quently, no folded mountains of the 
terrestrial type, which withal have 
been carved into their characteristic 
shapes by ice and water erosion and 
the uplift of which requires energetic 
isostasy, depending on the differential 
action of gravity on formations differ- 

` ing in density in relation to their 
mechanical strength and so relatively 
ineffective on the Moon. 

Reduced gravity is also opposed to 
folding, which is almost wholly 
absent from the Moon (there are a few 
doubtful cases in the. maria, including 
marginal monoclines). 

Sedimentary rocks are derived from 
the decay of primary igneous rocks. 
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Furthermore, plutonic rocks are exposed on the surface by 
denudation, the products of decay being removed by 
running water and wind. Were this not so the terrestrial 
surface formations would be wholly volcanic. This is 
what we may expect to find on the Moon. Surface vol- 
canics are friable and succumb quickly to erosion. On the 
Moon, however, they will pile up and structures formed 
of them will endure, with little to modify them but the 
next volcanic episode or perhaps meteoritic impact. 

Magmas contain gases in occlusion, which are liberated 
in cooling and form bubbles in the setting rock. On the 
Moon, where surface gravity is only 1/6 of ours and baro- 
metric pressure must always have been very low, such 
bubbles will expand much more freely, so that most lunar 
voleanics may be expected to be an exaggerated form of 
pumice*. Even pyroclastic rocks, such as tuffs or ‘Aso 
lavas’, which may exist on the Moon, will experience little 
compaction in the absence of surface water and wind. 

Rocks of this texture will be very brittle and tend to 
fracture sooner than fold even under terrestrial gravity. 
The behaviour of the light-coloured lunar rocks, given the 
general name of lunarite, in the highlands, or terre, 
confirms this prediction. Folded formations are virtually 
absent, but fractures, faults and overthrusts abound. 
Such rocks will also be readily arched, favouring lacco- 
lithic intrusion (possibly even intrusion by underground 
water), the uplifted dome caving in and forming a caldera 
in which the tidal action of the Earth on the mobile 
constituents should have played an important part. 

Incidentally, liquid water, when exposed to the sub- 
vacuum of the lunar surface, would instantly flash into 
vapour and -act as a high explosive, so that vulcanism 
could exist on the Moon even if the underground tem- 
peratures were low®?, i 

The darker rocks of the maria are generally referred to 
as lunabase; they appear to be tougher and heavier than 
the brittle lunarite, and display at least a limited capacity 
for folding (monoclines, wrinkle ridges). The maria seem 
to respond to the shrinkage of the interior by continued 
subsidence, and also to behave as stable shields, against 
which the light and brittle lunarite is laterally compressed. 
This leads to roughly-radial fracturing and elevation of 
lunarite on their margins’. Thus fault-riven ranges 
become gradually upraised there, as exemplified by the 
Lunar Apennines. No catastrophes, no violent explosions 
—just ordinary, slow geological processes modified by 
local conditions. 

The fact that Crawford’s ring structures are found in an 
unfolded shield region is significant. The African shield, 
too, affords examples of such formations in the giant 
calderas of Tanganyika and the ancient Bulawayo orogeny 
in Rhodesia. The latter consists of large round or ovaloid 
batholiths, with the ‘pore space’ filled with sedimentary 
rocks, If now the magma withdrew from these intrusions, 
for example, owing to tidal action or through being 
drained away into a large marial subsidence, essentially a 
lunar landscape would have resulted. According to de 
Sitter the magmatic phase was stronger in the early 
orogenies, so that such formations, which now strike us 
as odd, may have been common in Precambrian times and 

the surface of the Earth may not have differed so greatly 
in appearance from that of the Moon. 


YV. A. Firsorr 
7 Wells Road, 
Glastonbury, Somerset. 
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Olivine — Spinel Transformation in Co bait 
Orthosilicate 


Bernal! and Jeffreys? first suggested that olivine might 
transform to a denser spinel structure under the high 
pressures existing deep in the Earth’s mantle. Such a 
transformation would be of considerable geophysical sig- 
nificance. This suggestion had been stimulated by 
Goldschmidt’s? observation that the compound Mg,GeO, 
displayed olivine and spinel polymorphs. Support for the 
Jeffreys—Bernal hypothesis afterwards emerged when I 
found that the olivines Fe,SiO, and Ni,SiO, inverted 
directly to spinel structures at high pressure accompanied 
by large increases in density**. Further studies*-* of 
common olivine, Mg,SiO,, also revealed a strong prob- 
ability that this compound would invert to a spinel 
structure at high pressure. 

In view of these results, and on general crystal chemical 
grounds, it might be anticipated that the olivine Co,SiO, 
would also transform to a spinel structure under high 
pressure. I have recently observed this transformation. 

An intimate mixture of Co,0, and ignited silicic acid in 
orthosilicate ratio was prepared, and pressed into a tablet. 
The tablet was sintered at 1,350° C for 6h. Examination 
of the product by X-ray diffraction revealed that com- 
plete conversion to Co,SiO, olivine had occurred. The 
olivine was then finely crushed, mixed with 5 per cent 
of ammonium chloride and moistened with water. Samples 
so prepared were placed in a uniaxial pressure apparatus 
(squeezer) and subjected to various desired pressures using 
techniques which have been previously described’. Runs 
were carried out at 700+10° C for periods of 1 h, after 
which the sample was quickly cooled and examined by 
X-ray diffraction and optical microscopy. 


Table 1. X-Ray DIFFRAOTION DATA FoR Co,S10, SPINEL 


Tuterplanar d spaci were determined directly from film taken in 11-cm 
(interp cower camera using filtered cobalt radiation) 


Estimated Estimate 
aa visual Plane dÀ visual Plano 
intensity intensity 
464 35 111 1-238 1 533 
2°85 220 1224 t 2a 
2-443 * 10 311 1:172 2 H4 
2024 6 400 1:138 15 711 
1-857 2 331 1-084 * 3 642 
1-651 * <1 422 1-0581 5 553, 731 
1-560 4 333, 511 1-0160 2 800 
1-434 7 440 0-93958 4 751 
1371 <1 531 090985 4 840 


* Line overlap with olivine. 
a) = 8'140 + 0-005 A. Calc. density = 5-17 g/c.c. 


Table 2. PARAMETERS FOR OLIVINE~SPINEL TRANSITIONS 


Transition Percentage 
Compound Temperature pressure increase in Ref. No. 
+ 10°C (kilobars) density 
Mg.GeO, 820 0 8-5 3,7 
Nissi0, 850 18 +5 3 5 
Fe,SiO, 600 38 + 3 10-5* 4 
Co,Si0, 700 70 + 20 9-8 + 
Mg,Si0, 600 130 + 20 ~9 8 
(extrapolated) 


* In the reference cited, the density change was given as 12 per cent. 
This was based upon a direct measurement of density on somewhat, 
impure Rockport fayalite. The new estimate uses a preferable value of 
4-39 g/e.c. for the density of pure, synthetic fayalite, calculated from X-ray 
data of Yoder and Sahama (ref. 9). 

t This communication. 


In runs made at pressures less than 60 kilobars the 
Co.SiO, olivine remained unchanged. At higher pressuros 
a new phase possessing the spinel structure was observe. 
Maximum conversion obtained was about 50 per cent. 
The X-ray diffraction pattern (Table 1) of the new phase 
strongly resembles those of the spinel modifications of 
Ni,SiO, and Fe,SiO,, and there can be little doubt that 
the new phase is the spinel modification of Co,Si0,. The 
lattice parameter was found to be 8-140 + 0-005 A. Higher 
precision was prevented by line overlap with olivine. and 
by lack of resolution of «,—«, doublets in the high-angle 
region. The lattice parameter implies a density of 5:17 
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g/c.c. for the new phase. Unit cell dimensions of Co,SiO, 
olivine were found to be a=4:779, b= 10-340, c= 5-996 A. 
The density of the olivine calculated therefrom is 4:71 
g/e.c. Thus the spinel polymorph of Co,SiO, is 9-8 per 
cent denser than, the olivine. 

It was not possible to determine the transition pressure 
accurately. Although the pistons used in the high- 
pressure apparatus were constructed from the hardest 
available tungsten carbide (‘Coromant H05’) they were 
found to deform at pressures above 60 kilobars (largely 
because of the high operating temperature used—namely, 
700° C). Consequently the effective area of the piston from 
which pressure is calculated was not wellknown. The best 
estimate for the pressure range under which Co,SiO, 
spinel was synthesized is 70+ 20 kilobars. 

Parameters of olivine-spinel transitions known at 
present are compared in Table 2. 

A. E. Rinewoop 
Department of Geophysics, 
Australian National University, 
Canberra. 
1 Bernal, J. D., Observatory, 59, 268 (1938). 
t Jeffreys, H., Observatory, 59, 267 (1936). 
3 Goldschmidt, V. M., Nachr. Ges. Wiss. Göttingen, 1, 184 (1931). 
‘Ringwood, A. E., Geochim. et Oosmochim. Acta, 15, 18 (1958). 
$ Ringwood, A. B., Nature, 187, 1019 (1960). 
* Ringwood, A. E., Geochim. et Cosmochim. Acta, 18, 303 (1958). 
7 Dachille, F., and Roy, R., Amer. J. Sci., 258, 225 (1960). 
* Ringwood, A. E., and Seabrook, M. J., Geophys. Res., 67, 1975 (1962), 
* Yoder, H., and Sahama, T., Amer. Min., 42, 475 (1957). 
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Rock Deformation in the Rim of the New 
Quebec Crater, Canada 


Tas New Quebec Crater is a circular, lake-filled depres- 
sion, two miles in diameter, in the arid Archean gneisses 
of northern Quebec. A bedrock rim encircles the crater, 
rising 1,300 ft. above the floor of the lake, and 300 ft. 
above the surrounding barren lands. Although an origin 
by meteorite impact was postulated for the crater 15 years 
ago by comparison of the topographic form with that of 
known impact craters, detailed geological studies during 
1962 have failed to discover meteorite fragments, highly 
shocked or shattered rocks. 

In the absence of this material, the most valuable field 
evidence bearing on the origin of the crater is provided by 
measuring the deflexions of sheeting planes and other 
structures of the rim rocks from their original attitudes. 
Most readily and accurately measured is the sheeting, 
which in the region consists of smooth, parallel fracture 
planes spaced about one metre apart and dipping ran- 
domly at angles commonly less than 10°, rarely as great as 
35°. Also of value are conspicuous lineations which are 
due to elongation of deformed basic inclusions, locally 
paralleled by rodding in enclosing quartzo-feldspathic rocks 
and in this region are generally normal to the sheeting. 
They help define steeply dipping sheeting in areas of the 
rim where it might be confused with other joint systems. 
Foliation and steeply inclined joint systems show greater 
regional variations in attitude. 

No systematic orientation of sheeting was seen outside 
the topographic crater rim. Within the rim the dip 
decreases with distance away from the crest while devia- 
tions of strike from circumferential are considerable only 
where dips are less than 15°, and do not affect the gross 
features of this structure. The outward dip of the sheeting, 
as averaged over each 15° sector of the rim, varies from 9° 
in the south to 88° in the north-west. It is plotted in 
Fig. 1, which shows the sheeting dipping away from the 
crater with a crude bilateral symmetry about a north- 
west-trending axis. Where dips are low to moderate the 
upheaval and tilting of the bed-rock has been accommo- 
dated along pre-existing sheeting and joint surfaces, the 
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Fig. 1, Outward dip of sheeting in the rim of the New Quebec Crater. 

The radius vector D is the average angle of dip in each 15° sector. 

The numerals give the number ot Leeman averaged in each sector 
o 


outcrops having the massive appearance typical of arctic 
Quebec. On the north-west and west side of the crater 
where dips are steeper, additional joint systems have 
developed. Here distinctive outcrops result from the 
rock being broken into numerous polygonal blocks by 
smooth, planar joint surfaces of variable orientation and 
spaced at intervals of 15-30 cm. No close-set irregular or 
conical fracture surfaces or zones of breccia, were seen. 

The localized intense upheaval and outward tilting of 
the bedrock in the rim is consistent with the crater being 
formed by an explosive event. Because the direction of 
the symmetry axis of the deformation shows no relation to 
that of regional foliation or joint systems, the symmetry 
is considered to reproduce that of the deforming force. 
This force is deduced to have originated along an inclined 
line, a conclusion compatible with the theory of impact 
origin for this crater. 

This communication is published by permission of the 
Director, Geological Survey of Canada, and the Dominion 
Astronomer, Dominion Observatory, Ottawa, Canada. 

K. L. CURRIE 

Geological Survey of Canada. 

M. R. DENOE 
Dominion Observatory, 
Ottawa. 


1! Millman, P. M., Pub. Dom. Obs. Ottawa, 18, No. 4 (1956). 


Some Relationships between Members of 
the Epidote Group 


Ir has been generally accepted in the past that con- 
tinuous solid solution existed in the epidote group between 
pure aluminium epidote, Ca,A1,8i,0,..0H (Cz), and 
common iron epidote'*. Four important minerals occur 
in this range; in order of increasing iron content they are 
«-zoisite and ß-zoisite (orthorhombic), clinozoisite and 
epidote (monoclinic). They are distinguished on the 
basis of their optical properties. 

Examination of the literature reveals several instances 
of associations of zoisite and clinozoisite’, thulite (a man- 
ganese-bearing zoisite) and epidote®, and clinozoisite and 
epidote®. Compositions in this communication will be given 
in terms of Cz, and the hypothetical iron end member 
Ca,Fe,8i;0,,.. OH (Ps). Common epidote is approximately 
CzqeP$93, but varieties with up to 46 per cent Ps are known. 

Study of epidote group minerals in Ordovician voleanie 
rocks of Borrowdale, English Lake District, has revealed 
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numerous instances of co-existing epidote and clinozoisite 
assemblages. The crystallization periods of epidote and 
clinozoisite overlapped, yet the contacts between these 
minerals are boundaries between chemically and physi- 
cally distinct crystals, with no evidence for replacement, 
or gradation of properties. Clinozoisite has nucleated on 
epidote, with the b-axes of the two minerals lying parallel. 
Optical properties and corresponding compositions of the 
co-existing crystals are given in Table 1. 


Table 1 
6 Ps (%) Ng Ps (%) 
Clinozoisite 0-012-0-015 11-13* 1-717 10-4t 
Epidote 0-035-0-042 24-4-28-6 1:746 25:8 


* Twelve pairs. t+ One pair. 


A gap therefore exists in the clinozoisite-epidote solid 
solution series between Cz,,Ps., and Cz,,Ps,3, under the 
P-T-X conditions of epidote formation in the Borrowdale 
rocks, estimated’ at P=1,000 bars, T =250°-550° C. 

There is no evidence for co-existence of «- and 8-zoisite, 
or of «-zoisite and epidote. However, regrettably few 
petrographers determine which variety of zoisite is 
present in a rock, and there is a resultant lack of data 
relating to these minerals. 

Zoisites are largely confined to rocks low in ferric iron 
and rich in caleium, and are commonest in high-grade 
rocks, such as gneisses, granulites, eclogites, and pegma- 
tites. This may be attributed in part to the decrease in 
activity of ferric iron which is to be expected as tempera- 
ture increases; but it is likely that zoisite is also stable to 
higher temperatures than other epidote minerals. On this 
hypothesis, zoisite or thulite-epidote associations result 
from the disproportionation of a mineral of clinozoisite 
composition +o iron poor zoisite and iron rich epidote, 
while the zoisite-hematite association of Cummington, 
Mass.®, may involve the breakdown of epidote to zoisite and 
hematite above the stability limit of epidote. From the 
few data available, it appears that the zoisite associated 
with epidote or clinozoisite is of the 8 variety, as would be 
expected. The approximate ranges of the three ‘stable’ 
compositions are given in Table 2. 


Table 2 
Ps (%) 
Common epidote 30 + 10 
Clinozoisite llt 4 
B-Zoisite 5+ 2 
(a-Zoisite 0- 65) 


Til-defined conditions exist under which intermediate 
compositions disproportion into epidote plus clinozoisite, 
or clinozoisite plus B-zoisite. Thulites so far examined have 
all been f-zoisites. 

Since this work was done, experimental results have 
become available? which show that B-zoisite—clinozoisite 
mixtures can be synthesized at pressures of 7:2-9-8 kilo- 
bars, and temperatures of 655°-700° C, from starting 
materials of composition Cz,,;Ps;. These experimental 
data are in agreement with the deductions from field 
evidence. 

This work was carried out in the Department of 
Geology, University of Nottingham, during tenure of a 
Department of Scientific and Industrial Research award. 

R. G. J. STRENS 

Department of Geology, 

University of Texas, 
Austin, 12. 
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Fossil Hystrichospheres concentrated by 
Sieving Techniques 


Tue hystrichospheres, a group of micro-organisms 
defined by shell constitution and morphology, with a size- 
range of 5-350u and typically less than 120p, were first 
described fossil from translucent flakes of flint and chert in 
18383. Exactly a century later, it was demonstrated 
that assemblages could be concentrated from sediments by 
application of the chemical techniques developed for 
spore and pollen studies?. This has now become standard 
procedure, sediment samples being successively treated 
with hydrochloric acid, to dissolve carbonates, and hydro- 
fluorie acid, to dissolve silicates; when necessary, the 
concentration of microfossils in the resultant residue may 
be further increased by heavy liquid separation or by mild 
oxidation, usually with Schulze’s solution. 

Recently one of us (S. H. E.) has succeeded in extracting 
hystrichospheres by utilizing a modification of the 
standard micropaleontological technique for concentra- 
tion of calcareous microfossils. The specimen treated was 
of light grey, ironshot silty clay with abundant mica, from 
the Upper London Clay (Eocene) of the Whitehall Brick 
and Tile Co. Pit, Arborfield, Berks. (grid reference SU 
767654). After drying, the sample was soaked in water to 
bring about initial breakdown and washed through a siove 
of British Standard 200 mesh (aperture betweon meshes 
64u). The held residue was boiled with a suitable defloccu- 
latory agent, sodium carbonate being used in this casv. 
and re-sieved: this process should be repeated until all 
the clay fraction has been washed out and a clean residue 
obtained. After drying, the residue was examined under 
a binocular microscope at a magnification of x 60. Hystri- 
chospheres were found present in moderate numbers. 
sometimes isolate, more frequently included within mica 
flakes; no other microfossils were recognized. The 
hystrichospheres were transferred, on the moistened tip 
of a paintbrush, to a cavity slide for examination, any 
adherent mica being removed by gentle pressure of the 
brush tip. 

The process was successfully repeated, a sample of 
London Clay of similar lithology from the Binfield Brick 
and Tile Co. Pit at Binfield, Berks. (grid reference SU 
848688) being treated. In each case, the hystrichospheres 
obtained were all relatively large forms attributable to 
species of the genus Hystrichosphaeridium. Since the 
London Clay is known to contain an extremely rich and 
varied hystrichosphere assemblage, it must be presumed 
that the majority of species present wero too small in 
size to be retained by a sieve of this mesh and were washed 
away with the clay fraction. 

Fossil hystrichospheres have not previously beon 
extracted from sediments by physical methods of treat- 
ment; the microfossil groups most often studied (fora- 
minifera and ostracods) are retained in sieves of 120 mesh, 
and finer concentrates are rarely examined. The sieving 
technique may prove of value for concentrating hystricho- 
spheres from coarse and medium grained sandstones. 
when the bulk of the sediment would be retained in sioves 
of coarser mesh which the hystrichospheres themselves 
would pass through. However, even should a sieve of 
the finest mesh available (British Standard 350—aperture 
between meshes 44u) be used, retention of the whole 
hystrichosphere assemblage could not be guarantced in 
view of the extremely meagre dimensions of the smallest 
forms. The use of this technique must thus inevitably 
involve some. degree of implicit selection. 


S. H. EAGAR 
Department of Geology, 
University of Reading. 
W. A. S. Sarseanr 
Department of Geology, 
University of Nottingham. 


1 Ehrenberg, C. G., Abh. K. Akad. Wiss. Berlin, 1, 1097 (1838). 
2? Deflandre, G., Trav. Stat. Zool. Wimereux, 18, 147 (1938). 
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Superconducting Nb;Sn Strip 


THE announcement in 1961 by J. E. Kunzler et al. of 
Bell Telephone Laboratories that a niobium-tin inber- 
metallic compound (Nb,Sn) had been found to be super- 
conductive at high current densities in very high mag- 
netic fields stimulated investigations here into improved 
methods of producing such material in a form suitable 
for electrical applications. Since the intermetallic com- 
pounds in the niobium-—tin system are extremely brittle, 
conventional methods of fabrication cannot be applied; 
it is necessary to form the compound Nb,Sn by chemical 
reaction ¿n situ after fabrication of the two constituent 
elements. 

A method of making Nb,Sn wire was described by 
Kunzler et al.: which consists of swaging niobium tube 
in which the correct proportions of mixed niobium and 
tin powders have been compacted. The swaged compo- 
site is then heated at a predetermined temperature and 
reacts to produce Nb,;Sn in a niobium sheath. Examina- 
tion of sintered ‘wire’ which we produced by this method 
showed the reaction product to be porous and inhomo- 
geneous, containing up to six different metallurgical 
constituents. These included at least four intermetallic 
compounds in addition to a tin-rich phase, the niobium 
tube coating, and many particles of unreacted niobium 
powder. The niobium-rich phase was determined by 
X-ray diffraction and electron probe microanalysis 
to be Nb,Sn not Nb,Sn as reported by Wyman et al.?: 
results of our phase studies in this system will be reported 
at a later date. 

An alternative and probably simpler method of making 
superconducting material is by rolling, and we have pro- 
duced short lengths of Nb,Sn in strip form by two differ- 
ent routes. The first method? consists of: (1) assembling 
a composite structure having an intermediate layer of 
tin, supported by an envelope of niobium; (2) roll- 
bonding the composite and further rolling it to 
produce a sufficiently thin ‘sandwich’; (3) reacting 
the sandwich at a predetermined temperature to pro- 
duce one or more straight, thin, continuous paths of 
Nb,Sn. 

Conductivity tests on short lengths of material so pre- 
pared have shown them to remain superconducting up to 
the limit of equipment available at that time, that is, to 
support a current of 130 amp in a field of 78 kgauss at 
4-2° K. The Nb,Sn layers were approximately 0-025 mm 
thick and the current density was of the order of 10 x 104 
amp/em?. Tests are at present being made to examine 
the effect on the continuity of the Nb,Sn layers of bending 
the strip after reaction, since it is conceivable that the 
niobium base may support the Nb,Sn layers sufficiently 
to permit limited bending. 

A second method? consists of: (1) assembling a com- 
posite structure by depositing powdered tin and niobium 
respectively on +o a supporting niobium strip, the tin 
being in excess of the niobium; (2) reacting the composite 
by rapid heat treatment at an intermediate or high 
temperature (800°-1,100° C) to produce a tin-rich liquid 
phase which on subsequent cooling has the property of 
being ductile and adherent; (3) rolling the composite 
containing this ductile layer to the required dimensions. 
The composite may at this stage be coiled or wound into 
any desired form; (4) reacting the composite at a pre- 
determined temperature to produce a continuous layer 
of Nb,Sn. 

Conductivity tests on material prepared by this second 
method showed the Nb,Sn layer to support a current of at 
least 130 amp at 4-2° K in a field of 70 kgauss, the highest 
field used in this test. The samples in this case were 3-5 
mm wide and contained an Nb,Sn layer of the order of 
0-01 mm thick. The current density was approximately 
15 x 10 amp/em?. 
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CHEMISTRY 


High-temperature Oxidation of Tungsten, 
Molybdenum and Carbon 


One of the important factors in determining the 
boundaries of man’s conquest of Nature and of space is 
the rate of reaction of metals and other materials with 
oxygen. Thus, the design of furnaces and central stations 
using coal depends on the rate of oxidation of coal 
particles, and the design of space-vehicles for re-entry 
depends on the rates of oxidation of carbon, tungsten, 
molybdenum and other high-temperature materials. A 
comparison of the absolute rates of oxidation of tungsten, 
molybdenum and carbon is very enlightening since volatile 
reaction products are formed during oxidation at high 
temperatures. 

In general, comparisons are difficult to make and to 
interpret unless the kinetics of the reactions are known and 
understood. We have recently studied the oxidation of 
carbon!, molybdenum? and tungsten? at temperatures of 
1,000°-1,700° C and at oxygen pressures of 2-76 torr. 
Above 1,250°C and 76 torr, oxygen pressure oxidation 
occurs for tungsten without formation of oxide film since 
tungsten trioxide is volatile. Volatile reaction products 
are formed at lower temperatures for the oxidation of 
carbon and molybdenum. 

We were surprised to find in our investigations of the 
oxidation of carbon! and molybdenum? that the rates of 
oxidation increased as the temperature was raised to 
characteristic values dependent only on the material and 
the pressure. Further increase in temperature had only 
minor effects on these rates of reaction. This effect sug- 
gested that the rates of oxidation of carbon and molyb- 
denum at high temperature were determined by gaseous 
diffusion of oxygen through the surrounding atmosphere 
of gaseous reaction products. 

The rates of oxidation in this temperature-range, 
although nearly independent of temperature, could be 
varied by changing the surface area of the specimen and 
the dimensions of the reaction vessel or by flowing the 
oxygen directly over the specimen. In one series of 
experiments on the combustion of carbon’, a 41-fold 
increase in rate of reaction was obtained by reducing the 
specimen area by a factor of 46. This surface-area effect 
was used to determine the conditions for chemical con- 
trolled oxidation and for gaseous diffusion-controlled 
oxidation. Adsorption, desorption and chemical reaction 
are termed chemical processes since heats of activation of 
>20 kcal/mole are associated with the kinetics of these 
processes. In contrast, the diffusion of oxygen through a 
barrier layer of volatile reaction products has a much 
smaller temperature dependence. 

For carbon and molybdenum the experimental prob- 
lems in determining the mechanism of oxidation for 
the temperature range of 800°~—1,600°C were minor 
since the carbon gases and molybdenum trioxide 
did not react with the alumina furnace tubes. Many 
experimental difficulties were encountered in our studies 
on the oxidation of tungsten. Gaseous tungsten trioxide 
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dissolves in the alumina furnace tube above 1,350° C. 
This effect made it very difficult to obtain reproducible 
experimental results. Also, the temperature-range for 
investigation of the chemical-controlled oxidation reaction 
was above 1,300° C, where very rapid reactions occur. 
Table 1 shows a comparison of the rates of oxidation for 
two oxygen pressures and for two temperatures. The 
rates of oxidation are given in absolute units of atoms of 
carbon, molybdenum or tungsten reacting per cm? per sec. 
Tungsten at 1,465° C is compared with molybdenum at 
1,400° C and carbon at 1,500° © for specimens of about 
0-6 cm? surface areas. The rates of oxidation of carbon! 
and molybdenum? are in the diffusion-controlled region 
where temperature has only a minor effect on the rate of 
oxidation. This makes the foregoing comparison possible. 
At 19 torr pressure and 1,465° C, tungsten and molyb- 
denum oxidize at about the same rate and carbon oxidizes 
at a rate 1/6 as fast. Since the carbon gases do not 
condense in the reaction system, the barrier for diffusion 
of oxygen is greater than that found for the diffusion of 
oxygen through the reaction products of molybdenum and 
tungsten which condense in the upper parts of the tube. 
The comparison at 38 torr oxygen pressure and 1,615° C 
shows tungsten oxidizing 2-5 times faster than molyb- 
denum and 12 times faster than carbon. Again, these 
results can be interpreted in terms of diffusion of oxygen 
gas through the gaseous reaction products. The diffusion 
barrier for oxygen when tungsten is oxidized at 1,615° is 
small since the alumina furnace tube absorbs tungsten 
trioxide. The diffusion barrier is greatest for carbon 
where completely volatile reaction products are formed. 


Table 1, COMPARISON RATES OF OXIDATION OF TUNGSTEN, CARBON AND 
MOLYBDENUM 19 AND 38 aoe Abs PRESSURE AND SURFACE AREAS 
OF 0-6-0-7 cat 


Temperature Pressure dat, dé 
Element (°C) (torr) (atoms/cm, sec) 
Tungsten? 1,465 19 25 x 10" 
Molybdenum? 1,400 19 25 x 10" 
‘Carbon! 1,500 19 4 x 10" 
Tungsten? 1,615 38 6-2 x 10% 
Molybdenum? 1,600 38 2-5 x 10% 
‘Carbon? 1,500 38 5-0 x 10% 


The experimental rates given in Table 1 can be com- 
pared with theoretical rates of reaction based on the 
kinetic theory expression for the rate of impact of oxygen 
molecules with the surface and the stoichiometry of the 
oxides. For tungsten and molybdenum reacting with 
oxygen at 1,600°C and 38 torr, the theoretical rate of 
reaction is 3:6 x 107 atoms of molybdenum or tungsten 
per cm? per sec. This is 590 times the experimental value 
found for tungsten using a 0-6-cm? sample and 1,440 times 
the’ experimental value found for molybdenum using the 
same size of sample. Using a specimen area of 0-3 em? for 
molybdenum, I have measured a reaction rate of 4:9 x 1018. 
The theoretical value is 735 times this reaction rate. 

If carbon monoxide is assumed to be the reaction pro- 
duct when graphite is reacted with oxygen, the calculated 
tate of reaction at 1,600° C and 38 torr would be 1-1 x 10% 
atoms of carbon per cm? per sec. This is 22,000 times the 
observed reaction rate of 5 x 10" atoms of carbon per 
cm? per sec. 

The high rate of oxidation of tungsten at 1,600° C when 
compared with graphite was surprising. If diffusion of 
oxygen is rate controlling, then differences in the absolute 
values of the rates of oxidation are a function of the 
boundary layer of reaction products. The extent and 
nature of the boundary layer are functions of the nature of 
the gases, the condensation temperature of the gases, the 
solubility of the gases in the furnace tube, the degree of 
association of the molecular species such as (WO;)s, the 
temperature gradients in the boundary layer, and th 
thickness of the boundary layer. ` 

Considering these factors, it may be concluded that a 
boundary layer of (WO,); gas and WO, smoke offers 
smaller resistance to the diffusion of oxygen than carbon 
gases formed in the oxidation of graphite. In certain 
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ceramic systems, (WO,), gas dissolves in the ceramic 
furnace tube to further reduce the protective boundary 
layer of reacting gases. 

It is fortunate for man to have the reaction of carbon, 
self-limiting by virtue of its boundary layer of reaction 
products. One may also conclude that the formation of 
gaseous reaction products during oxidation of molyhdenum 
and tungsten imparts a limited protection against oxida- 
tion when other metals may burn directly when exposed to 
oxygen at the same reaction conditions. 


EARL A. GULBRANSEN 
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Rupture of Xanthate Molecules at Copper 
Surfaces 


As part of an investigation into the mode of action of 
dropwise condensation promoters, an investigation ha» 
been made of the kinetics of the adsorption of OS diocta- 
decyl xanthate on to fused copper powder from solution m 
carbon tetrachloride. The procedure was to shake the 
reactants in a stoppered flask and follow the rate of 
xanthate removal by ultra-violet spectrophotometry on 
the solution using the > C=S band. The reaction 
appeared to be first order with respect to xanthutc con- 
centration, and proceeded until the solution was com- 
pletely denuded. The reaction velocity constant was 
independent of substrate coverage. Assuming there to he 
close packing of the xanthate, and the roughness factor of 
the powder to be unity, in some instances almost 200 
equivalent monolayers were adsorbed. 

A further series of experiments was then carried out in 
which the amount of adsorption was directly determined 
using xanthate labelled with carbon-14, and compared 
with the amount of xanthate removed as determined hero. 
The combined measurements showed a discropancy. m 
that, of the original xanthato in solution, only one-third to 
one-half had been adsorbed on the copper surface. the ro- 
mainder being apparently in solution in a form transparent 
in the ultra-violet; that is, the > C=S grouping had been 
destroyed. Carrying out the experiments on a prepara- 
tive scale and evaporating the solution to dryness vielded 
0-06 g of a white low-melting solid. 

The structure of this compound was established by 
infra-red absorption spectroscopy, the main bands and 
their assignments of the original xanthate and the deriva- 
tive being compared in Table 1. Both spectra were 
obtained in potassium chloride disks using a Grubb Parsons 
modified Type 3 instrument with sodium chloride optics. 
For comparison, the spectra of diethyl xanthate and the 
OS diethyl ester of monothiocarbonic acid were also 
determined. Since these were liquids the measurements 
were made using thin films trapped between sodium 
chloride plates. Their spectra had been previously 
reported! but the resolution was not good and only the 
gross features were given. The spectra of the dioctuacdeey! 





Table 1 
Dioctadecy! xanthate Derivative formed in volution 
Frequency Intensity Assignment Frequency Intensity Assitnment 
em cm 
Hig ie = 1,750 medium ty 
== ai = 1,725 mediun ai] 
13230 toa = 5 1,660 weak toa? 
2 strong = = 5; 
or -e 
1,175 trong O- C > t 
FF ee a 1,130 strong Q-C x L 
1.070 strong ik ast 
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xanthate agreed with that given by Little et al.2. The 
spectrum of the derivative (the OS dioctadecyl ester of 
monothiocarbonic acid) has not previously been published. 
Ultimate analysis confirmed the structure of the deriva- 
tive. Found: C 73-4, H 12-4, S 5-4, per cent; cale, : 
for CygH;,0.CO.8.C,,H: C 76-3, H 12-7, 8 -5-5, per 
cent. 

The massive build up of xanthate can be accounted for 
by postulating that the > C=S grouping opens up at 
the copper surface, adsorption then proceeding by way of 
a free radical propagated polymerization forming a 
bonded polymethylene sulphide chain’. Thus: 


RO SR RO * SR 
Se. Sy 
| | 
S 25 
l} 
RO SR RO | * SR RO SR 
Ke” i CUNO 
l | 
g $ ; 
| 
~ Cur - ~ d ~ ~u~ 
Copper ` 
surface 
1 II III ete. 


On this basis the formation of the thiocarbonic acid 
derivative can be envisaged as a competing de-polymeriza- 
tion, by oxygen in solution, or present on the copper 
surface, according to the following scheme : 


RO )*SR RO |*SR RO | * SR 
Shs SEF Nd 
i i s+0 
RO SR è RO | SR | 
W SiZ 
J i +0> RO SR 
RO | SR | Ne 
Sy | 
$ 40> RO SR s] 
| va 
eaa i 
O 
s] ' 
~u~ 
I IT TIT ete. 


The sulphur liberated presumably sulphides the avail- 
able copper sites. It is of interest to note that in the 
absence of the copper the xanthate solution is stable to air. 

Since the adsorption mechanism postulates reaction 
between a free radical and a molecule of promoter, a low 
activation energy (around 8,000 cal/mol) would be 
expected! if this were the rate determining step. This was 
confirmed ; values around 8-10,000 cal/mol were obtained 
at ordinary temperatures. 

Evidence for the existence of the free radical was sought 
by attempting to use it to induce the polymerization of 
suitable monomers (for example, styrene). We also 
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attempted to inhibit the reaction by the use of DPPH 
(ref. 5). These attempts were inconclusive. 

The work described here forms part of the programme 
of research of Warren Spring Laboratory and was sup- 
ported in part by the Admiralty. Publication is by joint 
permission of the Directors of the establishments involved. 
The micro-ultimate analysis was carried out by the late 
Miss Corner of the National Chemical Laboratory by kind 
permission of the Director. 

P. H. CALDERBANK 
J. HOLROYD 

A. POLL 

C. J. POTTER 


Warren Spring Laboratory, 
Department of Scientific and Industrial Research, 
Stevenage, Herts. 
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Thermodynamically Bound Water of Cotton 
Cellulose, Silk Fibroin, Wool Keratin and 
. Insulin ; 


A smPLE method has been developed for measuring the 
bound water of solid natural polymers. Jn addition the 
upper 50 per cent of the total amount sorbed, a region that 
has been difficult to investigate!, has now become readily 
accessible to experiment. 

The rate of evaporation of water from a highly wetted 
substance was measured gravimetrically, in the absence of 
air, and under conditions approaching the equilibrium 
vapour pressure. This was done by interposing a fine 
capillary tube between the wet sample and a dry ice trap 
in a vacuum line?, and by evacuating for short periods of 
time followed by long waiting periods. 

For example’, about 5-g solid substance was placed in a 
60-ml. bulb attached to a 4-mm ‘Hysil’ vacuum stopcock 
and a 12/30 inner: ground glass joint so that the whole 
assembly was detachable for weighing. The capillary 
tube bore was 0-85 mm diam. and 20:5 em long. In the 
case of powders such as insulin, a fine sintered glass disk 
was used in place of the capillary’. . 

After evacuation for 20 min, the sample was weighed, 
left for 12 h, and then evacuated again. Except when 
being weighed, the samplə bulb was immersed in a 
thermostat at 24-9° C during these cycles. 

The results for silk fibroin (5:35 g) and wool keratin 
(5:40 g) are given in Fig. 1. The decrease in weight for 20- 
min evacuations is plotted against the average of the water 
contents before and after evacuation. 

The equilibrium evaporation curves of all other natural 
polymer—water systems examined in this laboratory show 
the same features as silk and wool. Four general regions 
are revealed : in the case of silk these are AB, BO, CD and 
DE. These are considered to be the regions of free water, 
‘capillary’ condensation, multimolecular sorption’ and 
monomolecular sorption‘, respectively. The correspond- 
ing relative pressures are 1-00, 1-00—about 0-98 (for fibrous 
polymers), 0-98—0-2 and 0-2-0, respectively. 

The method described here has greatly expanded the 
experimental observation of the region above 0-98 within 
which a large part of the bound water is sorbed. It is 








Table 1 
Point B(%)| Point C (%) Relative humidity 
Cotton? 48 26 0-995 
Silk 63 37 0-990 
Wool 42 35 0990 
Insulin (to D,0)® 59 32 0955 
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considered that the abscissa of point B is the value of the 
thermodynamically bound water of the natural polymer. 

The abscisse of points B and C and the relative 
pressures of point C for four substances are given in 
Table 1. 

Whereas silk and wool show the same general features, 
they also differ markedly. Their curves cross over at 35 
per cent water content. At the same water content and a 
relative pressure of 0-99 the desorption isotherms*” for 
these two substances also cross over. This coincidence 
suggests that these results closely approximate equilibrium 
conditions. 

The uniquely sharp break in the wool evaporation curve 
is probably a reflexion of its non-wettability compared 
with silk and cotton. This is also consistent with a 
previbus observation”! that among natural polymers wool 
is unique in having the Harkins—Jura range‘ cut off at a 
relative pressure of 0-90. 

The only direct measurements with which the present 
ones may be compared are those of Ashpole!, who determ- 
ined the adsorption isotherms of some natural polymers 
at very high relative pressures. When one considers his 
Fig. 9, his results for cotton and iso-electric wool are 
similar to mine. 

Preliminary experiments with Sitka spruce suggest that 
the point C corresponds to the fibre saturation point®?°. 

The relation of my observations to those on wet webs 
by Christensen and Barkas" is not clear. Perhaps the 
effects occurring with their systems at extremely high 
water contents involve a state of subdivision of matter 
much larger than that for the present experiments. It 
may be significant that their water vapour pressures were 
calculated from a theoretical equation rather than being 
directly measured. 

Earlier observations of evaporation rates such as those 
of Ayer!?, Fisher and Keen!‘ involve irreversible effects 
because of the rapid tempo of their experiments, which 
usually were complete in a few hours, and diffusion effects 
because their experiments were carried out in air. The 
present method is more related to those used by Lang- 
muir! and Knudsen? for determining the vapour pressures 
of metals. However, in the present case, the vapour 
pressure varies at constant temperature and the pressures 
involved are much higher. 

The equilibrium evaporation method can be applied to 
many systems? 4 and the dry weight need only be 
determined at the end of the experiment. Refinements 
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such as thermostatting the capillary tube and using smaller 
capillary tubes, and other types of measurements such as 
varying the temperature, are being undertaken. 
Joun L. Morrison 
Department of Chemistry, 
Ontario Research Foundation, 
Toronto, Ontario. 
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p-Bromanil - p-phenylenediamine Complex 


SEVERAL charge transfer complexes have been examined 
in this laboratory. This investigation has been concerned 
with the electrical and magnetic properties of these 
compounds as well as their syntheses, The p-chloranil- 
-phenylenediamine complex has thus far been examined 
in greatest detail’. So far as the p-bromanil—p-phenylenc- 
diamine complex is concerned, measurements of its 
paramagnetism? and electrical resistivity?-* have been 
reported by various workers; however, the literature 
contains little or no details concerning the preparation and 
especially the composition of this p-bromanil~p-phenylene- 
diamine complex?®5:6, A 1:3 ratio of quinone to amine 
based on the carbon, hydrogen and nitrogen analyses has 
been postulated’. It is now shown that this particular 
complex has a 1:1 quinone to amine ratio with benzene 
included in the crystal lattice whereas the complex pre- 
pared by a special dry reaction has a 1:1 ratio without any 
solvent. 

We have observed that when equimolecular quantities 
of the dry starting materials, p-bromanil and p-phenylenc- 
diamine carefully purified, were crushed together in the 
solid state, the characteristic black colour of the charge 
transfer complex slowly appeared and the complex could 
thus be produced free of solvent and in a 1:1 ratio; its 
melting point was greater than 300° and tho analytical 
data satisfactory. This complex is called here complex A. 
The p-bromanil—p-phenylenediamine complex was also 
prepared in a more conventional manner by mixing 
saturated benzene solutions of quinone and amine at room 
temperature (complex B, m.p. > 300°). The elemental 
analyses for complex B did not correspond to that of 
complex A. Ultra-violet (Amax = 310 my) and visible 
(Amax = 550 mu) measurements showed stronger bands for 
complex A than for complex B, an indication that solvent 
was included in the crystal lattice of complex B. Such 
a phenomenon is not unusual for this type of complox’. 
Benzene was indeed isolated when the clathrate-type 
complex B was heated at 120°-140° ; it was identified by 
infra-red and ultra-violet techniques. No solvent was 
liberated below 120°. Calculations based on ultra-violet 
and visible spectra indicated that 2-3 per cent of solvent 


Table 1. p-BROMANIL (I)-p-PHENYLENEDIAMINE (IT) COMPLEX 
Preparative method Dry reaction Benzene solution 


complex A complex B 

Weight % benzene (calc.) if} 28 

Molar ratio, I-Il:benzene 1:1:0 11:1 /6 

Analyses* Cale. Found Cale. Foun I 
Carbon 27°10 26-80 28°05 2R56 
Hydrogen 1:52 1-74 1-68 1-77 
Nitrogen 5°27 Sl 5-14 528 
Bromide 60-11 59°78 58°66 5814 

Berkeley. 


*Microanalyses by the Berkeley Analytical Laboratory, 
California. 
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was present in complex B. The analytical date confirmed 
this figure. Table 1 summarizes the experiments. 

Preparation of the quinone-amine complex from methyl- 
ene chloride solutions indicated multi-complexing with no 
simple component ratio. No clathrate structure was 
formed under these conditions since no methylene chloride 
could be isolated and elemental analysis for chlorine was 
negative. 

I thank Dr. C. J. Hoffman for his suggestions. 
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BIOPHYSICS 


Photoconductivity of Sodium 
Deoxyribonucleic Acid in the Dry State 


Tae sodium deoxyribonucleic acid (from salmon 
sperm, highly polymerized) was obtained from California 
Corporation for Biochemical Research, Los Angeles. A 
surface cell was prepared by attaching two electrodes 
about 1 mm apart to a quartz plate. A thin film from a 
Na-DNA water solution was then deposited and after- 
wards dried between the electrodes. Conductivity 
measurements were made in vacuo. For photocurrent 
observations, a tungsten light source was used. The 
experimental details were similar to those described else- 
where??, 

The dark resistance of the sample plotted against inverse 
absolute temperature is shown in Fig. 1. The resistances 
measured between 70° and 130° C obeyed the equation 
R= R, exp(Ha/2kT), where R, is a constant. The activa- 
tion energy for dark conduction, Ea, was found to be 2°43 
eV, which is in agreement with that reported by Eley and 
Spivey*. Lower values of Ha were observed when the 
sample was not dried. This observation would explain 
the value of Ea=1-8 eV reported by Duchesne et al.4. 

The photocurrents of the sample observed at various 
temperatures and various applied voltages are shown in 
Fig. 2. In the temperature and voltage regions studied, 
an. essential ohmic behaviour of the sample was observed. 
The photocurrents at 95 V obtained from Fig. 2 are 
plotted against inverse absolute temperature as shown in 
Fig. 3. The resulting plot can be fitted in the equation 
i= t exp(— Ep] kT), where îi, isa constant. The activation 
energy for photoconduction, Ep, was found to be 0-89 eV. 

Tho dark and photoconductions of Na-DNA in the 


dry state involve the excitation of charge carriers to the - 


conduction state. The carriers in this state can migrate 
along a DNA helix and then from that helix to a neigh- 
bouring one. The energy required for conduction may 
be considered as due partly to the energy Hy required 
for charge carrier generation and partly to the energy 
&,, required to overcome the barriers for charge carrier 
transport. The temperature dependence of dark con- 
ductivity can thus be written as? 


o=eNy=eN oy exp[— (En + E,)/2kT] 
where N is the charge carrier concentration and yp is the 
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carrier mobility. N, and p, are constants. The observed 
activation energy for dark conduction can then be ex- 
pressed as 
E= Ey+ E, 
The temperature-dependence of photoconductivity may 
be written as 


Ac=enAN =Hyu AN exp(~ #,/2kT) 
assuming the increase in charge carrier concentration by 


light excitation AN to be independent of temperature. 
We, therefore, have H#,,= 2H, and 


Ey = Ea — 2Ep 
From this equation, Ey is calculated to be 0-65 eV. It is 
interesting to note that only a relatively small value of 
energy (0-65 eV) is required for charge carrier excitation 
to the assumed conduction state. A somewhat larger 


value of energy (1:78 eV) is required to overcome the 
barriers for charge migration through the solid. Such 
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barriers would be expected to exist between neighbouring 
helices of Na-DNA in the dry state. 
C. Y. Liane 
E. G. Scatco 
Exploratory Research Laboratory, 
American Viscose Corporation, 
Marcus Hook, Pennsylvania. 
1 Liang, ©. Y., Scalco, E. G., and Oneal, jun., G., J. Chem. Phys., 37, 
450 (1962). 


2 Danzig, M. J., Liwy. C. Y., and Passaglia, E., J. Amer. Chem. Soe. (in 
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BIOCHEMISTRY 


Alleviation of !-Aminocyclopentane-|- 
carboxylic Acid Toxicity by Valine 


THE compound l-aminocyclopentane-l-carboxylic acid 
(ACPC) (designated NSC 1026 by the Cancer Chemo- 
therapy National Service Center) has been reported to 
inhibit the growth of sarcoma-180 and carcinoma-755}, 
Walker rat carcinoma 256? and Novikoff rat hepatoma. 
Since ACPC can be looked on as an arhino-acid lacking 
the usual a-hydrogen atom Ross! suggested that it may 
function as an amino-acid antagonist. Mickelson‘, how- 
ever, using a bacterial assay failed to find any evidence for 
amino-acid antagonism. In the mouse the compound is 
readily absorbed; but is not metabolized and is not 
excreted readily’. 

The object of the investigations reported here was to 
determine the mechanism by which ACPC inhibits growth 
of an animal. The chicken was used because of its rapid 
growth, the detailed nutritional knowledge available, and 
its sensitivity to ACPC toxicity. 

Preliminary experiments demonstrated that addition of 
as little as 0-15 per cent ACPC to normal chicken diets 
resulted in inhibition of growth. In order to determine 
whether amino-acid antagonism might be a possible 
explanation for ACPC inhibition, the effect of protein level 
was examined. New Hampshire cockerels were fed a 
corn-soy diet until they were 11 days old. They were then 
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Table 1, COMPOSITION oF EXPERIMENTAL DIETS 


t 16 pərcent 24 percent 40 percent 
Ingredient protein protein protein 
Per cent Per cent Per cent 
Isolated soybean protein 16:7 25:0 41-7 
‘MHA * 0-5 0-7 1'2 
Giycine 0-5 0'8 1-3 
Corn oil 4-0 4-0 40 
Salts Nt 6-0 8-0 6-0 
Cellulose 1-0 1-0 10 
Vitamin A (20,000 1.U./g) 0-1 0-1 0-1 
Vitamin D (7,500 1.0./g) 0-030 0-030 0-030 
*Santoquin’ t 0-015 0-015 0-015 
50 per cent procain penicillin G 9-002 0-002 0-002 
‘Aurofac 26’ (25 g aureomycin/Ib.) 0-050 0-050 0-056 
NF 180 (a nitrofurazone) -050 0-050 0-050 
Vitamin mixture S—35§ 0-500 0-500 0-500 
Choline chloride (50 per cent) 0-500 500 500 


e! e. 0: 
Glucose monohydrate q.8. 100 q.s. 100 q.8. 100 


* Registered trademark of the Monsanto Chemical Co. for calcium dl-2- 
hydroxy, 4 methyl-thiobutyrate (methionine hydroxy analogue). 
Spivey Fox, M. R., and Briggs, G. M., J. Nutrition, 72, 243 (1960). 
Registered trademark of the Monsanto Chemical Co., for 6 ethoxy, 1,2- 
dihydro 2,2,4-trimethylquinoline (an antioxidant). 
§ Machlin, L. J., and Gordon, R. S., Poultry Sci., 37, 1460 (1958). 


Table 2. EFFECT OF PROTEIN AND AwINO-ACIDS ON TOXICITY Or 
1-AMINOcycloPENTANE-1-CARBOXYLIC ACID (ACPC) 
Dietary ACPC Relativo 
supplement growth of 
0 K ACPL 
Diet percent percent treatment 
Average gain* Per cent 
Exp. 1 (11-26 days)t i (g) (g) 
16 per cent protein 188 43 23 
24 per cent protein 202 92 46 
40 per cent protein 239 168 70 
Exp. 2 (7-21 days) 
16 per cent protein 183 42 23 
16 per cent protein +4 per cent Di-valine 179 136 76 
16 per cent protein +3 per cent L-leucine 149 18 12 
16 per cent protein + 4 per cent DL- 
isoleucine 157 32 20 
16 per cent protein + 3 per cent glycine 120 48 40 
16 per cent protein + complete amino-acid 
mixture t 207 171 83 
16 per cent protein + essential amino- 
acids§ 164 185 82 
40 per cent one 278 202 73 
Exp. ays, 
16 per cent protein 235 74 31 
16 per cent protein+0-5 per cent valine 255 116 45 
16 per cent protein+1-0 per cent valine 258 169 62 
16 per cent protein+2-0 per cent valine 245 161 66 
16 per cent protein + 4-0 per cent valine 240 156 65 
16 per cent protein + 4-0 per cent 
DL-threonine 157 82 52 
16 per cent protein + 2-0 per cent L- 
lysine HCl 136 45 83 
18 per cent protein +20 per cent 
L-arginine HCl 244 50 20 
16 per cent protein + 2'0 per cent s 
L-histidine HCl 165 58 35 
16 per cent protein +20 per cent 
Di-methionine 20 6 3 
16 per cent protein+1-0 per cent 
eh se gore 3 216 58 27 
16 per cent protein+ 2-0 per cent 
L-phenylalanine 96 28 29 


* Average of 2 replicates of 13 chickens each. 
t All birds were fed a corn-soybean meal diet prior to the experimental 


riod. 
$ This mixture provides the same amino-acids as the excess protein in the 
40 per cent protein diet (equivalent to 40 minus 16 or 24 per cent protein). 
à $ Complete amino-acid mixture except all non-essential amino-acids were 
eleted, 


fed the experimental diets described in Table 1, for 15 days. 
The results (Table 2) clearly demonstrated that increasing 
the protein content of the diet reduced the growth inhibi- 
tion. Following this experiment, amino-acids wero fed 
alone and in combination to determine whether the protein 
effect could be replaced by specific amino-acids. It was 
found that the addition of valine was as effective as high 
levels of protein in preventing growth inhibition. Since 
an amino-acid mixture containing all amino-acids supplied 
by the soybean protein was. no more effective than a 
mixture containing only essential amino-acids, it was 
concluded that none of the non-essential amino-acids was 
effective. None of the essential amino-acids except valine 
replaced the protein effect and the addition of leucine 
resulted in a more severe growth retardation from ACPC. 
It was concluded that ACPC was a valine antagonist. 
Since leucine is also known®’? to antagonize the effect of 
valine in animals the increased toxicity resulting from the 
combination of these two amino-acids is understandable. 
The lack of any effect of ACPC on utilization of valine by 
Streptococcus faecalis might be a result of poor absorption 
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of ACPC by bacterial cells compared with the animal 
where ACPC is readily incorporated®®. 

Berlinguet eż al.° have presented evidence that ACPC 
antagonizes the in vitro and in vivo incorporation of valine 
into proteins of the rat and indicate that the site of its 
action is prevention of the attachment of valine to 
transfer RNA. 

This work was supported by contract No. SA-43-ph-~ 
4338 of the Cancer Chemotherapy National Service Center 
of the National Institutes of Health. 

L. J. MAOBLIN 
R. S. GORDON 
F. PUCHAL 
Laboratory of Biochemistry and Nutrition, 
Monsanto Chemical Co., 
St. Louis, Mo. 
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Photochemical Reduction of Triphospho- 
pyridine Nucleotide by Cell-free Extracts 
of Blue-green Algae 


THE photochemical reduction of triphosphopyridine 
nucleotide (TPN) by extracts of photosynthetic organ- 
isms has been shown to be catalysed by a protein factor, 
photosynthetic pyridine nucleotide reductase (PPNR)}. 
PPNR has been detected in a variety of higher plants, 
algac and photosynthetic bacteria’*. It has been shown? 
to be similar to, but not identical with, the electron trans- 
port factor ferredoxin which has been isolated from 
several non-photosynthetic bacteria*. Thus far, however, 
PPNR has not been demonstrated in blue-green algae. 
Indeed, it has not proved possible to obtain cell-free TPN 
reduction by these organisms‘ although spectroscopic 
studies on whole cells’ have shown that endogenous 
pyridine nucleotides undergo oxidation-reduction changes 
under illumination. In this communication, we report 
the isolation and purification of PPNR from a blue-green 
alga and also a method of obtaining photochemical TPN 
reduction in a cell-free system. 

TPN and ADP were purchased from the Sigma Chemical 
Co., and inorganic phosphorus-32 from the Squibb Labora- 
tory. Nostoc muscorum, Anacystis nidulans, Anabaena 
variabilis and Tolypothrix tenuis were cultured as described 
previously®. Cell-free preparations were prepared by 
vacuum-drying, essentially as described by Schwartz for 
Chlorella’. The drying could be performed at up to 40° C 
and the preparations stored at 4° C or — 15° C for several 
months without appreciable loss of activity. These 
preparations contain all the pigments present in the 
original cells. The preparation was suspended in 0-1 M 
tris—hydrochloric acid buffer, pH 7-7, and ground vig- 
orously in a Ten-Broeck homogenizer just prior to use. 

The photochemical activity of the cell-free preparation 
of Anacystis is illustrated in Table 1. 3-(p-chloropheny]l)- 
1,1-dimethylurea (CMU) completely inhibited the reduction 
of TPN, but the activity could be restored by the addition 
of 2,6-dichlorophenol-indophenol (DCIP) and ascorbate, 
as described by Vernon and Zaugg® for spinach chloro- 
plasts. The reaction was linear for 30 min, proportional 
to chlorophyll concentration up to 15 ug/ml., and was 
saturated at about 1,000 ft.-candles of white light. 
Attempts to demonstrate photophosphorylation by these 
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PHOTOCHEMICAL REDUCTION oF TPN BY DRIED CELL-FREE 
PREPARATIONS FROM Anacystis nidulans 


Addition to reaction mixture uMoles TPNH/mef[chlorophyll/h 


Table 1. 


Control 19-8 
+ CMU (2 x 10° MD 0 

$ pore PR moi), ase ascorbate (14 #moles}) 22-7 

ascorbate 22-2 


pees rei reaction mixture contained the following components: 
fris-HCl buffer, pH E3 40 pmoles; MrOi E 4 pmoles; ADP, 2 moles; 
KEH,PO.-K,HPO,, pH 7-5, 4 umoles; 5 umoles; extract of blue- 
green alga; total ais 38 ml. Dark abo were used throughout. 
The assays for ATP? and TPNH formation were carriedo ut as prsyiousiy 
described (ref. 9). Illumination was at 3,000 ft.-candles of white light at 
room temperature (22°-24° ©). Chlorophyll concentration was determined 
by van Baalen’s method (ref. 10). 


extracts in the presence of TPN, phenazine methosulphate, 
flavin mononucleotide or vitamin K, were all unsuccessful. 
We were, however, able to confirm the phenazine metho- 
sulphate phosphorylation reported by Petrack and 
Lipmann‘ when particles were prepared in the presence of 
& high molecular weight polymer. 

Using the assay described by San Pietro! we wero able 
to detect PPNR activity in Anacystis, Anabaena, Nostoc 
and Tolypothrix in the presence of spinach chloroplasts. 
The enzyme from Nostoc was purified through the ‘Dowex— 
Bentonite’ step? and the final preparation had a specific 
activity of 30 units/mg protein!. The absorption spectrum 
of the purified protein showed peaks at 320 mu and 420 mu, 
a shoulder from 450 to 470 my and a trough at 396 my, 
thus resembling the absorption spectra of PPNR prepara- 
tions from other sourcest:?, 

This work was aided by grants from the U.S. National 
Science Foundation and from the U.S. Air Force through 
the Air Force Office of Scientific Research of the Air 
Research and Development Command, under contract No. 
A 7°49(638)798. 
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Structure of Bilirubin y 


A 

CONJUGATED bilirubins (esters) are formed within the 
liver cells from bilirubin and glucuronic or sulphuric acid. 
These compounds are very unstable because of the highly 
reactive central methylene bridge. They are oxidized 
rapidly by the air and react immediately with diazotized 
sulphanilic acid. Contrary.to the esters, pure bilirubin is 
relatively stable and reacts with the diazoreagent only 
when an accelerator is added. 

This characteristic difference between bilirubin and its 
esters may be explained by the presence in pure bilirubin 
of intramolecular hydrogen bonds. Two possible structures 
with hydrogen bonds between the carboxyl-groups and 
the pyrrol nitrogens are shown in Fig. 1. 

The activating stimulus from the pyrrol-rings affecting 
the central methylene bridge is nearly eliminated in these 
structures. Steric hindrance may also be an inhibiting 
factor in structure 2. 

Infra-red spectra are shown of bilirubin, mesobilirubin 
(with ethyl instead of vinyl) together with the dimethyl- 
ester of mesobilirubin. 
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The 2,500-band present in the first two curves (Fig. 1, 
IR I and II) has disappeared in the ester-curve (Fig. 1, 
IR IX); therefore, this band is supposed to be due to 
carboxyl-OH, which consequently must have been dis- 
placed from 3,600 cm. The band registered at 1,680 
(Fig. 1, IR I and II) probably is the carboxyl —C=O 
band usually found between 1,700 and 1,725 cm“. The 
bands at 1,645 and 1,615 cm in the first two curves (Fig. 1, 
IR I and If) seem to be identical with the 1,670 and 1,635 
bands in the third curve (Fig. 1, IR TI). The 1,740 band 
is due to the ester-bond. f 

The displacements of infra-red bands obtained with the 
mesobilirubin-dimethylester towards higher wave numbers 
and of the infra-red bands of bilirubin and mesobilirubin 
towards lower wave numbers than expected seem to 
indicate that the carboxyl-groups in bilirubin (and 
mesobilirubin) are engaged in hydrogen bond formation. 

The presence of intermolecular hydrogen bonds, how- 
ever, cannot be excluded because the infra-red spectra 
were obtained in potassium bromide (solubility in organic 
solvents is too low). But, in so far as nuclear magnetic 
resonance spectra could be interpreted (a rather heavy 
background noise and weak signals due to low solubility), 
spectra of mesobilirubin and its dimethylester were 
significantly more different than due to esterification only. 

The nuclear magnetic resonance spectra together with 
the infra-red spectra and the difference in reactability of 
bilirubin and its conjugates and the experience that 
di-esters are more reactive than mono-esters seem to 
indicate that intramolecular hydrogen bonds are present 
in the bilirubin molecule as indicated in Fig. 1. 

J. Foe 
Institute for Medical Biochemistry, 


University of Oslo. ie JELU 


Institute of Aviation Medicine, 
Blindern, Oslo. 


NATURE 39 


Thiamine-sparing Action of Mustard and Role 
of Coprophagy 


THE presence of crucifer material in the diet is reported 
to increase the urinary and fecal excretion of thiamino 
with greater storage of the vitamin in viscera of rats’. 
We have also reported that 2 per cent mustard (Brassica 
nigra) replacing the same weight of sucrose in the thiamine- 
free diet enhanced the synthesis of thiamine in rats only 
when coprophagy was allowed’. The coliform count in the 
ceca of myustard-fed rats was also found to increase 
considerably. The question then arises whether the vita- 
min was absorbed in the gut immediately after synthesis 
or whether it was excreted in the fæces and was available 
only after the animal had eaten its feces. 

Therefore, the investigation reported here was under- 
taken to examine the effect of prevention of coprophagy on 
the thiamine-sparing action of mustard. For this purpose 
eighteen male weanling albino rats were fed the same 
thiamine-free basal diet used by us in previous experi- 
ments’. Mustard was given in the form of aqueous 
extract (100 mg/rat) daily along with the diet and animals 
were fed ad lib. The rats were divided into throe groups 
and were caged individually. In one group coprophagy 
was prevented by a recently published technique®; in 
the second, group the feces of each rat were collected and 
re-fed daily; in the third group coprophagy was not 
prevented. 

The animals were weighed weekly and after 6 wooks shey 
were killed. The thiamine content of liver, heart and 
cecum was estimated by the thiochrome method. 

It was observed that the rats which were re-fed with 
their fæces showed the highest growth throughout the 
experiment and tissue thiamine content of these animals 
was also much higher, whereas those which were provented 
from eating their fæces became reduced in weight and 
showed symptoms of thiamine deficiency, such as poly- 
neuritis and loss of appetite during the experimont. 
However, the rats which were allowed to eat their fæces 
(coprophagy not prevented) recorded a steady growth 
and their tissue thiamine content was also highor than 
that of group 1 (Table 1). 


Table 1, EFYECT OF MUSTARD ON LIVER, HEART AND CÆCAL THIAMINE 
AND GAIN IN BODY-WEIGHT. (AVERAGE VALUES ARE EXPRESSED) 


Experimental Liver Heart Cæcal Tota! gain in 
Group conditions thiamine* thiamine* thiamine* body-weight 
(ugig) (ug/g) (ug/g) (g) 
1 Coprophagy 
prevented 0-55 1:06 0-76 7 
2 Faces re-fed 2°61 2-79 3-16 145 
3 Coprophagy 
allowed 1-13 1-33 2-01 105 


* Wet weight, 


These findings indicate that the thiamine-sparing action 
of mustard is abolished when coprophagy is prevented, 
while those eating their own fæces showed higher tissue 
thiamine content. Similar observations were reported by 
Morgan and Yudkin‘* regarding the thiamine-sparing 
action of sorbitol. From these and previous results, it is 
suggested that coprophagy plays two different parts. 
First the thiamine present in the feces might be absorbed 
when the latter are eaten by the animals, and secondly 
coprophagy might also cause a change in the intostinal 
flora which has been found to be favourable for tho 
synthesis of thiamine’. 

58. K. MEGHAL * 
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Quantitation of Hzmagglutination by 
Enumeration of Free Cells by an Electronic 
Counter 


QUANTITATIVE hemagglutination methods! based on the 
enumeration of free or unagglutinated cells have given 
valuable information on the reactions of the antigens and 
antibodies of several blood-group systems*. These 
methods have had limited application, however, because 
of the tedium associated with visual counting techniques. 
To eliminate this objectionable feature, several investi- 
gators? have used the model A Coulter electronic counter 
to measure hemagglutination in terms of the numbers of 
total particles, that is, aggregates and free cells, present in 
an agglutinated sample. The degree of hemagglutination 
is then generally expressed as the percentage reduction in 
the unagglutinated total cell count. 

Our earlier attempts to utilize the model A counter to 
provide information suitable for use in the quantitative 
hemagglutination method of Wilkie and Becker!, however, 
had shown that the relationship of percentages of reduction 
in total count to the logarithm of the antiserum concentra- 
tions could not be transformed by probits, logits or angles 
to a linear regression over a sufficient range of agglutina- 
tion to validate an estimation of a 50 per cent end-point 
or HDs» Moreover, attempts to establish a relationship 
between instrument total-particle and visual free-cell 
counts met with little success. Differences in mode of 
agglutinate formation among and within blood-group 
systems alter the relationship. Since it is not feasible to 
establish a relationship for each combination of antiserum 
and cell type to be examined, the model A counter was 
abandoned and an investigation initiated on the use of the 
model B Coulter counter to enumerate single cells in a 
population of agglutinates. This can be accomplished with 
the model B counter since it has two thresholds, the upper 
of which can be adjusted to eliminate aggregates of two or 
more cells from the count, thereby enabling true counts of 
the numbers of unagglutinated cells to be made. 

During the past 9 months, the model B counter has been 
subjected to an extensive evaluation for suitability in 
providing quantitative data on the hemagglutination 
reactions of the ABO systems. Agglutination produced by 
numerous avid and non-avid antisera from group A, B and 
O individuals reacted with A,, A» Ax, A,B, A,B and B 
cells was measured by instrument and visual free-cell 
counts. It was found that there is excellent agreement in 
free-cell counts over the entire range of agglutination. 
This is shown in Table 1 which gives the results obtained 
by the two counting methods from the titration of an 
anti-A serum exhibiting a pronounced prozone with A, 
cells. It is also seen from Fig. 1 that when free-cell data 
are expressed as percentages of agglutination and plotted 
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Fig. 1 Assay curves of an anti-B serum obtained by enumeration of 
free cells by hwmacytometry (A) and an electronic cell counter (O) 
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Table 1. ELECTRONIO COUNTER AND H@MAOYTOMETER FREE-CELL COUNTS 
FROM THE TITRATION OF AN ANTI-A SERUM* MANIFESTING A PROZONE 
WITH A, CELLS 


Dilution of Free cells/mm? Per cent agglutination} 
antiserum 
(1: ) Instrument Visual Instrument Visual 
2 8,840 8,750 32-5 38-2 
4 7,034 7,100 46:3 45:8 
8 3,875 3,408 719 74-0 
16 1,705 1,768 87-0 86°5 
32 604 640 95-4 95-1 
64 246 295 98-1 97-9 
128 192 190 98-5 98-6 
256 504 45 96-1 96-6 
§12 1,718 1,720 86-9 88-8 
1,024 3,979 3,966 69-6 69°7 
2,048 8,040 7,450 38°8 43°1 
4,096 10,300 10,500 21:3 19-8 


aeram. from a group O individual immunized with human A: saliva 
substance. 
+ Total numbers of A, cells: 12,090/mm?. 


against the concentration of the antiserum in the manner 
described by Wilkie and Becker!, there is no significant 
difference in the slope or position of the assay curves 
obtained by instrumentation and hemacytometry. 

A detailed description of the electronic method of 
counting single cells in an agglutinated sample is in 
preparation. 
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Nitrite Reduction by Isolated Chloroplasts 
in Light 

Losada, Whatley and Arnon! have shown that non- 
cyclic photo-phosphorylation in chloroplasts is the result of 
two independent light reactions: (a) a photo-oxidation of 
water, which is absent in photosynthetic bacteria; (b) a 
non-cyclic photo-phosphorylation of the bacterial type*. 
By inhibiting! or destroying? the system involved in the 
photo-oxidation of water, it has been possible to couple 
the light-dependent oxidation of certain suitable electron 
donors (ascorbate, cystein) with the photoreduction of 
such low-potential electron carriers as methyl or benzyl 
viologen‘. These artificial co-factors can be used with the 
aid of bacterial hydrogenase either for the fixation or for 
the dark and light evolution of hydrogen gas*45, 
Mortenson et al. and Paneque and Arnon? have shown 
that ferredoxin is the natural electron transferring factor 
involved in these reactions. According to Tagawa and 
Arnon’, the pyridine nucleotide reducing factors previously 
isolated and purified from either green plants®-’ or photo- 
synthetic bacteria! are ferredoxins. 

Hageman et al.1° have recently obtained an enzymatic 
system from leaves of Cucurbita pepo and Zea mays which 
catalyses the rapid and quantitative conversion of nitrite 


Table 1. PHOTOREDUOCTION OF NITRITE BY CHLOROPLASTS 


Treatment eMoles of nitrite reduced 
Complete 8-7 
Chloroplast extract omitted 1:3 
Chloroplast extract bolled 0-7 
Complete, dark 0-5 


The reaction included, in a final volume of 3 ml.: washed broken chloro- 
plasts heated at 55° C for 6 min containing 0:6 mg chlorophyll; chloroplast 
extract equivalent to 2 mg of. chlorophyll; and the following in micromoles: 
tris buffer, pH 8-0, 150; sodium ascorbate, 20; 2,6-dichlorophenol indo- 
phenol, 0-2; sodium nitrite, 6. The reaction was carried out in Warburg 
vessels at 26°C for 25 min under argon. Illumination was from below 
by a fluorescent lamp of 100 W providing approximately 20,000 lux. 


No. 4875 April 6, 1963 


to ammonia in the presence of either partially reduced 
substrate amounts of benzyl viologen or reduced triphos- 
phopyridine nucleotide and catalytic amounts of this dye. 

We wish to report that nitrite can be reduced in the 
light by spinach grana in the presence of chloroplast 
extract. The broken chloroplasts and the chloroplast 
extract were prepared as described by Whatley et al.11. 
Table 1 shows the result of an experiment in which the 
electrons were supplied (via the non-cyclic electron flow 
of the bacterial type) by the ascorbate—dichlorophenol 
indophenol system after blocking by heating the first light 
reaction!?, No nitrite reduction occurs in the absence of 
chloroplast extract or when it is previously boiled. The 
chloroplast extract catalyses also the dark reduction of 
nitrite with reduced triphosphopyridine nucleotide, 
or with hydrogen and bacterial hydrogenase’. 

Our results indicate that the spinach chloroplasts 
contain the enzyme(s) which allow them to use nitrite as 
terminal electron acceptor in a kind of non-cyclic photo- 
phosphorylation. It may be suggested that ferredoxin is 
the primary physiological electron acceptor replaced by 
benzyl viclogen in Hageman et al. experiments. It has 
been reported:®13 that the reduction of nitrite is rapid in 
light but proceeds very slowly in darkness. Thus, nitrite 
reduction can be considered as one of the most simple and 
typical examples of photosynthesis, together with the 
photoproduction of hydrogen and the photofixation of 
nitrogen’. We are now trying to fractionate the chloro- 
plast extract in order to identify the individual steps 
involved in nitrite reduction. 

A. PANEQUE 
F. F. Der Campo 
M. Losapa 


Sección de Bioquímica y Fisiología Celular, 
Centro de Investigaciones Biológicas, 
Madrid, 6. 
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PHYSIOLOGY 


Water Content of Rat Foetal Tissues following 
Administration of Water to the Dam 


Tuer work of Meschia, Battaglia and Barron! has shown 
that the placenta, like other tissues, is relatively freely 
permeable to the passage of water. Dancis, Worth and 
Schneidau’ have also found, by artificially modifying the 
osmotic pressure of the blood of pregnant rabbits, that 
water was transferred across the placenta at such a rate 
that osmolarity of the foetal and maternal blood was 
reached in an hour. 

In the light of this, a similar investigation has been 
carried out on the rat, and a comparison of the distribution 
of excess water in the skin, blood, brain and skeletal 
muscle made between the foetus and dam. 

Wistar and Sprague-Dawley rats weighing 300-400 g 
in the last two days of pregnancy were used. Initially, the 
age of the foetus was ascertained by the results of vaginal 
smearing, but with experience the size and age of the 
foetuses could be accurately gauged by palpating the dam. 


NATURE 91 


The pregnant rats were divided into two series. In the 
test group each animal was anesthetized by ether, and a 
small polythene cannula of internal diameter 0-5 mm was 
inserted into the right external jugular vein for a distance 
of 5mm. The cannula was attached to a hypodermic 
syringe by means of an adaptor. 50 ml./kg of distilled 
water was infused into each animal over a period of 10 min. 
After 1 h, during which time the animal regained conscious- 
ness, the animal was again anesthetized and a samplo of 
blood taken by tail prick for hematocrit. The adult was 
then killed by exsanguination, the foetuses removed and a 
blood sample for hematocrit taken from one foetus. 
Samples of shaved skin, striated muscle and forobrain 
were taken from both the adult and foetuses for water 
content estimation. These were carried out by drying the 
fresh, unfixed tissue at 110° C until constant weight was 
attained. 

The control animals received no treatment, and were 
merely anesthetized, and samples of tissue taken from 
adults and foetuses as in the test group. 


Table 1. MEAN WATER CONTENT (ML. WATER/G WET WEIGHT) OF TISSUES 
AND HEMATOORIT OF ADULT RATS 1 H AFTER INTRAVENOUS ADMINISTRATION 
OF 50 ML./KG WATER COMPARED WITH UNTREATED ANIMALS (P CALOULATED 
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Table 2. MEAN WATER CONTENT (ML. WATER/G WET WEIGHT) OF TISSUES 

AND H&MATOORIT OF RAT F@ETUSES 1 H AFTER INTRAVENOUS ADMINISTRA- 

TION OF 50 ML./KG WATER TO THE DAM, COMPARED WITH CONTROL FETUSES 
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In the pregnant adult (Table 1) intravenous administra- 
tion of 50 ml./kg of water resulted in an increase in water 
content of forebrain, skin and muscle and in a drop in 
hematocrit. The last two changes were significant. 

In the fœtus (Table 2) water administration to the dam 
was followed by a significant increase in water content of 
skin. The magnitude of this change in foetal muscle was 
not significant and there was no measurable differences 
between water content of the brain of test and control 
animals (the accuracy of the dry weight estimation being 
+ 0-5 per cent). The hematocrit of the test foctusos. 
however, showed a markedly significant rise (P = 0-02 - 
0-01). 

These results suggest that even though water may 
freely pass through the placenta, the distribution in the 
feetus is not uniform. While the foetal brain shows no 
propensity to overhydration, other tissues such as skin 
and possibly muscle take up the excess water. The 
increase in hematocrit cannot at present be explained, but 
work is now in progress on the possibility of a reciprocal 
relationship between overhydration of the blood and 
amniotic fluid. 

This work was supported by the National Spastics 
Society. 

Mary J. SELLER 
Pediatric Research Unit, 
Guy’s Hospital Medical School, 
London, 8.E.1. 
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Loss of Weight and Metabolic Rate of Rats 
with Lesions in the Medial and Lateral 
Hypothalamus 


Rats with large bilateral lesions of the lateral hypo- 
thalamus refuse to eat or drink and, unless force-fed and 
watered, die within two weeks of operation’. During 
an examination of these animals? we noticed that the rate 
of loss of body-weight was greater and the duration of 
survival shorter than in intact rats deprived of food and 
water. Morgane‘ has also remarked on this more rapid 
deterioration and has suggested that such lesions cause a 
specific ‘metabolic decay’. 

The oxygen consumption of: (1) aphagic-adipsic rats ; 
(2) rats with hypothalamic hyperphagia from ventro- 
medial destruction previously starved to a similar weight ; 
(3) control rats, was measured under standard conditions. 
Groups 2 and 3 did not receive food or water in this 
experiment so that they would be under the same nutri- 
tional condition as the first group. The resting oxygen 
consumption and metabolic rate of the normal and hypo- 
thalamic hyperphagic rats were almost identical when the 
body-weights were comparable (Table 1). However, the 
mean oxygen consumption and metabolic rate of rats with 
aphagia and adipsia were significantly greater than those 
of the other two groups. 


Table 1. METABOLIO RATE OF Rats WITH LATERAL HYPOTHALAMIC LESIONS 
AND OF NORMAL AND PREVIOUSLY OBESE STARVED RATS 


Metabolic rate 

No. Body-weight ml. O,/min 
(g) kg?’ 

Normal (starved) 9 188-4 + 3-7* 9°97 + 0-62 
P <0°01 

Lateral lestoned. 17 183:9 + 4°7 18-75 + 0:83 
P <0-001 

Previously obese (starved) 1 182:5 + 2-6 9-53 + 0'54 


* Mean + S.E. 


The immediate effect of hypothalamic lesions on the 
metabolic rate was determined in another experiment 
which consisted of four rats with hyperphagia-producing 
lesions in the ventromedial region of the hypothalamus, 
six rats with lesions in the lateral hypothalamus containing 
the ‘feeding’ and ‘drinking’ systems, and four sham- 
operated controls. To provide precise controls, the rats 
with obesity-producing lesions and the sham-operated 
controls were not given food or water post-operatively. 
The rats with lateral lesions were provided with a high-fat 
diet and water ad libitum, but they did not eat or drink. 
Resting metabolic rates were determined before and at 
4, 24, 48, and 72 h after operation. The loss of body-weight 
of both lesioned groups of rats was greater than that of the 
sham-operated control rats (Fig. 1). The metabolic rate 
of the rats with either lesion increased by approximately 
50 per cent within the first 4 h and gradually returned to 
pre-operative levels by the third day (Fig. 2). The meta- 


Hours after operation 
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Cumulative body-weight loss (g) 


70 





Fig.1. Changes in body-welght during the first three days after bilateral 
electrolytic ablation in the lateral or ventromedial region of the hypo- 
thalamus. The ‘ventromedial’ and control rats were deprived of food 
and water from which the ‘lateral’ rats abstained spontaneously. 
O, Operated controls (4); @, lateral lesions (6); x, medial lesions (4) 
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Fig. 2. Changes in the resting metabolic rate during the first three days 
after bilateral electrolytic ablation in the lateral or ventromedial region 
ofthe hypothalamus, The ‘ventromedial’ and control rats were deprived 
of food and water from which the ‘lateral’ rats abstained spontaneously, 

x, Medial lesions (4) ; @, lateral lesions (6); O, operated controls (4) 
bolic rate of the sham-operated control rats fell within the 
first 4 h after operation, returned to normal by 24 h and 
then showed the gradual decline associated with starvation. 
The relative increase in metabolism of the rats with medial 
or lateral lesions during the first three days after operation 
may be sufficient to account for their more rapid weight 
loss and earlier death. It is known that the metabolic rate 
of the hypothalamic—obese rat rises after the operation ; 
but this catabolic tendency is overshadowed by their 
tremendous and usually immediate hyperphagia. When 
food is not available the post-operative hypermetabolism 
leads to an abnormally rapid loss in weight similar to that 
seen in rats that spontaneously refuse food and water 
following lesions in the lateral hypothalamus. 

It therefore seems quite likely that the rapid loss in 
weight and consequent early death of the rats with lesions 
in the ‘feeding’ and ‘drinking’ systems of the lateral 
hypothalamus are attributable to their relatively high 
metabolic rate in the face of stervation and not to a 
specific effect. 

This work was supported by grants from the National 
Research Council of Canada and the Defence Research 
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D. G. MONTEMURRO 
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Effect of Alcohol on Release of Oxytocin 


Ir is known from the work of van Dyke and Ames! 
that previously administered ethanol blocks the release 
of antidiuretic hormone (ADH) in response to acetyl- 
choline. Furthermore, during othanol anesthesia anti- 
diuretic activity can be detected neither in the blood 
from the head nor in the urine, and injection of hypertonic 
saline into the carotid artery does not produce any 
significant antidiuretic response*. It was found of interest 
to investigate the effect of ethanol also on the pituitary 
release of oxytocin. Since assay methods for oxytocin 
in blood are difficult and rather insensitive, it was found 
best to study the effect on the puerperal uterus of 
oxytocin released by suckling in the milk let-down reflex. 
The post-partum uterus of the rabbit is extremely sensitive 
to oxytocin, the threshold dose on the first post-partum 
day, being about 0-03 mv. oxytocin intravenously per kg 
body-weight*. As is the case in the human, suckling of the 
young produces a strong oxytocie response on the uterus 
during the first days after delivery in the rabbit. 
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Fig. 1. [Effect of suckling and exogenous oxytocin before and Latter administration of alcohol on the uterus of a rabbit 2-3 days after delivery, recorded 
by an intra-uterine balloon 
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Fig. 2. Effect of suckling and oxytocin on the post-partum (2 days) rabbit uterus 
under normal conditions, after stress, and after administration of alcohol 
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On the day of delivery a laparotomy was performed 
under anesthesia and a rubber balloon connected to a thin 
polyethylene catheter was inserted into the uterus from 
one of the tubal ends and fixed with sutures. The abdomen 
was closed around the catheter and the rabbit was allowed 
to recover. During the following days it was possible to 
record the uterine motility in the unanesthetized animal 
by filling the balloon with 6-10 ml. water and connecting 
the catheter to an Elema electric pressure transducer 
and amplifier with a Varian ink-recorder. 

During the first five days after delivery the oxytocic 
effect of each suckling young was found to be equal to 
that of 0-5-1-0 mv. synthetic oxytocin injected intra- 
venously. When the rabbits were given ethanol (1:3 
g/kg body-weight orally), the spontaneous motility and 
the uterine response to exogenous oxytocin remained 
unaltered, but no effect of suckling could be seen (Fig. 1). 
The young got little or no milk after alcohol adminis- 
tration. The release of oxytocin, however, is not related 
to the amount of milk obtained, nor is the ADH released 
by suckling?. 

Milk flow in the rabbit may be inhibited peripherally 
in spite of normal release of posterior pituitary hormones 
caused by suckling’. This is illustrated by Fig. 2. The 
effect on the uterus of normal suckling, by which the 
four young obtained 4 g milk, is seen on curve B, and may 
be compared with the effect of oxytocin injected intra- 
venously (curve A). After a strong emotional stress 
(frightening) of the mother animal, the young were unable 
to obtain any milk in spite of vigorous suckling which, 
however, resulted in æ uterine response of the same 
intensity as before (curve C). The inhibition of flow of 
milk in this case is probably caused by adrenaline, which 
is known to inhibit the effect of oxytocin on the mammary 
gland’. The oxytocin release is unaltered and its effect 
on the uterus is not changed. When the rabbit had been 
given 0-8 g/kg ethanol intravenously, there was no 
oxytocic effect on the uterus of suckling (curve D), although 
the effect of exogenous oxytocin was unchanged (curve E). 
In this case, too, the effect of suckling (before alcohol 
inhibition) of each of the young corresponds to that of 
1-0 mu. synthetic oxytocin injected intravenously. This 
is much less than the 50 mv. estimated by Cross! to be 
released. during one lactation of a whole litter. 

These results indicate that, in the rabbit, ethanol 
inhibits the release of oxytocin from the neurohypophysis 
as it does that of ADH, and the question of separate or 
simultaneous release of the two hormones remains to be 
solved. But inhibition of oxytocin release is by itself of 
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Fig. 3. Effect or pene before and after alcohol administration on the human uterus 
ee after delivery, recorded by external tocography 
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considerable theoretical and clinical interest, if it pertains 
to the human being as well. Similar experiments were 
therefore performed with women. during the first puerperal 
days, when uterine motility can still be registered by exter- 
nal tocography. With the Malmström pressure receptor, 
placed on the abdomen above the uterus, the effect of 
suckling could be recorded (Fig. 3). The upper curve 
shows the marked increase of uterine motility when the 
baby is suckling. The lower curve shows the strongly 
suppressed, response to suckling in the same patient 30 min 
after drinking 100 ml. cognac. External recording of 
uterine motility is, of course, a rather inaccurate method, 
and the results must be regarded with some caution. 
They seem to indicate, however, that ethanol in sufficient 
quantities inhibits the release of oxytocin from the 
neurohypophysis even in man, in the same manner as it 
appears to inhibit the release of antidiuretic hormone’. 

This investigation was supported by a grant from The 
Population Council, New York. 
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Guinea Pig Kallikrein System 


We have previously shown that the activity of guinea 
pig y-globulins as mediators of increased capillary porme- 
ability is markedly reduced by soya bean trypsin inhibitor 
(SBTI) and by di-isopropylphosphofluoridate (DFP). 
Because DFP was inhibitory, we tested esterase activity 
of guinea pig y-globulins against synthetic amino-acid 
esters, using the Roberts? modification of the Hestrin 
method. Other workers? have shown that the enzyme 
kallikrein isolated from either human urine or plasma 
hydrolyses esters of arginine (for example, tosylarginine 
methyl ester, TAMe) specifically, whereas kallikrein iso- 
lated from hog pancreas will hydrolyse arginine esters and 
esters of tyrosine and tryptophan. We found that guinea 
pig y-globulins would hydrolyse TAMe and to a smaller 
extent esters of lysine (for example, lysine methyl ester, 
LMe) but not esters of tyrosine, trypto- 
phan, leucine or alanine. Furthermore, 
for four different batches of y-globulins 
there appeared to be a relationship be- 
tween permeability and esterase activities. 
Permeability activity was measured by 
intradermal injection into ‘blued’ guinea 
pigs as described previously?‘. 

In an attempt to correlate permeability 
and esterase activities and to establish 
whether or not the y-globulins contained 
killikrein, we prepared a large quantity 
(2:16 g) of guinea pig y-globulins by 
DEAE-cellulose chromatography’. This 
z large sample was much more active than 
our previous samples both as an esterase 
and as a permeability factor. On the 
analytical ultracentrifuge the sample was 
homogeneous with a sedimentation co- 
efficient of 6:5. However, starch-gel 
electrophoresis revealed a contaminant 
in the albumin region and immunoelectro- 
phoresis showed the presence of three 
antigens in addition to the main y com- 
ponent. The y-globulins were re-chromato- 
graphed on DEAE-cellulose and a 
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fraction was obtained which gave a single precipitin line 
on immunoelectrophoresis; the purified material retained 
all its estorase and permeability activities. 

Table 1 summarizes the properties of this y-globulin 
preparation. The sample had all the activities associated 
with the enzyme kallikrein. 


Table 1. PROPERTIES OF ACTIVE y-GLOBULINS 


1 Capillary permeability 1 wg gave lesion of 8 mm 
2 Blood pressure 0-1 mg hypotensive in cat and 
guinea pig 
3 Rat uterus Contraction followed by tachy- 
Guinea pig ileum hylaxis 
4 Dog globulins inin produced 
5 Esterase 72 uM TAMo/h/mg 
15 aM LMe/h/mg 


We have tested several batches of guinea pig y-globu- 
lins both for esterase and capillary permeability activity. 
Table 2, which summarizes some of these results, shows that 
both activities are correlated. 


Table 2. COMPARISON OF ESTERASE AND CAPILLARY PERMRABLLITY 
CTIVITIES OF DIFFERENT BATCHES OF y-GLOBULINS 
Batch Esterase activity Capillary permeability 
(eM TA Me/h/mg) (ug to give lesion of 8 mm) 

1 40 50 
2 3-0 50 
4 12-5 10 
8 72:0 1 


These various y-globulin fractions had all been prepared 
by DEAE-chromatography and all were indistinguishable 
by immunoelectrophoresis—each giving a single precipitin 
line with the anti-sera used. In order to explain their 
varying but related potencies as esterases and as mediators 
of capillary permeability, we postulated that they might 
contain varying ratios of kallikreinogen and kallikrein— 
the more active samples containing more kallikrein than 
kallikreinogen and vice versa. We therefore tried various 
methods for converting the kallikreinogen to kallikrein. 
Two methods proved successful: (a) by shaking the 
y-globulin with ballotini treated with guinea pig serum 
following the method used by Margolis® in the activation 
of the human kallikrein system; (b) by incubating with an 
aged, albumin-rich fraction obtained by chromatography 
of guinea pig serum on DEAE-cellulose. Activation by 
either of these two methods produces y-globulins with 
increased activity both as esterases and as mediators of 
capillary permeability. However, if a freshly prepared 
albumin-rich fraction is used the esterase activity of the 
y-globulins is not increased but they have increased 
potency as mediators of capillary permeability (Table 3). 
It appears that some change is necessary in the freshly 
prepared albumin-rich fractions before they can serve as 
activators; this change can be brought about either by 
ageing at 2° or by some factor in vivo. 


Table 3. ACTIVATION OF GUINEA PIG KALLIKREINOGEN 
Increase in potency 


Method of activation Esterase in range Capillary permeability 
n range 
Serum-treated ballotini 2-9 2-9 
Aged albumin-rich fraction 3-9 10-20 
Fresh albumin-rich fraction 0 5-10 


We have shown that guinea pig 7S y-globulins contain 
an enzyme which has all the properties associated with 
kallikrein. We do not rule out the possibility that the 
enzyme could be a contaminant of the y-globulins but we 
are clear that the capillary permeability activity of the 
y-globulins is fully accounted for by their kallikrein 
content. There is a kallikrein activator system present 
in guinea pig serum and this seems to parallel the activa- 
tion scheme suggested by Margolis for human kallikrein. 

G. E. Davies 
Research Department, J. 5. LOWE 
Imperial Chemical Industries, Ltd., 
Pharmaceuticals Division, 
Alderley Park, Macclesfield, Cheshire. 
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Thiol Groups of Blood Platelets in Relation 
to Clot Retraction 


REAGENTS which combine with —SH groups- inercurie 
compounds, cupric sulphate, arsenicals or iodo-ucctate --- 
added in 10-°-10-* molar concentration to isolated human 
blood platelets inhibit retraction of fibrin gols. It was 
therefore concluded that platelet -—-SH groups are 
essential for this process!. Viscous metamorphosis is also 
inhibited by mercuric compounds or iodoacetatco®*, The 
foregoing compounds can react with groups other than 
—SH. In order to substantiate the presence of —SH 
groups in platelets they were treated with N-ethylmaleim- 
ide (NEM), which binds —SH groups spocifically*. 
Platelets were isolated from human blood’. Tho reaction 
with NEM was carried out in veronal or phosphate buffer 
pH 6:8, [=0-154, at 2° C for 2 min. The suspension was 
centrifuged at 35,000g for 30 min at 5° C. The optical 
density of the clear supernatant solution was measured at 
310 my. An equimolecular ratio between consumed NEM 
and —SH groups was assumed*°. 


Table 1. CONSUMPTION OF NEM BY HUMAN BLOOD PLATELETS 
Source Composition of platelet suspension/mm? ug —SIL 
Platelets Erythrocytes Leucocytes per 10° platelots 

Normal 4-6 x 10° 15 x 10? 5 x 10% 2-1 
Normal 35 x 10° 8 x 10? 3 x, 10? 23 
Normal 8-3 x 108 1-3 x 10° 1-7 x 10? 1:9 
Myelofibrosis 22 x 10° 2-4 x 10° 3 x 10 23 
Glanzmann- 
Naegeli disease 6-6 x 10° 5 x 10? 23 x 10° 28 


From the results in Table 1 it is seen that the amount of 
reacting —SH groups is approximately the same in the 
three types of platelet donors. The results are influenced 
by the contamination with other blood cells. 12~13 
molo of NEM is taken up by 1 ml. packed rod cells at 
37° C (refs. 9 and 10). Freshly isolated red cells tested 
under similar conditions to those for platelets consumed 2-4 
to 3-7 umole NEM per 1 ml. packed red cells. This indicated 
penetration of NEM into red cells even at 2° C although a 
lower consumption is found. The error due to —SH 
content of the red cells contaminating the platelet prepar- 
ations is negligible. Whereas isolated platelets from 
normal persons and from a patient with myelofibrosis 
(who had 3 x 108 platelets/mm® blood, that is approxim- 
ately 10 times the normal value) gave fibrin gel retraction 
before NEM treatment and none after, the platelets from 
the blood of the patient with Glanzmann—Naegoli disease 
(2x 10° plateletsfmm* blood) showed, despite normal 
—SH content, only a diminished fibrin gel contraction even 
before NEM treatment. The results confirm the presence 
of —SH groups in platelets. 

The significance of the foregoing findings will he dealt 
with elsawhere. : 

I thank Dr. R. J. Sawers for providing the pathological 
blood specimens and Mr. H. A. Ward for carrying out the 
cytological part. Technical assistance was provided by a 
grant from the National Health and Medical Research 
Council of Australia. 

P. Fant. 
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Hemoglobin Content of the Blood of Six 
Species of Scombroid Fishes 


THE hemoglobin content of the blood of fishes is said to 
be associated, in general, with the level of activity of the 
species'*, The high hemoglobin-levels reported in the 
literature regarding the blood of the common mackerel, 
Scomber scombrus'*5, the chub mackerel, Scomber colias', 
the bonito, Sarda sarda', the yellowfin tuna, Thunnus 
albacares®, and the skipjack, Katsuwonus pelamis*, all 
active fish, support this view. 

However, many techniques commonly used for the 
determination of hemoglobin concentration are unsuitable 
for fish bloods’. In the course of other studies, we had an 
opportunity to test some of these techniques, using the 
blood of six species of scombroids from the eastern tropical 
Pacific Ocean (Table 1), and, selecting the most suitable 
technique, to determine the hæmoglobin concentration of 
their blood. 


Table 1 

Range of 

Range of hemoglobin 

No, of length concentration 
fish (mm) (g/100 ml.) 
Pacific mackerel, Scomber japonicus 10 244-287 80-148 
Pacific bonito, Sarda chiliensis 14 410-480 8-3-14-8 
Yellowfin tuna, Thunnus albacares 11 486-860 15-8-18°9 
Skipjack, Katsuwonus pelamis 9 444-750 14-1-20-7 
Black skipjack, Euthynnus lineatus 5 427-657 16°9-19°8 
Frigate mackerel, Auxis rochei 6 339-370 178-212 


Three colorimetric techniques were selected for evalua- 
tion. The cyamethemoglobin method, with Hycel® 
reagents, was used on 24 samples from four of the six 
species. This method proved unsuitable as, in every case, 
a colloidal suspension rather than a solution resulted upon 
the addition of the blood to the reagent. This pheno- 
menon has been reported previously’, The oxyhæmo- 
globin method, with 0-1 per cent sodium carbonate solution 
and Hyland whole blood hemoglobin standard®, was used 
for 24 blood samples from two species. In every case, the 
resultant solution proved unstable upon standing; this 
technique was also considered unsuitable. 

Only the pyridine hamochromogen method, adapted 
from Roets? and Collier4, gave a stable solution ; con- 
sequently, it was used for the determinations. The 
hemoglobin concentrations (g/100 ml. blood) were inter- 
polated from the Beer’s law plot of the optical densities 
(at 545 my) of a series of dilutions of the Hyland standard. 

The hemoglobin concentrations (Table 1 and Fig. 1) 
are, on the whole, higher for the six scombroids than for 
other groups of fishes, as reported in the literature. 
Further, the concentrations are higher in the blood of the 
yellowfin tuna, skipjack, black skipjack, and frigate 
mackerel than in the blood of the Pacific mackerel and the 
Pacific bonito. The higher hemoglobin content of the 
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blood of the former four species may somehow be related 
to their highly developed cutaneous vascular system, an 
anatomical feature absent in the latter two species. 

We thank Dr. John Cushing and Mr. D. C. Vann of the 
University of California, Santa Barbara, for providing 
blood of the bonito, and the crews of the tuna vessels 
Independence and South Seas for assistance in collecting 
other bloods at sea. 
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Increase of Yield of Serum from Samples 
of Blood 


THe usual procedure for obtaining serum from clotted 
blood is to detach (rim) the clot from the collecting vessel, 
allow the clot to retract for several hours, and centrifuge 
at 500-1,000g. The procedure is not only time-consum- 
ing, but often results in much hemolysis; in addition the 
yields of serum vary greatly from sample to sample. By 
using stronger centrifugal force and thromboplastin, I have 
been able to obtain serum in high yields, within 1 h after 
bleeding, and with a minimum of hemolysis. 

Chickens were bled by heart puncture. 8-ml. aliquots 
of blood were placed in round-bottomed centrifuge tubes, 
allowed to clot, and centrifuged. 15-20 chickens were 
used in each experiment. Effects of the centrifugal force, 
duration of centrifugation, interval between, bleeding and 
centrifugation, temperature during centrifugation, type of 
collecting vessels, addition of thromboplastin or calcium, 
and ‘rimming’ on the serum yield were investigated. 

As indicated in Table 1 the yield of serum was dependent 
on the centrifugal force. The maximum yield was obtained 
when blood clots were allowed to stand 30 min at room 
temperature after bleeding and then centrifuged at 2,400g 
or higher, for 2-5 h. The maximum mean yield of serum 
was 58 per cent of the blood volume, or 96 per cent of the 
plasma volume. It should be noted that approximately 
90 per cent of the yield was obtained after the first 30 min 
of centrifugation. 

Centrifugation of blood clot 30 min after bleeding gave 
about 10 per cent higher serum yield as compared with 
centrifugation 8 h after bleeding. 

When centrifuged at 2,400g or higher, the bulk of the 
clot detached from the vessel and ‘rimming’ prior to 
centrifugation did not increase the yield of serum; more- 
over, ‘rimming’ produced a visibly higher degree of hamo- 
lysis. When centrifuged at 500-1,000g, however, yields of 
serum as low as 10-20 per cent were obtained. 


Table 1. EFFECT OF THE CENTRIFUGAL Foroz ON THE SERUM YIELD OF 
'» CHICKEN BLOOD CENTRIFUGED FOR 2-5 H (0°5 H AFTER BLEEDING) 


Centrifugal force {g} 760 1,000 £1,500 1,900 2,400 4,200 


No. of chickens bled 15 15 20 20 20 20 
Mean serum yield, 


per cent blood volume 81-0 40:0 48-6 52-4 57°68 56-4 
Range of per cent serum 
yield 20-44 30-50 38-60 46-82 52-62 51-862 
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An interval of 30 min between bleeding and centrifuga- 
tion was found to be sufficient for obtaining a high yield of 
serum, provided that clotting set in within 5 min. Blood 
samples with long clotting times (10-60 min), however, 
frequently gave very low yields of serum when centrifuged 
30 min after clotting had set in. Three, instead of two, 
layers were formed on centrifugation—blood cells, plasma 
clot, and serum. It was possible to shorten the clotting 
time to 2-3 min and prevent the plasma clot formation by 
the addition of one drop of species specific thromboplastin 
reagent! per 8 ml. of blood. Plasma clots could also be 
prevented in samples with long clotting time if the clot 
was allowed to stand for 16 h before centrifugation. The 
addition of thromboplastin to blood samples with short 
clotting times (1-5 min) had no effect on the serum yield. 

The addition of 0-1 ml of M/5 calcium chloride/8 ml. 
blood had no effect on either the clotting time or the serum 
yield, even when samples with 60 min clotting times were 
used. Blood samples of long clotting time were obtained 
by catheterization of the brachial vein?. Budtz-Olsen 
reported that, between 4° and 39° C, the higher the tem- 
perature the greater the degree of human clot retraction?. 
Thus serum yields after centrifuging (2,400g) chicken 
blood at 20° C and at 40° C were compared. No appre- 
ciable difference was detected. Neither the size (12 ml. or 
50 ml. capacity) nor the type of the collecting vessel (glass, 
cellulose nitrate or polypropylene) made any appreciable 
difference on the serum yield when high centrifugal force 
was used. 

The foregoing procedure of obtaining serum was found 
applicable to rabbit, guinea pig and hamster, as well as to 
chicken blood. 

ARTHUR A. HIRATA 

National Institutes of Health, 

National Cancer Institute, 
Bethesda 14, Maryland. 
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PATHOLOGY 


Plaque-size Mutants obtained from the 
Ribonucleic Acid Phage fr after Treatment 
with Nitrous Acid 


PHAGE fr (formerly ft 5 (ref. 1)) in its characteristics? is 
related to f-phages described by Loeb and Zinder*®. For 
the initiation of genetical studies, attempts were made to 
obtain mutants from phage-suspensions treated with 
nitrous acid. Conditions of treatment were essentially 
those described by Schuster and Schramm‘. Single-hit 
kinetics of inactivation was established over a range of 5 
logarithmic cycles. Standard phage techniques’ were 
used. Since the rate of inactivation is exponential in 
relation to the time of incubation in nitrous acid, the 
inactivation is characterized by the ‘reduced time’ += e-1. 
When suspensions of fr were inactivated at 37° C and pH 
4:28 by 0-5 M sodium nitrite, t equalled 3-5 min. A com- 
parison with the rates of inactivation by nitrous acid as 
reported for other viruses is shown in Table 1. It demon- 
strates that the < of inactivation of phage fr is more closely 
of the order of the + of tobacco mosaic virus (TMV) than 
that of DNA-phages. 


Table 1. COMPARISON OF THE INACTIVATION-RATH BY NITROUS ACID OF 


PHAGE fr AND OTHER VIRUSES 








Virus Temperature NaNO, Reference 

material (°C) pH (molarity) T 

TMY 22 4:2 1-0 23 9 
TMV—RNS 22 4:5 1-0 8:5 9 

ir 20 4:28 0-5 12 -= 
T; 20 4:3 0-05 13-0 6 

Ti 20 4-55 0-5 2-06 7 

ọ X174 25 4-0 0-05 10-5 8 
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Using the pre-adsorption technique platings of phago 
Jr always showed a few smaller plaques (1 mm diam.) in the 
presence of predominantly larger ones (3-6 mm diam.). If 
such small plaques were isolated and replated, it could be 
shown that this characteristic of their plaque morphology 
was not stable. However, with increasing time of 
exposure to the action of nitrous acid, in the platings the 
proportion of small plaques increased. A number of such 
small plaques were isolated. Replating these isolates 
revealed that the fraction of stable small-plaque clones was 
becoming larger with increasing time of exposure to 
nitrous acid: after 20 min incubation 25 per cent, after 
60 min incubation 80 per cent of the small plaques isolated 
gave stable small-plaque clones. A number of such stable 
small-plaque mutants were re-isolated for further charac- 
terization and lysates were prepared. The isolates proved 
to be closely related to wild-type in their rate of inactiva- 
tion by nitrous acid, their burst size, and their inactivation 
by fr antiserum. Furthermore, if RNase is present in the 
adsorption mixture, plaque yields of these mutants are 
reduced to the same extent as those of wild-type plaques. 

Phage fr was obtained from Dr. Hoffmann-Berling. 
Max-Planck-Institut fiir medizinische Forschung, Heidel- 
berg. 
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Muscle Glycogen in Juvenile Diabetes before 
and during Treatment with Insulin 


Ir is well known that insulin stimulates the synthesis of 
glycogen in isolated muscle tissue from different animals, 
Insulin is considered to increase the permeability of the 
cell membrane to glucose. Direct action on the enzymes 
responsible for the synthesis of glycogen has also been 
observed. Low muscle glycogen has been found in animals 
with experimental diabetes. There are, however, few 
reports on the muscle glycogen content in normal and 
diabetic man. The glycogen content in musclo biopsy 
specimens from normal subjects was investigated by 
Hildes et al.t-° and by Nichols‘. Hildes et al.™? also 
determined the glycogen content in muscle tissue from 
patients with diabetes. No significant decrease was found 
in the muscle glycogen compared with the normal 
subjects. Their patients were adults who, in most cases, 
had been treated with insulin up to a few days before tho 
examination. 

This communication reports results from a material 
consisting of six patients with uncompensated juvenile 
diabetes. Muscle glycogen was determined before and 
during insulin treatment. 

In four of the cases the diabetes was newly discovered 
and no insulin had been given before the first examination. 
Two patients had received insulin treatment for six 
months; but due to exacerbation of the disease, their 
insulin doses were insufficient for some weeks before the 
first examination. In one patient (No. 3) the diabetes 
was detected by routine examination for glucose of tho 
urine. All the other patients had classical symptoms of 
diabetes. Metabolic acidosis was present in four cases. 

Muscle biopsies were performed immediately_before tho 
administration of insulin and after 9-16 days’ treatment 
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Table 1 
Insulin Bicarbonate Blood Ketone Muscle glycogen 
Case No., Duration of Time of treatment content glucose badies (g/100 g 
sex, age symptoms biopsy (Lu./day) (mmol. /1.) (mg/100 ral.) in urine wet weight) 

(1) M 13 4 weeks On admission 0 18 345 ++ 0:50 
After 14 days 20* _ 225 0 1:32 
2) M 6 10 days On admission 0 14 170 +++ 0-73 
After 9 days 8 — 70 0 1:76 
(3) F 7 No symptoms On admission 0 23-5 150 (+) 0-00 
After 16 days 4 170 0 1-07 
(4) M 15 3 weeks On admission 0 18-0 325 tet 0-54 
After 27 hours 160 _ 198 0 0:93 
After 13 days 32 24-8 195 0 1-94 
(5) M 12 1 month On admission 8 12°6 $44 t++ 0-60 
(diabetes known After 24 hours 80 22-0 154 (+) 1-22 
since 6 months) After 18 days 32 24°5 124 0 1:70 
(6) M 9 1 week On admission 8 215 228 ++ 0-79 
(diabetes known After 28 hours 60 19:5 224 0 1:56 
since 7 months) After 9 days 32 134 0 1:36 


* The patient was also given 250 mg chlorpropamide twice daily. 


with adequate doses of insulin. In three patients, biopsies 
were also performed after one day’s acute treatment with 
insulin and carbohydrate. 

Muscle tissue (5-20 mg) was obtained from m. quadriceps 
femoris by needle biopsy. ‘The muscle samples were 
weighed and homogenized, and the protein was precipi- 
tated with trichloroacetic acid within 5 min. The 
glycogen soluble in trichloroacetic acid was precipitated 
with ethanol and determined as glucose after hydrolysis 
by sulphuric acid. Glucose was determined by the ortho- 
toluidin method’. 

A few clinica] results are summarized in Table 1. 

All the cases with uncompensated diabetes had muscle 
glycogen values lower than the normal range found in our 
laboratory. Already on the day after onset of the treat- 
ment the muscle glycogen content had increased con- 
siderably and after stabilization of the treatment the 
content was within the normal range in all the cases. The 
most severe diabetic cases, as observed clinically. had the 
lowest muscle glycogen values. 

Apparently the results are in contradiction to those of 
Hildes et al.?3, On tho other hand, the materials are so 
different with regard to age distribution and treatment 
that no direct comparison can be made. 

This work was supported by grants from Pfizer AB, 
Näsby Park, and by the City of Stockholm. 

Jonas BERGSTRÖM 
Erro HULTMAN 
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RADIOBIOLOGY 


Lipid Peroxide in Livers of Irradiated Rats 


Horean et al! suggested that irradiation causes 
peroxidation of phospholipids in sites not protected by 
vitamin E. In pursuit of this suggestion we have examined 
the lipid peroxide content and the phospholipid distribu- 
tion in the livers of rats after X-irradiation in vivo. 

Twenty-four rats of the Chester Beatty strain, in groups 
of similar weight, were used. Fourteen rats were exposed 
one at a time to X-irradiation from a Westinghouse 
apparatus operating at 220 kV and 150 m.amp at a dose 
rate of 660 rads/min to doses of 2,000-16,000 rads. The 
other ten rats, some of which were sham-irradiated, served 


Normal subjects (n = 24) Mean value 1:33 


Range (1-08-1-92) 


as controls. Animals were. killed by exposure to nitrogen 
at times varying from 3 min to 48 h after dosage. The 
liver was immediately excised and weighed portions homo- 
genized either with a mixture of chloroform/methanol 
2 : 1 (v/v) or with n-butanol in a container flushed with 
nitrogen. The lipid extracts, either unwashed or after 
washing twice with 0-2 vol. 0-3 per cent sodium chloride, 
were analysed the same day for phosphorus, amino- 
nitrogen, fatty acid ester, iodine values and cholesterol? ; 
and for lipid peroxide by the method of Horgan et al., using 
leuco brilliant cresyl blue’; we considered this method to 
be the most specific available, though its technical diffi- 
culties limited the number of samples which could be 
analysed in a day. Samples of the lipid extracts (3-4 mg 
phosphorus), kept at —10° C under nitrogen, were frac- 
tionated the following day on columns of ‘Mallinckrodt’ 
silicic acid (7 g), by successive elution with light petroleum, 
benzene, chloroform, 4, 40 and 80 per cent methanol in 
chloroform, into the main Glasses of lipids present, namely. 
triglycerides, cholesterol, cardiolipin, kephalin and lecithin. 
fractions. 

Irradiated and control animals did not differ signifi- 
cantly in the peroxide content of the chloroform—methanol 
extracts of liver, either washed or unwashed. The apparent 
peroxide content of unwashed butanol extracts of liver 
from irradiated rats, however, was higher than in the, 
controls, but the difference disappeared after washing. 
although no phospholipid was removed. It appears, 
therefore, that the peroxide-like material extracted with 
the butanol cannot be entirely lipid peroxide, and its 
nature needs further investigation. The mean content 
of apparent peroxide found in washed extracts was about 
1-1 umole/g liver in 200-220 g rats, and about 2-7 ymoles/g 
liver in 300-400 g rats, that is, the content was higher in 
older rats. 

There is obviously more opportunity for artefacts during 
the excision and homogenization of a tissue and the sub- 
sequent fractionation of extracted lipid than during the 
instantaneous extractions of lipid from whole mice carried 
out by Horgan and Philpot®, who found about 0-22 umole 
peroxide/g body-weight. We cannot say, therefore, 
whether the peroxide found was present in vivo. 

There was also no significant difference between irrad- 
iated and control rats in the fatty acid ester content (about 
105 umoles/g liver) or in the lipid phosphorus (40 ymoles/g 
liver) or in the iodine values, peroxide content or propor- 
tion of triglyceride, kephalin and lecithin fractions. In 
the fractions from both groups, the ratio ymoles peroxide/ 
moles substance was for triglycerides less than 0-03: 
cholesterol about 0-2; kephalin 0-01; lecithin 0-03. Our 
results differ from those of Kainova* and Dolmin and 
Blokhina‘, who observed pronounced changes in the propor- 
tions of different lipids; the techniques, however, are not 
strictly comparable. Our results do not indicate that in 
general irradiation causes peroxidation of phospholipids, 
though they do not rule out the possibility that peroxida- 
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tion occurs in more vulnerable sites, for example, intestinal 
mucosa or bone marrow. For investigation of this prob- 
lem a rapid and specific method for the estimation of lipid 
peroxide is essential. 

This investigation was supported by the British Empire 
Cancer Campaign and by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research: Royal 
Cancer Hospital), from the Medical Research Council, the 
Anna Fuller Fund, and the National Cancer Institute of 
the National Institutes of Health, U.S. Public Health 
Service. 
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Variety, Developmental Stage and Dose 
Rate in Irradiation of the Potato 


Ur-ro-DATE and Gola potatoes were irradiated about 
2 weeks after lifting with 3,000, 6,000 and 9,000 rads of 
cobalt-60 y-rays at the rate of 3,000 rad/min and cold- 
stored with appropriate controls at 11°~12° C (relative 
humidity 85-90 per cent). There were 20 potatoes in 
every one of the treatments, including the controls. The 
percentages of tubers sprouting in the various lots after 
4 months of cold storage are recorded in Table 1. The 
optimum y-radiation dose, two weeks after lifting, appears 
to be 9,000 rads for Up-to-Date and 6,000 rads for Gola. 
Rubin and Metlitsky! reported that Berlikhingen variety 
of potato needs a higher y-radiation dose than Moscow 
variety for prevention of sprouting. 

Up-to-Date potatoes were received in the Laboratory 
about 2 weeks after lifting and stocked at room tempera- 
ture (18°-33° O, relative humidity 55-75 per cent). At 
room temperature, none of the tubers sprouted for a 
period of 3 months. From this stock samples were with- 
drawn after 0, 1, 2 and 3 months of storage and irradiated 
with 8,000, 9,000, 10,000, 11,000 and 12,000 rads of 
y-rays at the rate of 3,000 rads/min. After irradiation, the 
potatoes were cold stored at 11°-12° C (relative humidity 
85-90 per cent) together with controls. There were 20 
tubers in every one of the treatments, including the 


Table 1. PERCENTAGES OF TUBERS SPROUTING IN IRRADIATED UP-TO-DATE 
AND GOLA POTATOES AFTER 4 MONTHS OF COLD STORAGE (11°~12° C, 
RELATIVE HUMIDITY 85-90 PER CENT) 
Dose (rads) 
Variety 0 3,000 „000 9,000 
1-to-date 100 25 15 nil 
Gola 100 30 nil nil 
Table 2. PERCENTAGES OF TUBERS SPROUTING IN UP-TO-DATE POTATOES 


(TRANSFERRED FROM ROOM TEMPERATURE AT VARIOUS DEVELOPMENTAL 
STAGES) AFTER 4 MONTHS OF COLD STORAGE (11°-12° C, RELATIVE HUMIDITY 
85-90 PER OFNT) 

Storage perlod 


at room tem- 
perature Dose (rads) 
(months) 0 8,000 9,000 10,000 11,000 12,000 
o 100 10 nil nil nil nil 
1 100 15 nil nil nil nil 
2 100 25 10 nil nil nil 
3 100 40 25 15 


Table 3. PERCENTAGES OF TUBERS SPROUTING IN IRRADIATED UP-TO-DATE 
and GOLA POTATOES AFTER 4 MONTHS OF COLD STORAGE (11°-12° C, RELATIVE 
HUMIDITY 85-00 PER CENT) 


Dose, 6,000 (rads) Dose, 9,000 (rads) 


Variety Dose rate (rads/min) Dose rate (rads/min) 
9 250 3,000 cy 256 3,000 
Up-to-date — — — 180 15 nil 
Gola 100 20 nil — — — 
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controls. Tho percentages of tubers sprouting in the 
various lots after 4 months of cold storage are recorded in 
Table 2. The results indicate that the nearer the potatoes 
are to the stage where the dormancy breaks the greater is 
the rise in the y-radiation dose for prevention of sprouting. 

Up-to-Date potatoes were irradiated with 9,000 rads 
of y-rays at two dose rates, namely, 250 and 3,000 rads, 
min, approximately two weeks after lifting. Gola pota- 
toes were irradiated with 6,000 rads of y-rays at the same 
two dose rates about two weeks after lifting. Al the lots. 
together with the controls, were cold stored at 11°-12° C 
(relative humidity 85-90 per cent). The percentages of 
tubers sprouting, based on 20 potatoes in every treat- 
ment, after 4 months of cold storage are presented in 
Table 3. A dose rate of 3,000 rads/min is more effective 
in the prevention of sprouting in potatoes than a dose 
rate of 250 rads/min when the same dose is applied. 

P. B. MATHUR 
Biology Division, 
Atomic Energy Establishment, 
Trombay, Bombay, 8. 


? Rubin, B. A., and Metlitsky, L. V., Proc. Second U.N. Intern. Conf. Peacefut 
Uses of Atomic Energy, Geneva, 27, 437 (1958). 
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In vitro Control of Flowering in Wolffia 
microscopica 


Tue duckweeds (Lemnaceae) are the smallest flowering 
plants in the world. Wolfia, the minutest of them, is just 
about the size of a pinhead. Curiously, flowering of this 
genus even in Nature has been observed only in a few cases. 
and many species are known to botanists only by their 
vegetative characters. Attempts have been made to 
induce flowering im vitro in several laboratories. but 
success has so far been achieved in two strains only, one of 
Lemna gibba! and the other of L. perpusilla?. The former 
behaves as a long-day and the latter as a day-neutral 
plant when grown on a Hoagland-type of medium. 
Recently we were able to induce flowering in Trolffia 
microscopica. 

The specimens were collected locally. There is no 
distinct stem, leaf or root, and the plant is represented 
merely by a disk-like structure, flat above and slightly 
conical on the underside (Fig. la, b). In extremely 
crowded conditions the ventral projection often elongates 
to a length of 2-3 mm, but it is devoid of any vascular 
elements. The plant has a pouch on one side and it 
reproduces vegetatively by producing daughter plants in 
this pouch. Under conditions inductive to flowering, a 
furrow appears on the surface of the frond and a ‘flower 
comprising a bilobed stamen and a carpel emerges through 
it. 

Considerable difficulty was experienced in bringing the 
plant to sterile culture as concentrations of common 
disinfectants, effective for sterilizing, are fatal. Among a 
couple of thousand plants, a few sterilized by mercuric 
chloride (0-005 per cent) escaped injury and wero sub- 
cultured further in 50-ml. Erlenmeyer flasks. Each flask 
had 20 ml. of nutrient medium containing the following 
salt concentrations per litre: KNO, 85 mg, CaNOQ;.4H,O 
242 mg, KH,PO, 20 mg, KCl 60 mg, MgSO,.7H,O 42 mg. 
ZnSO, 5 mg, HBO, 5 mg, CuSO, 0-025 mg, NaMoO, 
0-025 mg, CoCl, 0-025 mg and ferric citrate 4 mg. 

At 24°-26° C and under 16-h daily illumination from a 
bank of mixed cool-white fluorescent and tungsten lamps. 
of 500-550 ft.-candle intensity, the plants remained 
healthy and grew vegetatively. Multiplication rates. 
calculated according to Clark’s? method, approached 
values close to 220. 

Culture flasks, each containing 10 plants all genetically 
alike, were exposed to photoperiods varying from con- 
tinuous illumination to 6 h of light per day. When the 
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Fig. i. Wolfia microscopica. a, Habit of the plant; b, enlarged view 
to show general morphology- eer of flower and daughter fronds 
cultures became crowded, the plants were transferred to 
fresh medium. Under these conditions they continued to 
grow and multiply but there was no flowering. Curiously, 
when the plants were grown in the same medium, but 
supplemented with 10-* M ethylenediamine tetraacetic 
acid (EDTA), flowering occurred promptly. The experi- 
ments have been repeated and confirmed several times. In 
a typical experiment (Table 1), 10 plants were inoculated 
in each flask and kept in continuous illumination for two 
days. On the third day the plants were exposed to photo- 
periodic cycles as specified in Table 1 and returned to 
standard long-day conditions of 16 h light and 8 h dark- 
ness. Flowering percentage was determined 96 h later. 
This was done simply by removing a sample from each 
flask, fixing in alcohol (which also removes chlorophyll), 
lining up about 100 plants on a slide and counting the 

number of flowering specimens under a microscope. 








Table 1. EFFECT OF EDTA ON FLOWERING OF Wolfia microscopica* 
Flowering percentage 
Medium | Continuous i6hL+ 1I2hL+ 8hL+ Ohit+ 
light 8hD 12hD 16hD 18 h D 
No EDTA 0 0 0 0 0 
+ EDTA 26 46 58 70 71 





*To minimize differences in vegetative growth, all plants received a 
main light period of 6 h of 500-560 ft.-candle intensity; the supplemental 
period was of about 40 ft.-candle intensity. 


As can be seen, EDTA induces flowering regardless of 
the photoperiod, although the percentage of flowering 
increases with increasing length of the dark period. 
However, this latter difference is lost after a few days since 
flowering percentage soon reaches a value close to 100 
in all the treatments. i 

Two previous reports of the influence of EDTA on 
flowering concern species of Lemna. In L. perpusilla, 
which is a day-neutral plant in Hoagland-type medium, 
flowering in presence of EDTA occurs under short-day 
conditions only‘. In Lemna gibba, which is a long-day 
plant in the same medium, EDTA merely enhances the 
effect of long photoperiods. The situation in Wolfia is, 
however, unique. Here EDTA induces flowering where 
there was none before, and this induction occurs regard- 
less of the photoperiod. 

There is some evidence that in Lemna perpusilla EDTA 
exercises its role by chelating metallic ions, perhaps 
Cutt (ref. 5). Possibly a similar situation, but with 
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opposite effect on flowering, exists here also and this is 
under further investigation. Wolfa seems to be uniquely 
suited for such an investigation, one reason for which is the 
great ease and accuracy with which the flowering per- 
centage can be determined. Dissections are not necessary 
as the floral primordia are visible without it. Since the 
daughter plants are located at a different place there 
is much less difficulty in deciding whether a certain 
primordium is vegetative or reproductive than in Lemna. 

We thank Prof. P. Maheshwari for his interest and for 
providing facilities. We also thank the Council of Scientific 
and Industrial Research for financial support. 

Satish ©. MAHESHWARI 
O. 8. CHAUHAN 
Department of Botany, 
University of Delhi, 
Delhi. . 

1 Kandeler, R., Z. Bot., 48, 61 (1955). 
* Hilman, W. S., Nature, 181, 1275 (1957). 
3 Clark, N. A., J. Physiol. Chem., 29, 935 (1925). 
i Hillman, W. S., Amer. J. Bot., 48, 413 (1961). 
5 Hillman, W. S., Amer. J. Bot., 49, 892 (1962). 


Possible Role of Polysaccharides in Floral 
Induction 


ComeoneEnt V, which has been previously reported! to 
be associated with the vernalization phenomena in rye 
seedlings, has been further studied. As the electrophoretic 
mobility of some polysaccharides? was close to that of 
component V, polysaccharide content (hexose combined 
in soluble macromolecular components)? of extracts of 
rye seedlings was examined with respect to vernalization. 
Table 1 shows that the vernalized seedlings contained 
larger amounts of polysaccharide as compared with unver- 
nalized seedlings, while the protein‘ level was not affected. 


Table 1. POLYSACOHARIDH AND PROTEIN CONTENT OF EXTRACTS OF 
VERNALIZED AND UNVERNALIZED RYE SEEDLINGS 
Treatment Concentration in extracts (%) 
Polysaccharide Protein 
Vernalized at 2° © 18 + 01 1-2 + O1 
Unvernalized, 26° © < 0-3 + O1 1-0 + 0-2 


This and other evidence® suggested that component V 
consisted mainly of polysaccharide molecules. 

The effect of day-length on polysaccharide content of 
leaves was studied by subjecting cocklebur plants to 
different photoperiods’ followed by extraction of their 
leaves with borate buffer by a modified method of Kirby’. 
A part of the final ethanol precipitate could not be redis- 
solved in water. This part is designated as ‘fraction I’ in 
Table 2. The most prominent differences in the poly- 
saccharide content due to day-length were found in fraction 
L. Fraction L contained also RNA and DNA in amounts 
which were affected by age of leaf but not length of day. 
Table 2 shows that hexose content (absolute and relative) 
of this macromolecular fraction increases several times 
with stage of leaf development and under long-day (non- 
inductive) conditions. The L fraction is therefore not 
specifically synthesized during the inductive dark period. 


Table 2. HEXOSE CONTENT OF FRACTION L OF- COOKLEBUR LEAVES AS 
AFFECTED BY LEAF AGE AND DAY-LENGTH 
> {Avorages of two experiments) 
Fraction L yield Hexose content Percentage of 
(mg dry wt/g of fraction L hexose in 
Stage of leaf fresh weight of (mg/g fresh fraction L 
leaves) weight of leaves) $ 
D.* S.D.* L.D. S.D. D. 8.D. 
Expanding + apices 18 1-9 0-48 0-18 23 10 
Half-expanded 3-9 2-7 1-48 0-32 38 12 
Fully expanded 41 2-8 2°35 0-46 58 18 
S.E. + 04 + 0-13 


* L.D., long day; S.D., short day. 


This polysaccharide could possibly be related with the 
reactions of the high-intensity light periods. There may 
be some correlation between the occurrence of the poly- 
saccharides as reported here and the known requirement 
for sucrose in flower induction. Thus sucrose was found 
to be an essential substrate for flowering of both short- 
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and long-day plants under non-inductive conditions’. 
Sucrose is further known as an essential substrate for two 
well-defined partial reactions of the photo-periodic 
induction, namely, the 1st and 2nd high-intensity light 
periods®, and for the vernalization of excised embryos". 
However, no specific role was assigned to sucrose, and it 
was generally considered to be a non-specific energy 
substrate for reactions leading to the synthesis of flowering 
hormone. 

It is proposed that the synthesis of the polysaccharidic 
substances reported here is an essential reaction in vernal- 
ization and in the lst and 2nd high-intensity light reactions 
of photoperiodic induction. This hypothesis may be 
tested in several ways. The effect on flowering of specific 
inhibitors and promoters of polysaccharide synthesis may 
be studied during vernalization and during the high- 
intensity light periods of photoperiodic induction. 
Furthermore, application of ribonuclease on one hand and 
of nucleotides on the other is known to promote flowering". 
This suggests that it is the nucleotides which are more 
directly concerned with flowering, probably through par- 
ticipation in polysaccharide synthesis!?. The known 
association between polysaccharides and cell division! 
should be further investigated in the morphogenetic 
processes of plants by cytochemical methods. Plant 
polysaccharides might be associated with flowering in a 
way analogous to that between antigenic activity of poly- 
saccharides!4 and morphogenesis*. The role of antigenic 
properties! of plant polysaccharides in relation to flower 
induction should be elucidated. 

JOSEPH NITSAN 


National and University Institute of Agriculture. 
Rehovot, Israel. - 
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Flower Formation in Kalanchoe blossfeldiana 
by Very Short Photoperiods under Light of 
Different Quality 


Kalanchoë blossfeldiana—a typical short-day plant— 
can be induced to flower by daily light periods as short as 
1 min or even I sec of sunlight or incandescent light, 
provided many such cycles are given!-*; controls kept in 
continuous darkness remain vegetative if the temperature 
is maintained at 17° C or higher?-’. 

Tho purpose of the investigation reported here was to 
compare the relative effectiveness of different light 
sources in inducing floral initiation in Kalanchoé during 
very brief photoperiods. The variety I used, originally 
obtained from Germany, shows the same characters 
and requires about the same number of inductive cycles 
as that used in Harder’s experiments. 

- Plants pre-cultivated on a 16-h-long day and 8 months 
old, with about 12 leaf pairs and 17 cm tall, were subjected 
for 8 weeks to daily irradiations of 5 min, under the light 
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sources indicated in Table 1. A first group of plant. 
received 5 min of red light, under four 40-W fluorescent 
lamps (600-700 mu, with a sharp peak at 660 my), at 7 cm 
distance from the lamps. In a second group, the plant~ 
received the same 5 min red (R) light, immediately 
followed by 5 min far-red (FR) light (700-800 mu). This 
FR light was obtained by filtering the light of eight 200-W 
incandescent-filament lamps through 7 em of water and 
through two layers of red and two layers of blue ‘Cello 

phane’, kindly supplied to us by Dr. H. A. Borthwick. 
The stem tips were at a distance of 30 cm from the bulbs. 
A third group of plants received only the 5 min FR: a 
fourth group received 5 min of the incandescent light 
filtered only through water. The fifth group received 5 
min daylight in the greenhouse, at noon. The sixth and 
seventh series received 5 min, respectively, of white 
‘Phytor’ fluorescent light (four 40-W lamps omitting 
between 400 and 700 mp, with a peak at 660 my). and of 
blue fluorescent light (four 40-W lamps, with a poak at 
460 my), again at a distance of 7 em from the lamps. All 
these irradiations were given between 11 a.m. and noon, 
in a dark-room in which the temperature was nevor helow 
18° C, being usually 19°-23° C. As a control. an eighth 
series received no irradiation at all. The other serios 
received nothing but their scheduled 5-min light-treat- 
ment; no safe-light was used and the manipulations were 
done in complete darkness. 


Table 1. FLOWER FORMATION IN Kalanchoé blossfeldiana INDUCED BY 4 
5-MIN PHOTOPERIOD UNDER LIGHT OF DIFFERENT QUALITY DURING 3 WEEh: 
(JULY 8-SEPTEMBER 2, 1961) AT 19°-28° C; 15 OB 20 PLANTS PER TREATMEN1 


Percentage Mean number 


Percentage of plants of plants of flowers 
Light quality generative on with normal per budded 
Aug. 25 Sept.2 Oct. 15 inflorescence plant on 
on Oct, 15 Oct. 15 
Red fluorescence 73 100 100 100 137 
Red + far-red 0 13 60 27 vi) 
Far-red — (0 27 0 4 
Incandescent 
(water filter) 0 7 2r 7 ot 
Daylight 14 50 79 57 we 
White fluorescence 47 80 37 80 137 
Blue fluorescence 7 69 iG 77 tuo 
Dark control (con- 
tinued dark for 
8 weeks) — 0 5 0 i 


At the end of the experiment, all the plants were again 
placed, on the long-day bench; the newly formed upper 
leaves were yellow, with just some chlorophyll at the leaf 
tip, but they turned green rather soon. The dark con- 
trols, which had lost many leaves, regenerated very well 
on the long-day bench. 

The results concerning flower formation are summarized 
in Table 1. 

After 7 weeks of treatment, 73 per cent of the plants of 
the red light series had visible inflorescence primordia. 
while in the series receiving red+far-red light all the 
plants were still macroscopically vegetative; 14 months 
later, the R-plants had all developed normal inflorescences 
with many flowers, while 40 per cent of the R + FR plants 
were (and remained) vegetative. Far-red light alone had 
a very poor effect, while the control plants in continuous 
darkness remained vegetative, with the exception of one 
single plant (out of 20) which had only 4 flowers. 

Although I had no possibility of measuring the light 
intensities in ergs/em?/sec, my results clearly show that the 
same red light which is known to be the most inhibitory 
in the middle of the night after a white light short day*:* 
induces in my experiments the best flower response when 
given as the main (but very short) light period; here 
again, the effect is reversed by subsequent far-red. 

Table 1 also shows that 5-min white fluorescent light of 
only 4,000 lux, but containing no far-red, gavo a better 


induction than 5-min daylight and a much bettor induction 
than-S-min father strong incandescent light rich in far-rod. 


These results are in agreement with the results of Kénitz®. 
who found that flowering of Chenopodium is inhibited by 
far-red light interruptions of the 10- or 13-h white light 
short day. In Pharbitis seedlings, the inductive effect of 
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an 8-h short day is strongly depressed by a subsequent 
far-red irradiation of a few minutes’; similar data have 
been reported for Lemna perpusilla’. 

In a later experiment with Kalanchoë performed at 
Beltsville, Maryland (the laboratory of Dr. H. A. 
Borthwick), I observed a flowering inhibitory effect of 8 
min far-red given after a 1 h short day of high-intensity 
white fluorescent light, thus confirming my previous 
results. 

I also noticed that the signwation of the upper inter- 
nodes was greater with FR or R+ FR light than with R 
light. In still another experiment, I observed that the 
yellow colour (carotenoid pigments) of the uppermost 
leafiets was more pronounced in the R and in the FR+R 
plants than in FR and in the R+ FR plants. 

Further experiments are planned to find out more 
about the nature of the here reported stimulating effect of 
red light and inhibitory effect of far-red light on the floral 
induction of Kalanchoé, during very brief photoperiods. 
The phytochrome-mediated. reaction-system is very likely 
involved here, as in the case of the rhythmical petal move- 
ments of Kalanchoë flowers®; but whether there is also 
some other light effect in my experiments, as in those 
reported by Karvé et al.°, or proposed by Meijer’? for 
Salvia occidentalis, or by Mohr! for the photomorpho- 
genesis of seedlings, can only be determined by further 
investigations. H. FREDERICQ 
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Stem Elongation in the Hop 


Tue influence of temperature and light on stem elonga- 
tion has been studied in the hop (Humulus lupulus). 
Measurements were made of bine (stem) elongation by 
marking at 9 a.m. and 5 p.m. daily the position on the 
string of the apex of the bine from each of 4 plants of the 
Californian Late Cluster variety chosen at random in a 
4-year-old hop garden in which soil moisture and nutrient 
level were adequate for plant growth. Measurements 
were commenced when the bines were 6-8 ft. tall. Maxi- 
mum and minimum air temperatures were recorded on 
each of the 10 consecutive days of the experiment, and 
hours of bright sunshine at the Nelson aerodrome, 20 
miles distant from the garden. 

During the first 5 days of the experiment the weather 
was fine; there were between 4:5 and 12-9 h of bright 
sunshine per day. During the next 3 days skies were 
heavily overcast with occasional rain and no trace of 
sunshine. On the final 2 days the weather was again fine 
with 6-5 and 10-3 h of bright sunshine per day. Day- 
length over the period was approximately 14-5 h. 

Table 1 shows for the 19 day- and night-intervals: 
mean elongation increments of the 4 bines per 8 h, mean 
air temperatures and hours of bright sunshine. The mean 
air temperatures: é(9 a.m.—5 p.m.) = (63 ¢max.+17 t min.)/ 
80 and “(5 p.m.-9 a.m.) = (47 t max. +113 ¢ min.)/160 were 
calculated from the daily maximum and minimum | air 
temperatures using simplified therniograph records.— 

The regression of elongation on air temperature for tho 
five intervals is shown in Fig. 1. 

During the first 9 fine intervals and the last 3 intervals 
after the weather was again fine, stem elongation was 
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Fig. 1. Relation between air temperature and bine elongation. 


O, 9 am.-5 pm., fine interval; [], 9 a.m.-5 p.m., heavily overcast 
interval; @,5 p.m. -9 a.m., fine Rierval; A, 5 p.m. -9 a.w., heavily 
overcast interval; x, intermediate interval 


proportional to mean air temperature according to the 
regression equation: e=0-39 i-1-:15. (S.E. regr. coeff. 
0-01.) Differences in bright sunshine of between 4:5 and 
12-9'h a day and absence of light during 9-5 h of the night 
period appeared to have had no effect on elongation as 
growth rates for day and night intervals fitted the same 
linear regression function of elongation on air temperature. 
However, during the 5 intervals when skies were heavily 
overcast (not including the intermediate intervals immedi- 
ately before and after the change) growth rates did 
not fit the regression line of elongation on air tem- 
perature found for the fine intervals, elongation at the 
mean air temperatures of these intervals in all 5 cases 
being lower than expected (P= <0-01). 

Although the growth rates of the 4 bines varied slightly 
the regression. coefficient of elongation on air temperature 
was similar for all bines. 

Thut and Loomis! have shown in Asparagus officinalis 
that stem elongation is dependent on air temperature. At 
the stage of development measured photosynthesis was 
not a factor as storage tissue could supply the assimilates 
required for growth. 





S Table 1 
Date Night Mean air Day Mean air 
(December | increment* temperature increment} | temperature Sunshine 
1958) (em) (CC) (cm) CC) th) 
18 — — — 8-6 
19 4:7 16-2 6-3 22-0 9-9 
20 4-7 15-4 6-5 20-8 12-9 
21 4-1 13-9 71 20-3 12-7 
22 61 17-9 738, 23-0 4:5 
23 6:5 19-5 6-5 20-0 0-0 
24 3°38 15-5 283 15-7 0-0 
| i E BIBE B 
* -i G .; 8 5 
27 4-7 14-7 72 ©] 80-7 10-3 
28 54 15-5 — — — 
* For 8 h, calculated. + For 8 h, actual 
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In this experiment with hops the results suggest that, 
provided light intensity (sunshine) during a 14-5-h day is 
adequate, assimilates produced allow the bine to elongate 
for the whole of the diurnal cycle at a rate determined by 
air temperature only. When light intensity falls too low 
the quantity produced does not suffice and stem elongation 
commences to slow down during the following night. 

R. H. J. ROBORGH 

Hop Research Station, 

Riwaka, Nelson, 
New Zealand. \ 
‘ Thut, H. F., and Loomis, W. E., Plant Physiol., 19, 114 (1944). 


Variated Leaf Shape of Infected Plants 
of Samanea saman (Jacqu.) Merr. 


Dourine the past few years. rain trees (Samanea saman 
(Jacqu.) Merr.) in and about Caleutta are dying in 
numbers. Some of these trees growing in the Indian 
Botanic Garden, Calcutta, were found heavily infected 
by lac insects. Laccifer lacca (Kerr). Infected branches 
of these plants bear highly pinnate leaves. The shape. 
sizo, number and thickness of leaflets in individual leaves 
of infected plants are markedly different from those of nor- 
inal plants (Figs. 1 and 2). The size and appearance of 
complete leaves in infected plants are also different from 
those in normal plants. Usually the leaflets in infected 
plants are of different degrees of ovate shape with variously 
acute opposite ends. The normal leaflets are broadly 





Fig. 1. Left, normal leaf; right, infected leaf 
Infected Normal 
Ultimate leaflets First Second - First Second 
from base leaf leaf leaf leaf 
Fistid Ay WAP aaO 8900 


Seonand APY AAA SAGA QAQA 
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Vu eo BOS ODED 
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Fig. 2 
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obovate to very broadly obovate. For describing these 
leaflets, the terminologies proposed by the Systematics 
Association Committee! have been used. 

The present ideas on leaf shape variabilities and their 
probable causes have been reviewed by Ashby”, Ward- 
law’, Jonest and others. Among others, the calcium/ 
potassium balance, light intensity and length of the day 
are considered as important factors affecting leaf-shape. 
These factors are related to metabolism and nutrition. 
which control plant growth. In the case recorded here 
the infected plants bearing variable leaflets under in- 
vestigation grow adjacent to uninfected plants with 
normal leaves, which may be treated as control, at least 
under apparently similar conditions. It therefore appears 
that lac infection somehow upsets the nutrition balance 
of their host plants. As a result variation in leaf shape 
occurs. Experiments are now in progress with variously 
starved saplings of rain tree under controlled conditions 
with a view to find out the nature of nutritional deficiency 
which may result in leaf-shape variabilities, as reported 
here. 

J. SEN 
S. K. Bast 


Indian Botanic Garden, 
Howrah, Calcutta. 


1 Systematics Association Committee for Descriptive Biological Terninelou 
II, Terminology of Simple Symmetrical Plane Shapes (Chart 1), Te eas, 
11, 145 (1962). 

* Ashby, E.. New Phylol., 47, 153 (1948). 

3 Wardlaw, C. W., Phylogeny and Morphogenesis (Macmillan and Co.. Ltd. 
London, 1952). 

4 Jones, H.,in The Growth of Leaves, odit. by Milthorpe, F. L., 03 (Butter orth 
Sci. Publ., London, 1956). 


Rod-shaped Particles in Saprospira 


Five strains of Saprospira grandis Gross, an apochlorotic 
cyanophyte or flexibacterium, have been isolated in pure 
culture from several marine littoral habitats around the 
United States'. In all strains the filaments tend to 
fragment and the individual cells to lyse at the end of the 
growing period. For example, a 10-1. culture in a 
50-ml. flask, grown in a sea-water mediuin containing 5 g/l. 
tryptone and 6 g/l. yeast extract (Difco) and shaken gently 
but constantly at 30°, forms within 1--2 days after inocula. 
tion a dense peach-coloured suspension with a satiny 
sheen ; under the microscope it is seen to he full of helical 
filaments. A day or two later the sheen disappears, the 
colour becomes duller, and no microscopically intact or 
viable cells remain. 

Spontaneous lysates obtained in this way contain large 
numbers of rod-shaped particles which, though sub- 
microscopic, are readily revealed by electron microscopy 
even without elaborate procedures of differential centri- 
fugation. Each cell evidently liberates some hundreds of 
these particles, which may reach a density of 10° per ml. 
in the crude lysate (Figs. 1 and 2). Two types can be 
distinguished : A, apparently hollow rods, 200 x 30 mu 
(Fig. 3) ; B, apparently solid rods of the same dimensions, 
but each furnished at one end with a tail about 300 mu 
long (Fig. 3). It is estimated that less than 10 per cent of 
the rods are of the latter type. 

Chemical analyses by Correll? indicate that these 
particles are largely ribonucleoprotein, containing RNA 
and protein in the ratio of approx. 1:2. Their RNA 
content is thus considerably higher than that. found in 
tobacco-mosaic virus (about 1:15), with which the particles 
show some superficial resemblance. However. there is no 
evidence yet to indicate that these particles are pathogenic: 
they have been found naturally present in lysates of all 
five strains of S. grandis so far examined. Similar particles 
have also been found in lysates of another marine flexi- 
bacterium, to be described elsewhere. Two, clearly of the 
same size and form, appear by chance in an electron 
micrograph of a phage lysate of Chondrococeus columnaris. 
a related freshwater flexibacterium. 





Figs. 1-3. Electron micrographs of preparations negatively stained with phosphotungstate 
(B. keimann) 


1 and 2, Celi walls of Saprospira grandis in lysed culture, showing rod-shaped particles 


(rhapidosomes). 
B. Seale bar = 0-1 


It is proposed that for the present these rod-shaped 
particles be called ‘rhapidosomes’ (Gr. rhapis = rod, 
soma = body). 

Rarrea A. LEWIN 
Scripps Institution of Oceanography, 
University of California, 
La Jolla, California. 


1 Lewin, R. A., Canad. J. Microbiol., 8, 556 (1962). x 
3 Correll, D. L., and Lewin, K. A. (unpublished results). 
Anacker, R. L., and Ordal, E. J., J. Bact., 70, 788 (1055). 


Reproductive Cycle of the Big Fruit-eating 
i Bat, Artibeus lituratus Olfers 


In tropical America no order of mammals is represented 
by such a diversity of forms and abundance of individuals 
as the bats (Chiroptera) ; but in this region the reproductive 
habits of only a few species have been investigated. 
Tropical American bats in which the reproductive cycles 
are known fall into one of two groups: (1) those with the 
typical mammalian reproductive pattern of restricted 
sexual seasons and coincidence of copulation; (2) those 
with no well-defined sexual season and which breed 
throughout the year. The first group is represented by 
only one species, the phyllostomid bat, Glossophaga 
soricina, examined by Hamlett} in Brazil, and it is doubt- 
fully placed in this category. since the reproductive 
pattern was deduced from an investigation of relatively 
few specimens taken at only one time of the year. In the 
second group, again only one species can be included, the 
economically important vampire bat, Desmodus rotundus 
murinus, which was examined in Panama by Wimsatt and 
Trapido?. We have ourselves? presented Colombian 
records which indicate that at least some tropical, 
equatorial phyllostomid bats, unlike North American 
forms, are polycestrous and breed throughout the 
year, but our results wore limited and based only on 
females. 

The reproductive cycle of the big fruit-eating bat, 
Artibeus lituratus, one of 40 species of phyllostomid bats 
found in Colombia, is of the second type already described. 
From September 1961 until August 1962, an investigation 
of populations of A. lituratus taken in banana groves at 
Melgar, Department of -Cundinamarca, Colombia, has 
provided information concerning the reproductive cycle 
in this little-known family. 

The males are in full sexual activity throughout the year. 
Reproductive activity is evidenced by the occurrence of 
spermatogenesis and the presence of spermatozoa in the 
epididymis. The seminiferous tubules in their mean 
diameter and epithelial height are similar in any month 
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of the year, and the epididymis is large and 
crowded with sperm. In young adult, 
volant males spermatogenesis is absent, 
and testes and epididymides are small in 
size. 

Pregnant females were captured through- 
out the year, and a group of females taken 
at any one time -frequently included all 
stages of the breeding cycle, that is, non- 
parous, parous and lactating females. 
This species is apparently polycestrus, 

.and owr specimens furnish evidence that 
this is the case. The continuous sexual 
activity is suggestive of a polycestrus 
condition, and specimens have been col- 
lected which carried foetuses and which 
were at the same time lactating. Two 
females taken in May and March were 
lactating and contained embryos 19:3 and 
5-7 mm long. Another, taken in October, 
had an early implantation and was lactat- 
ing. At least on occasion a post-partum 
cestrus was observed. 

In Artibeus lituratus both ovaries are 
functional, and the ovum is released from either the right 
or the left ovary. The horns of the uterus are equal in sizo, 
and placentation occurs in the body of the uterus. 
lituratus follows the pattern of most bats in producing no 
more than one offspring at each prognancy. The gestation 
period is unknown, but the relatively large size of the foetus 
at birth suggests that the period is a long one. In one case 
a female weighing 41-5 g carried a 7-8-g young, and another 
weighing 35-0 g gave birth to an 8-9 g young. i 

In temperate phyllostomid bats there is a restricted 
breeding season, such as in Macrotus californicus as 
examined by Bradshaw‘, whereas in at least some tropical 
representatives of this family breeding is continuous. A 
high plateau of breeding potency in males is maintained 
throughout the year and is uncoerced by small variations 
in temperature or photoperiod. In tropical America tho 
seasons depend on rainfall, and the presence of available 
food is the critical factor. In west central Colombia fruit- 
ing seasons of preferred food trees (banana, mango, fig and 
almond) of Artibeus overlap and do not coincide, and food 
in one form or another is always available. This allows 
for the production of young at any time and accounts for 
the presence of breeding individuals in every month of 
the year. 

This work was supported by the University of the 
Andes and Rockefeller Foundation grant GA MNS 6129. 

J. R. Tamsrrr 
Dario VALDIVIESO 

Department of Biology, 

University of the Andes, 
Bogotá, Colombia, 


1 Hamlett, G. W. D., J. Mammal., 16, 146 (1935). 

2 Wimsatt, W. A., and Trapido, H., Aimer. J. Anat., 91, 415 (1952). 
3Tamsitt, J. R., and Valdivieso, D., J. Mammal. (in the press). 

1 Bradshaw, G. V., Science, 1386, 645 (1962). 


A Major Abnormality of the Venous System of 
the Frog 


A RECENT dissection of an adult male common frog 
(Rana temporaria, L.), which was commenced by one of 
my first-year degree students, Mr. D. Wicks, revealed a 
major abnormality of the anterior venous system. 

On removal of the median ventral portion of the 
pectoral girdle it was immediately obvious that the 
specimen possessed a single anterior vena cava ; the blood 
from the anterior left side drained into the right vena cava 
via a large transverse vein anterior to the heart and the 
right external jugular vein (Fig. 1). The left lingual and © 
mandibular veins were normal in appearance but drained 
inte a small and angled left external jugular vein which 
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joined the large transverse vein slightly to the left of the 
median line. The left internal jugular vein was sharply 
angled at the point where the hypoglossal nerve crossed it. 
The nerve turned abruptly forwards at this point and then 
ran parallel to the external jugular vein in the usual 
manner. The junction of the left innominate and sub- 
clavian veins resulted in the formation of the large 
transverse vein already mentioned. The venous system of 
the right side was abnormal in having a much enlarged 


external jugular vein and an innominate vein which. 


received a third vessel, from the cesophagus. Two small 
vessels drained blood from the median adipose deposit 
situated just anterior to the heart and dorsal to the median 
section of the transverse vein. One vessel entered the 
single anterior vena cava directly ; the other, after passing 
over the right constrictor laryngis ventralis muscle 
(Géppert), pursued a tortuous course, passing under the 
aortic arches, and joined the fusion of the left lingual and 
mandibular veins from the dorsal side. The heart was 
normal in structure except that the sinus venosus received 
two vene cave only. A general examination of the other 
systems of this frog indicated that it was apparently in 
excellent condition and normal in other respects!*. 
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Fig. 1. Ventral view of the anterior venous system of the abnormal 
i specimen of Rana temporaria 
4.BR, brachial (= subclavian) artery; A.D, median adipose deposit ; 
L, ling; LIV, liver; M.C.L.¥., constrictor laryngis ventralis muscle ; 
N.BR., brachial nerve; N.GL., glossopharyngeal nerve; N.HY., 
hypoglossal nerve; ST., stomach; V.A,D., vein from median adipose 
deposit, draining into the junction of the left mandibular and lingual 
eins; V.BR., brachial vein; V.E.J., external jugular vein; VEN., 
ventricle; V..NV.J., internal jugular vein; F.L., lingual vein; V.M., 
mandibular vein; V.S., subclavian vein; F.TV., transverse vein. 
Veins stippled; arteries black; nerves white 


It is believed that the absence of the left anterior vena 
cava in Rana temporaria has not previously been reported. 
O’Donoghue’ described several abnormal specimens of this 
species which either lacked the right vena cava or had it 
imperfectly developed and which also possessed an external 
jugular anastomosis. All O’Donoghue’s specimens of 
R. temporaria, in common. with the specimen now under 
consideration, were males. Only two other instances of a 
missing left vena cava leaving a single anterior (right) 
vena cava have been reported for the genus Rana. One of 
these was a female R. esculenta, mentioned by O’Donoghue; 
the other a specimen of R. pipiens described fully by 
Miller‘. In the latter case the specimen was grossly 
abnormal in having no left lung and only a vestigial left 
lobe of the liver, whereas all other instances were of frogs 
with no major abnormalities of the viscera except as 
already stated. 

I shall be grateful for information on any further major 
abnormalities found in the genus Rana and, if possible, 
would be pleased to examine the specimens concerned. 

M. J. Parr 
Biological Laboratories, 
Royal College of Advanced Technology, 
Salford, 5. 
1Gaupp, E., Anatomie des Frosches (Braunschweig, 1901). 
3 Marshall, A. M., The Frog, twelfth ed. (London, 1956). 


? O'Donoghue, C. H., Trans. Roy. Soc. Edin., 57 (1): 179 (1931-32). 
‘Miller, R. B., Copiea, 4, 241 (1944). 
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Pigment in the Dura Mater of 
Mammals 


In most vertebrates it is only the pia mater which is 
pigmented!*. Pigment is mainly present in the dura 
mater of lower vertebrates, while so far as I know. it has 
not until now been found in mammals. 

The pigmentation of the dura mater which I noticed in 
Spermophilopsis leptodactylus Licht. (desert rodents of 
Central Asia) seems to be unique. In these animals 
pigment cells are represented by typical melanophores 
concentrated most densely in the upper parts of the brain 
where the colour of the dura mater resembles that of a 
black photographic paper. On the sides of the brain and 
in its base the membrane is more slightly pigmented, being 
black-grey in colour. In the upper parts of the brain 
pigment cells are located in the outer layer of the mem- 
brane. They are stretched out in form and closely adjoin 
each other, being disposed along the bundles of collagonic 
fibres. In the base of the brain they have many processes 
for the most part and they are situated in the inner layer 
of the membrane. 

The pia mater of S. leptodactylus is poorly pigmented 
and only in the region of lobi piriformes and medulla 
oblongata. Separate pigment cells occur in its other 
sections as well. 

The dura mater of the spinal cord is pigmented to a 
lesser degree. The many-processed pigment cells are 
distributed over the whole length of the spinal cord. 
except one region at the level of the 4th, 5th, 6th and 7th 
cervical and of the lst and the 2nd thoracic vertebra. 

In the young of the year which have just begun an 
independent mode of life, the dura mater is as deeply 
pigmented as in adults. After captivity lasting more than 
& year out of sunlight the animals show no change in the 
pigmentation of their membranes. There are some 
slight individual fluctuations in the degree of pigmenta- 
tion, which are most noticeable in the membrane of the 
spinal cord. 


Table 1. PERMEABILITY OF THE FUR, SKIN, SKULL AND DURA MATER to 


LONG-WAVE Rays 
(Experiments were made with material fixed in formalin and then washed 
out in running water) 
Species of Wave-length (my) 
rodents 650 700 750 650 700 750 
Permeability in %% 
Skin with hairs, skull Skin without hairs, skull 
and dura mater and dura mater 


S. leptodactylus 27 27 3-5 3-5 +5 45 
Se. vulgaris 27 3-0 33 5-0 7-0 REU 
C. pigmaeus 4+5 5-5 7-0 13:3 17:0 19-5 
C. suslica 4-0 4:7 6-0 14:5 18-0 21-5 
R. opimug 27 2T 3-3 14:5 18:0 21-5 
M. meridianus 3:3 3:5 3-5 29:3 31-3 38-0 


The pigment in the dura mater is absent in the animals 
closely related to S. leptodactylus (Sciurus vulgaris. 
Citellus pigmaeus, O. suslica, Marmota caudata. Atlan- 
toxerus getulus) and in desert rodents inhabiting the same 
localities as S. leptodactylus, but leading a different. mode 
of life (Rhombomys opimus, Meriones meridianus, Dipus 
sagitta). Therefore the function of this pigmentation in 
S. leptodactylus should be elucidated. Among all the 
animals enumerated here it is only S. leptodactylus which 
remains active all day long in summer: even in the 
hottest hours it can be observed feeding. Thus it is the 
sole rodent which becomes exposed to considerable heat 
and direct sun radiation in the daytime. 

The harmful action of rays of the spectrum red part 
on the function of separate organs and of the organism 
on the whole is well known. Experiments with a spectro 
photometer have shown that long-wave rays are able tu 
penetrate through the fur, skin and skulls of animal~ 
(Tahle 1). 

In all animals examined, except S. leptodactylus, a well- 
developed pelage reflects and absorbs rays to a consider- 
able extent (Table 1). The peculiarities of the biology 
of S. leptodactylus have raised the necessity of considerable 
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thinning of the fur (heat delivery being facilitated in over- 
heating). The fur is also short, coarse and unable to 
prevent the penetration of sun rays. It is evideat that 
in this connexion the dura mater pigment performs a 
screening function. In fact, when hairs are removed from 
the skin, the permeability to light-rays becomes much 
increased in all animals except S. leptodactylus in which 
there is little change (Table 1). In the last-named the 
black dura mater detains 80 per cent of the rays with a 
wave-length of 750 mu and 85 per cent of 700 mu. Thus, 
it becomes evident that the pigment in the dura mater of 
S. leptodactylus protects the central nervous system 
against the penetration of the Sun’s rays. The absence 
of pigment in the membrane of the spinal cord at the level 
of the last cervical and the first thoracic vertebrae may be 
explained by the fact that in this region the spine makes a 
sharp downward bend, and the spinal cord is protected by 
a thick layer of muscles and partly by shoulder-blades 
from the action of sun rays. On the other hand the role 
of the pigmentation in the base of the brain, although of a 
weaker one, is not quite clear. Possibly it serves to 
preserve the brain from rays reflected by the soil. 

I thank M. A. Baron, J. A. Vladimirov and F. F. Litvin 
for advice and help. 


W. SoxoLnov 


Department of Vertebrate Zoology, 
University of Moscow, 
U.S.S.R. 


Molenaar, W. V., Handbuch der Mikroskopischen Anatomie des Menschen, 
Ba. 4,2 Pesta and Meningen, 1955). 

R Prostetzov, P . A., Symp. Pigmentation of the Skin and Inner Organs in 
Vertebrates, edit. by Khvostov, B. P. (1957). 
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A Further Function of the Air Sacs in some 
Insects 


Tue chief functions of the air sacs in insects may be 
listed as follows : 

(1) As suggested by John Hunter’, in an, insect of fixed 

- external dimensions they will assist flight by lowering 
the specific gravity. 

(2) They increase the volume of tidal air during respira- 
tion and so reduce the distance over which oxygen must 
diffuse to reach the tracheal endings. Their ventilation 
may be effected by direct pressure from the body wall, 
as in the abdomen; but in the head, or other incom- 
pressible parts, collapse of the air sacs may be brought 
about by pressure transmitted via the hemolymph‘. 

(3) The flight muscles of many insects have large trachex, 
with elliptical cross-section, between them. The muscles 
are automatically ventilated during flight by the com- 
pression of these intramuscular air sacs®. 

(4) Even when the air sacs are of no great importance 
in ventilation they will serve to reduce the mechanical 
damping of the wing movements by the hemolymphé. 

(5) The large air sacs in the front of the abdomen of 
Lucilia, Calliphora, ete., seem to play no essential part in 
respiration. They are distended with air, or collapsed, 
according to the state of other organs in the abdomen; 
in this way they ensure that the external form of the 
abdomen remains unchanged at all times®. 

(6) The air sacs of aquatic insects have a hydrostatic 
function. 

(7) The further function which is here proposed was 
suggested by observations on the adult Drosophila. 
When this fly emerges from the pupa the air sacs are 
collapsed and the body cavity contains a large amount of 
hemolymph. The air sacs in this state are illustrated in 
Plate 1, Fig. 9 of a paper on tracheal injection’. By 24h 
after emergence the air sacs are fully distended. They now 
‘occupy a large part of the body cavity in the head and 
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thorax which was previously occupied by hemolymph 
(Plate 1, Figs. 7, 11; Plate I, Fig. 5, 6, 7, 8)’. 

On a conservative estimate the volume of the circulating 
blood in the mature Drosophila is reduced to about one- 
third of its initial value and is largely replaced by the air 
sacs. There are no intramuscular air sacs in Drosophila 
and no air sacs in the abdomen. The abdomen expands 
and contracts with the state of the gut and the ovaries; 
but there are only small spaces containing hemolymph 
between the organs. 

The limiting factor in the maintenance of flight in 
Drosophila can be the speed of transport of reserves of 
sugar from the stores of glycogen in the abdominal fat 
body to the flight muscles*. The reduction in blood 
volume will correspondingly increase the efficiency of 
transport. For if the blood volume is reduced to one-third, 
the same amount of sugar released will give three times 
the sugar concentration in the blood; the work of circula- 
tion will be reduced; and the thin layers of circulating 
blood will be where they are needed, in immediate contact 
with the muscles. 

Musca, Calliphora and other higher flies all have 
elaborate ramifications of the air sacs, which occupy 
almost every free space in the thorax; and on dissection 
these insects seem almost devoid of hemolymph. It is 
suggested that here also the air sacs may be serving the 
same purpose of restricting the volume of the circulating 
blood. 

I thank Prof. T. Weis-Fogh for helpful comments. 


V. B. WIGGLESWORTH 


Unit of Insect Physiology, 
Department of Zoology, 
University of Cambridge. 
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Artificial Selection for Weight and its 
Consequences in Tenebrio molitor L. 


BEGINNING in 1946 a population of Tenebrio molitor 
(Coleoptera, Tenebrionidae) was reared continuously in 
standard optimal or sub-optimal conditions of food, 
temperature and humidity, avoiding as much as possible 
interferences of cannibalism and overpopulation. At the 
same time, artificial selection in favour of small and big 
pupal weights was undertaken and resulted in splitting 
the initial population into two strains, one labelled F 
(small weights), the other labelled Œ (big weights). The 
first eight years were mainly devoted to this work of 
selection, consisting in the removal of all F-pupæ weighing 
more than 160 mg, then more than 130 mg, and of all 
@-pupx weighing less than 160 mg. From 1952 on, after 
about 12 consecutive generations of both strains, both 
appeared definitely homogeneous and no further selection 
was needed save in quite exceptional instances!. It had 
also become obvious that by selecting for weights one had 
also selected automatically in favour of shorter or longer 
durations of larval development. Further attempts to 
split the two strains in order to obtain dwarf strains failed?. 
Thus time had come to find out whether the two strains 
differed also in other respects. They do so indeed, to an 
extent that it is now possible to formulate a true physio- 
logical diagnosis involving quite a nuniber of unexpected 
characters. 

Compared with G, the F-strain differs as follows: 

It produces advanced larve, pupx and adults of bigger 
size and heavier weight. Its larve reach the pupal stage 
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more rapidly (3 generations per annum being possible 
instead of 2). Its pre-pupal period (larval age with lower 
growth rate and reduced nutritional requirements?) 
is shorter and less variable‘. Such differences in the 
developmental rate are correlated with discrepancies in 
the growth of the phosphorus content’. Very young 
F-larve are more affected by cold’. F-larve are more 
favoured when the food supplied is more truly optimal 
either by addition of yeast or when each larva is reared 
individually with superabundant flour?*. Nevertheless, 
the same larve are less affected when fed with cereal 
flours of poor quality’ or with artificial diets, especially 
with carnitine deficient mixtures?*. On the other hand, 
they may well need more potassium’. Adults of the F- 
strain are much less prolific and lay proportionally fewer 
fertile eggs®. But the same adults are less affected in their 
fecundity if their larve suffered from malnutrition’, and 
they respond more positively when allowed to drink water’. 

Clearly, several of the revealed characters are correlated 
and controlled by the same genetic features. Nothing is 
known of the genetics of the two strains and no cross- 
breeding was tried. Nevertheless, one cannot imagine 
that such a complex of statistical differences compatible 
with a still great individual variability should be con- 
trolled by a single allele genes system. Thus, we must 
conclude that, by selecting for weight only, one has induced 
a process of complex differentiation involving a number of 
biochemical characters. It, must be emphasized that no 
morphological or structural difference was detected. 

Surprisingly the recorded differences are by no means 
devoid of adaptative and evolutionary significance. 
Already in standard incubator conditions a smäll initial 
population of the F; -strain will take advantage of its faster 
developmental rate’to produce a second generation, then a 
third one . . . eacl being more numerous than the previous 
one. It will bè so not only because adults will appear 
more rapidly. but also because they will appear within a 
shorter period (+ 7 weeks), the chances of mating being 
greater. „On the other hand, a small initial population of 
the G-strain will encounter difficulties in producing further 
increasing populations owing to its longer larval life and to 
the fact that its adults will hatch within a much more 
extensive period (more than 12 weeks), the chances of 
mating being reduced. But this weakness will be compen- 
uted by the much greater fecundity (3 or even 5 times 
greater). In Nature and in warehouses, the factor 
‘chances of mating’ is likely to have a still more selective 
value because the adults wander far when they have 
hatched, also because the life-cycle of the species is not 
phased genotypically with seasons. Here again speed of 
growth versus fecundity provides compensatory charac- 
ters. Perhaps also the G-strain will suffer from its lower 
resistance to adverse nutritional conditions, but it seems 
that this could eventually be compensated by a better 
resistance to cold. 

We have no grounds for supposing any occurrence of 
mutations during our continuous breedings of both strains, 
nor for postulating that some kind of genes recombination, 
entirely independent from weight, was submitted to 
selection in carefully kept populations. Yet artificial 
selection should not produce by itself anything other than 
the segregation of characters existing in the initial popu- 
lation. So to account for the fact that selection for 
weights brought about strains fitted to various ecological 
hazards we must assume that genes controlling growth, 
size, resistance and fecundity were already submitted to 
natural selection and more or less linked together in the 
earlier history of the initial population. The latter was 
certainly not exceptional on account of its variability: 
other populations examined by previous authors! exhibited 
a similar heterogeneity of the same characters. It seems 
therefore that most natural populations of Tenebrio 
molitor carry similar incipient strains with different 
ecological values. These are maintained through the life 
of the species not only because of continuous inbreeding 
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but also mainly because changing ecology keeps them ir 
co-existence in continuously changing proportions. 


JEAN LECLERCQ 
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GENETICS 


Control Gene Mutations in the Human 
Haptoglobin System 


AN elaborate hierarchy of elements of structure and 
control in the genetic material has been proposed by 
Jacob and Monod}? and their collaborators as the genctic 
basis for the synthesis of @-galactosidase in E. coli. 
According to their concept, which is supported by con- 
siderable experimental data for this and other bacterial 
systems*4, the amino-acid sequence of a protein is determ- 
ined by a particular genetic locus (the structural gene). 
Synthesis of the protein is initiated by an operator gene, 
which may be either closely linked to the structural gene 
or a part of the structural gene; the initiating function of 
the operator gene is controlled by a regulator gene, which 
determines the synthesis of a repressor. The reprossor 
acts through the cytoplasm to inhibit the operator pene. 

Numerous examples of control mutations may be found. 
in human genetics, but it is only in rare instances that 
sufficient data are available to permit strict application of 
the regulatory mechanisms postulated for bacteria. Thus. 
Ceppellini5, Neel and Motulsky’?*® have presented an 
analysis of the persistent high-fcetal hemoglobin eon- 
dition in terms of a mutation in an operator gene. Other 
applications of control mechanisms in the genetics of higher 
organisms have also been discussed*. In the present 
report, the control gene concept is applied to the human 
haptoglobin system. 

The serum haptoglobin phenotypes are determined by 
two alleles Hp! and Hp? which can combine to form the 
three common phenotypes, Hp 1-1, Hp 2--1, and Hp 2-2. 
observed by starch-gel electrophoresis’®. (tiblett and 
Steinberg" have made an extensive investigation of 
family data and have postulated that two variant pheno- 
types observed in Negroes, Hp 2~1M (a modified Hp 2-1 
phenotype) and Hp 0 (absence of haptoglobin), are 
determined by a third allele Hp?” at the haptoglobin locus. 
Because of certain difficulties involved in accounting for 
the data on the basis of the Hp allele hypothesis, an 
alternative hypothesis based on a regulator gene mutation 
is proposed in this report. By the accepted theory of 
haptoglobin polymerization’, the observed pattern of the 
Hp 2-1M phenotype may be considered to represent a 
regulator gene mutation (the i- mutation of Jacob and 
Monod!) which causes a reduced formation of the Hp? 
gene product, such that less of the Hp 2 monomeric unit is 
available for combination with the Hp 1 unit (Fig. 1): 
therefore ,less of the polymeric components will be present. 
and the excess Hp 1 unit will appear as an increased 
amount of haptoglobin in the Hp 1-1 position. Indi- 
viduals homozygous for the regulator gene mutation 
would synthesize no haptoglobin and would be of pheno- 
type Hp 0. The proposed?? formation of the Hp? gone 
by non-homologous crossing-over at the Hp! locus indi- 
cates that the control mutation may involve a deletion of 
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Fig. 1. Pattern of haptoglobin phenotypes Hp 2-1 and Hp 2-1M 


observed by starch gel electrophoresis. Baud 1 represents the monomeric 
Hp 1 unit and bands 2-6 represent the polymeric series of haptoglobin 
components formed by combination of Hp 1 and Hp 2 units (ref. 12). 
In the Hp 2-1M phenotype, only the fastest moving component of the 
polymeric series (band 2) is present in appreciable amount 


the regulator gene locus caused by the stress of pairing 
between Hp! and Hp? loci at cell division. The anomalous 
inheritance of haptoglobin phenotypes in certain families™ 
raises the possibility of an operator gene mutation (the o? 
mutation of Jacob and Monod'), by which individuals 
heterozygous for the Hp! and Hp? structural genes would 
synthesize haptoglobin at only one of the loci. 

A detailed examination of the inheritance of the 
Hp2-1M and Hp 0 phenotypes is presented elsewhere™; 
by this analysis, it is possible to account for the data which 
are at present available In addition, the observed distri- 
bution of phenotypes is in agreement with that expected. 
under the Hardy-Weinberg equilibrium. A particular 
feature of the hypothesis is its susceptibility to experi- 
mental test; the offspring of all critical matings thus far 
examined have satisfied the hypothesis, and efforts are in 
progress to extend the family studies and acquire addi- 
tional information on haptoglobin inheritance. 

This work was supported by a grant from the U.S. 
National Foundation. 
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Deoxyribonucleic Acid and the Ancestry of 
Wheat 


THE common bread wheat of cultivation, Triticum 
aestivum, is an allo-hexaploid with 42 chromosomes. The 
other important cultivated wheats, such as T. durum, are 
allo-tetraploids with 28 chromosomes. Both, it is 
believed, are derived from hybrids between diploid species 
within the Triticinae. Itis generally agreed also that one 
of the diploid ancestors, a Triticum such as T. monococeum, 
contributed one of the genomes, A, that is found in both 
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Table 1. MEAN DNA CONTENT (LN ARBITRARY UNITS) OF 2C NUOLEL IN 
SPECIES OF Triticum AND Aegilops. STANDARD ERRORS ARE BASED ON 
DIFFERENCES BETWEEN PLANTS 


Mean DNA 

Triticum monococcum 219 + 0°55 

z Aegilops pecs 18-3 + 0°45 

b s COTE X yi 

iS longissima \ 23:3 0:37 

Bi squarrosa 16°9 + 0°30 

4x Triticum durum 38-0 +: 0-24 
6s Triticum aestivum 55'6 + 1°03 


the tetraploid, AABB, and in the hexaploid, AABBDD. 
More recently it has been established that the D genome 
was contributed by Aegilops squarrosa!*. There is some 
doubt about the origin of the B genome. The most 
favoured view is that it is derived from Ae. speltoides’, 
Others favour Ae. bicornis? or Ae. longissima, or an Agro- 
pyrons’8, At present the choice between the latter is 
difficult to make on the basis of standard cytological and 
genetical evidence. 3 

A most useful approach to the problem is to estimate the 
DNA. contents of the diploid genomes, to predict from 
combinations of these what DNA. values are to be expected 
in the tetraploids and hexaploids and afterwards to com- 
pare these predicted values with those actually measured 
in the polyploids. Where the predicted value for a 
particular combination agrees with that observed and 
another does not it is inferred that the second combination 
is the less likely. Such a conclusion depends, of course, on 
one reasonable assumption ; that is, that the DNA con- 
tent of genomes has not changed appreciably since the 
cultivated species arose by hydridization and polyploidy. 

Data on 2C, telophase and darly interphase, root-tip 
nuclei are given for seven species- in Table 1 and Fig. 1. 
Unfortunately no data are available for Agropyron. The 
DNA estimates are from 40 nuclei, 20`in each of two plants 
in each species, except for Ae. longissima (1 plant). The 
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Fig.1. Distributions of DNA values in 2C, root-tip nuclei of Triticum 
and Aegilops species. A and a denote means predicted assuming B to 
derive from Ae. speltoides and Ae. bicornis{longissima respectively 
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staining procedure was that described by McLeish and 
Sunderland? and the measurements were made on an 
integrating microdensitometer. 

From the histograms in Fig. 1 it will be seen in the first 
place that, contrary to other evidence’, there is no 
indication of any appreciable reduction in DNA content 
associated with the allopolyploidy. In the second place, 
it will be observed that the predicted value for 44 BB 
(40-2), where the BB values are taken from Ae. speltoides, 
is very close to, and not significantly different from, the 
observed value for durum (38-0). In contrast, when the 
BB value is taken as the mean of Ae. bicornis and Ae. 
longissima (which do not differ significantly from one 
another) the predicted 4AABB value (45-2) lies well outside 
the durum range, and departs significantly from the durum 
value (P = < 0-001). The conclusion is that Ae. spel- 
toides is the more likely contributor of the BB genome. 

On this assumption, that BB derives from Ae. speltoides, 
the predicted and observed AABBDD values also show 
very good agreement, 57-1 and 55-6 respectively. When, 
on the other hand, BB is assumed to have derived from 
Ae. bicornis or longissima there is again a convincing 
departure from expectation (P = < 0-01). 

In brief, these DNA estimates confirm an allopolyploid 
origin of the cultivated wheats without appreciable change 
in the DNA content of genomes subsequent to hybridiza- 
tion. The evidence also shows that Ae. speltoides is a more 
likely contributor of the B genome than either Ae. bicornis 
or Ae. longissima. 

More recently the work has been extended by my 
colleague, Mr. W. I. C. Davies, to include an Agropyron 
species, A. ériticeum, the other most likely possibility as 
source of the B genome. The evidence was against this 
possibility, the Agropyron DNA values being significantly 
too low. The Agropyron, and the wheat species also, were 
presented to me by the Plant Breeding Institute, Cam- 
bridge, to whose director, Dr. G. D. H. Bell, and cytologist, 
Dr. R. Riley, I am greatly indebted. 

I thank the Agricultural Research Council for a grant 
towards the equipment used in the work. 
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A Possible Chemical Term for the 
Operator-gene 


Ir has been known for a comparatively long time that 
DNA and proteins of the histone or protamine type are 
the main components of the chromosomes!. The DNA 
has been the subject of several studies and much know- 
ledge has been gained on its structure and function. 
Examination of the protein components, however, has 
been neglected to a large extent. Since the amount of 
histone protein approximately equals that of the DNA 
in the nucleus’, it is apparent that they must play a 
major part in the cellular processes. 

After many years of investigations, Stedman et al.? 
suggested that the histones may play a part in the 
differentiation by functioning as inhibitors of the action 
of a gene. Qualitative changes of the histones has been 
noted during spermatogenesis and embryonic develop- 
ment in various animals*. Qualitative and also quantita- 
tive changes have been encountered during carcino- 
genesis*®. Using radioactive indicators, it was shown that 
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syntheses of DNA and of histone are closely associate 
events’. Direct evidence has been obtained recently by 
Huang and Bonner? that the histones are able to suppress 
DNA-dependent RNA synthesis. These authors showed 
that the function of the histones is to bind to the DNA. 
DNA fully complexed with histone was inactive in the 
support of the DNA-dependent RNA synthesis. Further. 
it seems probable that only segments of the chromosome: 
are fully occupied by histones, and that this part is 
inactive in directing protein synthesis. Thus it soems 
now to be established that histones interfere with the 
genetic activity of the DNA; further, that during develop- 
ment they undergo major changes which, in turn. lead 
us to believe that histones play a deciding part in 
differentiation. 

Jacob and Monod? provided us with a theoretical 
model of the genetic regulation of protein synthesis. The 
three genetic units involved are: regulator gene, operator 
gene and structural genes. Only the last one is directly 
involved in the determination of the protein structure. 
The operator gene can directly control the structural 
genes and so indirectly DNA-dependent protein synthosis. 
Whether the operator locus is actually part of the struc- 
tural unit or not could not be stated definitely. The regu- 
lator gene is able to influence the operator gene and so 
determine the rate of protein synthesis on the structural 
genes. 

Applying our knowledge of the histones to tho Jacoh - 
Monod model, it seems to be possible to substitute the 
histones instead of the ‘operator genes’ and so have a 
chemical expression for this genetic term too. In this 
case it would be more appropriate to change this term 
from operator gene to operator. The regulator gence. in 
this case, could turn the structural genes on and off by 
controlling the histones. Thus, the Jacob-Monod model 
would be modified as follows: the regulator gene can 
interfere with the production of the primary structural- 
gene product through the histones which are able to stop 
the production of the DNA-dependent RNA synthesis by 
combining directly with the responsible structural gene. 

MmALY Barrvat.os * 
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Baltimore City Hospitals, Baltimore. Maryland. 
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VIROLOGY 


A Simple Method for Purification of 
Influenza Virus 


A METHOD for the purification of influenza viruses bv 
adsorption and elution from barium sulphate has been 
described by Davenport!. This communication is con- 
cerned with the use of a modification of that method for 
the preparation of influenza virus vaccines. 

Three strains, Al/Omachi/1/53, A2/Adachi/2/57 and 
B/Setagaya/3{56, which constitute the present influenza 
virus vaccines in Japan, were selected for this work. 
Infected allantoic fluids in which merthiolate 1 in 10.000 
was added as a preservative were provided by vacrine 
manufacturers. 

Preliminary experiments revealed that barium sulphate 
to be used for adsorption of virus in infected allantoic 
fluid had to be fine enough to get good recovery of virus 
and a homogenized barium sulphate solution (12-5 2/100 
mil. of distilled water, sterilized by an autoclave) was usedl 
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for this investigation. Adsorption of, and elution from, 
` barium sulphate occurred at any temperature tested 
(0°-37° C) and elution was officient by 0-15-05 M 
sodium citrate pH 7-2-8-2 for all tested strains. After 
the optimal conditions for adsorption and elution had been 
tested, the following procedure was applied for the trial 
production of influenza virus vaccines of tested strains. 
Equal volumes of barium sulphate solution was mixed 
vigorously with crude infected allantoic fluid for 10 min 
at room temperature. After standing in a refrigerator at 
4° C overnight, the supernate was discarded and the 
precipitated barium sulphate was resuspended in 0-25 M 
pH. 8-0 sodium citrate (sterilized by an autoclave), the 
volume of this solution used being one-tenth of the volume 
of infected allantoic fluid. The mixture was stirred 
intermittently by a homogenizer for 5 min at room tem- 
perature. After standing in a refrigerator at 4° O over- 
night, elute was sucked up and the precipitated barium 
sulphate was washed with a small volume of 0-25 M pH 8-0 
sodium citrate. The washed elute was combined with the 
first elute, then the mixture was centrifuged at 800g for 
15 min and the supernate was separated (barium elute). 
The barium elute was further purified by a cycle of 
differential centrifugation (50,000g for 40 min and 800g for 
15 min) and the virus was resuspended in 0:01 M 
phosphate-buffered saline at pH 7-2. 


Table 1, PARTIAL PURIFICATION AND CONOENTRATION OF INFLUENZA 
Virus BY BARIUM SULPHATE 
Concen- Recovery 
Strain CCA tration (per cent) CCA/mg N 

1 90 1 — 250 

AlfOmachi/1/53 2 540 7 8 16,870 
8 900 14 75 128,570 
4 1,110 14 90 52,850 
1 200 1 _ 555 

A2jAdachij2{57 2 1,120 7 80 19,640 
3 1,960 14 70 245,000 
4 2,460 — 14 88 98,400 
1 16 1 — 40 

BjSetagaya]3j50 2 94 7 84 2,410 
3 160 14 71 53,330 
4 215 14 95 9,340 


Note.-—-1, Crude infected allantoic fluid. 2, Elute from barium sulphate. 
3, Purified by barium sulphate and differential centrifugation. 4, Purified by 
differential centrifugation alone. 


Table 2, IMMUNIZING POTENOY TESTS OF TESTED VACCINES AND REFERENOE 


VACCINES 
Strain AlfOmachi{1]53 A2/Adachi/2/57 Bi Setagaya]3/56 
Dilution 5-* 6-7 5-3 54 57 6-7 53 54 5-1 5-® 53 5: 
Tested 0/4 0/4 4/4 44 0/4 0/4 0/4 4/4 0/4 0/4 0/4 2/4 
vaccine (IM Dy: 5-25 sq: -ad (IM Ds: 57° 
Reference O/4 1/4 4j4 4/4 O/4 0/4 3/4 4/4 0/4 0/4 0/4 4/4 
vaccine (IMD yj: 5-75) (LM Doo: 5-*°7) Ds: 5°) 


Note.—Challenge virus doses, 41/Omachi/1/58, 1053 EIDs); A2/Adachi] 
2/57, 10° EIDso; B/Setagaya/8/56: 10°°E IDs. Tested vaccine, purified by 
barium suphate and differential centrifugation. Reference vaccine, purified 
by differential centrifugation alone. 


As a' reference vaccine, a part of infected allantoic fluid 
. was purified by a cycle of differential centrifugation alone 
and final product was resuspended in phosphate-buffered 
saline. 
CCA units? per ml. and the purity of the preparations 
as assessed by CCA units/mg nitrogen are shown in 
Table 1. Nitrogen was determined by the Nessler micro- 
Kjeldahl method’. The results of this experiment revealed 
that by the use of barium sulphate virus could be efficiently 
concentrated and the ratio of CCA/mg nitrogen is remark- 
ably higher in preparations purified by the combination of 
barium sulphate and differential centrifugation. The 
immunizing potency of the preparations was determined 
by the neutralization test in embryonated eggs of sera 
taken from mice inoculated with five-fold serial dilutions 
of vaccines following the minimum requirements for 
influenza vaccines of the Japanese Ministry of Health and 
Welfare’. The vaccines were treated with a 1 : 4,000 
dilution of formalin for a week at 4°C. The results of 
potency test showed that the treatment with barium 
sulphate was harmless for the immunizing potency of virus 
of tested strains (Table 2). 

The method of purification by the combination of 
barium sulphate and differential centrifugation seems to 
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be a helpful method for the manufacture of influenza virus 
vaccines in the following respects: (1) no special experi- 
mental condition is required for each strain; (2) the 
procedure avoids higher temperature; (3) it improves the 
efficiency of purification, since partial purification and 
concentration of virus can be obtained by a simple 
procedure; (4) good recovery of virus activities is ob- 
tained with the method; (5) repeated use of barium 
sulphate is possible if sodium citrate is washed out with 
distilled water; (6) it offers no possibility of contaminating 
the purified products with organic material. 

This work was begun in the Virus Laboratory, Depart- 
ment of Epidemiology, School of Public Health, University 
of Michigan. Part of it was aided by a grant from the U.S. 
Public Health Service (RF 39). 
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Immunological Tolerance, Infective Tolerance 
and Virus-induced Neoplastic Transformation 


THe term ‘immunological tolerance’ arose in connexion 
with antigens which failed to induce antibody production 
in the adult animal as a result of previous experience with 
the specific antigen pre- or post-natally. It has been 
reported! that mice congenitally infected with the virus 
of lymphocytic choriomeningitis may develop a persistent 
viremia unaccompanied by antibody formation, and are 
thus immunologically tolerant. Such mice are unaffected 
by the intracerebral inoculation of the virus of lympho- 
cytic choriomeningitis, otherwise fatal, and are thus also 
‘infectively tolerant’. It has, therefore, been suggested? 
that lymphocytic choriomeningitis—the disease induced ` 
by the inoculation of virus in previously uninfected mice 
—must be the result of an immunological response of the 
intolerant host, that is, of ‘immunological conflict’? 
rather than simple destructive interaction of virus and 
cell. 

On the other hand, the weight of evidence, particularly 
from in vitro investigations, suggests that cytopathical 
lesions due to viral infection (and undoubtedly the basic 
cause of disease) are the result of cell-virus interaction 
without the mediation of antibody. It appears possible, 
therefore, that immunological tolerance and infective 
tolerance, though naturally associated, are nevertheless 
independent phenomena, and not causally related. It is 
likely that infective tolerance is a function of the particu- 
lar target cells involved in the disease which, by some 
undefined mechanism, become resistant to the destructive 
action of the virus, just as the immunologically competent 
cells of the immunologically tolerant host, by some still 
undefined mechanism, become resistant to antibody 
induction by the appropriate antigen. 

Rubin’ has observed that chickens congenitally infected 
with lymphomatosis virus (and both infectively and 
immunologically tolerant), nevertheless, succumb to the 
neoplastic disease, indeed, in much greater numbers than 
chickens not-tolerant, a result considered unexpected? 
when viewed in the light of the example of lymphocytic 
choriomeningitis. This result, however, clearly shows 
the unrelatedness of two properties of tumour viruses, 
that is, their cytopathogenic and neoplastic activities, and 
also distinguishes tumour viruses from other viruses, for 
it would appear that cytopathogenic but not neoplastic 
activity is abolished by infective tolerance. In this 
regard, but on entirely different grounds, Dulbecco’ has 
also concluded that the transforming activity of the 
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polyoma virus is a property unrelated to its other more 
conventional characteristics, such as persistence in cells 
and cytopathogenic activity. 
Pumie G. STANSLY 
Detroit Instituto of Cancer Research, 
and Department of Microbiology, 
Wayne State University, 
Detroit, Michigan. 
1 Weigand, H., and Hotchin, J., J. Immunol., 86, “401 (1961). 
? Hotchin, J., and Weigand, H., J. Immunol., 86, 396 (1961). 
° Rubin, H., Bact. Rev., 26, 1 (1962). 
t Dulbecco, R., and Vogt, M., Proc. U.S. Nat. Acad. Sci., 46, 1617 (1960). 


VETERINARY SCIENCE 


influence of Uterine Secretions on 
Phagoctyosis 

Previous experiments have shown that the uterus of 
the rabbit is resistant to experimental infection with 
Escherichia coli, when under the influence of cestrogens, 
but is susceptible to infection when under the influence 
of progesterone. Polymorphonuclear leucocytes are the 
agents mainly responsible for this bactericidal activity 
within the uterus, and the difference in bactericidal activity 
under the different hormonal conditions has been shown 
to correspond, in the early stages of infection, to different 
rates of leucocyte infiltration into the uterine lumen‘. 

Experiments were then carried out in which one 
uterine horn of each rabbit was flushed with an isotonic 
solution of lithium carbonate prior to introducing the 
experimental infection. In pseudopregnant rabbits and 
ovariectomized rabbits treated with progesterone it was 
found that there was an increased infiltration of poly- 
morphonuclear leucocytes in the flushed uterine horn but 
no accompanying bactericidal activity®*. 

This suggested that there might be some factor in the 
uterine environment, under the influence of progesterone, 
which reduces the phagocytic activity of leucocytes. 

In the experiments to be described in this communica- 
tion an attempt was made to study this in greater detail, 
by observing the uptake of inert particles by polymorpho- 
nuclear cells placed in the uterus and in vitro in the 
presence of uterine flushings. 

Polymorphonuclear leucocytes were obtained from 
female rabbits by injecting 100 ml. of 0-1 per cent glycogen 
dissolved in isotonic saline into the peritoneal cavity. 
After 15-16 h 150 ml. Krebs-Ringer phosphate solution 
containing heparin was injected into the peritoneal cavity 
and the exudate was drained out by gravity. The sus- 
pension was centrifuged for 5 min at 1,000 r.p.m. and the 
cells resuspended in an appropriate volume of Krebs— 
Ringer phosphate. 

Rabbits were used under the following hormonal condi- 
tions: 


Hormone status No. of 
observations 
1 Qstrus 10 
2  Pseudopregnant (17 I.U. luteinizing hormone* 5 days 
prior to experiment, 10 
3 Ovariectomized (0-5 ml, arachis oil daily for 6 days) 10 
4 Ovariectomized + œstradiol monobenzoate (10 ug 


as monobenzoate in 0-5 ml. arachis oil daily for 40 
ays 
Ovariectomized + progesterone (10 ug œstradiol mono- 
benzoate on sixth.day before experiment and 5 mg 
progesterone in 0-5 ml. arachis oil daily for 5 days) 10 


* ‘Lutormone’ (Burroughs Wellcome). 


or 


0-5 ml. of leucocyte suspension containing approxim- 
ately 10 x 10° leucocytes and 0-5 ml. of a suspension of 
insoluble starch particles from Amaranthus eruentis (5 mg 
per ml.) were injected into each uterine horn. After 30 
min each uterine horn was flushed out with 9-5 ml. Krebs— 
Ringer phosphate into a test-tube containing 0-5 ml. 0-1 M 
monoiodoacetic acid, to inhibit further phagocytosis. 

The cells were centrifuged for 5 min at 1,000 r.p.m. 
Wet preparations of the leucocytes were examined under 
the phase contrast microscope. The leucocytes were 
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Table 1. PERCENTAGE FREQUENOY DISTRIBUTION OF STARCH PARTICLES 
IN LBUCOOYTES AFTER INCUBATION IN THE RABBIT UTERUS FOR 30 MIN 


Hormone status No. of particles per leucocyte 


1-10 1-26 > 20 

Gstrus 15 13-0 18-3 67-2 
Psendopregnant 177 844 95 9-4 

5 Ovariectomized 0 16 81 92:3 
Œstradiol 1-9 10-6 12:5 75:0 
Progesterone 23-1 38:3 17-9 20-8 


grouped according to the number of starch particles por 
cell. 

The results are shown in Table 1. 

A x? test of independence was used for comparison 
between the different hormone treatments. It was found 
that they all differed from each other at P = 0-05. 

It can be seen that the leucocytes were slightly moro 
active in the ovariectomized animals than in the œstrous 
animals or in those treated with estradiol. However, the 
leucocytes were very much less active in the pseudo- 
pregnant and progesterone-treated animals than in any 
other group. 

The im vitro culture of leucocytes and starch particles 
was carried out in the presence of uterine flushings 
obtained from rabbits under the hormonal conditions 
described here. Each uterine horn was flushed out 
with 2 ml. of Krebs-Ringer phosphate and the flushings 
were stored at — 20° C until required. 

The leucocyte suspensions were obtained as described 
here, but the leucocytes were resuspended in Krebs - 
Ringer phosphate containing 0-1 per cent glucose. 

The incubation was carried out in Warburg manometer 
flasks which were shaken in a water bath at 37° C. Tho 
flasks contained 0-2 ml. 10 per cent sodium hydroxide in 
the centre well, 1 ml. of leucocyte suspension (about 
20 x 10° per ml.) and 1 ml. of uterine flushing in the main 
chamber and 0-5 ml. of starch suspension (10 mg per ml.) 
in the side-arm. Two control treatments were used. In 
one the uterine flushing was replaced by Krebs-Ringer 
phosphate and in ths other by mixed rabbit serum. After 
tipping, the flasks were incubated for 1-5 h. 

At the end of this period the contents of each ilask 
were transferred by pipette into a centrifuge tube contam- 
ing 0-5 ml. of 0-1 M monoiodoacetic acid. The cells wero 
centrifuged and the distribution of starch particles estim- 
ated as before. The results are given in Table 2. 


Table 2, PERCENTAGE FREQUENOY DISTRIBUTION OF STARCH PARTICLES 
IN LEUCOCYTES AFTER INCUBATION a vitro WITH UTERINE FLUSRINGS 
FOR x 

Uterine flushing No, of particles per leucocyte, 

10 11-20 20 

None feum control) è 0 85 9-5 abo 
None (Krebs-Ringer phosphate 

control) 0-6 15-4 17:0 are 

G@strus* 0-6 8-0 21-0 70-4 

Pseudopregnant 15-0 70°6 10:8 3-6 

Ovariectomized 2-0 16-4 158 86-8 

Cistradiol 07 36 10-4 85-3 

Progesterone 24-1 64-2 9-6 21 


* Refers to the hormone status of the animal donating the uterine fluslung. 


There was no significant difference in activity between 
the leucocytes incubated with Krebs-Ringer phosphate 
and those incubated with flushings from ovariectomized 
animals. All the other treatments were significantly 
difforent from each other at.P = 0-05. This suggosts 
that flushing the uterus of the ovariectomized rabbit had 
removed little active material from the uterus. 

Among the other treatments the leucocytes were loust 
active in the presence of flushings from pseudopregnant 
and progesterone-treated animals. On the other hand, 
they were significantly more active in the presence of flush - 
ings from cestrous animals or from those treated with 
cestradiol than with Krebs-Ringer phosphate or flushings 
from ovariectomized animals. The latter offect may be 
associated with the presence of some opsonic factors in 
the uterine flushings of estrous rabbits. However, the 
inhibitory effect of the flushings from progesterone-treated 
animals cannot be attributed to a lack of these factors 
for the uptake of particles in the presence of these flushings 
was lower than with Krebs-Ringer phosphate. 
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Although it is not shown im these results, since no 
accurate estimate could be made of leucocytes containing 
more than 20 starch particles, the leucocytes were most 
active in the presence of mixed blood serum. This was 
the only treatment where the number of starch particles 
was visibly diminished in the fluid surrounding the 
leucocytes. 

The results of both series of experiments lead to the 
conclusion that there is some factor in the uterine secretion 
under the influence of progesterone which inhibits the 
phagocytic activity of leucocytes in vivo and in vitro. 
Chemical analyses of the uterine washings of the rabbit 
under different hormonal conditions have shown that the 
major difference in composition lies in the presence of an 
acid-soluble seromucoid component under the influence 
of progesterone’. The present experiments should 
provide a basis for isolating the component or components 
resonsible for inhibiting phagocytosis in the uterus. 

We thank Dr. M. J. Wolf, U.S. Department of Agricul- 
ture, Peoria, Illinois, for a gift of starch from Amaranthus 
cruentus. 

JEAN KILLINGBEOK 
G. E. LAMMING 
University of Nottingham, 
Sutton Bonington, 
<betignierone: 
. Lamming, G. B., and Smith, Wendy, J. Endocrinol., 
19. ort (980). 


2 Broome, A. W. J., Winter, A. J., MoNutt, S. H., and Casida, L. E., Amer. 
J. Vet. Res., 21, 676 (1960). 
sai H Fe ie "Turner, G. D., and Sykes, J. F., Amer. J. Vet. Res., 21, 


* Winter, A. Ta Broome, A. W. J., McNutt, 8. H., and Casida, L. E., Amer. 


J. Vet. Res., 21, 668 (1960). 
$ Heap, R Sie Robinson, D. W., and Lamming, Q. E., J. Endocrinol., 23, 


351 (1962). 
* Killingbeck, J. (unpublished results), 
7 Heap, R. B., and Lamming, G. E., J. Endocrinol., 20, 28 (1960). 
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MISCELLANEOUS 


Blotting Procedure for Adequate Drying 
of Isolated Tissue Preparatory to Chemical 
Analyses 


In performing chemical determinations on isolated 
tissues, one is faced with the problem of adequate removal 
of superficial fluid which adheres to the tissue. This 
fluid is usually removed by blotting with ‘ion-free’ filter 
paper. A search of the literature reveals little information 
concerning a suitable blotting procedure, so one is de- 
scribed here which ensures adequate removal of superficial 
but not intercellular fluid. 

Forty-one male Wistar rats (205-345 g) were killed by 
decapitation. The hearts were removed and placed in a 
beaker containing Krebs-Ringer bicarbonate solution 
which was gassed with 95 per cent oxygen—5 per cent 
carbon dioxide and kept at room temperature. After 
about 2 min, the hearts were transferred to a Petri dish 
containing gassed Krebs—Ringer bicarbonate solution. 
The auricles were carefully removed and freed of adhering 
tissue. They were then transferred to ‘ion-free’ filter 
paper (Whatman No. 42), turned once, placed on small 

ans of aluminium foil and weighed. They were then 
blotted gently between the fingertips 5 times and re- 
weighed. A new filter paper was used for each five blot- 
tings. This process was repeated until a total of 50 
blottings had been performed. The time for the entire 
blotting and weighing procedure was 19-22 min. The 
results from ten rats were averaged and plotted. From 
Fig. 1 it can be seen that up to 20 blottings the loss of 
water does not follow an exponential curve. After 20 
blottings, the loss of water is exponential and presumably 
due mainly to evaporation of intercellular fluid rather 
than blotting of superficial fluid. To test this assumption, 
a rat auricle was blotted 20 times and weighed. It was 
then left on the balance and the weight recorded every 
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Tig. 2. Change in wet weight of rat atria with time due to evaporation 
of water 


5 min for 1-5h. From Fig. 2 it can be seen that the loss 
of water by evaporation is exponential. 

In order to test this assumption further, auricles were 
placed on filter paper, turned once, blotted either 10, 20 
or 30 times and weighed. The time required for blotting 
and weighing was kept constant and at a minimum to 
reduce loss of water by evaporation. The blotting and 
weighing procedures took 2, 3 and 3-5 min respectively. 
The auricles were then dried to constant weight at 110° C 
for at least 24 h and re-weighed. The percentage of 
water was calculated and the results are given in Table 1. 


Table 1. INFLUENCE OF BLOTTING ON WATER CONTENT OF Rat AURICLES 


No. of No. of Mean wet weight Mean ay weight Percentage 
blottings atria of atria of atria, of water 
mg) (mg, 
10 10 40-83 7:86 807 + 1-10* 
20 10 45-84 10-17 778 + 1:02 
30 10 42-72 9°55 776 + O72 


A significant difference was found between the percentage 
water at 10 and 20 blottings (P < 0-001, £ test). No 
significant difference was found between the percentage 
water at 20 and 30 blottings (P > 0-5 ¢ test). It was 
noted that, after 20 blottings, the tissue no longer left a 
water spot on the filter paper. 

This investigation was supported by a post-doctoral 
fellowship, H-12, 112-Cl, from the National Heart 
Institute, U.S. Public Health Servico. 

Raymond R. PARADISE * 
Department of Pharmacology, 
School of Medicine, 
University of Southern California, 
Los a geles. 


* Present address: apartments of Anesthesiology and Pharmacology, 
University of Indiana, re anapolis. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 8 


INSTITUTION OF ELECTRICAL ENGINEERS, SOIENCE AND GENERAL DIVISION 
P.Gs. S1 and S2 (at Savoy Place, London, W.C.2), at 5.30 p.m.—Discussion 
on “Applications of Superconducting Materials’ opened by Dr. W. F. 
Gauster, Dr. P. F. Chester, Dr. D. R. Chick and Dr. G. W. Wilson. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8.30 p.m—Mzr. Charles A. Norris and Mr. A. C. Barrington-Brown: 
“Cambridge Expedition to South-East Asia”, 


Tuesday, April 9 


SOCIETY FOR ANALYTICAL CHEMISTRY (at Chelsea College of Science and 
Technology, Manresa Road, London, S.W.3), at 3 p.m. and 6 p.m.—Con- 
Hiputions from Research Workers in Universities and Colleges of Advanced 

echnology. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, Westminster, London, S.W.1), at 4 p.m.—Four papers 
on “Air Pollution from Petrol Engine Exhausts”. 


INSTITUTION OF ELECTRICAL ENGINBERS, ELECTRONICS DIVISION P.G.E3 
(at Savoy Place, London, W.C.2), at 5.80 p.m.—Discussion on “‘Opto- 
Electronics” opened by Dr. G. R. Hoffman. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Discussion on "Power Rectifiers 
and their Traction Application” opened by Dr. J. C. Read. 


Wednesday, April 10 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
pee Flags, Dondon, W.C.2), at 5.30 p.m.—Captain C., F. Booth, C.B.E.: 


BRITISH INSTITUTION OF RADIO ENGINEERS {at the London School of 
Hygiene and Tropical Medicine, Keppel Street, Gower Street, London, 
W.C.1), at 6 pm.—Mr. W. T. Brown: “A Telecommunications and Tele- 
control System for a Crude Oil Pipeline”. 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
Group (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
Mr. P. Jackson: “Developments in the British Large Marine Diesel Engine 
during the Past Decade”. 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL 
(at 14 Belgrave Square, London, S.W.1), at 6.15 p.m.—Annual General 
Meeting. Dr. A. E. Bender: Chairman’s Address. 


SOCIETY OF INSTRUMENT TECHNOLOGY, SYSTEMS ENGINEERING SECTION 
‘at Manson House, 26 Portland Place, London, W.1), at 7 p.m.—Dr. G. A. 
arreau: “The Use of Queueing Theory”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTURER IN PURE MATHEMATICS—~The Registrar, The University, 
Manchester 13 (April 10). 

JUNIOR LECTURER IN BoTaNy—The Registrar, Trinity College, Dublin, 
Republic of Ireland (April 15). 

EADER IN THEORETICAL PHysics—The Secretary of Faculties, Univer- 
sity Registry, Oxford (April 15). 

ENIOR LECTURER or LECTURER IN ENGINEERING MATAEMATIOS in the 
Faculty of Engineering and Architecture at the University of Khartoum— 
Tho Registrar, University of Khartoum, c/o Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W.C,1 (April 15). 

SENIOR LECTURER or LECTURER IN MECHANICAL ENGINEERING at tho 
University of Natal, South Africa—The Secretary, Association of Univer- 
sities of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, 8.3.1 (South Africa and London, April 15). 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman 

aduate) IN STATISTICS IN THE DEPARTMENTS OF os and 

SYOHOLOGY-—-The Secretary, Bedford College, Regent’s Park, London, 
N.W.1 (April 16}. 

CHAIR OF THEORETICAL PHYSICS tenable in the Durham Division of the 
University—The Registrar and Secretary, Durham Colleges, 38 North 
Bailey, Durham (April 17). 

LECTURER IN THE DEPARTMENT OF PHyYsloLogy—The Secretary, The 
University, Edinburgh (April 17). 

LECTURER IN HYDROLOGY IN THE DEPARTMENT OF CIVIL ENGINEERING 
-—The Registrar and Secretary, King’s College (University of Durham), 
Neweastle upon Tyne (April 19). 

LECTURER or ASSISTANT LECTURER IN SOCIAL ANTHROPOLOGY—The 
Secretary, The Queen’s University, Belfast, Northern Ireland (April 19). 

LEOTURER (with a good honours degree in botany, and preferably a 
specialist interest in plant pathology or cytology or plant physiology) 1N 
BIOLOGY IN THE DEPARTMENT OF BREWING AND APPLIED BIOCHEMISTRY— 
The Principal, Heriot-Watt College, Edinburgh (April 19). 

RESEARCH FELLOW and a SENIOR RESEARCH FELLOW IN THE DEPART- 
MENT OF DEMOGRAPHY, Research School of Social Sciences, Institute of 
Advanced Studies, Australian National University—The Secretary, Associa- 
tion of Universities of the British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, §.W.1 (Australia and London, April 19). 

ASSISTANT LEOTURER IN GEOGRAPHY—The Registrar, University College 
of Wales, Aberystwyth (April 20). 

SENIOR LECTURER or LECTURER IN GEOLOGY at the University of Khar- 
toum—The Registrar, University of Khartoum, c/o Inter-University 
council for Higher Education Overseas, 29 Woburn Square, London, W.C.1 

r : 

Beare or Epvucation—The Secretary, The University, Aberdeen (April 24). 

LECTURER (with an honours qualification in biochemistry, chemistry or 
lant physiology, together with research experience, preferably in plant 
iochemistry) IN THE DEPARTMENT OF BIOCHEMISTRY AND Sor SOIENOE, 
to be especially concerned in the teaching of plant biochem{stry—The 
Registrar, University College of North Wales, Bangor, North Wales (April 25). 

ENIOR LECTURER (graduate in veterinary science with postgraduate 
experience in bacteriology) IN VETERINARY BACTERIOLOGY at the Univer- 
sity of Queensland, Australia—The Secretary, Association of Universities 
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of the British Commonwealth (Branch Office), Marlborough House, Pali 
Mall, London, §.W.1 (London and Brisbane, April 26). 

LECTURER IN THE Fier or Marore HILOSOPHY-—The Secro- 
tary, The University, Aberdeen (Apri . g 

CHAIR OF PHYSICS at the University of Cape Town—The Secretary. 
Association of Universities of the British Commonwealth (Branch Office). 
Marlborough House, Pall Mall, London, S.W.1; and the Registrar, Univer- 
sity of Cape Town, Private Bag, Rondebosch, South Africa (April 29). 

BroLoaist, Assistant Experimental Officer grade (preferably able to 
make and use appropriate apparatus), to assist in work on the effect o; 
environment on plant diconsos -dhe Sacrae Rothamsted Experimenta 
Station, Harpenden, Herts (Apr: A A 7 , 

LEoronen | IN Se a ore Ths Registrar, The University, Leicester 
April 30). i 
t Pon beau RESEARCH FELLOW (organic chemist) IN CHEMISTRY— 
The Registrar, University College of Swansea, Singleton Park, Swansea 

ay 1). P 
on CHAIR oF MATHEMATICS; and SECOND CHAIR OF Puysics—The 
Secretary, The University, Edinburgh (May 1). à ` 

LYONS POSTGRADUATE STUDENT (with an honours degree in chemistry 
from a British university) IN THE CHEMISTRY DEPARTMENT, for research 
in physical chomistry—The Registrar, Imperial College of Science and 
Technology, London, S.W.7 (May 2) i x : , 

LECTURER (with an honours degree in science and, if possible, the degree 
of Doctor of Philosophy, and some research experience in a branch of in- 
organic chemistry) IN INORGANIO CHEMISTRY at the University of Quecns- 
land, Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Omice), Me iborough House, Pall Mall, London, 

.W.1 (London and Brisbane, May 3). F 
Warvensiey LECTURER IN EabsonroLosy—The Socretary of Faculties 
University Registry, Oxford (May 3). Retake Sa 

GARDINER Caan oF Bugmureloei-—The Secretary of University Court 
The University, Glasgow (May 4). i r, 

LECTURER (with a good honours degree in psychology, and, preferably. 
university teaching experience and a research degre or research experience) 
IN PsyoHoLoay-——The Lear University College of South Wales and 
Monmouthshire, Cardiff (May 4). 

SENIOR LECTURER. or LECTURER IN THE DEPARTMENT OF CHEMICAL 
PaTHOLOGY—The Secretary, The University, Aberdeen (May 4). 

CHAIR OF EDUCATION at Monash University, Melbourne, Australia —The 
Secretary, Association of Universities of the British Commonwealth (ranch 
Office), Marlborough House, Pall Mall, London, S.W.1; or The Registrar, 
Monash University, P.O. Box 92, Clayton, Victoria, Australia ( Australia 
and London, May 13). f : 

DEMONSTRATOR (with interests in paleontology, stratigraphy, sedi- 
mentary petrology or structural geology) IN GroLtogy—Dr. I. D. Muir 
Department of Mineralogy and Petrology, The University, Downing Place, 
Cambridge (May 18). 5 

ae D Skonsmaron (with interests in paleontology, strati- 
graphy, sedimentary petrology or structural geology) IN THE DEPARTMENT 
OF GEOLOGY—Dr, on gs De ortment or anere ony and Petrology 
The University, Downing Place, Cambridge (May è 

A.E.I. RESRAROR STUDENT (graduate) IN THE PHYSICS DEPARTMENT, 
to carry out research in elther experimental or theoretical physics—Prof, 
R. W. Ditonburny FR-S: as s Rime rs aes Laboratory, The Univer- 
sity, Whiteknizhts Par adin ay a 

T EOTURER Ea A LECTORER IN THE DEPARTMENT OF ORGANIC 
CHEMISTRY—The Registrar, The University, Leeds 2 (May 25). ; 

RESEARCH ASSISTANT (with a first- or second-class honours degree in 
mining) IN THE DEPARTMENT OF MINING, to prosecute research into alr 
pollution or the noise problem—The Registrar, University College of South 
Wales and Monmouthshire, Cathays Park, Cardiff (May 25). 

CHAIR OF PATHOLOGY IN THE FACULTY OF VETERINARY SCIENCE, The 
Royal Coliege, Nairobi—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C,1 (May 31). 

LECTURER IN SOCIOLOGY at Victoria University of Wellington, Now 
Zealand—The Secretary, Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, 8.W.l 
(New Zealand and London, June 15). i 

BIOcHEMISTS (preferably with research experience) IN THE NEW DEPART- 
MENT OF BIOCHEMISTRY, to participate in research on metabolism of nervous 
tissue and mode of action of hormones—The Secretary, Biochemistry 
Department, Imperial College of Science and Technology, London, 8.W.7. 

UNIOR TECHNICIAN (preferably with “A” level in chemistry or equiva- 
lent), for biochemical research in the Department of Immunology—The 
Secretary, Wright-Fleming Institute, St. Mary’s Hospital Medical School, 
Paddington, London, W.2. 

LECTURER or ASSISTANT LEOTURER (man or woman honours graduate 
with an interest in invertebrate zoology, especially mollusca and annelida) 
IN ZooLoay—tThe Secretary, St. John Cass College, Jewry Street, London, 


POST-DOCTORAL FELLOWS (preferably with experience in the uso of gas 
chromatography), for research in gas phase kinetics in collaboration with 
Dr. H. M. Frey——The Secretary and Registrar, The University, Southampton. 

RESEAROH ASSISTANT in each of the following branches of work: 
Electrical Engineering (Electronics); High Polymer Chemistry; and 
Inorganic or Analytical Chemistry—The Vice-Principal, Lanchester College 
of Technology, Coventry. . 

RESEARCH ASSISTANT (with an honours degree or a Diploma in Tech- 
nology in Applied Physics) IN THE DEPARTMENT OF PHYSICS, to work in 
the general feld of high vacuum physics and technology—The Academic 
onal, Brunel College, Woodlands Avenue, Acton High Street, London, 

3. 


SENIOR LABORATORY TECENICIAN whose primary duty will be the mainten- 
ance and construction of electronic equipment—Head of the Department 
of Applied Physics, Northampton College of Advanced Technology, Št. 
John Street, London, E,C.1. k 

SENIOR TECHNICIAN, to take charge of the newly built animal hou»o 
in the Pharmacology Department—The Secretary, University Colleg2. 
Gower Street, London, W.C.1, quoting Ref. AA/2. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Publications of the Royal Observatory, Edinburgh. Vol. 3, No. 1: A 
Register Encoder and Serialiser. By P. B. Fellgett and H. Seddon. Pp. 
1-20. 5s.net. Vol. 3, No.2: Three-Colour Photometry of Southern Galac- 
tic Clusters. I: NGC 2422, 2423, 2437. By M. J. Smyth and K. Nandy. 
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Pp, 21-56 (3 plates). 6s. 6d. net. Vol, 3, No. 3: Three-colour Photometry 
of Southern Galactic Clusters. IZ: NGC 3766. By F..Ahmed. Pp. 57-80. 
platen): 4s. net. (Edinburgh and London: H.M. Stationery Office, 


Horticultural Marketing Council. Report 8a: Consumer Habits and 
Attitudes Relating to Fruit (Recommendations). Pp, 8. (London: Horti- 
cultural Marketing Council, 1962.) [122 

Department of Scientific and Industrial Research. Forest Products 
Research Special Report No. 16: Variation in Tracheid Length in Picea 
sitchensis Carr. By Dr. J. M. Dinwoodie. Pp. iv+55. (London: H.M. 
Stationery Office, 1963.) 4s. net. {122 

British Library of Political and Economic Science: London School of 
Economics and Political Science. Annual Report 1961/62. Pp. 15. (Lon- 
don: British Library of Political and Economic Science, 1962.) 122 

Bulletin of the British Museum (Natural History). Geology. Vol. 6, 
No, 3: Revision of the Oligocene Floras of the Isle of Wight. By M. E. J. 
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A RATIONAL APPROACH TO SCIENCE 


VER the past decade or more there have been a 

number of errors of judgment in the use of seience 
and technology in development of one kind or another 
that have checked the unbounded optimism with which 
scientific and technological advance has generally been 
regarded. Such, for example, are the technical mistakes 
which contributed to the failure of the ground-nut scheme 
and the comparatively slow advance in nuclear power in 
contrast with the early predictions or expectations. There 
has been growing uneasiness over the use of chemicals for 
the control of weeds or pesticides and the effect on bird 
life, on which a recent book by Rachel Carson, Silent 
Spring, has directed fresh attention (see p. 117). The 
concern over the effect of radioactive fall-out from nuclear 
test explosions, intensified last July when the explosion 
at high altitude of the megaton bomb erupted a more 
intense. wider and persistent radiation belt than the 
sponsors of the test expected, is further attested by 
persistent Parliamentary questions. 

This malaise was further fed last year by the experience 
with thalidomide in spite of all the explanations of the 
situation that have been given. Moreover, while Sir 
Frederick Brundrett could tell the Parliamentary and 
Scientific Committee that when the decision to develop 
Blue Streak was taken there was no alternative method 
of dealing with the guided-missile problem, there can be 
no doubt that, however well justified was the decision 
to develop Polaris, the change of plan has, in the 
public mind, cast some reflexion on the scientific and 
technical advisers as well as on the Government. Col- 
lectively, such episodes tend to bring science and scientists 
into disrepute. At least they provoke the question: 
Where is science going ? 

So far as the relations of science and Government are 
concerned, they direct attention to the primary question 
of the mechanism of advice, the manner in which it is 
given and the basis on which it rests. Disregarding, how- 
ever, the many ramifications of that problem alike for 
the structure of Government and for the structure and 
functioning of learned and professional societies, a further 
close look at the direction of scientific and technical 
advance, particularly in the light of the new-found 
potentiality of science for creating radical or large-scale 
changes in man’s environment, is most timely. It is just 
this that is the outstanding feature of the statement with 
which Dr. A. T. Waterman, director of the National 
Science Foundation, prefaces the Foundation’s twelfth 
annual report*. Within Jess than ten pages he touches 
trenchantly and imaginatively on some of the issues which 
ariso immediately out of this new order of magnitude 
which science and technology have assumed in our time, 
and the implications for Government as well as for social 
and technological change. 

Accepting the advancement of science as inevitable and 
that its consequences must be faced, Dr. Waterman 
regards any attempt deliberately to limit the forward 
march of science as inconceivable. He concerns himself 
with the critical need for increasing study of this acceler- 


.* National Science Foundation. Twelfth Annual Report for the Fiscal 
‘Year ended June 30, 1962. Pp. xvii+ 368. (Washington, D.C.: Government 
Printing Office, 1962.) 1.50 dollars, (See also p. 140 of this issue of Nature.) 


ated development of science and technology as a phenom- 
enon. in itself, first because of the urgent requirement for 
planning which it enforces, and secondly, as a social 
problem of far-reaching significance. Science and tech- 
nology have become the subject of long-range planning 
and special management techniques, and Dr. Waterman 
is concerned both with the possible effect of this on science 
itself, and with the need for international co-operation if 
the most effective use is to be made of the resources 
available. It is indeed only in this context that he refers 
very briefly to international co-operation, though it is 
very clearly a leading consideration in his mind when it 
comes to the determination of priorities and the allocation 
of the limited resources of finance and manpower which 
even the wealthiest and economically most advanced 
nation has at its disposal in the face of scientific and 
technological opportunity to-day. 

Here Dr. Waterman traverses ground that is covered 


- by the reports of the Advisory Council for Scientific 


Policy and the inquiries bearing on the organization of 
research which are now in progress in Britain. It should 
be noted that Dr. Waterman desiderates as objectives 
adequate support for novel and determined probing into 
the unknown and also the broader one of cultivating 
liberal and imaginative thought in ,science. He recog- 
nizes, indeed, that it is difficult to secure the adoption of 
such ideals as national objectives. Unless these objec- 
tives receive adequate attention alike in the expansion 
of university and technological education in Britain and 
in her arrangements for providing support for research. 
she is likely to fall farther behind economically and to 
lose an increasing proportion of her ablest scientists 
abroad. 

Dr. Waterman, indeed, insists that for a free society 
the major manpower problem is to identify the fraction 
of the population with scientific and technological ability 
and to provide the opportunities for education and 
training and the motives to enter on such careers. Nor 
does he overlook the ancillary factors, such as the supply 
of technicians and auxiliary workers, that are apt to be 
neglected, or the need not only for adequate facilities and 
equipment but also for a reasonable balance in the dis- 
tribution of research and teaching and other carcers. He 
suggests that at least 40 per cent of those who specialize 
in science and engineering are required in academic 
careers if sufficient research and teaching of high quality 
are to be available to meet the present objective in the 
United States of doubling the number of scientists and 
engineers with advanced degrees. 

Dr. Waterman’s most serious concern, however, is not 
the rapid growth and complexity of science and tech- 
nology, nor the magnitude of the effort in research and 
development that is demanded, whether in finance or in 
manpower. It is man’s new capacity to effect major 
changes in his environment and in himself, and Dr. 
Waterman suggests that our age is unique in the critical 
proportions ‘which man’s challenge to Nature and his 
increasing power over his environment have reached. 
Within a relatively short space of time certain tech- 
nological dévelopments have come to influence directly 
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our environment, and the future potentialities, for good 
and for bad, are far greater than those represented by the 
advent of nuclear power or conservation. Dr. Waterman 
cites, for example, the small but steady increase in the 
carbon dioxide content of the atmosphere resulting from 
fuel consumption; widespread pollution, including radio- 
active fall-out; serious attempts at changing the weather; 


large-scale experimentation with the radiation and other `. 


layers surrounding the Earth; and suggestions for modi- 
fying ancient currents in the ocean. Add to this the 
serious effect that failure to observe conservation prac- 
tices in forestry and agriculture has already had on local 
living conditions in various parts of the world and take 
into account developments likely to materialize from 
present-day research in genetics, molecular biology, 
psychology, computers, solid-state physics, nuclear 
physics and chemistry, and the question may well be 
raised whether we are considering carefully enough the 
potential consequences of scientific advance. 

It is at this point that doubts as to where science is 
going are liable to bring science into disrepute. The con- 
clusion is that we should all be fully aware of the dangers 
as well as the benefits that may ensue from modern 
research programmes. It is idle to deny the existence of 
dangers, and publie confidence will only be obtained by” 
full understanding. Even if every possible precaution is 
taken in dealing with experiments and pilot operations 
on @ global scale, each forward step in thought and pro- 
cedure must be properly weighed and tested. Only thus 
can power and responsibility be properly aligned, and 
even then this is a matter of professional responsibility 
transcending national boundaries. 

Dr. Waterman fully recognizes that there has never been 
a time when the tradition of international co-operation 
in science could more fruitfully be applied. The hazards 
inherent in radioactive fall-out, in nuclear explosions 
above the Earth’s atmosphere, in atmospheric pollution, 
the pollution of the sea or of water supply, in the manipu- 
lation of weather and climate are problems for the entire 
world. They are not to be solved or controlled by inde- 
pendent national action, and there are other opportun- 
ities for fruitful co-operation in the exploration of 
space, in meteorology, in studies of the upper atmo- 
sphere and in oceanography. Often such projects 
involve resources far beyond those which any one nation 
is able to commit. : 

On the details of such international co-operation Dr. 
Waterman does not touch. He is content to stress its 
imperative necessity and to point to the precedents for 
successful international co-operation already to be found 
in the International Geophysical Year and the pro- 
grammes that have already developed out of that venture. 
The World Health Organization, the Food and Agricul- 
ture Organization, the World Meteorological Organization 
and the United Nations Educational, Scientific and Cul- 
tural Organization all provide examples of how this need 
for co-operation can be met with assurance and success. 
What he stresses above all is that for mankind’s survival 
it is imperative to give first attention to problems of 
human welfare and existence in our largest and most 
daring enterprises. National interests must be put 
secondary to the larger human interests and full account 
taken of the implications for mankind as a whole before 
and not after major projects and high adventures are 
undertaken. There is implied no fettering of the right 
and opportunity of individuals to pursue research of their 
own choosing, no discounting of the importance of origi- 
nality and creative insight from individual minds, only a re- 
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minder that we should now increasingly devote some of 
that creative thought and enterprise to fields which can 
uncover the understanding and the wisdom to handle 
aright the human, social and political issues which 
technological advance increasingly involves. 


MAN AND HIS DESTINY 


Man’s Means to his End. 
By Sir Robert Watson-Watt. Pp. xvi+ 221. 
William Heinemann, Ltd., 1962.) 30s. net. 


NTIL in his last fifty pages, when Sir Robert tells us 

that he is writing specifically for “ordinary people, 
like myself”, it is not easy for the reader to decide for 
whom this book is intended. It is essentially an exposi- 
tion of the thesis that unless mankind urgently and 
imperatively relinquishes war as an instrument of national 
policy and accepts all the implied limitations on national 
sovereignty nuclear weapons are bound, sooner rather 
than later, to result in the destruction of civilized existence 
on this planet. Sir Robert writes with deep sincerity and 
conviction, and to the question “why”. he returns an 
entirely convincing answer. On the question “how” he 
is less convincing and his long digression into man’s 
origins and the evolution of life on the Earth, intended to 
challenge the idea that war has been a rational or effective 
instrument in man’s relations even at the most primitive 
stage, seems to add little to his argument. Even as 
background, its colloquialism and occasional jargon tend 
to confuse rather than help the general reader and, in 
striving to avoid authority or comprehensiveness, Sir 
Robert has excluded references to an extent which makes 
it almost impossible for an interested réader to look 
further into the argument. There is no index and, while 
he quotes freely, few will probably be able to place his 
sources accurately except perhaps those from G. Clark 
and L. John’s World Peace Through World Law, or P. J. 
Noel-Baker’s The Arms Race. 

Those two books, C. P. Snow’s The Two Cultures, 
H. Kahn’s On Thermonuclear War and J. Needham’s 
Science and Civilization in China are the only books 
mentioned which are specifically identifiable. This is 
unfortunate for, if Sir Robert’s cri de ceur is to have 
any effect, it must first stimulate thought as a prelude to 
the action he rightly desiderates. Nor does the heavy 
writing or intrusion of his private prejudices help, though 
they are relieved by occasional flashes such as “the man 
who adheres to the party line is a portable record player”, 
and it is welcome to find such a refreshing outburst against 
the practice of brainwashing when Charles Morgan’s 
Liberties of the Mind seems to have been forgotten. Sir 
Robert is equally forthright on biological warfare but, 
while he is well enough aware that a large part of the 
problem arises out of the relations between Government 
and science and in determining the mechanism of advice, 
he allows his prejudice against politicians in general or 
Service chiefs in particular to carry him too far. For all 
the puerilities which he pillories with justice, an immense 
debt is owed to Lord Hankey and others in his lineage, 
and constructive thought of that calibre will be a dominant 
factor in helping us out of the present dilemma. 

Of the sincerity of this tract for the times there can be 
no doubt. Whether its message is expressed as lucidly 
or as offectively as is desirable is another matter. In 
itself, it contributes little to the constructive or creative 
thought that is essential if mankind is to achieve the 
rational mastery of its environment that Sir Robert 
correctly desiderates as urgently needed. The pity is 
that when private hates are allowed to become obtrusive 
they hinder just that co-operation between men of widely 
different talents and outlook that is indispensable if the 
immense task before us is to be tackled successfully .in 
time. R. BRIGETMAN 
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AN AMERICAN PROPHETESS 


Silent Spring 
By Rachel Carson. Pp. xxii+304. 
Hamilton, Ltd., 1963.) 25s. not. 


ACHEL CARSON has made a frontal assault on 

powerful vested interests, and “these animals are 
very cruel; when one attacks them they defend them- 
selves’. But they must not do so by impugning her 
scientific quality. The fact that she writes lucidly, and 
with a punch that must provoke the envy of the manu- 
facturers’ advertising staff, doos not mean that she is not 
a scientist. After graduating in biology and working on 
genetics at Johns Hopkins, she served for sixteen years 
in the U.S. Fish and Wildlife Service, retiring with the 
Distinguished Service Award of the Department of the 
Interior. Moreover, she rests her case not on vague 
generalizations but on concrete instances, and authenti- 
cates it with forty-eight pages of references to scientific 
literature. 

Her book leaves one with tho impression that modern 
pesticides have too often been used in the United States 
with the reckless insouciance of a drunken motorist driving 
a fast car in the dark without lights. For example, in 
the southern States the fire ant was a mild nuisance. 
In 1957 the Department of Agriculture ‘launched one of 
the most remarkable publicity campaigns in its history. 
The fire ant suddenly became the target of a barrage of 
Government releases, motion pictures, and Government- 
inspired stories portraying it as a despoiler of southern 
agriculture and a killer of birds, livestock and man”. 
Some 20 million acres were to be heavily sprayed with 
‘Dieldrin’ and ‘Heptachlor’. “‘ ‘Pesticide makers appear 
to have tapped a sales bonanza’ . . . cheerfully reported one 
trade journal in 1958.” The ants came back, but the 
resulting losses ran “‘all the way wp to complete destruction 
of wildlife in some of the treated areas’. ‘Raccoons, 
opossums, armadillos, half the birds in Alabama, song- 
birds, woodcock, quail, wild turkeys, cows, pigs, pets and 
poultry; all suffered death or sterilization in various 
degrees, amounting in some species to extermination. 

These poisons seeped into rivers and underground water, 
were taken up by the plankton, and so poisoned the fish. 
They fell on the soil, poisoned the soil fauna, and thence 
reached birds and mammals which they killed or sterilized. 
At each stage there is biological amplification; each 
organism shows a higher concentration of poison than 
does the source from which this came. Moreover, the 
chlorinated hydrocarbons are stable and accumulate in 
the soil. 

The most controversial part of the book is probably 
that which deals with the effects on man. Through water 
and food the pesticides pass into the human body, and the 
question is how far they are stored there and how far 
they are excreted. It appears that the average American 
is storing from 5-3 to 7-4 parts per million of DDT in his 
reserves of fat, and the concentration rises to 17-1 p.p.m. 
in agricultural workers. No figures are given for ‘Dieldrin’, 
‘Aldrin’ and “Heptachlor’, which are many times more 
toxic than DDT, and the author predicts dire conse- 
quonces for human health. 

As alternatives to the wholesale spreading of poison she 
recommends: (1) selective and judicious poisoning as a 
last resort; (2) biological control of insects by predators, 
vertebrate and invertebrate, and by specific bacteria and 
viruses ; (3) the male sterilization technique, using radiation 
or chemosterilants; (4) trapping with chemical or sonic 
lures. 

In Britain the motorist (to keep to the foregoing simile) 
is not quite drunk, but he is driving in the dark with very 
dim headlights. The manufacturers have been by no 
means unco-operative; most Britons have only about 
2 parts per million of DDT in their fat; only one agri- 
cultural worker has been actually killed by toxic chemi- 
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cals; arsenites and organophosphorus compounds ure 
no longer used; the Sanders Committee has boen appointed 
to watch the situation; the use of ‘Dieldrin’, ‘Aldrin’ and 
‘Heptachlor’ is subject to voluntary restriction. But 
the fact remains that such substances are on sale without 
warning to farmers and gardeners; that tho destruction of 
birds and other wild croatures continues on a considerable 
scale; that conservationists are profoundly disturbed by 
the danger which threatens; that the symptoms preceding 
death are extremely distressing; that laboratory rescarch 
can give only a fraction of the information needed: and 
that field studies are difficult and at present insufficient, 
and take so long that their results may arrive too lrt >, 
‘On the other side it can be said that pesticides and weed- 
killers have substantially increased crop yields at a time 
when most human beings are undernourished, though in an 
exploding population freedom from hunger can nevor bo 
established by simply increasing the food supply. 
©. W. Hrme 


THE LIVING BEING AS A CREATOR 
OF ITS EYOLUTION 


Le Vivant, Créateur de Son Evolution 
Par Prof. P. Wintrebert. Pp. iv + 416. 
et Cie, 1962), NF30. 


“T A thèse que je soutiens est celle du vivant ... Le 

vivant tout entier réside dans son protoplasmo. 
Le protoplasme est le créateur des adaptations, quo les 
gènes transmettent aux descendants’. This overthrow 
of the classic positions (where the gene determines tho 
protoplasm) appears from the beginning in a Lamarckian 
perspective. This would not be original had the author 
not put forward a precise system of the relations between 
gone and protoplasm, which is founded on the most recent 
discoveries. Its worth is not demonstrated, but is at least 
demonstrable. 

Within the limits of its normal life, the organism insets 
every change resulting from its environment with an 
appropriate reaction of the protoplasm; immunization is 
the pattern of such a reaction: formation of a spevific 
antibody, of an “adaptative hormone”, probably a 
deoxyribonucleic acid. (Psychic reactions are not in- 
cluded in this scheme.) 

In every cell, including the germ cells, this acid and 
the nucleoprotein substance of the gene concerned may 
combine in a purely chemical way. This combination 
may also come into being temporarily (transitory muta- 
tions, neoteny) or not at all (classic immunization). If it 
does occur, it alters the inheritance of species additively. 

The gene thus formed is not the agent, but the instrn- 
ment—the sole instrument—of heredity. During its 
individual development, it is directly used by tho proto- 
plasm, the structure of which it adjusts, when and whero 
it is determined by their reciprocal affinity. 

Evolution is accordingly a series of additive and immedi- 
ately adaptative transformations which are initiated by 
the protoplasm in response to stimulations of environmont 
and are chemically fixed by the genes. The ‘law of 
recapitulation’ means that the organism, when being 
built, shall necessarily pass through the same main 
stages, in the very sequence of complexity, as they have 
been registered by history inside the genome. 

This view differs but little from the conception of the 
Michurinians or of somo French Lamarckians; it has a 
claim to be termed ‘chemical Lamarckism’, a term chosen 
by the author. 

It meets with the following difficulties: 

The process to which it is referred draws its inspiration 
from the recent theories of the ‘dual gene’ and from tho 
experiments called ‘orientated mutations’ (Boivin on 
bacteria, Benoit on ducks) but it is still, in spite of all, 
just hypothesis: except for the Protista, we do not know 
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any directly adaptative and indefinitely transmissible 
mutations. 

The facts as to germinal localizations and organization 
(in Speman’s sense) are disregarded; the existence and 
the leading part of organogenetic substances other than 
genes are merely negated; thus development would be 
entirely epigenetic. 

The invention by the organism of a right solution at the 
first go to the problems set by environment implies an 
‘intelligence’ which, in spite of being called ‘chemical’, 
none the less needs explanation. Nevertheless, the author 
criticizes sharply the idealistic transformism on that point. 
This leads to lack of appreciation of the processes of 
‘continual approach’ and ‘attempts and errors’ (com- 
pensation, substitution, regulation) quite distinctive for 
the living substance. 

If one regards evolution as an iteration of peculiar 
minor adaptations one overlooks the comprehensive 
phenomena—organization, correlation, ‘complexification’, 
orthogenesis—on which theories other than Darwinian 
generally dwell at length. 

Whatever the significance of those objections may be, 
Mr. Wintrebert’s book, the outcome of a life devoted to 
experiments and meditation, at the very moment when 
genetics experiences its limits in this field, attests the 
possibility of a doctrine of evolution which is not based on 
hazard yet is still absolutely scientific. Not the personal 
inclination, but the experiment will judge it in the future. 

J. LESSERTISSEUR 
1 “I uphold the thesis of the living being . . . The living being is entirely 


lodged in its protoplasm. The protoplasm creates adaptations which are 
transmitted by the genes to descendants.” 


IMMUNITY AND RADIATION 


Effect of lonizing Radiations on Immune Processes 
Scientific Papers presented at the International Sym- 
posium held at the University of Kansas, September 5-7, 
1961. Edited by Charles A. Leone. Pp. xiv+518. (New 
York: Gordon and Breach, 1962.) 12.50 dollars. 


HIS volume starts with well-deserved tributes to 

Dr. William Taliaferro and Dr. Hugo Fricke for their 
contributions to science. Of the following eighteen papers, 
eight do not deal directly with immune processes. . For 
the immunologist this may well prove an advantage since 
they are concerned with basic processes of radiation 
biology. The contrast between the two groups shows up 
all the more clearly the gap between radiobiology at the 
molecular level and that at tissue- and organism-level. 
Only Alma Howard’s characteristically short and illum- 
inating paper on the effects of radiation on cells bridges 
the gap between Part 2 and Part 3. Part 2 deals with 
the physico-chemical concepts of radiation effects on 
large molecules. Nygaard considers that synthesis of 
DNA is inhibited mainly by indirect effects, Wilson dis- 
cusses inactivation of viruses and Leone the serological 
changes induced in proteins by irradiation. 

Part 3 is concerned with the effect of radiation on the 
immunological responses of the whole animal. Stoner and 
Hale bring out the greater sensitivity of the primary as 
compared with the secondary response. Draper suggests 
that the partial recovery of response during prolonged 
radiation is perhaps due to changes in the site of antibody 
production. In Part 4 three papers deal with the effects 
of a variety of non-specific agents in maintaining antibody 
production in irradiated animals. The fourth, by Sussdorf, 
considers the effect of partial body shielding on such 
processes. He suggests that in these circumstances 
migration of cells from shielded sites occurs and offers 
evidence on this point. Part 5 contains three papers, of 
which two are largely concerned with histocompatibility 
genetics as related to radiation damage and its relief by 
bone-marrow implants. The third paper is a long and 
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useful review by Gengozian on radiation immunology and 
transplantation which considers in detail the various con- 
ceptions of immune tolerance between host and grafted 
tissues. Finally, Part 6 consists of a sketchy review of 
radiation microbiology and immunology in the U.S.S.R. 

The quality of the contributions varies markedly and 
most of the detailed work has already been published 
elsewhere. The proof-reading leaves much to be desired, 
and the translation of certain foreign papers at times 
engenders considerable doubt as to what the author was 
trying to say. One assumes that the discussions (not 
reported) concerning these papers when first presented 
will have borne useful fruit. In its present form the 
Symposium seems mainly useful as a source of references, 
or quiet revision, for those already familiar with the 
particular aspects of the subject treated. 

J. O. Laws 


STARTING WORK 


Home, Schoo! and Work 

A Study of the Education and Employment of Young 
People in Britain. By M. P. Carter. (International 
Series of Monographs on Social and Behavioural Sciences, 
Vol.1). Pp.xi+340. (London and New York: Pergamon. 
Press, 1962.) 50s. net. 


LTHOUGH about half a million boys and girls 
leaving school in Britain begin paid employment 
each year, the amount of substantiated information 
about the influences which lead them to choose particular 
jobs, their attitudes to leaving school and beginning work, 
their reception at work, and their progress for the next 
year or so is most limited. Carter’s detailed survey of 
the transition from secondary modern school to industry 
and commerce by one hundred boys and girls in the 
Sheffield area is useful because, despite the smallness 
of the sample and its limitation to a compact northern 
industrial city, the findings would merit general support 
from the majority of those who have to deal with young 
people in their last year at school and in their early years 
in industry. 

The survey was conducted mainly by interviews, the 
children being interviewed once before leaving school and 
twice afterwards. The book is written in narrative style, 
and, although the material is full of human interest 
and well put together, the author is more concerned to 
paint the broad picture than to emphasize particular 
features. Here the potential value of the survey has been 
considerably diminished and, although Carter may state 
that he has no special claim to judge what is right and 
what is wrong, as author he has at least the responsibility 
for presenting the information in such a way that those 
who wish to judge and act can find the conclusions clearly 
presented. 

They are not far to seek. Getting a job by a young 
person is still largely a matter of chance. He (or she) 
receives little help from parent, teacher, or, sad to say, 
the youth employment officer. A stray comment by 
a neighbour is often the deciding factor. Mothers have 
more influence than fathers, few head teachers show any 
concern with placement into jobs and only a very small 
minority of class teachers make any attempt to discuss 
the nature of employment or special prospects with their 
scholars. The Youth Employment Service plays little 
or no part in vocational guidance, and, with badly paid 
officials and scanty resources, only the devoted efforts 
of many youth employment officers enable them to help 
with vocational selection. 

The reactions of young people to industry and commerce 
are not unexpected. The much-publicized emotional 
disturbance on leaving the security of school for the 
hurly-burly of a job stems more from the schoolmaster’s 
unawareness of what really happens in industry than 


No, 4876 April 13, 1963 


from what actually occurs. No matter how jobs are 
obtained or where or what the conditions, most young 
people settle down very quickly at work and enjoy the 
security it brings as well as the opportunities to assert 
themselves as individuals. Although obnoxious initiation 
practices have disappeared, initiation to employment is 
almost as meagre as formal training to a job. 

Of the kind of jobs taken by teenagers, Carter’s analysis 
shows that the term ‘apprenticeship’, apart from the 
nationalized industries and the bigger organizations, 
in steel, engineering and cutlery, is largely a value-word 
used primarily to induce recruitment. The average wages 
of young people are not nearly so high as many adults 
imagine and is not such a direct cause of delinquency 
as is suggested. Carter also indicates that the structure 
of jobs remains as rigid as ever, and the girl in the office 
still considers herself superior to the shop assistant who, 
in turn, looks down on the often much better paid factory 
worker whose working conditions are frequently so much 
more congenial. À 

All this, and much more, is contained in this well-docu- 
mented work, and it is unfortunate that Carter has not 
highlighted what he considers to be the more important 
observations arising from his survey. Three of these 
spring readily to mind. The first is the still prevalent 
belief that, for the young worker, there is a special kind of 
job for which he has a particular bent and our vocational 
guidance services should be developed to find it for him. 
Few personnel officers would support this basic belief 
and would like it investigated. Secondly, that the time 
has come for an appraisal of the Youth Employment 
Servico and, if it is to continue, to provide it with mon and 
services which will enable it to work effectively. Thirdly, is 
the lamentable fact that industry and commerce is still 
almost a closed shop to most people outwith. Young 
people will never be able to obtain real help until the 
public at large become aware of what goes on behind office 
and factory doors. T. H. Hawxnys 


ECONOMIC PLANNING 


Readings in Mathematical Programming 
By Dr. 8. Vajda. Pp. viii+130. (London: Sir Isaac 
Pitman and Sons, Ltd., 1962, second edition). 21s. 


N producing a second edition of his well-known Readings 
in Linear Programming Dr. Vajda has found it neces- 
sary not only to add seven new chapters but also to 
change the name of the book. The reasons for these 
changes reflect the growing scope and importance of the 
subject in the modern world. 

Mathematical programming is concerned with such 
problems as: how best to dispose warehouses between, 
say, Manufacturers and customers so that the distribution 
costs may be a minimum. Or again: how best to use capital, 
manpower, machinery and premises as to maximize the 
profit to shareholders. The importance of being able to 
solve such problems is self-evident, but is it only in the 
past five years or so that applications, on a practical 
scale, have been made possible by the advent of large, 
general-purpose, electronic digital computers. 

In principle the methods of solution should enable 
nation-wide economic planning and prediction to be made 
into a precise science although, in fact, no existing com- 
puter even approaches the capacity required for such 
applications. 

Vajda’s book is an eminently practical one. It does not 
discuss the fundamental mathematical bases of the 
methods described, but rather seeks to present practical 
recipes for solving problems. In general, each chapter 
starts with the statement of a practical problem, with 
actual numbers, and then goes on to present, in detail, 
the method of numerical solution. The book is thus a very 
suitable one for managers, and others, of limited mathe- 
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matical attainments, and it will be an unfortunate reader 
who does not find help with his particular planning prob- 
lem in almost explicit terms. 

The new material in this edition covers quadratic pro- 
gramming and discrete (or discontinuous) programming. 
Both these applications are ‘non-linear’, and aro re- 
sponsible for the change in title; they are important in 
modern technology and it is useful to have the lucid 
exposition which the book provides. The style is tcrse 
but readable, and the only real criticism is that the 
bibliography has expanded by only five references whereas 
the actual literature published since the first edition is 
more than ten times as extensive. A. D. Boora 


THEORY OF NUMERICAL PRACTICE 


Discrete Variable Methods in Ordinary Differential 
Equations 

By Prof. Peter Henrici. Pp. xi+407. (New York and 

London: John Wiley and Sons, Inc., 1962.) 87s. 


UMERICAL analysis, beginning as a break-away 

province from a domain of general but often non- 
constructive theory, has now established a theory of its 
own. We have Householder’s book on finite systems of 
equations, and Collatz, now: available in an English 
translation, on differential equations. But there is room 
for a new book on this latter topic, taking account of the 
extended use and the necessary programming of electronic 
computation. This development, by the ease with which 
it can handle vast numerical arrays if these are well- 
organized, and by its efficiency with iterative mothods, 
demands a re-assessment of known processes; thus, for 
example, the Runge-Kutta methods, after falling slightly 
out of favour, have become prominent again through tho 
work of Gill and others in adapting them to modern 
computing machinery. 

Henrici’s book, while owing much to Collatz, has a 
very up-to-date flavour: particular attention is directed 
to error estimation, to programming problems, and to the 
non-linear equation. For the latter, while purely theo- 
retical investigations are still faced with serious obstacles. 
numerical analysis has a great opportunity to show its 
powers. 

The discrete method for a differential vquation 
f(v,y,y'’.y”, . .) = 0 estimates values yn at points 2, 
in an interval (a,b), when adequate initial or boundary 
conditions are specified. In the present book, Part 1 
deals with one-step methods, by which yni, is derived 
from a knowledge of yn. Part 2 with multi-step methods 
where Yn+1 is made to depend on k predecessors, YnsYn-1 > + +s 
Yn-k+1 ; in these two parts, initial conditions are used. 
Part 3 is concerned, rather briefly, with boundary value 
problems. Each of the seven chapters has the same 
main structure: methods; bounds for the truncation 
error arising from the replacement of a differential 
equation by an equation in finite differences; estimates, 
often with a probability basis, for the rounding-off orror; 
problems, mainly theoretical, sometimes quite searching 
and often indicating extensions of the main text. The 
author has explored the recent literature with great 
thoroughness, and much material has been collected and 
organized from research memoirs and periodicals. 

The reader needs only a normal knowledge of calculus, 
with a very little about linear algebra, matrix theory and 
complex variable, so that the book can be regarded as a 
first course in numerical analysis. But it would be a 
somewhat severe introduction for the novice; he would 
be well advised to start on one of the elomentary texts, 
and familiarize himself by desk computation with some 
of the simpler methods, not worrying too much about 
finer points of error estimation, until he appreciates the 
need for the more rigorous and searching account which 
Henrici provides. T. A. A. BroapBENT 
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A Course in the Geometry of n Dimensions 

By Dr. M. G. Kendall. (Griffin’s Statistical Monographs 
and Courses, No. 8.) Pp. viii+ 63. (London: Charles 
Griffin and Co., Ltd., 1961.) 16s. 


ITH the rapid expension of the application of the 

statistical method has come an increased demand 
for training in the subject by students without specialist 
degrees in mathematics. Such students progress more 
quickly if they can refer to text-books which are designed 
specifically to give those parts of mathematics required 
for the development of statistical theory. Dr. Kendall’s 
book is welcome as a good and useful example of a work 
of this kind. By the representation of sample values 
from multi-variate distributions as points in n dimensional 
Euclidean space, as shown by Sir Ronald Fisher nearly 
fifty years ago, many statistical problems can be treated 
geometrically. This approach has often led to powerful 
and elegant results and contributes greatly to the intuitive 
perception of relationships. 

The first two-thirds of Dr. Kendall’s text presents the 
basic mathematics of n dimensional geometry, dealing in 
particular with hypersurfaces; linear sub-spaces and the 
angles between these; co-ordinate transformations and 
the reduction of quadrics to canonical form; solid angles; 
the contents of hyperspheres, hyperellipsoids, hyper- 
prisms, parallelotopes, hyperpyramids and simplices. 
In the final third these results are used to develop certain 
aspects of statistical theory, for example the chi-square, 
t and Wishart distributions; distribution of the sample 
mean from a rectangular distribution; multiple and 
canonical correlation and component analysis. 

The descriptions and derivations are everywhere very 
condensed. This is not a serious drawback in the first 
part of the book for anyone with the reasonable know- 
ledge of throe-dimensional Euclidean geometry which 
is almost essential as an introduction. The contents of 
the second part can be studied more thoroughly in easily 
available statistical texts, but it is convenient to have a 
unified treatment. The expansion of this part in further 
editions would make the book even more valuable. 

W. Brass 


Ordinary Differential Equations 

By L. 8. Pontryagin. Translated from the Russian 
by Leonas Kacinskas and Walter B. Counts. (Adiwes 
International Series in Mathematics.) Pp. vi+298. 
(Reading, Mass.: Addison-Wesley Publishing Company, 
Inc.; London: Pergamon Press, 1962.) 55a. 


OW that many of the elementary devices for solving 
simple first-order differential equations are handled 
as part of a calculus course, generalizing the manipulations 
of integration, a genuine first course in differential equa- 
tions can be made up to date and forward looking. 
Pontryagin’s lectures, translated here, provide a strict but 
stimulating diet for the mathematician and for the 
engineer. 

In the first chapter, elementary methods for first-order 
equations are rapidly reviewed and interest is soon con- 
centrated on existence and uniqueness of solutions. 
Then the linear equation with constant coefficients is 
studied in detail, with elaborate illustration from electric 
circuit theory. The concepts of phase space and tra- 
jectories are introduced. For linear equations with 
periodic coefficients, Liapunov’s theorem reduces a 
normal system to a constant coefficient system, and 
here the analysis demands a certain acquaintance with 
linear algebra and matrix theory; the essentials are given 
at the end of the book, but this chapter, and its sequel on 
existence theorems, make rather heavy demands on the 
sophistication of the novice. i 

The climax of the volume is the long chapter on sta- 
bility of autonomous systems (in which the independent 
time variable does not appear explicitly); the funda- 
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mental Liapunov theorems are derived, and applied to 
the theory of Watt’s centrifugal governor, the earliest of 
automatic control systems, and to the design of the 
vacuum-tube oscillator. Finally, there is a somewhat 
severe section on stability of periodic solutions of autono- 
mous equations and equations with sinusoidal time terms. 
The young mathematician should have no great diffi- 
culty in following the exposition; but the engineer may 
complain that the treatment is too academic. Neverthe- 
less, if he is to master the theory of modern control 
engineering, with its recent spectacular exemplifications, 
he must master the kind of mathematics which Pontryagin 
presents here. T. A. A. BroapBent 


Solid-Fuel Rocket Propulsion 

(Temple Press Monographs on Rockets and Missiles.) 
By J. E. Daboo. Pp. viit+88. (London: Temple Press 
Books, 1962.) 15s. 


HIS little book is an excellent and well-balanced 

introduction to solid-propellant rockets, which, be- 
cause they are simple and comparatively cheap, are now 
used widely in guided missiles and research rockets, and 
to a lesser extent in the launching vehicles for satellites. 
After reviewing the various applications and comparing 
solid- and liquid-fuel rockets in Chapter 1, the author 
expounds the thermodynamic theory of rocket gas flow in 
Chapter 2. Chapter 3 is devoted to propellants—the 
different possible types, their burning rates, the geometry 
of charge design and the problems of storage. Chapter 4 
deals with the design of the motor case and exit nozzle, 
and Chapter 5 gives a useful and realistic example of the 
detailed design of a typical small motor. 

The book is well planned and executed; it has many 
good diagrams, a glossary, bibliography and index. The 
only fault is the rather stodgy style: the reader has to 
plough through a mass of abstract nouns and weak verbs, 
and too many phrases like ‘‘necessitate the incorporation 
of”. But since the book is otherwise so felicitous, this 
defect detracts little from its value. D. G. Krna-HELE 


Nuclear Reactions 

Vol. 2. Edited by P. M. Endt and P. B. Smith. (Series 
in Physics.) Pp. x+542. (Amsterdam: North-Holland 
Publishing Company, 1962.) 110s. 


HIS volume consists of five chapters. The first, by 

Stewart D. Bloom, of Livermore, is on the tech- 
nology of nanosecond pulsing of accelerators, and on the 
use of these machines for time of flight studies. The 
second chapter, a review of certain topics in fission 
physies, is by J. R. Huizenga and R. Vandenbosch, of 
the Argonne National Laboratory. Chapter 3, by E. G. 
Fuller and Evans Hayward, of the National Bureau of 
Standards, is a review of theoretical and experimental 
work on the nuclear photoeffect in the region of the giant 
resonance. Chapter 4, a theoretical paper on vibrations 
in spherical nuclei, is by J. M. Araujo, of the University 
of Porto, while the last chapter, by Philip B. Smith, of 
the Rijksuniversiteit, Utrecht, consists of a vast table of 
angular correlation coofficients for the radiative decay of 
aligned nuclei. This chapter occupies 287 pages—more 
than half the book. 

Each of these chapters is a very excellent review or 
reference work, but there seems to be little or no con- 
nexion between them. It is open to argument whether 
the second volume does really complete the review of 
nuclear reactions started by the first; what is clear is 
that the second volume cannot stand on its own as a 
separate work since it lacks a simple unifying theme. 

It is my opinion that for anyone who already has a 
copy of the first volume of Nuclear Reactions, the purchase 
of the second volume would lead to a valuable increase 
in the scope of this useful reference book. E. R. Raz 
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ELECTRON PROBE MICROANALYSIS OF ORGANIZED ELEMENTS IN 
THE ORGUEIL METEORITE 


By Pror BARTHOLOMEW NAGY*, Dr. KURT FREDRIKSSON, 
Pror. HAROLD C. UREY, For.Mem.R.S., Dr. GEORGE CLAUS {, Mr, CHRISTIAN A. ANDERSEN 
and Miss JOAN PERCY 


University of California, San Diego, La Jolla 


Introduction 


LECTRON probe X-ray microanalysis has shown 
that several of the organized elements contain major 
amounts of iron, and in addition some chlorine and/or 
nickel. Morphologically less-well-developed miero- 
structures are composed of hydrous iron-magnesium 
silicates. When powdered preparations of the Orgueil 
meteorite were boiled in 6 N hydrochloric acid for 1 h, 
acid-resistant particles were obtained, which seemed to be 
residues of organized elements. It was deduced that these 
particles probably consist of carbonaceous matter be- 
cause they contained none of the elements detectable 
by the electron probe (Z (atomic number) > 11) and 
because their average atomic number agreed with that 
of the epoxy plastic in which they had been embedded. 
The finding of iron with some chlorine and nickel in 
organized elements in a petrographic thin section of the 
Orgueil meteorite shows that these particles are very 
probably not terrestrial contaminations. 


Methods of Analysis 


Since the first description of the ‘organized elements’ 
in the Orgueil, Ivuna, Tonk, and Alais carbonaceous 
meteorites! *, various investigators have tried to evaluate 
the true identity of these structures. It was suggested 
in the earlier reports on the subject!? that there is a 
possibility, though there is not yet proof, that the organ- 
ized elements are extra-terrestrial microfossils. Sub- 
sequent investigators have not agreed about the character 
of the organized elements. Staplin’, Palikt, Timofeev’ 
and others” were of the opinion that the organized 
elements are microfossils. Anders et al.®°®, Briggs, 
Mueller, Gregory!? and Pearson! concluded that the 
organized oloments may be abiological organic particles, 
inorganic mineral grains, and biological terrestrial con- 
taminations. Consequently, it was hoped that a precise 
chemical microanalysis, such as can be obtained with the 
electron probe, would not only provide much-needed 
fundamental data but would also help to clarify the 
confusion prevailing in regard to this problem. 

The first practical electron probe microanalyser was 
developed about 1951 by Castaing and Guinier. 
Recently, improved versions of the electron microprobe 
have been used successfully in metallurgical!® and petro- 
logical'*-1® investigations, particularly as applied to 
meteorites and pelagic sediments. The electron micro- 
probe utilizes a finely focused electron beam to excite 
characteristic X-ray radiation from a small volume at the 
surface of a solid sample. The diameter of the beam is 
usually about ly, providing a sample detection sensitivity 
of approximately 10-15 g of an element (Z > 11) contained 
in a volume of a fow p’. The instrument used in this 
investigation was an Applied Research Laboratory 
electron microprobe X-ray analyser, which uses curved 
crystal spectrometers to detect the wave-lengths of the 
X-radiation originated by the electron beam. High 
emergence angle of the X-rays (52-5°) provided increased 
sensitivity through an improved signal-to-noise ratio and 
minimized the effect of surface irregularities. A built-in 
light-microscope with a magnification of 280 times 
facilitated the positioning of the particles during electron 


* On leave from Fordham University, New York. 
{q On leave from New York University Medical Center, New York. 


bombardment. The microprobe apparatus will dotect 
and analyse approximately quantitatively for eloracnts of 
atomic number of magnesium or above. 

Three types of analyses were performed. (a) Particles 
exposed on the surface of polished epoxy plastic mounts 
were manually positioned under the beam, and the 
resultant X-ray spectrum was recorded. This permitted 
somi-quantitative estimates of elemental compositions 
from magnesium upward in the Periodic Table. (b) 
Particles and their immediate vicinity in the samo plastic 
preparations were subjected to beam-scanning using an 
electrostatic deflexion system. The back-scattered 
electrons and characteristic X-rays from the scanned 
area were displayed on a cathode-ray tube. Tho electron 
back-scatter image constitutes a map of the area, that is, 
a type of electron micrograph, in terms of average atomic 
number. The X-ray modulated image shows the distribu- 
tion in tho surface of the element corresponding to the 
spectral line used. This technique provided qualitative 
information. (c) Quantitative analyses were performed 
on organized elements in petrographic thin sections 
(from which cover-slips’ and balsam had previously been 
removed). Point-by-point analyses were made for & 
number of elements, at 3u intervals along lines. Tho 
sample was moved past the beam by a step-scanning 
motor”, and accurate (+ 1 per cent) measurement of 
one-dimensional concentration fluctuations was recorded 
over and around organized elements. 


Preparation of Samples 


Organized elements were selected from mineral matter. 
in powdered preparations under a microscope, on the basis 
of particle morphology and optical properties. (All 
such particles were analysed, except those that were lost 
during sample preparation. Only a few torrestrial 
contaminations, such as cellulose fibres, were observed in 
the preparations.) It was essential that they be mounted 
in @ transparent medium which would permit optical 
observation of fine morphological features. Silicon 
monoxide is a suitable mounting medium for electron 
probe microanalysis’®; but it was not useful in the 
work recorded here because total reflexion phenomena 
interfered with attainment of sharp images. Instead of 
the SiO method, the following preparation procedure was 
used. Powdered samples were embedded in a plastic, 
specifically an epoxy resin (Shell, ‘Epon’ No. 815). 
A thin layer of gelatin was deposited on a glass disk on 
which a thin film of copper had been deposited in vacuum. 
The powdered sample was sprinkled on the gelatin. The 
plastic was then poured on the sample, and a second glass 
disk was placed on top of the plastic. The glass—plastic 
‘sandwich’ was allowed to stand for a day in an oven at 
60° C; it was then separated along the copper film. 
It was polished with 3p. diamond paste until the particles 
were exposed on the surface. The details of the propara- 
tion procedure are described elsewhere’. Organized 
elements were next identified and marked; lastly, the 
surface was given a light carbon coating (approximately 
400 A thick) under vacuum. Such a coating did not inter- 
fere with transparency. Some plastic burned off during 
analysis; and the vapours deposited from this action could 
have gradually affected instrument performance. These 
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Table 1. CHARACTERISTIC X-RADIATION INTENSITY RATIOS BETWEEN ANALYSED PARTIOLES AND PURE ELEMENTS* 
Serial numbers and types (refs. 1, 2, 3) of organized elements and minerals 
Particles in 
HCl-resistant | petrographic 
Untreated particles residues thin sections 
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—- Not present (< 0-1 per cent). .. Not analysed. 


* These values, approximating weight per cent, have been corrected for background effects only. That is, no corrections to detector dead time, mass 


absorption, or fluorescence have been made, This is because there exists an unknown error, possibly appreciable, due to uncertainty that the electron probe 
was completely within the confines of an analysed particle of homogeneous composition. 

The back-scattered electron image indicates that the average atomic number of the analysed i partine and the mounting plastic are approximately equal. 

erial numbers of particles 1-10 correspond to Fig. numbers 1-9 æ, b and 10, &, b and c The particles shown in Figs. 11 q, b and c and in-12 a—e are 
listed under serial numbers 26 and 29 respectively in Table 1. A brief description of the particles not shown in the photographs is as follows: No, 11, Type II 
organized element. It is a round object with corrugated surface Cee 10x in diameter. No. 12, hexagonal particle, t described by Staplin (ref. 3); 
it may be a mineral grain. No. 13, oval shaped, Type I particle. No. 14, hexagonal particle, first described by Staplin (ref. 3); it may be a mineral grain. 
Approx. 18y in diameter. No. 15, Type IV organized element, shows what may be wall structure, approx. 8# in diameter. No. 16, round object, Type I 
organized element, No. 17, Type I organized element, shows what may be a wall structure, approx. 4u in diameter. No. 18, Type IT organized element, has 
corrugated wall and an opaque, iron-bearing core. Approx. 12x in diameter. No. 19, Type IL organized element, round object with protrusions, Approx. 
20u tn diameter. No. 20, Type I organized element, oval shaped, approx. 15 in diameter. No. 21, Type II organized element, oval shaped, has corrugated 
surface. Approx. 20x in diameter. No. 22, Type IV organized element, shows what may be wall structure. Approx. 18 in diameter. No. 23, aggregate of 
chloritic minerals from the Orgueil meteorite. Used asa mineral standard. The two values listed in Table 1 indicate variations caused by differences in com- 
position and analytical procedures. No. 24, pellicle resistant to hydrochloric acid, Type II, shows two protrusions. Approx. 18x in diameter. No. 25, Fibrous 


pellicle resistant to hydrochloric acid. Approx. 17 long and 5# wide. 


No. 27, Fibrous particle in thin section. Shows lamellar structure. Approx. 22u long 


and 2u wide. No. 28, Fibrous particle in thin section, shows what may be wall structure. Approx. 18x long and 3# wide. 


facts necessitated periodic cleaning of the electron probe 
optical system. The use of plastic mounts evidently 
must be reserved for investigations of special interest only. 


Experimental Results 


Twenty-nine microscopic particles (3-20p) were selected 
for analysis under the electron probe, in addition to some 
general surveys run over parts of thin sections of the 
Orgueil and Ivuna meteorites. Twenty-eight of these par- 
ticles were morphologically identical with, or similar to, the 
organized elements described by Claus and Nagy}, Nagy, 
Claus and Hennessy”, Staplin®?, and Palikt. One particle 
was an aggregate of micaceous minerals which served to 
compare the major mineral composition with that of the 
organized elements. Twenty-three particles were selected 
from the untreated powdered-moteorite samples mounted 
in plastic. Three were selected from powdered material, 
boiled in 6 N hydrochloric acid for an hour, before being 
mounted in plastic. The remaining three particles were in 
a petrographic thin section from which the cover-slip and 
balsam, were removed before analysis. The twenty-nine 
particles came from two stones of the Orgueil meteorite 
shower, both obtained from the Montauban Museum in 
France. 

Electron probe microanalysis revealed that among the 
29 particles described here, 9 contained only iron and 
chlorine, and 6 contained only iron and nickel. Iron was 
the major component in all 15 of these particles, the 
average value being approximately 30 per cent. Chlorine 
and nickel were present in only small quantities, namely, 
1-2 per cent and 1-5 per cent, respectively. Nine more 
particles were composed of iron, silicon, nickel and some 
magnesium. They appeared to be iron—magnesium sili- 
cates; some of them were similar to some of the chloritic 
particles described from Orgueil®!, but others were of 


different composition. One particle contained only iron. 
The three particles treated with hydrochlorie acid con- 
tained no elementary component detectable by the 
electron probe method. The semi-quantitative results 
are listed in Table 1. It appears that the particles contain- 
ing iron—chlorine and iron-nickel possess a more elaborate 
morphology than the other particles studied. 

Figs. 1-9, a and b, show photographs and drawings 
of some of the particles that were analysed. The photo- 
graphs were taken before the microanalysis of the particles 
was carried out. 

Back-scattered electron and X-ray pictures, obtained 
on some of the 29 particles listed in Table 1, provide 
additional information in regard to composition and 
distribution of the elementary compcnents. Figs. 10a, 
b and c, show an organized element (Type II; listed as 
No. 10 in Table 1) in a photomicrograph, in a drawing and 
on the back-scattered electron image. This particle 
appeared as an oval-shaped, greenish-yellow body, 
showing high refractive index and slight aggregate bire- 
fringence under the microscope. In reflected polarized 
light it showed a faintly birefringent wall. A granulated 
surface and what may be a wall structure were visible in 
transmitted light. The back-scattered electron image 
(Fig. 10c) revealed that the heavy element content 
(iron, in this case) was concentrated in and around the 
wall and periphery of this object. f 

Fig. lla, b and c, shows a particle selected from a 
powdered preparation of the Orgueil meteorite which 
was boiled in 6 N hydrochloride acid for 1 h. Electron 
probe microanalysis revealed no detectable components 
(see particle No. 26 in Table 1). The back-scattered 
electron image (Fig. llc) showed no differentiation from 
the plastic background. This means that the average 
atomic number of the particle is the same as or closely 
similar to that of the plastic. Microscopic observations 
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made during electron bombardment showed that the par- 
ticle was more resistant to the heat of the electron beam 
than was the plastic; therefore, it cannot be a granular 
plastic structure or other artefact composed of plastic. 
Under the microscope it resembled a cross-section of a 
collapsed residue of a Type I organized element. It 
seems unlikely that this residue consists of hydrochloric 
acid insoluble compounds of lithium, beryllium or boron 
because of the restriction imposed by the narrow range 
of average Z, the low abundance of these elements and the 
shape of the particle. On the other hand, carbon com- 
pounds occur in Orgueil and consequently it appears that 
the acid-resistant particles are composed of carbonaceous 
matter. 
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It was possible to perform quantitative analyses on 
objects lying in petrographic thin sections, since no plastic 
which might have boiled over and partly obscured the 
paths of the beams was adjacent to the particles. Cover- 
slips were removed and the thin sections were polished 
with diamond paste until the mineral matter lay exposed 
over the balsam. Figs. 12a, b, c, d, e and f show an object 
in a photomicrograph, also in drawing and on back- 
scattered electron image, and on iron Ke-, silicon Kea- 
and magnesium Ka-images, respectively. The relative 
numorical values shown in Fig. 126 were obtained from 
1-dimensional step-scanning analyses, accurate to a limit 
of approximately 1 per cent. The particle shown in these 
figures consists mainly of iron concentrated along the 


Fig. 3b 





Fig. 5b Fig. 68 





Fig. 8b Fig. 9a Fig. 9b 


Figs. 1-9 a and b. Photomicrographs and drawings of organized elements analysed with the electron probe, X-ray microanalyser. Figure numbers 

correspond to the particle numbers in Table 1. Objects shown in Figs. 1-5 and in Fig. 9 contain iron and chlorine; that shown in Fig. 6 contains 

iron and nickel. The objects illustrated in Figs. 7 and 8 are silicate particles. All the drawings were prepared by an independent illustrator from 
a series of photographs. (Photographs by J. Percy; drawings by B. Swope) 





Fig. 10a 
Fig. 10 a, b and e. Photomicrograph, drawing and electron back-scatter image of an organized element. On the photograph this particle is 


partially obscured by underlying 





UNDERLYING 
MINERAL 
AGGREGATE 


Fig. 108 





Fig. 10¢ 


mineral matter. The electron back-scattered image (Fig. 10c) is reversed by 180° around a horizontal axis with 


respect to the photograph (Fig. 10a). The round particle on the back-scattered electron picture is the organized element. The diffuse spot on 
the right side of Fig. 10c is caused by minerals. This organized element contains iron and chlorine (Particle 10, in Table 1) 











Fig. lia 
Fig. 11 a, b and ¢. 
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Fig. lle - 


Photomicrograph, drawing and electron back-scattered image of a particle boiled in 6 N hydrochloric acid for 1h. The 


back-scattered electron picture (Fig. 11c) does not show the image of the particle. This means that the average atomic number of the particle 


is close to that of the 
(Z>11). It appears 


in order 


` Fig. 12d 





Fig. 12e 


lastic in which it is mounted. Electron probe microanalysis (Particle 26 in Table 1) revealed no detectable components 
hat this particle is composed of carbonaceous matter and that it is the, acid-resistant residue of an organized element 


35 47 33 42 


Fig. 12f 


Fig. 12 a-f. Eberouileroer ph g2a), drawing (12b), electron back-scattered image (12c), and iron Ka-, silicon Ka- and magnesium Ka-imagos 
yo 


(128, 12e and 12f) respective 


an organized element in a thin section of the Orgueil meteorite. The textural pattern of the minerals shows that 


this particle is indigenous to the meteorite, not a terrestrial contamination. The lamellar walls and the three.rounded corners suggest that this 
particle is not a single crystal or a replacement form of one. It contains iron (Fig. 12d), chlorine and nickel (Particle 29 in Table 1). The particle 
is surrounded by silicon- and magnesium-containing minerals (Figs. 12e and 12f) 


walls. It also contains some chlorine and nickel. 
. bottom of the particle appears to be open and the under- 
lying and encrusting magnesium silicates give rise to the 
magnesium Kea- and silicon Ka-signals seen in the images 
of the particle. The single sulphur value may be caused 
by some mineral inclusion. rs 

Tt is interesting to note that chlorine is not restricted 
to the iron-bearing particles,, such as that shown in 
Fig. 12, but rather is distributed over some areas through- 
out the thin section.- This further suggests that the 
particles bearing iron and chlorine in the.powdered pre- 


The 


parations are indigenous to the meteorite, not mere con- 
taminants. 

The particle in Fig. 12a shows rather thick lamellar 
walls which are connected by a lamellar ridge across the 
middle portion of the particle. Three corners of the 
particle are rounded, a variation from the characteristic 
angular corners of single crystals. This particle may be 
the cross-section of a somewhat compressed Type IV 
organized clement. Because of the nature of the method 
in use, it was not possible to search for organic matter 
in this particular object. The elementary components, 
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however, do not add up to 100 per cent when thoy are 
expressed as oxides. Organized elements of round or 
fibrous morphologies were also seen in the thin sections. 
Their chemical composition, as well as their shapes, 
showed close agreoémont with those of the particles shown 
in Figs. 1-10. Fibrous particles of limonitic composi- 
tion and round silicate granules were found in the thin 
sections. Optical observations suggest that round 
limonitic particles are also present but they have yet to 
be analysed. 


Conclusions 


Electron probe X-ray microanalysis of 28 organized 
elements from the Orgueil carbonaceous meteorite has 
revealed the presence of iron with smaller amounts of 
chlorine and/or nickel in a number of these objects. Mor- 
phologically less well-defined particles were found to be 
composed of silicates. Analysis of meteorite samples 
treated with 6 N hydrochloric acid revealed particles with 
low average atomic number and no elements heavier than 
sodium. According to their shape these could be remains 
of organized elements. 

Mineralization with iron (probably in the form of 
limonite), chlorine, and/or nickel, and the occurrence of 
such particles in thin sections of undisturbed meteorite 
fragments seem practically to exclude the possibility that 
the 28 particles were terrestrial contaminants for the 
following reasons: 

(1) Some of the organized elements observed in thin 
sections have such shapes and conformity with the 
meteorite texture that they cannot have been introduced 
in the meteorite at any time on the Earth. Especially 
the particle shown in Fig. 12 and the one described by 
Fredriksson and Wickman?! demonstrate this. These 
particles have no association with any observable vein 
or pore systems. 

(2) The composition of the particles (with iron, nickel, 
chlorine) in thin sections shows that they were not 
introduced during the grinding or polishing. 

(3) The similar composition of the organized elements 
observed in powdered samples shows that they are not 
contaminations, for example, dust, spores, pollens, etc. 
introduced during grinding or mounting. A remote 
possibility exists that such contaminations were intro- 
duced into the meteorite some time after its fall, and that 


THE REALITY OF 
By Pror. R. 


Department of Mechanical Engineering, 


LL those who are concerned with education in its 
broadest sense recognize the responsibility of giving 
to the educated some sense of reality or significance, of a 
pattern of thought—of culture. There is at present contro- 
versy as to whether the cultures based on the classics, the 
arts, literature and music are strong enough in a con- 
temporary situation dominated by an apparently culture- 
less technology. Thus it becomes a relevant question as 
to whether the intellectual activity of engineering has 
any reality in the pattern of human endeavour. Is it 
consistent with, or is it opposed to, recognized human 
values? I shall try to suggest answers to these questions 
in a fashion completely integral with a context of engin- 
eoting subject-matter. 

Students seek concrete knowledge to enable them to _ 
meet concrete situations. It is useful, however, to recall 
that the material they receive is a reinforced concrete, 
containing a framework of basic concepts and ideas 
without which it would collapse completely. Continuing 

* Substance of an inaugural lecture delivered on October 24, 1962. 
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the contaminants were since mineralized in the same 
way as the indigenous particles. Such a possibility is 
contradicted by the similar shape of these loose particles 
and those in thin sections and by the fact that they 
usually cannot be clearly identified as terrestrial on 
morphological grounds. 

The conclusions of Anders and Fitch’, that 90 per cont of 
organized elements in thin sections are terrestrial con- 
taminations or artefacts, appears not to be valid for our 
samples. We conclude that there are a number of objects 
in the Orgueil meteorite which without being proved 
to be of biogenic origin still resemble biological forms in 
appearance and which are not terrestrial contaminations. 

‘We thank Prof. Gustaf Arrhenius for stimulating discus- 
sicns and for his suggestions regarding the use of the 
electron probe microanalyser and other facilities in his 
laboratory. Mr. Ray Fitzgerald assisted us by discussing 
with us various aspects of the electron probe analysis 
method, and Miss Bonnie Swope prepared the drawings 
included in Figs. 1-12. This work was supported by the 
U.S. Atomic Energy Commission (contract No. AT(11~1)- 
34) and the National Aeronautics and Space Adminie- 
tration (contract Nos. NsG—98-60 and Ns@-341). 
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the metaphor, it sometimes happens, I am afraid, that 
these underlying conceptual members are stretched boyond 
their elastic limit, and a portion of the structure does 
collapse. When this occurs it is usually because it has not 
been realized that the strength was dependent on a 
hidden concept. 

Let me give a very crude example. Someone wants to 
pump water at a given rate through a pipe and, having 
learnt some physics, he remembers Poisseulle’s law for the 
viscous flow of water through a tube. So he calculates 
the required pressure drop and buys a pump to suit. The 
result comes out all right. Then for another job he does 
it again. This time he cannot get nearly enough water. 
His knowledge has failed him: and it fails because the 
concept of layers of liquid gliding past each other with 
only molecular friction has not been fulfilled in the 
second case. 

This is a crude example—now. It is easy enough for us 
half a century after Osborne Reynolds, half a century of 
text-books cheerfully tossing out the distinct concepts of 
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laminar and turbulent flow. It is crude, but it serves as 
a reminder that every decision in the day-to-day practice 
of an engineer designer is based on: (a) a general con- 
ceptual scheme; (b) some specific concepts relevant only 
to the immediate problem. 

Most of this is far from subtle and much less obvious 
than the crude example I gave of viscous flow, but in 
modern engineering the power of a designer is almost 
entirely governed by his facility in the handling of such 
concepts, and, particularly for new creative work, in 
inventing new specific concepts for his immediate needs. 
My purpose is to give an account of how some of the 
main general concepts are used, what happens to them 
when they leave the sanctuary of the lecture room and 
enter the rough and tumble of the drawing office, and 
perhaps to describe the creation of specific concepts for 
immediate ‘needs. i 

Lot us consider that particular type of concept which 
we call the properties of matter. Examples of this type 
of concept are specific heat, viscosity, thermal conduc- 
tivity, density, resistance whether electrical or frictional, 
force, pressure, temperature, and so on. These concepts 
appear to us to have a certain naturalness about them 
precisely because of our general background of mental 
attitude. One of the chief differences between a funda- 
mental science such as physics and an applied science 
such as engineering is in the way they treat that par- 
ticular type of concept. 

Physics is not satisfied because such concepts are not 
elementary enough. In fact, physics consists largely of 
attempts to explain all these concepts by a smaller 
number of more elementary concepts such as atoms and 
their motions. 

Engineering, however, is equally dissatisfied with them, 
but for entirely different reasons; in fact, reasons in the 
opposite direction. For most problems in engineering prac- 
tice these property concepts are too elementary. Instead of 
wanting to break them down as physics does, engineering 
has to build them up into more elaborate concepts. While 
these concepts appear so natural and so easy to define, 
in actual practice the things with which engineers deal 
contain all of them in lively confusion. The basic task of 


engineering science is therefore not to break down these- 


property concepts into more elementary things, but to 
discover such particular more elaborate concepts as will 
more precisely and conveniently describe the behaviour 
of actual equipment. 

Sometimes this is fairly easy. It is, for example, quite 
simple to recognize that in practical heat conduction 
work, the three-property concepts of thermal conduc- 
tivity, specific heat, and density are so much intercon- 
nected that the behaviour may be much more precisely 
and conveniently discussed in terms of a group involving 
all three of them, the familiar k/cp. Sometimes it is much 
more difficult and a great deal of investigation may be 
necessary to find the most appropriate composite concepts. 

At this point it may be desirable that I should guard 
against a possible misinterpretation of what I am saying. 
It may be thought that this process of finding composite 
concepts is a trial and error, experimental, or arbitrary 
activity, something very empirical. Nothing could be 
further from the truth. It is, in fact, essentially logical, 
theoretical in the best sense of the word, and one of the 
chief tasks of engineering theory is to accomplish it. It 
may be that sometimes, when composite concepts are 
established, only empirical relations between them can be 
found; but that does not make the concepts themselves 
empirical. 

The actual functional relationship in many heat- 
exchange and fluid-flow problems may be determined 
empirically; but once determined, it conveniently covers 
a very large range of practical results on different fluids, 
including liquids and gases, the conductivities, viscosities 
and densities of which vary very widely, and includes also 
a wide range of rates of flow and of pipe dimensions—all 
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of these variables being subsumed under certain com- 
posite concepts. 

Such composite concepts are, in fact, the real variables. 
On the basis of the property concepts alone, we should 
have an indigestible mass of figures which would be quite 
useless for design purposes because we could never con- 
veniently grasp them. 

I can perhaps emphasize better the theoretical validity 
of these composite concepts by mentioning that they play 


exactly the same part in practical work as do the atomic 


concepts in the more recondite problems of physics. The 
very many different specific heats of actual substances 


“which, considered individually, would appear mere chaos, 


are very nicely collected together by physics and shown 
as a definite function of the more elementary properties 
of atomic constitution. The composite concepts of engin- 
eering perform exactly the same task; they bring together 
masses of data. The fact that we may sometimes be only 
able to determine empirical relations between them is 
unimportant. What is extremely important is that we 
should be able to specify theoretically the composite 
things between which a relationship must exist. 

The point is that there is a great deal of sense in having 
an empirical relationship between things which you know 
ought to be connected—but no sense whatever in an 
empirical relationship between things when you cannot 
imagine any logical reason why they should be connected. 

In any event, although I have referred to empirical 
relations, it would grossly misrepresent modern engineer- 
ing if I left an impression that only these existed. I have 
said that one of the chief tasks of engineering science is 
to formulate the composite concepts between which 
relationships must exist. Now its other chief task is 
precisely that of attempting to establish the actual 
relationships so far as possible on a logical basis of theory. 
Thus, although certain relationships may have been 
established empirically, we do try to discover the under- 
lying theory, and frequently succeed. 

I have mentioned two ways of establishing relations 
between the composite concepts: (1) empirical; (2) 
theoretical. But the most common practice is a third 
way, which is a kind of combination of theory and 
empiricism. This is by means of what I shall call an 
‘adjusting coefficient’. You will all know examples of 
this type of thing. The discharge coefficient of a fluid 
through a nozzle is one example; the mechanical efficiency 
of an engine is another. The essential nature of these 
adjusting coefficients is that they are the result of com- 
paring an actually obtained figure with a calculated figure. 
The calculated figure may in principle be derived from 
any form of theory, whether simple or complicated, exact 
or inexact. 

In all this there is the implicit idea that if we got an 
adjusting coefficient of unity, we could say that we had 
a completely correct theory. In practice, however, we 
frequently do not trouble about it. Our demands are 
entirely based on convenience and accuracy in use. We 
shall be very interested in a modified theory which gives 
us adjusting coefficients nearer to unity, provided it does 
not make life more complicated for us, that is, provided 
we can use it with equal facility and equal accuracy to 
that with which we can use our known methods. Suppose, 
for example, you did a great deal of theoretical research 
and produced an almost exact solution for the problem 
of flow through an orifice under any conditions, or exact 
equations for heat transfer coefficients, there is no doubt 
that the formula involved would be very complicated, 
and they might very well occupy far more of a designer’s 
time than a simple calculation—in the nozzle case— 
Bernouilli’s theorem using a discharge coefficient estimated 
from past experience. He just would not be interested in 
your elaborate theory. His interest will be aroused only 
in those cases where improved accuracy will help him to 
save cost or will usefully contribute to improved per- 
formance. Thus, theories of turbulence which are of no 
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interest to a designer of water piping or of air ducting, 
may be of considerable value to designers of aircraft, 
and perhaps also to makers of the pumps at the end of 
the water piping or the fans at the end of the air ducting. 

In this third method, therefore, theory and empiricism 
are combined, the latter being introduced in the form of 
adjusting coefficient. Broadly speaking, any theory may 
be used, in conjunction with an appropriate adjusting 
coefficient, depending on the extent of empirical know- 
ledge. The extent to which attempts are made to make 
the theory accurate depends entirely on the matter in hand. 

Now this situation brings with it some characteristic 
dangers and responsibilities. It is obvious that the abstract 
concept of truth has to play a minor part compared with 
the concept of workability. You may, however, cherish a 
belief that theoretical truth and practical workability are 
necessary companions. In practice, however, that is not al- 
ways the case, and it arises quite understandably as follows. 

For the large mass of what we might call standard 
engineering activities, working in fairly well-known fields, 
it is probably correct to say that theoretical truth and 
practical workability do go hand in hand. The material 
of a university or technical college course in engineering 
does equip, or should equip, a student with a general back- 
ground knowledge of which it could be said that it is 
both sound in theory and workable in practice. He may 
be able to use that alone with full adequacy in his earlier 
design work. But as his experience. accumulates he 
necessarily codifies much of his knowledge into a sub- 
stantially private version of general truth, and the better 
he is as a designer, and the more he has to tackle novel 
problems, the more probable it is that his procedures and 
his unformulated concepts and ideas will acquire personal 
idiosyncrasies. Engineering is not only a matter of theory 
and empiricism, it is also a matter of experience, and it 
is the very nature of experience to acquire personal 
colouring. If it were nob so, one man would differ from 
another only in the amount of theory and of empiricism 
which he memorized. It may appear a weakness that 
this imponderable personal element should enter, and so 
confuse, and taint, and modify matters which we might 
hope would remain in a state of high technical purity. 
But it is precisely because the personal element does enter 
that the private ideas of gifted persons can find scope 
and so—and only so—does engineering advance. 

Thus while in principle, for a particular problem, any 
proportion of theory and empiricism might have been 
used—ranging from some very crude theory with a large 
amount of empirical matching, to highly developed and 
accurate theory with very little empirical adjustment—in 
practice the actual proportion of theory and experiment 
is governed by this imponderable and personal thing, the 
experience of a designer. Subject to that overriding 
consideration of his experience, the only other matters 
which determine the proportions of theory and em- 
piricism which he uses on a given problem are questions 
almost of personal taste, judgment, and intellectual 
conscience. He would clearly be wasting his employers’ 
time and money if he spent an unnecessary time in 
theoretical elaboration, but equally he would be wasting 
time and money if he did not attempt theoretical elabora- 
tion where it was necessary. The experienced man 
therefore appears to vary very much in his approach- 
to different problems. Some he will tackle with an 
apparent crudity which will shock the newly arrived 
graduate. Others he will handle with such pains- 
taking thoroughness as perhaps to call in resources of 
theory and mathematics beyond his own. In all this 
variability, it is only his intellectual conscience and his 
basic belief in the rationality of the universe which will 
confine him—in selecting and developing his theories and 
ideas—to such concepts and methods of thought as would, 
find general acceptance in the scientific world if they were 
published—that is, to things which other people might 
call ‘true’. He will accept this broad limitation, but in 
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individual steps he may sometimes proceed in an appar- 
ently unwarranted manner. 

This description of design practice can now be sum- 
marized. The general subject-matter of engineering 
science provides a stock of concepts, ideas and theoretical 
methods, together with a substantial basis of established 
experimental results, incorporating laws either theoretic- 
ally or empirically derived. In use this becomes modified 
and ‘privatized’. From the common stock, the individual 
chooses such concepts and theories as appeal to him, and 
for which he has available some empirical checks, and 
which are relevant to the problem in hand, In his further 
developments he will elaborate theory originally, or 
elaborate empiricism originally—that is, do his own 
experiments—according to the exigencies of the problem. 
In all this he will be guided cumulatively by experience. 
That is a fair description of the way in which basic con- 
cepts and theories are used in engineering. Consider now 
the bearing which it has on the education of engineers. 

Ib is obvious that in the reality of engineering the 
technical purity of theory is inextricably mingled with 
practice, and with individual human imaginations and 
abilities. Clearly all the conventional remarks about 
‘theory’ and ‘practice’ as opposed things—or even as 
complementary things—are quite incorrect. They are 
not just complementary—they are inseparable, inter- 
twined. Theory and practice which pretend to be separate 
and invite us to choose between are impostors. We should 
do as Kipling said of “Triumph and Disaster’”—‘“Treat 
theso two imposters just the same”. True theory and 
true practice are one—and their name is engineering. 

Now you may ask, since this is so, since purity of 
theory is so soon lost, should we not relax the rigidity of 
our teaching of fundamentals? Why should we trouble to 
give, for example, advanced courses in mathematics or 
mechanics or thermodynamics? Are these not needlessly 
elaborate having regard to practical needs? Now that 
attitude has been adopted in the past in many places. It 
gives a kind of teaching which at its best is a code of 
rules describing approximately the average methods to use 
in many ad hoe situations. It can be relied on in known 
situations. But it is inflexible, unadaptable—and there- 
fore quite unserviceable in the senior posts in modern 
engineering industry—and does not give the student a 
sense of integrated study and purpose. Indeed, the 
correct deduction from the reality of engineering as I 
have described it is precisely the opposite. Just because 
advanced. activity depends so much on flexibility of ideas 
we must ensure a full training in advanced principles with 
logical rigidity. Flexibility is possible only if there is 
secure and quite deep knowledge of fundamentals. With- 
out that, attempts to be flexible can lead to very costly 
errors. The needs of engineering at its higher design 
stages cannot be met by teaching of an ad hoc type. 

For these reasons, the present-day study of enginecring 
can be expected to give the student a vision of a world 
of ideas, a scheme and pattern of concepts, and & training 
in thought and imagination, fully comparable with the 
study of any other discipline, whether scientific or artistic. 
It will also demand at least as much from him as any 
other discipline. I do not pretend that, if a man studies 
only engineering and knows nothing of the humanities, 
he will be a complete man. I doubt, in fact, if he would 
even. be a good engineer—for without some study of the 
humanities much stimulus to thought is lacking. But I 
do say that the reality of engineering is such that its study 
is properly educative in the best sense of the word. The 
man who has studied it properly in the way I have tried 
to describe will gain many things. He will have a frame 
of reference for his own personality. He will have a 
basis of fundamental knowledge and an appreciation of 
how to add to it. He will know how to intermingle his 
experience with it: and because he has been given full 
fundamental training his thinking will be free—but it will 
never be loose. { 
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HIGHER EDUCATION IN TECHNOLOGY* 
By Dr. J. ROSE 


Vice-Principal, Coventry Technical College 


(1) 

HE past decade has seen the emergence, in outline, of 

& new structure of technological education in Britain 
accompanied by an increased public interest in higher 
education. Although the path to a modified and improved 
structure appears to be strewn with the debris of bygone 
ideas and rivalries between universities and technical 
institutions of various descriptions, it is fairly clear that 
great progress has been made, and some of the achieve- 
ments are partly due to a profound study of technical 
education abroad and partly to a certain change in the 
public attitude to technologists as social individuals. 
Indeed, we are possibly approaching a stage of history 
similar in some respects to the Victorian era in which 
violent expansion of the community was matched not only 
by British industrial might and dominance in the inter- 
national field but also by a ruthless re-examination 
of established institutions, including the Civil Service, 
the Church, the universities, and all the organs of State; 
all this in the open, by public inquiry, with a willingness 
to change and a definite sense of purpose. 

About a hundred years ago, royal commissions began the 
conversion of Britain’s antiquated medieval universities 
into the great institutions of to-day despite the vociferous 
indignation of ‘Oxbridge’ dons. By comparison, present 
royal commissions and various committees concerned 
with educational survey and planning (Crowther, 1961; 
Anderson, 1960; Albemarle, 1960; Jackson, 1957; 
McMecking, 1959; Russell, 1961) are models of timidity, 
though some chinks in the establishment armour have 
already appeared here and there, notably after the Crow- 
ther Report and some plain speaking by the Minister for 
Science. The Robbins Committee for Higher Education 
and the Newsom Central Advisory Council for Education 
are still in the midst of their secret deliberations, inundated 
by memoranda of impressive lengths and divergent 
tendencies submitted by bodies ranging from political 
parties to professional institutions. 

In the meantime, some hitherto sacrosanct matters 
are being aired in public and rather unconventional ideas 


are being expressed. Thus a Fellow of Balliol (Mr. T. 


Balogh) had some hard things to say about two years 
ago in the columns of the Times Educational Supplement 
concerning the muddle and inadequacy of higher educa- 
tion in Britain, while discussing the reform of English 
universities. The manifesto of the 1963 Campaign for 
Education boldly attacks the present educational system 
as insufficient, mediocre and ridden with privilege. Sir 
Geoffrey Crowther, in a letter to The Observer in 1962 and 
in a speech in 1960, criticized the twenty-four week year 
at the universities and their pursuit of convenience rather 
than the public interest. 

Ramsay Muir pointed out that fifty years ago England 
had fewer universities in proportion to its population 
than any other country in Europe, except Turkey; the 
position does not appear to have greatly improved, since 
despite the proposed expansion Britain is still near the 
bottom of the European ‘league’. The United Kingdom 
had in 1959 about 1,800 students per million of population, 
the lowest in Europe with the exception of Eire, Norway 
and Turkey. The corresponding figures for other coun- 
tries—to mention just a few at random—are 2,800 for 
Denmark, 3,930 for Yugoslavia, 4,310 for Finland, 
5,060 for Poland and 5,960 for Czechoslovakia, while 
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impoverished Turkey is building a new technical university 
in Ankara for 15,000 students, a number greater than 
that found at any British university or college. It is 
interesting to note that most of the listed countries 
suffered extensive ravages during the Second World War. 
On the other hand, the University Grants Committee 
calculations showed that in 1966-67 nearly 200,000 
places would be needed at universities to give sixth- 
form school-children the same chance of an academic 
education as they would have had in the last 1950's. 
The Association of University Teachers foresees a shortage 
of 30,000-50,000 places by 1966-67, while the recurrent 
grants and salaries cannot provide even the minimum 
of 150,000, as proposed by the Government. 

A comparison with some other Commonwealth countries 
is also instructive. Thus Canada, with about one-third 
of the population of Britain, had 129,000 full-time students 
registered at the universities in December 1961—more 
than the total students registered at British universities 
and colleges of advanced technology. New Zealand had 
5,570 students per million of its population in 1959; the 
corresponding figure for Australia is 6,190, and still more 
universities are being planned there; the newest at 
Melbourne is expected to house 12,000 students by 1970, 
a figure nearly equal to the combined total of Oxford 
and Cambridge. Though there are some doubts about 
the standing of certain universities abroad, it must also 
be remembered that a three-year course is rather the 
exception in Europe, and five or even six-year courses 
are not unusual there. 

Tho view is also propounded that ‘recurrent economic 
difficulties in Britain are due to the lack of enterprise 
and vision in higher education, especially in the technologi- 
cal and management sectors, and to the disdain for tech- 
nical knowledge; proficiency in the latter is viewed in 
certain influential quarters as a ‘too clever by half’ 
quality. In addition, as Dr. S. C. Curran of the Royal 
College of Science and Technology in Glasgow put it, 
“a technologist is not a social success in Britain”. 

Clearly, there is some room ‘for heart searching and 
revaluation of priorities, especially since we appear to 
live in a period of vast social change, when we are 
becoming healthier, wealthier, but seemingly not wiser or 
really more prosperous; and when we.are being confronted 
by an annual series of financial and economic crises, so 
that in this so-called ‘Bingo Age’ we are a nation of 
debtors, both internally and internationally. Perhaps 
the neglect of true educational values and the emphasis 
on the transient and opportune are at the root of the 
recurrent sickness of the body politic. One could discern, 
however, a groping in the darkness for true progress, even 
in the field of education, and an important step in this 
direction is the willingness on the part of many to examine 
and study relevant practices among other nations in 
order to learn and to apply what is the best in other coun- 
tries to our national needs and conditions. 


Higher Technological Education in the United States 


It has been claimed by Lord Hailsham, among others, 
that our colleges of advanced technology enjoy the status 
of the great American technical institutions, such as the 
Massachusetts Institute of Technology. However, a 
closer look at the Massachussetts Institute of Technology, 
the pinnacle of technological teaching and research in the 
United States, would reveal the great chasm separating 
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the institutions on the two sides of the Atlantic. In its 
diversity of teaching alone it overshadows all the colleges 
of advanced technology in Britam, its budget being 
several times that of the biggest British university. 
Although it is primarily an institution for the propagation 
of theoretical and applied scientific knowledge, it has one 
of the best faculties of economics in the world and an 
institute of research into international economics of 
eminence and distinction. It has made a tremendous 
contribution to the enormous technical achievements in 
the United States, especially after the Second World War, 
and this importance was stressed by the Prime Minister 
during its recent centenary celebrations. According 
to Profs. Horlock and Owen of the University of Liver- 
pool, who made a study of the subject, the pre-eminence 
of the Massachusetts Institute of Technology is due to 
the emphasis placed on the wide scope of technical teach- 
ing, which ensures a progressive attitude and advanced 
thinking, and on large-scale research of significance and 
relevance to the economy of the country. The quantity 
of research work is prodigious, most of it being concerned 
with the provision of basic engineering science needed to 
solve urgent industrial problems, sometimes of funda- 
mental importance to vital sectors of the economy. 
There is an urgency about this work and an awareness 
about the necessity for constant advance. 

` A similar attitude prevails at the undergraduate-level. 
The students of engineering at the Massachusetts Institute 
of Technology undergoes a four-year course, the first half 
of which is mainly devoted to a study of mathematics, 
physics and chemistry to a stage similar to that attained 
at about the Scholarship Level of the (British) General 
Certificate of Education; this reflects the trend towards 
science even among engineers. It is interesting to note 
that Sir John Cockcroft advocated in his Trueman Wood 
Lecture delivered to the Royal Society of Arts in 1961, 
the need to teach basic science to engineers in their first 
two years of study, the Cambridge Natural Sciences 
Tripos serving as a good model. This practice is emphas- 
ized“in the first part of tho course at Massachusetts 
Institute of Technology so that the foundations for the 
second, half of the undergraduate studies are laid, and the 
student in the third and fourth year is then able to proceed 
with his main engineering training until he reaches a level 
beyond that offered in most British colleges of advanced 
technology. The Massachusetts Institute of Technology 
also recognizes the need for teaching basic science in 
schools and has, therefore, initiated an impressive project 
for studying this problem and instructing education 
authorities in the best use of the available manpower, 
apparatus and books. Some misgivings have, however, 
been expressed about this concentration of extra-engin- 
eering subjects at Massachusetts Institute of Technology, 
since it has been noted that an increasing number of 
students, having completed the first half of the course, 
enter the faculties of chemistry or physics instead of 
pursuing engineering studies. Although there is some 
controversy about this surprising development and about 
the role of science in engineering even among the Massa- 
chusetts Institute of Technology staff, the majority 
there believes that an engineer must have a basic scientific 
education, so that less importance is being attached to 
practical metallurgy or heat engines cycles, and more to 
physical sciences of materials and statistical mech- 
anics. 

It is interesting to note that the foundations for the 
expansion of the Massachusetts Institute of Technology 
have been laid down by its founder, W. B. Rogers, who 
made the following points: i 

(1) Practical professions have dignity and utility which 
do not corrupt liberal education (as J. B. Conant put it: 
“there is social equality of all useful labour”). 

(2) A college programme must be built round a pro- 
fessional objective, since discipline, thoroughness and 
motivation of the objective have educational value. 
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There is no conflict between specialization and liberal 
education. Porn 

(3) ‘Learning by doing’ is an important principle. 
While learning must be supported by practice in labora- 
tories and workshops, it thrives best in an atmosphere of 
research and creativeness, and not where imitation and 
antiquarianism prevail. 2 

(4) Learning principles is more important than learning 
facts. 

(5) Humanities should be taught along with engineering 
and science subjects. 
` The Massachusetts Institute of Technology has not 
departed from those principles laid down about a hundred 
years ago, though the content and the arrangement of 
courses have undergone several radical revisions since 
1930. This policy appears to be paying handsome divi- 
dends, as shown by the impressive results achieved. 
Thus the Massachusetts Institute of Technology awards 
13-6 per cent of the total of Ph.D. degrees in engineering, 
and 9-5 per cent of the M.Sc. degrees in the same field. 
(The number of Ph.D. degrees in engineering awarded 
annually in the United States is, by the way, 700). It 
awards 7 per cent of the Ph.D. degrees in physics, a 
number greater than anywhere else in the States. There 
are 3,600 undergraduate students and 2,700 graduates 
at the Institute. A large minority is recruited from foroign 
countries, while the American freshmen are drawn from 
the top 10 per cent of the secondary school population. 
Students from 677 secondary schools compete for 899 
places in the first year. The prestige enjoyed by the 
Institute is clearly demonstrated by the support from 
industry. For example, General Motors have endowed 
there the largest number of scholarships maintained 
from one source at any university. Nearly 1,500 alumni 
are presidents of companies, while 1,200 are vice-presi- 
dents. Almost every aspect of science and technology is 
being-studied in the 900 research projects, and the achieve- 
ments include the SAGE system of American defence, the 
DEW line, instrumentation for missile guidance, tech- 
niques of inertial navigation used by Nautilus under the 
polar icecap, and many others of national importance and 
international repute. 

The participation of the Massachusetts Institute of 
Technology in Government projects is, of course, in line 
with the national policy of entrusting universities with 
most of the large-scale research in the fields of atomic 
energy, radar and electronics. Thus the Argonne Labora- 
tory was handed over to the University of Chicago, and 
that of Los Alamos to the University of California, while 
important studies of rocket fuels are carried out at tho 
California Institute of Technology, which is also respons- 
ible for the administration of the Mount Wilson and 
Mount Palomar telescopes; the enormous complex of 
research laboratories at Brookhaven is run by a consor- 
tium of universities. The Institute is also carrying out 
intensive research into education for management, 
development of transport, social and economic studies, 
and the impact of humanities on purely industrial domains. 
In fact, the Massachusetts Institute of Technology has 
become a technological university polarized around science 
with emphasis on liberal education. Though charges of 
narrow utilitarianism have sometimes been levelled at 
the Institute, the fact remains that in prestige and 
achievements the Institute is one of the foremost teaching 
and research establishments in the Western world. 


American Universities 


A veritable explosion in the American university 
student population has taken place in the past decade. 
Nearly 35 per cent of American school-children went to 
university in 1958, and there is confident belief everywhere 
about giving half of the youth over 18 years some form of 
higher education. There are more than 1,800 universities 
and colleges in the United States, though only a hundred 
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or so of these institutions are on the same level as British 
universities. In fact, it has been said that among the 
100 best universities in the world many are American, 
while among the 100 worst nearly all are American. 
Even taking this into account, the progress in American 
higher education has been astounding in the post-War 
years. 

In order to support financially this vast expansion, the 
President of the United States has proposed an expenditure 
of more than two thousand million pounds in Federal 
aid for scholarships and 4-5 thousand million pounds as a 
total expenditure on education, while industry and the 
old boys of academic institutions raised enormous sums 
in support of their alma mater; in comparison, the con- 
tributions by British industry to institutions of higher 
education pale into insignificance. According to the 
director of the research unit of economics and administra- 
tion in the University of London, Mr. John Vaizey, as 
quoted in The Guardian: “British Industry is appallingly 
mean in its treatment of charitable objects. The English 
Aristocracy was rich, but only Nuffield and Wolfson— 
tiny sparks compared with the flames of the munificence 
of American millionaires—redeemed the self-indulgence 
of rich men and women”. For example, the Harvard 
alumni have recently raised more than twenty-six million 
pounds for one part of the University, while California 
spends as much on universities as the whole of Britain. 
Furthermore, major Government research projects are 
entrusted to the universities and technological institutes 
with an attending plentiful supply of funds. 

The expansion in higher education, though enormous 
by British standards, has not given rise to a lowering of 
standards. There is a steady rise in the level of teaching 
and intellectual activity, especially in the ‘Ivy League’ 
group. However, those outside this select group are 
also making rapid progress, for example, the University 
of California at Berkeley, or the private west coast 
Stanford University have nearly closed the gap between 
them and the ‘Ivy League’, though the Berkeley Institu- 
tion is open in practice to any Californian who wishes to 
pursue his education after leaving high school. In Britain, 
however, out of 44,000 boys and 33,000 girls in sixth forms 
of grammar schools only 12,450 boys and 5,850 girls left 
the schools last year with three or more passes in the 
General Certificate of Education Advanced Level subjects 
which theoretically enables them to enter a university. 
Of all the British children less than 40 per cent stay on at 
school until the age of 16, and about 6 per cent go to 
university. In the United States, on the other hand, 
almost every child stays on at school until the age of 18, 
and more than 35 per cent enter universities and colleges 
of one kind or another. 

A characteristic feature of higher education in the 
United States is the flexibility of the curriculum and the 
methods of teaching. For two out of four years in their 
undergraduate studies Harvard students take a general 
education course, as well as a variety of courses in special 
subjects over a wide field. Formal classes are partly 
displaced by seminars, and students are encouraged to 
challenge teachers’ views during class. This tendency to 
criticize the academic staff is further exemplified by biting 
reviews in the students’ newspapers. Even the house 
system at Harvard encourages mixing between staff and 
students. 

Although Harvard and Yale were inspired by the 
‘Oxbridge College’ system, there is a marked departure 
from the tutorial organization and traditions of the 
English prototypes, the emphasis being on individual 
creative activity rather than on teamwork. On the other 
hand, the pace of university life is becoming increasingly 
tougher in the United States, and large numbers of 
students cannot stay the course and leave in the middle 
of their studies. Though in some universities 40-50 
per cent fail in the first year and leave, the authorities 
are not unduly perturbed, since a stay of one year at a 
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university is considered to be of sufficient value to justify 
the ‘wastage’. Attempts have been made to arrest this 
trend, partly by diversifying the entry, and partly by 
extensive changes in teaching methods. Despite the vast 
number of failures, there is a spectacular increase in the 
quantity and quality of the student population and of 
postgraduate work. There are about 270,000 graduate 
students in the United States (only about 11,000 in 
Britain), and an American is as likely to take his Ph.D. 
as an Englishman his first degree. It must also be remem- 
bered that American graduate students must undergo 
tuition and attend a prescribed set of lectures. The 
progress achieved has been recognized by many inter- 
national authorities, and, though the Americans appear 
to be extravagant in money, manpower and student 
failures, their universities are extremely productive and 
effective. There is an unending stream of educationists 
from every corner of the globe making their pilgrimage 
to the United States in search of ideas. Some of their 
excursions are sterile, while others have resulted in 
benefits to the countries which had the foresight to 
explore developments elsewhere. 

In Britain anxious glances are being cast at the Ameri- 
can higher education system. Reports are continuously 
being presented about various aspects of American 
practice, and efforts are being made to adapt American 
developments to conditions in Britain. Some of the 
American achievements, such as management studies, 
technology in the Massachusetis Institute of Technology, 
or the expansion of research, are viewed with envy, 
while other aspects are coolly received. An impressive 
example of the adoption of American ideas is that of 
chemical engineering at Cambridge. In 1946 Cambridge 
received financial aid from “Shell” to establish a depart- 
ment of chemical engineering,’ very much neglected 
subject at British universities. The incumbent, the late 
Prof. T. R. C. Fox, went to the United States in order to 
study the teaching methods and practice in this field, and 
on his return drafted a syllabus which combines the best 
of the American practice with additional features derived 
from the Cambridge tradition and his own ideas. As a 
result of this effort and proper attention to the staff, 
chemical engineering now enjoys the status of an academic 
discipline at Cambridge; it is now an antithesis of an ‘easy 
option’, having shaken off its traditional, though dubious, 
association with chemical technology. Furthermore, five 
members of the staff have now become professors else- 
where. This cross-fertilization of ideas has its undoubted 
benefits, and similar considerations can be applied to the 
study of certain aspects of the higher education systems 
in other countries, such as France, Germany and the 
U.S.S.R. 


Higher Education in France 


The most ancient among French universities is the 
University of Paris, later known as the Sorbonne, from 
the name of one of its early benefactors, Robert de 
Sorbon; it was founded in the twelfth century and was 
entitled to teach and to confer grades. For the purposes 
of education, France is divided into 17 territorial units 
known as académies, each centred around a university 
town. The recteur, who is appointed by the Minister of 
Education as the head of each académie, is responsible 
for all State education in his area, including the university, 
which, however, enjoys some autonomy. In this task he is 
advised by various committees, elected councils, teachers, 
administrators and other public bodies. The whole system 
forms the Université de France, of which the Minister of 
Education is the official Grand Mattre. It is worth noting 
that the Constitution of 1791 guaranteed universal public 
education, of which the lower grades would be free, 
though the implementation of this pioneering idea did 
not take place until Napoleon established a rational, 
centralized and hierarchical system of education. Educa- 
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tion has been compulsory for all for a long time now, and 
the school-leaving age will be 16 starting in 1967; in 
effect, children who started school in October 1959 will 
stay at school until they reach the age of 16. Education 
at the Lycées, the equivalent of the British grammar 
school, is now free so that great opportunities are afforded 
to large numbers of children to take their baccalauréat, 
the school-leaving certificate, which is the key to the 
universities. This examination is designed to test general 
culture, since the French ideal has always been that of a 
perfect balance of the faculties without excessive special- 
ization but with all-round understanding. Thus the 
pupils at the Lycées attend schools not only to obtain 
knowledge but also ‘‘to learn how to learn”. The syllabus 
is encyclopedic and it includes French, Latin, a foreign 
language, physics, chemistry, biology, history and geo- 
graphy. There is more stress now on the teaching of 
mathematics as a result of the Langevin-Wallon Report in 
1946, which directed attention to the insufficiency of 
technical education; but the teaching of practical chemis- 
try and physics is still hampered by the lack of apparatus 
and the size of the classes. 

Nearly 30 per cent of those who have passed the two 
parts of the baccalauréat enter the universities, commenc- 
ing with an extra year of general education, known as the 
année propédeutique. This recent addition to the French 
educational system has been introduced for several 
purposes: to eliminate those who are not fit for the 
university; to initiate the others in the university life; to 
advise the successful pupils to chose a suitable university 
course; and to ensure that the students have enough cul- 
ture to profit by a specialized university course. 

Another route to higher education is via the twelve 
Grandes Ecoles, the most important of which are the 
Ecole Polytechnique, Ecole Normale Supérieure, Arts et 
Métier (mechanical engineering), Ecole Centrale (tech- 
nology), St. Cyr (Army), Ecole Navale (Navy), Ponts et 
Chaussées (civil engineering) and Ecole Nationale d Admini- 
stration. The leaders in higher management, administra- 
tion and industry are drawn from these institutions, the 
bulk being supplied by the oldest, the Ecole Polytechnique, 
which was founded by the National Convention in 1794. 
There are no fees in these institutes, the régime is collegiate 
and the costs are borne by the State. At present there 
are about 11,000 alumni of the Polytechnique who occupy 
high positions in the Government service, industry at 
large, and big business. Oddly enough, they are mainly 
of middle-class origin, without the advantages or burdens 
of an aristocratic tradition—a product of an egalitarian 
and State school system. Entrance to this institution is 
by merit alone on the basis of competitive examinations 
. (concours), and of more than 30,000 science students who 
leave the Lycées each year at about the age of 17 only 
300 are successful in their attempt to join the school. 
The selection of suitable pupils is achieved by admitting 
only a few thousand, who have done well in their bac- 
calauréat, to a three-year preparatory course run at a few 
selected lycées. This course is mainly mathematical in 
character and extremely intensive. About 2,000 students 
then present themselves for the entry examination at the 
Polytechnique, and the top 300 are admitted. The 
remainder try for the other Ecoles, which have a total 
enrolment of 15,000. 

At the Polytechnique the students take a two-year 
residential course which also leads to a university degree 
as a sideline. The training is purely scientific with 
emphasis on engineering and sciences, though attention is 
paid to languages, literature, history, political and social 
economy, and general intellectual education. The 
graduates then proceed to specialize in various subjects 
at the other Hcoles. Thus about 10 of them take a course 
in mining at the Ecole Nationale Supérieure des Mines, 
while others specialize in administration at the Ecole 
Nationale d’ Administration, which comes directly under 
the Prime Minister’s office. With the exception of the 
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Ecole Normale Supérieure the Ecoles have no connexion 
with the universities. ; 

The Grandes Ecoles have been the bastions of technologi- 
cal education in France for many years and have for 
generations made a strong appeal to the intellectual elite 
of the French youth. The products of this system aro not 
merely brilliant technocrats, but men of wido education 
and great ability. Tho institutions prepare their students 
for careers in the higher ranks of the armed Forces, 
industry, commerce, education, civil engineering and civil 
service, and they provide a continuous supply of highly 
trained scientific personnel. The future of their alumni 
in industry and commerce is assured’from the start, and 
the possession of a Polytechnique qualification opens every 
door without any inquiries being made about the scope 
of their studies or significance of their certificate. Con- 
trast this with the bewilderment of the public at the 
comparative values of a B.A., Cambridge; B.Sc., Special 
London; and the plethora of professional qualifications 
now including the Diploma in Technology and Membership 
of the College of Technologists, which some wag has 
described as the ‘Manchester Corporation Transport’ — 
not to mention the degrees awarded. by other universities. 
Tn terms of intellectual level, the best public schools and 
universities in England are somewhat inferior to this 
system of higher education, though it must be remembered 
that tho numbers of students at the Grandes Ecoles are 
comparatively small and the emphasis is on ‘brains’. 
Still, the system produces results, while in Britain manage- 
ment studies are in a rudimentary stage, and the teaching 
of technology has been mainly delegated to colleges of 
technology, which are still considered by most of the 
public and some Government administrators to bo of 
inferior quality, whore the rejects from the university 
find a haven and apprentices are trained. Furthermore, 
British industry in some cases does not know what to do 
with its graduates, while graduates do not know what 
they are expected to do. | 

Tn addition to the universities and Grandes Ecoles there 
are also technical and vocational schools in which young 
people are trained for jobs in industry and commerce. 
Boys ‘are admitted at the age of 14 to, apprenticeship 
centres where they follow a three-year course to become 
skilled factory workers or clerks. The technical sections 
of the secondary school system prepare other students for 
higher grade posts, such as foremen, overseers or toch- 
nicians; the more promising students are allowed to con- 
tinue their studies for another five years in order to qualify 
for a technical baccalauréat (almost the equivalent of 
Britain’s Higher National Certificate in engineering). 
On a higher educational level there are national vocational 
schools, and the more able graduates can then prepare 
for competitive entrance examinations to the national 
engineering institutes, or the higher schools of commerce 
to a level alrnost the same as a British degree or diploma 
in technology award. ; 

Despite the great advances in French education before 
1940, a number of defects have been observed, and 
attempts have been made to introduce reforms in order to 
adapt the system to new conditions. It was realized 
by many that the uniform State-governed and centrally 
organized French system of education has been too 
rigorous and inflexible, and that too much emphasis has 
been laid on the disinterested pursuit of culture to the 
detriment of technical training. The Langevin-Wallon 
Committee saw the red light and in 1946 issued a report 
which advocated a change in direction. Tho new trend 
is to train efficient farmers, artisans capable of dealing 
with modern techniques, engineers of all sorts and indus- 
trial chemists. As a result of this far-sighted report and 
despite the political confusion of the post-war yoars, 
great progress has been achieved. Many schemes are 
being tried in the teeth of opposition from the traditional- 
ists, and new ideas are being continually explored. The 
great strides in industry in the past few years, the hitherto 
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. unknown prosperity and the transformation of the 
economy are not entirely unrelated to the zeal with which 
post-War France has consolidated and expanded its 
educational system. Apart from the ancient universities, 
the Grandes Ecoles could serve as models for technological 
training elsewhere, standing head and shoulders above 
their counterparts elsewhere in Europe. 


Technical Universities in Germany 


These technical institutions, which were given univer- 
sity status in 1880, educate students to a level at least 
equivalent to a British university and carry out large- 
scale research and consultative work in engineering. The 
cost is borne by the Länder and not by the Federal 
Government in Bonn, and also by industry and the 
Forschungsgemeinschaft (equivalent of our Department of 
Scientific and Industrial Research in Britain). Differences 
thus arise between the organization and trends in the 
various Technische Hochschulen, as they are called, and 
even within each school. Although the school is ruled 
by a senate made up of elected professors and a rector 
chosen for a two-year term, life in the university revolves 
around individual professors, who are in complete control 
of the institutes; several of these institutes make up a 
faculty, the latter being concerned with a general field 
of study. The professor devotes most of his time to 
lecturing—a practice quite different from that of British 
universities or colleges of advanced technology—and he 
delegates the running of the institute to the chief engineer, 
who has high academic qualifications, usually a Ph.D., 
and wide experience in industry. In general, about ten 
research assistants help with the tutorials and laboratory 
classes, but do not lecture. They are supported by about 
a dozen technicians, especially on the experimental side, 
for emphasis is placed on practical work. The student 
has to attend lectures and practical work at several 
institutes, and he is advised about the course by a Fach- 
schaft. The course itself, though of variable and unfore- 
seen length, does not have much difficulty from an organ- 
ization point of view. The students are left very much to 
themselves, since there is no personal tutor system, and 
the professor-student ratio is about 1: 200. 

Although this system has the appearance of a well-oiled 
machine producing manpower te a specification required 
by industry, these universities have been successful in 
their ability to provide a bridge between industry and 
education. One of the most impressive institutions is 
that at Aachen with more than 10,000 full-time students 
and a budget of about £3m. per annum. Originally it was 
supposed to be based on 100 professors with 10,000 
students, but it is now bigger than the Imperial College 
of Science and Technology or most universities in Britain. 
(About three years ago the University of Manchester had 
88 professors and 6,500 students.) All the professors are 
highly qualified scientists and technologists. The charges 
of inflexibility and authoritarianism levelled at Aachen 
and other Hochschulen are somewhat hollow, for most 
professors are susceptible to reasonable new suggestions 
and are aware of educational developments elsewhere. 


The U.S.S.R. 


A rather stricter gearing of education to industrial needs 
is to be found in the U.S.S.R., where the enrolment of 
students at institutions of higher education is very strictly 
planned. Every stage of Soviet education is supposed to 
to be conducted according to a unified and compulsory 
curriculum, and there is little or no free choice of subjects. 
In addition, students admitted to these institutions have 
to work for a year in industry, on the land, or in research 
establishments, according to their future jobs. There 
are 2-6 million students in 750 institutions of higher 
education of various descriptions, the number of students 
having doubled in the past ten years. The number of 
graduates of these establishments is about 4 million, 
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that is, about 2-5 per cent of the population. The Soviet 
Authorities hope to ‘produce’ 2-3 million specialists in 
the period 1959-65, the actual number to be determined 
by the requirements of the national economy. In addition, 
there are large research institutes devoted to various 
aspects of technology. For example, more than 1,000 
scientists are working in the machine tool research 
organization in Moscow in collaboration with the Univer- 
sity there, and in the past few years have managed to 
change the pattern of industrial development by intro- 
ducing most advanced designs of machine tools. This 
particular emphasis on machine tools in the Soviet 
Union—it must be noted—is partly due to the embargo 
on the export of this type of industrial equipment from the 
West to the U.S.S.R. As a result, a completely new 
industry has grown up in the Soviet Union in the past 
decade, and a British mission to the U.S.S.R. dealing with 
productivity reported some time ago that the former has 
been left behind in the design and quality of machine tools. 

In training engineers the Soviet Union has nearly 
surpassed the United States. Nearly a third of the 
graduates of universities and colleges are engineers. For 
example, in 1957 more than 80,000 students graduated in 
engineering out of a total of 260,000 young specialists. 
These are being trained in the 39 universities and more 
than 700 colleges; the enrolment in each of the 4-6 
faculties at most universities is 2,000-5,000 students. 
Text-books, syllabuses, apparatus and visual aids at 
various educational establishments are decided on by the 
Academy of Pedagogical Science in each Republic of the 
Union. The university course in the physical sciences 
lasts more than five years. Thus in physics the first 
three years cover a basic course, the fourth year is devoted 
to practical work in a specialized field, while diploma 
work occupies the fifth year. On completion of the course 
the students are said to be ready to take a full part in 
research at the university or in industry. The Moscow 
State University has nearly 15,000 students in twelve 
faculties and 2,450 teachers, while the Universities of 
Leningrad and Kiev have more than 9,500 and 5,700 
students respectively. According to Prof. M. R. Gagin 
of University College, Bangor, the technical quality of 
Russian science graduates is higher than that of British 
graduates. 

In addition to these institutions, there is a vast network 
of correspondence courses available at 24 correspondence 
colleges and 430 correspondence departments in day 
colleges. The All-Union Correspondence Polytechnical 
Institute is the largest of its kind. In 1957 it had an 
enrolment of more than 32,000 and trained students in 
62 branches of science and technology; it has also devel- 
oped a number of consultation centres throughout the 
country for about 25,000 students. In the same year 
1,850 engineers graduated from the Institute. The 
students are recruited from various industrial levels, and 
include managers of factories, shop managers, senior 
engineers and skilled workers. The full-time teaching 
staff consists of 520 specialists, including 23 professors 
and doctors of science and 154 graduates. Nine evening 
colleges and 240 evening departments in day colleges 
cater for those employed in industry and agriculture. 
In 1957 more than 900,000 students, representing 43 per 
cent of all students enrolled in the universities and col- 
leges, studied after working hours, and nearly 80,000 of 
these students received their diplomas (U.S.S.R. Today 
and Tomorrow, Foreign Languages Publishing House, 
Moscow, 1959). The expansion of the evening and corre- 
spondence courses is in accord with the emphasis placed 
on the strengthening of the bonds between industry and 
educational institutions. 

The largest scientific body in the Soviet Union is the 
Academy of Sciences, which unites 200 institutes and 
research centres, staffed by more than 17,600 scientists. 
In addition, there are more than 750 scientific research 
institutes in industry, some of which have been singled 


No. 4876 April 13, 1963 


out as leading institutes and are under the direct jurisdic- 
tion of the State Planning Committee. The research 
carried out in these institutes is in addition to that at the 
universities, technical colleges and factory laboratories. 
One of the basic means of training scientists in the Soviet 
Union is by means of part-time graduate work for indus- 
trial employeés at colleges, universities and research 
centres, and by independent research on a chosen problem. 
It is worth noting that the part-time postgraduate students 
are paid monthly allowances, while 80 per cent of under- 
graduate full-time students receive Government grants; 
of these 50 per cent live in dormitories attached to the 
institutions of higher education. According to recent 
Soviet statistics 320,000 students graduated in 1961 from 
higher educational establishments, this total including 
120,000 engineers. More than two and a half million, 
full-time and part-time, are undergoing a university- 
standard education at present and the number of full-time 
university students is 280,000. 

In spite of all the upheavals, the Russians have con- 
sistently devoted enormous resources to education of 
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their young people as scientists and technologists. The 
rapid growth of Soviet industry has been partly made 
possible by the enormous number of trained specialists. 
For every ton of stool the Russians produce every year, 
they educate at least ten times as many metallurgists 
as trained in Britain; by 1965 the U.S.S.R. hopes to make 
more steel than the whole of Western Europe put to- 
gether. At the same time the Soviet Union supplies teeh- 
nologists—those emissaries of our modern age-to the 
uncommitted nations. This growth appears:to increase 
very rapidly, for it is found—this is a general observation 
applicable to most countries—that the rate at which the 
number of scientists and technologists increases during a 
decade is proportional to the number of such men then 
alive. This emphasis on technology is shown by tho 
observation that in 1954 the numbers of first degrees in 
pure science and technology in the Soviet Union were 
per million of population 56 and 280 respectively; the 
corresponding figures for Britain were 105 and 57 respec- 
tively. 
[To be continued] 


OBITUARIES 


Prof. W. B. Brierley 


In the present-day world of specialization in narrower 
and narrower fields it is becoming increasingly difficult 
for a man, however able, to encompass in his knowledge 
and experience the broad acres of learning in his own 
larger territory. The days of the encyclopedic botanists— 

- Bower, Farmer, Oliver, Weiss and Strasburger, to mention 
only a few of the great names of the past—are virtually 
over. In the rat-race of mid-twentieth century research 
aman must be so deeply involved in his own speciality 
that it is impossible for him to comprehend the rest of 
the huge field, an area which, in any event, like the 
expanding universe, is increasing in size and complexity 
at an accelerating pace. 

Trained under F. E. Weiss in this tradition of breadth 
of vision, William Broadhurst Brierley belonged to this 
school. Although his own field, by force of circumstance, 
was that of mycology and plant pathology, he never lost 
his interest in the whole area, and he preached always a 
doctrine of ‘holism’, that an understanding of the plant 
in disease and of its pathogen could only come through a 
knowledge of the plant in health, acted on and reacting 
with its environment. 

Born in Manchester in 1889, his early life was a struggle 
against poverty, a struggle which coloured and conditioned 
his life-long attitude to human problems and relationships. 
Innate in him was a passionate feeling for the underdog, 
for the ‘have-nots’; he did good by stealth and only his 
closest intimates knew of his good works. As a young 
man he gave up much time to the Workers’ Educational 
Association, and it was perhaps largely due to his activities 
here that he developed his gift for lucid and striking expo- 
sition. One of his lectures to the Workers’ Educational 
Association, entitled “Too Many Fingers and Too Many 
Toes”, was a brilliant explanation of genetical principles 
admirably suited to his audience. He studied deeply in the 
colour problem, in those days mainly that of the Negro 
in the United States, and he wrote and spoke feelingly 
on the subject. 

He worked his way through his degree course in the 
University of Manchester, repeatedly winning prizes and 
ending with a brilliant first and a graduate research 
scholarship. He was a lecturer in applied botany at 
Manchester during 1912-15 and in the last-named year he 
was appointed to a research post in the newly established 


Laboratory of Plant Pathology at Kew. He was released 
to serve in the Artists’ Rifles but was invalided out in 
1916 and returned to Kew. 

In 1918 the Institute of Plant Pathology was founded 
at Rothamsted Experimental Station, and Brierley was 
appointed first head of the Department of Mycology. 
where he was for long associated with A. D. Imms, head 
of the Department of Entomology. Here he worked on 
the complex genus Botrytis, on which he intended to 
prepare a definitive monograph, though his return to the 
academic field later prevented its completion. At Rotham- 
sted he was the stimulating and enthusiastic leader of a 
team of virologists and mycologists who made many con- 
tributions to plant pathological knowledge. 

His true love and greatest ability lay, as has beon said, 
in exposition and his career stabilized when, in 1932. he 
was elected to the chair of agricultural botany in the 
University of Reading, left vacant by the retirement of 
Prof. John Percival. Here his gift for teaching and his 
qualities of human understanding resulted in the further 
expansion and fame of a Department noteworthy for its 
unity and for the quality of its graduates. His outstanding 
characteristics were his sense of service and his scientific 
integrity; for twenty-five years he served as honorary 
editor of the Annals of Applied Biology and earnod for 
the journal the reputation of being one of the best-edited 
in the world. He would never pass slip-shod writing or 
loose argument, and though indifferent authors were 
sometimes offended by his extensive editing, they always 
came to recognize the great value of his advice. 

His own writings were many, on such diverse subjects 
as the species concept, disease resistance in plants, and 
the training of botanists, while for many years he con- 
tributed the section on progress in the biological sciences 
to the Annual Regisier. His able translation in collabora- 
tion with his wife, incidentally herself a distinguished 
psychoanalyst, of Prof. Ernst Gdéumann’s Principles of 
Plant Infection made available a great classic to English 
students. 

He retired in 1955 to live in the Lake District, where 
he became an enthusiastic gardener and kept open house 
for his old friends and students, who came from all parts 
of the world to enjoy again the pleasure of hard-fought, 
but always courteous, discussion and argument. His 
epitaph might well be: ‘he loved people’. 

R. H. STOUGHTON 
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LOURENS GERHARD Marinus BAAs-BECKING was born 
on January 4, 1895, in Deventer in the Netherlands. 
After his secondary schooling in Amersfoort and & pre- 
liminary year at the Technical College in Delft, he studied 
botany in the University of Utrecht, where he received 
his A.B. and M.A. In 1918 he married Bien Haverman 
and together they left-for California, which provided a 
better climate for his asthma. Throughout his life, Baas- 
Becking had a frail constitution, but through his iron will 
ho always remained master over his body and even sur- 
vived a vicious typhus infection while a German prisoner 
during the War. In California he completed his botanical 
study with a thesis on “Studies on Stelar Development” 
under Douglas Campbell, and in 1924 was appointed 
professor of biology and later worked in the Hopkins 
Marine Station in Pacific Grove. During these years in 
California he developed his full potentialities of imagina- 
tive development of basic ideas. In 1921 he also received 
a doctorate at the University of Utrecht for a thesis on 
“Radiation and Vital Phenomena’. In 1930 Baas- 
Becking returned to the Netherlands as professor of 
botany in the University of Leyden, where the botanical 
laboratory became the centre of unprecedented activity. 
He succeeded in drawing a large group of graduate 
students working over a wide range of botanical subjects 
and he succeeded in the renovation of the botanical 
garden and its greenhouses. In 1939 Baas-Becking was 
asked to reorganize the famous botanical garden at Bogor, 
Java, and in 1940 -was appointed its director. While 
winding up his work in Holland he was caught by the 
German invasion. Immediately after his liberation and 
recovery from his prison experiences he moved with the 
first Dutch groups into-Java. There he organized, mobile 
Red Cross teams, and with unlimited energy and courage 
he travelled through bandit-infested areas and saved 
numberless people during those troubled times. 

With tho transfer of the sovereignty over Java to the 
Indonesian Republic, the Indonesians appointed another 
director of the Gardens, and Baas-Becking left Java and 
became director of research of the South Pacific Com- 
mission and for some years organized the work of this 
Commission with headquarters in Noumea. After the 
tragic death of his wife, Baas-Becking moved to Aus- 
tralia. where he became connected with the Common- 
wealth Scientific and Industrial Research Organization, 
first in the Fisheries Station in Crcnulla and lator in Can- 
berra, where he died on January 6, 1963, after a long ill- 
ness, depriving him of free communication with his 
fellow-man, but not impairing his mental alertness. The 
devoted help of Mrs. Johanna Bombeeck, whom he 
married in 1961, made those last difficult years more 
tolerable. 

The effect of Baas-Becking on botanical sciences has 
. been largely through his students and collaborators. He, 
himself, had too mercurial a mind to enter into the 
details necessary to establish beyond doubt, through 
tedious research work, the principles which sprouted from 
his fertile mind. In 1932 he published a most interesting 
book on Geobiology, which did not find a wide audience 
because it was written in Dutch. During his stay in 
Australia he worked this into an extensive English manu- 

. seript which unfortunately has never been published. A 
sort of scientific testament of Baas-Becking can be found 
in Contributions to Marine Microbiology, Information 
Series No. 22 of the New Zealand Department of Scientific 
and Industrial Research. 

Baas-Becking’s main field of interest was the relation- 
ship between organism and environment, and their mutual 
dependence. He was particularly interested in saline 
environments, how they developed, and the organisms 
living in them. He was also one of the pioneers in the 
field of molecular biology with his early papers on sulphur 
bacteria and the application of thermodynamics to their 
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metabolism. He and his students pioneered in the mole- 
cular arrangement of chlorophyll in the chloroplast, and 
the model they developed is still essentially the accepted 
one. His interest in practical applications of science was 
evident, when he acted as adviser for Governments and 
private companies on such diverse subjects as salt pro- 
duction, food quality, herbicides and economic problems. 
In addition, his interests in historical problems found 
expression in articles and a delightful book, Hortus 
Lugduno Batavus (1937). 

Baas-Becking had a brilliant mind with potentialities 
of genius. Nothing was more stimulating than a few 
hours or days with him. He was exceedingly well read 
and had considerable mathematical training and ability. 
On. every subject, whether biological or other, he had 
original points of view and approaches. Unfortunately,- 
his intolerance of mediocrity and very sharp and often 
over-critical tongue alienated a large number of people; 
for no one could be neutral in his appreciation of Baas- 
Becking: one was either a great admirer or an enemy. 
It is certain that through his many admirers and students 
his adventuresome spirit and his unconventional but 
deep-probing approach to problems of life and of science 
will continue to play & part in the progress of science and 
of mankind. F. W. WENT 


Prof. Bertil Lindquist 


Pror. Bertu Linpquist died on February 4, and 
both Swedish botany and world forestry have lost an 
outstanding man. He was in his fifty-ninth year and had 
known for years that he was stricken with a deadly disease; 
but this did not stop him from travelling widely and 
continuing to make a most distinguished contribution to 
botany and forestry. 

The outstanding quality of Bertil Lindquist was the 
breadth of his interest which ranged from forest genetics 
through ecology and forest entomology to the cultivation 
of rare orchids. In 1931 he was appointed to a lectureship 
at the Swedish Royal School of Forestry and his publica- 
tions in 1932 included studies of the races of elm, the 
natural regeneration of Norway spruce, the taxonomy of 
Juncus alpinus and the beech forests of Sweden. Lind- 
quist then became interested in the pioneer tree hybridiza- 
tion work of Dengler in Germany and Syrach Larsen 
in Denmark and saw a great future for the application of 
genetics in forest practice. The Forest Tree Breeding 
Association of Sweden began functioning in 1938 and 
three years later a group of forestry companies joined to 
form the Society of Practical Forest Improvement with 
Lindquist as director. He carried on this work concur- 
rently with his teaching post until 1945. 

In 1946 Lindquist was appointed professor of silvi- 
culture in the Royal School of Forestry and he held this 
post until 1950. This period saw the publication of a series 
of important papers on racial and individual tree variation 
in bireh and culminated in the fine work Genetics in 
Swedish Forestry Practice in which he described in detail 
& programme of practical tree improvement. Lindquist’s 
work during his time at Stockholm has had a great influ- 
ence on the’development of forest genetics and tree breed- 
ing. His high standard of writing and presentation has 
stimulated many people in their first steps in tree breed- 
ing. 

The next and final step in Bertil Lindquist’s career was 
the move in 1950 to the directorship of the important 
Botanical Garden in Gothenburg. He continued his 
interests in forest genetics and tree breeding and made 
the pages of the handsomely produced Acta Horti Qoto- 
burgensis available for a valuable series of papers on seed 
orchards, clonal: trials and racial variation. His own 
interests became general once more. A journey to Japan 
in 1954 led to an important account of Japanese larch 
and a paper of 1959 returned to an earlier theme of forest 
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vegetation belts in southern Scandinavia. Another 
interest at Gothenburg was the building up of a fine 
collection of orchids and the cultivation of the difficult 
and rare Disa uniflora, which he raised with great success. 

What of the man himself ? He was always elegant in 
appearance and had a ready wit. In spite of a reputation 
for imperious behaviour to his botanical colleagues at 
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home he was to foreigners a most friendly and stimulating 
companion. He was fond of Britain, and after a tour of 
English and Scottish forests in 1951 he arranged a visit 
to Sweden for a small group of British foresters. This 
was a memorable journey, notable for Lindquist’s groat 
knowledge of Swedish botany and forestry and for his 
fine hospitality. J. D. Marruews 


NEWS and VIEWS 


Inorganic Chemistry at Oxford: 
Dr. J. S. Anderson, F.R,S. 


Dr. J. S. ANDERSON, who has been director of the 
National Chemical Laboratory at Teddington, Middlesex, 
since 1959, has been appointed to the chair of inorganic 
chemistry at Oxford as from next October. Dr. Ander- 
son goes to Oxford with a breadth of experience in 
universities in England and abroad, in research institutes 
and in Government organizations. His early training at 
the Imperial College of Science and Technology was fol- 
lowed by several years as a senior lecturer in the Univer- 
sity of Melbourne. He came back to Britain in 1945 to 
the post of deputy chief scientific officer at Harwell, but 
later returned to Melbourne and was head of the Chemistry 
Department from 1954 until 1959. Since that time he has 
been the very active head of an important Government 
Laboratory at a time when it is passing through a period 
of considerable change. His outstanding scientific ability 
and foresight have been of great value to the Laboratory 
during this period. The research interests of Dr. Anderson 
have always been wide and have involved an overlap 
between physical and inorganic chemistry. His earlier 
work on transition metal carbonyls—which anticipated 
the widespread developments of the present day—has 
given place in recent years to a vigorous programme of 
research in solid-state chemistry. He has made note- 
worthy contributions to the chemistry of various heavy 
metal oxide systems; more recently he has developed the 
use of field emission microscopy for studying atoms on 
surfaces. Dr. Anderson was elected a Fellow of the 
Royal Society in 1954. His presence in Oxford will do 
much to stimulate an already good research school of 
inorganic chemistry. 


Clinical Chemistry at Edinburgh: Prof. L. G. Whitby 


Dr. L. G. WHITBY, at present University biochemist 
to Addenbrooke’s Hospital, Cambridge, has beon appointed 
to the newly instituted chair of clinical chemistry in the 
University of Edinburgh. Dr. Whitby was educated at 
Eton College and at King’s College, Cambridge, where he 
was a Scholar from 1945 until 1948. After graduating in 
1948 with honours in both parts of the Natural Sciences 
Tripos, he proceeded with the aid of a Medical Research 
Council studentship to a Ph.D. degree in the Department 
of Biochemistry. In 1951 he was elected to a fellowship 
of King’s College, which he held until 1955. This enabled 
him to pursue medical studies at the Middlesex Hospital 
Medical School, where he completed his medical degree 
course in 1956. Thereafter, Dr. Whitby held various posts 
in the Middlesex and Hammersmith Hospitals and at the 
Postgraduate Medical School of London until August 
1959, when he was awarded a Rockefeller travelling 
fellowship in medicine and worked for a year in the 
laboratory of Dr. J. Axelrod, of the National Institutes 
of Health, Bethesda. On his return to the United Kingdom 
in 1960, Dr. Whitby took up his present post. Dr. 
Whitby’s own research interests lie principally in the 
field of the metabolism of adrenaline and noradrena- 
line. 


Director of the Rhodes-Livingstone Institute : 
Prof. A. Heron 


Dr. Arasta Heron has been appointed director of 
the Rhodes—Livingstone Institute (University College of 
Rhodesia and Nyasaland) at Lusaka, with the titlo and 
status of professor. He will take up his duties in Lusaka 
in August. Prof. Heron was born in Edinburgh and 
received his school education at George Watson’s College 
and the High School of Montreal, Canada. During the 
Second World War he was in the London Rescuo Service, 
and later did relief and refugee work in Europe for the 
Friends’ Relief Service. He gained in 1949 an M.Sc. in 
psychology at the University of Manchestor, and in 
1951 his Ph.D. at the University of London. Sinco 
1949 Prof. Heron has been on the scientific staff of 
the Medical Research Council in Manchester, London 
and Liverpool, first in an Occupational Adaptation 
Research Unit, and lately as director of a Unit on 
Research in the Occupational Aspects of Agoing at the 
University of Liverpool. Since April 1962, the Rhodes- 
Livingstone Institute has been incorporated in the 
University College of Rhodesia and Nyasaland. Reinforced 
by the academic resources of the College and under Prof. 
Heron’s direction, the Institute will be able to continue 
its sociological and anthropological studies and to add to 
these research into economic, demographic, educational, 
occupational and other problems within the field of the 
social sciences. 


Marine Nuclear Reactors 


REPLYING to a question in the House of Lords on 
March 19 regarding the characteristics of the Vulcain and 
integral boiling reactor systems which led to the con- 
clusion that research and development in support of nuclear 
marine propulsion should be concentrated on these two 
systems, the Minister for Science, Lord Hailsham. said 
that both these systems produced a compact reactor with 
several economic advantages. Thoy required a com- 
paratively small amount of the ship’s space, could be 
built on Jand under workshop conditions, and installod in 
a ship as a packaged unit. This simplified tho building 
of the vessel and permitted a quicker turn round 
for refuelling. The control of reactivity by the special 
methods utilized in these systems gave a longor fuol life 
and offered a cheaper control system than the moro 
complex control rod arrangement used in other designs. 
Both systems had useful load following charactoristics, 
and these advantages together offered potentially some- 
what lower running costs than the other marine reactor 
designs so far considered. The feed water would bo 
treated in a purification plant in accordance with standard 
practice for boiling-water and pressurized-water reactor 
systems. The measures required to protect the engines 
and auxiliaries from any possible contamination from 
radioactive steam were already known from the operation 
of land-based reactors, and further work was in hand to 
resolve some remaining problems. Answering further 
questions on this subject in the House of Commons, also 
on March 19, the Parliamentary Secretary for Scionce, 
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Mr. D. Freeth, said that under the research programme 
of some £3 million announced in November 1961, about 
£1-1 million had been spent and the programme was not 
being held up by lack of funds. The Study Group set up 
under Sir Thomas Padmore as chairman included Sir 
William Cook, Sir Victor Shepheard, Mr. A. Largan, Prof. 
J. Diamond, Mr. H. N. Pemborton, Dr. E. Lee, Rear- 
Admiral R. S. Hawkins and Mr. M. I. Michaels, and the 
panel, with Prof. J. Diamond as chairman, which made 
the technical assessment of the various reactor systems, 
comprised Mr. H. N. Pemberton, Dr. J. E. Richards, 
Capt. L. D. Dymoke, Mr. S. Fawcett, Mz. F. W. Fenning 
and Mr. R. P. Kinsey. Mr. Freeth added that it was 
hoped to be able to say whether either or both reactor 
systems would, in fact, prove economic by the end of 
the summer. 


The Regional Radioisotope Centre for Arab Countries 


THE first Regional Radioisotope Centre, established 
under the auspices of the International Atomie Energy 
Agency, was inaugurated at a coremony in the Assembly 
Hall of the Arab League in Cairo on March 18. The 
Minister of Scientific Research of the United Arab 
Ropublic, His Excellency Salah Hedayat, presided over 
the ceremony. The agreement for the establishment in 
Cairo of a Middle Eastern Regional Radioisotope Centre 
for the Arab Countries had been approved by the Agency’s 
Board of Governors on September 14, 1962. The request 
from the United Arab Republic for the Agency’s assistance 
in setting up such a Centre was first made in 1959 and 
was followed by intensive fact-finding surveys of the 
needs and wishes of the countries in the region of Africa 
and the Middle East, possible locations, the facilities, 
funds and personnel needed and the functional scope of 
such a Centre. Two training courses were organized with 
the Agency’s assistance at the United Arab Republic 
National Radioisotope Centre at Dokki, Cairo. The aims 
and functions of the Centre are: to train specialists in 
the application of radioisotopes in medicine, agriculture, 
hydrology and industry; to educate personnel in health 
physics and radiation protection work; to conduct 
research using radioisotope techniques in subjects of 
interest to the States participating in the Centre, such as 
hydrology, tropical and sub-tropical diseases, fertilizer 
uptake and entomology; and to promote in general the 
development of the utilization of radioisotopes in the 
Arab countries. Pending the selection of a ‘technical 
adviser’, Prof. E. Broda, of the Institute for Physical 
Chemistry of the University of Vienna, has been appointed 
a consultant to help prepare the first working programme 
for the Centre, both for the training aspect and the 
research, which will be concentrated on hydrology of arid 
and semi-arid zones, agriculture and medicine. 


The Centre of West African Studies of the University of 

Birmingham 

Aone its proposals for new dovelopments in the 
quinquennium beginning in 1962, the University of 
Birmingham included a plan for a Centre of West African 
Studies. Following the recommendations of the Hayter 
Committee, the University Grants Committee has now 
mado it possible for this Centre to bo established. Dr. 
J. D. Fage, at present lecturer in African history at the 
School of Oriental and African Studies in the University of 
London, and formerly professor of history in the Univer- 
sity of Ghana, has been appointed to direct the Centre. 
He took up his post on April 1, and he will have the 
personal title of professor of African history. The purpose 
of the Centre is to provide a firm nucleus within the 
University for the study-and teaching of the ethnography, 
geography, history, sociology, economics, law, govorn- 
ment and languages of West Africa. In 1963 it is mtended 
to make up to three new appointments in connexion with 
the Centre. These appointments will each be made in 
one or another of the following fields: archeology, 
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economics, geography, history (including economic his- 
tory), political science, sociology and social anthropology. 
By 1965-66 it is expected that at least two more appoint- 
ments will have been mado. At that stage, therefore, 
the permanent strength of the Centre should comprise the 
director and five lecturers (of whom one will be appointed 
directly to the Centre and four to associated departments). 
It is envisaged that further and commensurate develop- 
ments of the Centre will occur during the following quin- 
quennium. However, in order to make the best use of the 
resources initially available, it is proposed that the Centre 
shall first concentrate its attentions, more especially in 
research, on the eastern half of West Africa. The director 
intends to make it his responsibility to ostablish the 
closest possible relations between the Centre and the 
universities and other learned institutions in Nigeria, 
Niger, Dahomey, Togo, Ghana, Volta and the Ivory 
Coast. Among other things, it is hoped to develop mutually 
beneficial exchanges of staff and research students between 
Birmingham and these institutions. 


Electron Linear Accelerator for the. Univer of 
Glasgow 


TEE Department of Scientific and Industrial Research 
is to make a grant of about £1 million to the University 


~of Glasgow for the construction and operation of a 


100-MeV electron linear accelerator for Prof. P. I. Dee, 
professor of natural philosophy in the University. A 
grant of about £750,000 for the accelerator and its 
associated buildings is being offered now to the University 
and further grants of more than £300,000 will be made 
shortly for equipment and recurrent costs up to July 31, 
1967. The accelerator, which will be used for an extensive 
programme of investigations into photo-problems in 
nuclear physics, will be built in the grounds of the National 
Engineering Laboratory, at East Kilbride, near Glasgow, 
adjacent to the Scottish Universities’ Reactor Centre. 
While intended primarily for the University of Glasgow, 
the accelerator will also be available for use by other 
universities and colleges. The Ministry of Public Building 
and Works will be responsible for the planning, construc- 
tion and commissioning of the accelerator and its associ- 
ated buildings to meet the University’s requirements. 
The Physics ‘Department at the University of Glasgow 
concentrates mainly on experimental studies of nuclear 
processes initiated by high-energy photons. The chief 
feature of the new machine will be its versatility and 
flexibility for experimental work over a wide range of 
photo-nuclear processes. 


Electronic Map-Making 


ELECTRONIC map-making is the aim of the Department 
of Scientific and Industrial Research’s third development 
contract—the first for Scotland. .The contract, made with 
Dobbie McInnes (Electronics), Lid., of Glasgow, is worth 


_ & total of £58,000, of which the Department will con- 


tribute two-thirds. The remaining third will come from 
Dobbie McInnes (Electronics), who, for the past three 
years, have collaborated in feasibility studies costing 
£15,000 initiated by the Cartographic Department of the 
Oxford University Press. Under the contract a prototype 
machine will be built designed to produce maps many 
times faster than with existing techniques. The new 
method, developed by Mr. D. P. Bickmore, head of the 
Cartographic Department of the Oxford University Press, 
and Dr. A. R. Boyle, managing director of Dobbie McInnes 
(Electronics), eliminates the need for fair drawing. It 
makes possible translation, or ‘reading’, of the data from 
manuscript maps on to magnetic tape, and then ‘writing’ 
from. the tape direct on to photographic negatives used 
for printing. Maps of any area can be made automatically 
from the tape at any comparable or smaller scale, and in 
as many colours as required. Place names can be auto- 
matically inserted in their correct positions and sizes. 
The prototype of the Bickmore—Boyle system will draw 
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lines, shadings, etc., to a width of 0-002 in. It is hoped 
to have it ready by summer 1964, for demonstration at 
the International Geographic Congress in London. 


Application of Ergonomics to Industry 


In No. 1 of Ergonomics for Industry, a new series 
designed as a guide to the industrial applications of 
ergonomics research, and prepared jointly by the Informa- 
tion Division and the Warren Spring Laboratory of the 
Department of Scientific and Industriel Research, Mr. 
W. T. Singleton discusses why and how industry should 
use ergonomics (The Industrial Use of Ergonomics. Pp. 
16. Stevenage: Department of Scientific and Industrial 
Research Warren Spring Laboratory, 1962). Besides 
indicating some of the opportunities for the application 
of ergonomics, Mr. Singleton emphasizes the immense 
amount of research still required in this field. The booklet 
lists some of the full-time courses in ergonomics which 
are available and each booklet in this series is intended 
to deal briefly with a special aspect of ergonomics in 
relation to certain common industrial situations or 
problems. 


Man and his Destiny 


Operation Survival deals rather more trenchantly as 
well as a good deal succinctly than Sir Robert Watson- 
Watt in his recent book, Man’s Means to his End (see p. 116 
of this issue of Nature), with the measures which man- 
kind must take urgently to ensure survival (Pp. 35. 
London: Survival Books and Publications, 1962. 2s.). 
Mr. Mundlak is just as convinced as Sir Robert that only 
the creation of a public opinion in which science has an 
effective placo can now save the civilizations of East and 
West from self-destruction in a futile Third World War. 
When he appeals to human experience he does not go 
far into the distant past, but insisting that civilizations 
are based on institutions, and institutions, in the last 
analysis, on ideas, theories, concepts, opinions, and 
beliefs, and that erroneous ideas, opinions and beliefs can 
only be overthrown by sound and truthful ideas, he goes 
back no further than to Plato, to Newton and to Locke. 
From there on he argues concisely that mankind to-day 
is suffering from self-deception, an erroneous intellectual 
approach to reality and from a runaway concoptual 
inflation. Supporting his argument with citations from 
Lord Samuel, Planck and Einstein, H. G. Wells, Hume, 
Lord Adrian and Lord Russell, appropriately docu- 
mentated, he suggests that if mankind is to survive in 
civilized communities our grandiose notions of an objec- 
tive mental and material universe must be equated with 
the simple truths of human experience. Mr. Mundlak 
does not disdain to appeal to thought and to reason, and 
perhaps even more fundamental and significant, he rocog- 
nizes that the problem is also one of discipline. 


International Geophysics Bulletin 


THE International Geophysics Bulletin issued monthly 
by the U.S. National Academy of Sciences (2101 Con- 
stitution Avenue, N.W., Washington 25, D.C. 12-month 
subscription, 2 dollars) is an up-to-date and authoritative 
review of progress in geophysics and space research. The 
Bulletin has been evolved from the IGY Bulletin issued 
in 1957-58, and the special prominence given in the IGY 
„Bulletin to results from rockets and satellites has con- 
tinued in its successor. The issue for October 1962 begins 
with a detailed account of the effects of the Starfish high- 
altitude nuclear explosion on July 9, 1962. This explosion 
created a flux of electrons in the outer Van Allen zone 
about 100 times greater than the usual maximum, 
damaged the solar-cell power supplies of several satellites, 
and (near the equator) produced synchrotron radiation of 
about twice the intensity of the cosmic radio noise. The 
second article describes the Mariner 2 space probe 
launched in September 1962 and the experiments con- 
tained in it. The next article is an account of the first 
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international symposium on “Rockot and Satellite 
Meteorology”, held at Washington in April 1962. The 
last article is concerned with the programme for the 
International Years of the Quiet Sun, the co-operative 
international effort to study the Sun and its terrestrial 
and interplanetary effects during the approaching period 
of solar minimum, expected in 1964-65. The Bulletin ends 
with bibliographic notes—a list of recent papers. mostly 
from the United States, on geophysics and space research. 


The National Museum of Wales 


Tue fifty-fifth annual report of the National Museum 
of Wales records the progress in buildings operations and 
negotiations both in the main Museum and extensions at 
the Welsh Folk Museum (Pp. 89+4 plates. Cardiff: 
National Museum of Wales, 1962). In the Department of 
Geology emphasis has continued on the reorganization of 
the reserve and study collections, compilation of a list of 
the maps dealing with the geology and geomorphology 
of Wales and the curating of the Powys-land Musewin 
fossil collection. In the Department of Botany four 
dioramas illustrating aspects of Welsh forestry havo been 
prepared for exhibition and models of two floworing 
plents, black nightshade and honeysucklo, have boen 
added to the collection. An exhibit of ‘Deep Sea Fishes”, 
illustrating modifications of shape, structure and roepro- 
ductive methods, has been installed in the vertebrate 
gallery. In the Department of Archeology both the 
prehistoric and Roman galleries have been modernized 
and new exhibits introduced. In the Department of 
Industry limitations of gallery space has necessitated tho 
withdrawal of some exhibits and the reorganization of 
others to introduce new ones. In the Department of Art 
the most important event of the year was the Joan of 
nearly fifty paintings and drawings from Windsor Castle. 
At the Welsh Folk Museum work on the re-erection of 
Hendre’r-Ywydd Uchaf from Denbighshire was com- 
pleted in May 1962 and opened to the public. The house 
is sparsely furnished, as would be expected in a fifteenth 
century dwelling. 


Soil Science in New Zealand 


A CONFERENCE of the International Society of Soil 
Science was held in New Zealand in November 1962. 
This was, in effect, an acknowledgment of the valuable 
work of the soil scientists in New Zealand during tho past 
thirty years. The New Zealand Soil Bureau was initially 
set up in 1930 as a section of the Geological Survey, and 
its first task and major success was the correlation of 
‘bush-sickness’ and soils derived from certain volcanic 
ash deposits. Further soil surveys followed to help deal 
with various problems of fertility, irrigation, erosion and 
land utilization—all of the greatest practical importance 
for guiding developments in farm practice in tho best 
direction. Expansion of the work was rapid, and as soil 
physics, chemistry and biology developed to deal with 
the inevitable complexity of problems, the Bureau was 
reorganized as a branch of the Department of Scientific 
and Industrial Research, and there are now eight sections. 
Accommodation for a growing body presented many 
difficulties which were at length solved by setting up an 
experimental station at Taita, some 14 miles from Welling- 
ton. The new headquarters is able to house all tho Soil 
Bureau staff and is sited on an area of about 200 acros, 
the soil being related to that of 11 million acros of New 
Zealand soil. Moreover, the configuration of the land 
provides opportunities for studying contrasting types of 
vegetation over catchment areas on a series of ridges and 
gullies. A recently published booklet describes the 
features of the station and the nature of the investigations 
being carried out by the different sections; tho inside 
covers are soil maps of the north and south islands 
(Information Series No. 34. Pp. 50. Soil Bureau, Now 
Zealand Department of Scientific and Industrial Research, 
1962). 
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The „International Commission on Zoological Nomen- 
clature 


Norros is hereby given of the possible use by the 
International Commission on Zoological Nomenclature of 
-its plenary powers in connexion with the following cases, 
full details of which will be found in Bulletin of Zoological 
Nomenclature (20, Part 2, published on April 11, 1963). 
(1) Suppression of Amyda Fitzinger, 1843 (Reptilia). 
Z.N.(S.) 229. (2) Suppression of certain Aphid names of 
Rafinesque (Insecta, Hemiptera). 2Z.N.(S.) 327. (3) 
Designation of a type-species for Mymar Curtis, 1829 
(Insecta, Hymenoptera). Z.N.(S.) 479. (4) Suppression 
of Yerbua Forster, 1778 (Mammalia). Z.N.(S.) 653. 
(5) Validation of Psylla Geoffroy, 1762, and suppression 
of Chermes Linnaeus, 1748 (Insecta, Hemiptera). Z.N.(S.) 
1515. (6) Designation of a type-species for Dactylopusia 
Norman, 1903 (Crustacea, Copepoda). Z.N.(S.) 1517. 
(7) Designation of a type-species for Bomolochus Von 
Nordmann, 1832 (Crustacea, Copepoda). Z.N.(S.) 1518. 
(8) Validation of, and designation of a type-species for, 
Candacia Dana, 1846 (Crustacea, Copepoda). Z.N.(S.) 
1520. Any zoologist who wishes to comment on any of 
the above cases should do so in writing to the Secretary, 
International Commission on Zoological Nomenclature, 
c/o British Museum (Natural History), Cromwell Road, 
London, 8.W.7, before October 11, 1963. 


New Comet Alcock (19635) 

Mr. G. E. D. Ancoox, of Peterborough, made his third 
comet discovery on March 19 at 0200 h v.x. The comet 
was of magnitude 8, strongly condensed, and about 2 
minutes of arc in diameter. At discovery it was about 2° 
north-west of the star § Cygni, and moving slowly north- 
westwards. Elements and an ephemeris by S. W. Mil- 
bourn (Brit. Astron. Assoc. Circular, 449; April 3, 1963) 
show that perihelion will be reached on May 5-8 E.T., when 
the distance of the comet from the Sun will bo 1:53 
astronomical units. Maximum brightness will be magni- 
tude 7, attained during the middle of May. Predicted 
positions are as follows: 


1963, Oh R.A. (1950.0) Declination 
7 (h) (min) (deg.) Gec) 
es 21 18 020 
ay 1 16 43-8 Sg oF 
May 11 15 0968 50 30 
y 2L 13 515 38, 08 


Harkness Fellowships of the Commonwealth Fund 


Tax following appointments to Harkness Fellowships 
of the Commonwealth Fund have been announced: A. J. 
Bailey (Agricultural Research Council, Cambridge), bio- 
logy; P. P. G. Bateson (King’s College, Cambridge), 
zoology; A. Hallam (Edinburgh), geology; R. J. Munn 
(Bristol), physics; T. O’Riordan (Edinburgh), irrigation; 
C. B. M. Read (King’s College, Cambridge), civil engineer- 
ing; C. S. Taylor (Clare College, Cambridge), physics; R. 
Whitbread (Clare College, Cambridge), plant pathology. 


Wellcome Senior Research Fellowships in Clinical 
Science 


THE Wellcome Trustees have announced the appoint- 
ment of the ‘following as Wellcome Senior Research 
Fellows in clinical science with effect from April 1: Dr. 
G. F. Joplin, Postgraduate Medical School of London, 
who will continue his work on therapeutic pituitary 
ablation by means of radioisotopes, and on diabetic 
retinopathy; Dr. R. D. Lowe, St. George’s Hospital, 
London, who is studying the control of vascular tone in 
man and the direct measurement of cerebral blood flow; 
Dr. A. Murray Harper, the Royal Infirmary, Glasgow, 
who is elaborating methods for the measurement of blood 
flow in the cerebral cortex. These five-year appointments 
were instituted by the Wellcome Trustees in 1962 to 
provide opportunities in the United Kingdom for young 
clinical research workers of distinguished accomplishment 
and continued promise. 
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University and College News : Birmingham 


Tux report of the Vice-Chancellor and Principal of the 
University of Birmingham for the calendar year 1962 
expresses disappointment with the annual grants for the 
new quinquennium (Pp. 37. Birmingham: The Univer- 
sity, 1963). These are regarded as inadequate for the 
proposed rate of expansion unless the staff-student ratio 
is allowed to deteriorate further and research is curtailed. 
The intake of new students in October 1962 was accord- 
ingly held to the level of 1960 and 1961, but an increase 
of 200 has been authorized in admissions being arranged 
for October 1963. Concern is also expressed over the 
ruling on academic salaries, and the unwillingness of the 
Government to raise its capital allocations for university 
buildings to take into account the considerable rises in 
building costs threatened progress with Halls of Residence 
in 1964 and 1965. A formal creation of the year was an 
Institute for Advanced Study in the Engineering Sciences, 
to which seven departments are already devoted. Besides 
the Centre for West African Studies already noted (see 
p. 136) a Centre of Russian and East European Studies 
is to be established. Sponsorship and affiliation of the 
Medical School of the University College of Rhodesia, 
and Nyasaland are well under way and about 250 students 
will attend each of the five courses of Inter-Faculty 
Studies first launched in 1962. Research grants from 
Government sources other than the University Grants 
Committee, from Foundations, from industry or other 
donors rose to £456,000, but the money available for 
staff salaries, for research fellowships, and for equipment 
and materials still unduly limits independent research. 
Some account of research in progress during the session 
1961-62 is contained in the twenty-third annual report 
of the University Research Committee (Pp. 156. Birming- 
ham: The University, 1963). To the departmental 
reports in this report, lists of papers published during 
the session are appended. 


Sir John Cass College 


THE annual report for the session 1961-62 of Sir John 
Cass College, London, which includes a list of publications 
during the year and of theses presented for higher degrees 
awarded, records a total of 4,562 students compared with 
4,431 in 1960-61 (Pp. 28. London : Sir John Cass College, 
1963). Of these, 406 followed full-time science courses, 
644 were preparing for degrees of the University of 
London, and 74 B.Sc. General and Special and B.A. 
(Hons.) degrees were gained, 4 M.Sc. degrees and 9 Ph.D. 
degrees. Some 1,117 students were in the Department of 
Navigation and 364 attended courses in Medical Labora- 
tory Technology at the London Hospital Medical College 
and the London School of Hygiene and Tropical Medicine. 


Leeds 


Tue annual report of the University of Leeds for the 
academic year 1960-61 (Pp. 80. Leeds: The University, 
1963) includes, besides the reports from faculties, statis- 
tics, etc., the Vice-Chancellor’s statement made in 
presenting the draft report in November 1961. The 
number of full-time students was then 5,175, an increase 
of 1,400 in the quinquennium, and the Vice-Chancellor 
pointed out that plans for expansion were based on an 
average annual increase in the student body of about 
375 to 6,900 in 1966. So far, the University was well 
advanced with its building programme, but there was 
grave anxiety over the provision of residential accom- 
modation, and this must be increased at a much faster 
rate if the University was to deal fairly with the very 
large number of students expected in the coming quin- 
quennium. Much thought had been given to the structure 
of degree courses in the faculties of Arts and Science, and 
there were signs that the new courses, which allowed two 
subjects, each studied in the ‘honours’ manner to be 
pursued to a high level, was meeting with success. In 
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his statement in presenting the draft report for 1961-62 
(Pp. 95. Leeds: The University, 1963), the Vice-Chan- 
cellor again referred to the question of lodgings and of 
residential accommodation, pointing out that this was a 
problem general to the six large northern universities 
where the brunt of the expansion in student numbers 
would fall. They had already expanded from 9,700 
before the War to 29,000 in 1961-62 and by 1966-67 
were expected to have 39,000. The University of Leeds 
had now places in halls for 37 per cent of the first-year 
women students, and 656 places in men’s halls, 57 per 
cent of which had become available in the past two years. 
It was hoped to provide 240 extra places in each of the 
three years 1964, 1965, 1966, and, with 225 new places 
available in October 1963, by June 1967 rooms in halls 
and similar accommodation should be available for 30 per 
cent of the expected total of students. By buying existing 
houses to provide living space on an’ emergency basis, 
it was hoped to have accommodation in this way and in 
halls for some 1,000 students, but the great need for 
lodgings would remain. The Vice-Chancellor also referred 
to anxiety about academic salaries and said that the 
recurrent grants now announced would not permit the 
University to proceed with its plan for expansion beyond 
the first two years of the quinquennium. 


London 
Dr. Ernest Coros, reader in veterinary pathology 
at the Royal Veterinary College, has been appointed to 
the chair of veterinary pathology tenable at that College. 
The following appointments have also been announced: 
Dr. J. H. Bird, lecturer at King’s College, to the reader- 
ship in geography tenable at University College; Dr. 
J. B. Cavanagh, Research Fellow in neuropathology at 
Guy’s Hospital Medical School, to the readership in 
neuropathology tenable at that School; Mr. J. D. Sargan, 
reader in econometrics at the University of Leeds, to the 
readership in econometrics tenable at the London School 
of Economics and Political Science; Dr. M. P. Barnett, 
associate professor of physics and director of the Co- 
_ operative Computing Laboratory at the Massachusetts 
Institute of Technology, to the readership in information 
processing tenable at the Computer Unit. Titles of reader 
have been conferred on Dr. S. J. Holt (cytochemistry) 
in respect of his post at Middlesex Hospital Medical 
School, and Dr. G. R. Wilkinson (physics) in respect of 
his post at King’s College. 


Manchester College of Science and Technology 


THE annual report for the academic year 1961-62 of 
the Principal of the Manchester College of Science and 
Technology gives some details of the progress of the 
expansion of the College, which by 1970 is expected to 
have some 4,000 students. The College is spending about 
£800,000 a year on new buildings, while what Dr. B. V. 
Bowden describes as a complete student city will in due 
course serve the university and the college together, 
occupying an area half a mile wide and 2-5 miles long. 
During the session, 602 degrees were awarded, including 
285 honours degrees, 44 Ph.D.s and 24 postgraduate 
diplomas. These figures compare with 208, 79, 28 and 
14, respectively, in 1955-56. The percentage of graduates 
obtaining first and second class honours degrees is as high 
as ever, and with 2,142 university students the College is 
now the largest Faculty in the University. Compared 
with & research fund of about £45,000 in 1956-57, about 
£201,000 was available in the year from sources other 
than the University Grants Committee. `The lecture 
theatre block, known as the Renold Building, is now in 
use and the Civil Engineering Building is almost complete 
and partly in use, and the sixteen-storey study-bedroom 
block, known as Chandos Hall, was completed in Decem- 
ber 1962. Both in his report and in an address at the 
fellowship and associateship presentation ceremony on 
December 1, Dr. Bowden was highly critical of Govern- 
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ment policy over the finance of university expansion, which. 
he feared, would necessitate some cut in tho expansion 
programme planned for the college. He was particularly 
concerned at the effect of that policy on the ability of th» 
College to retain and recruit the staff it needed. It was 
getting more and more difficult to persuade good inen 
to come to the College, and he feared that if the Govern 

ment’s policy persisted for long the wholo expansion 
programme would be jeopardized. Dr. Bowden also 
pleaded for more vision in planning higher education and 
for greater co-operation between university institutions 
and other institutions in Britain’s educational system. 
Besides brief departmental reports, the annual report of 
the College includes lists of publications, lectures offeror 
for schools and of research projects in the sevors! depart - 
ments. 


Announcements 


AN informal open day will be held by the British Coal 
Utilization Research Association on May 1. Further 
information can be obtained from the Secretary, British 
Coal Utilization Research Association, Randalls Road. 
Leatherhead, Surrey. 


TEE 1963 convention on “Electronics and Productivity” 
of the British Institution of Radio Engineers will be hold 
in the- University of Southampton during April 16-20. 
Further information can be obtained from tho British 
Institution of Radio Engineers, 9 Bedford Square. 
London, W.C.1. 


Tue fifth annual medical staff symposium of the 
Memorial Hospital of Long Beach will be hold at the 
Hospital on May 22. Further information can be obtained 
from Dr. G. X. Trimble, Memorial Hospital of Long 
Beach, 2801 Atlantic Avenue, Long Beach 6, California. 

A Discussion on “Molecular Interactions in Lituid 
Phase” will be held in Paris, during June 4-8, to mark 
the thirteenth annual reunion of the Société de Chimio 
Physique. Further information can be obtained from 
Prof. G. Emschwiller, Société de Chimie Physique. 10 ruc 
Vauquelin, Paris Ve. Oa 

A DIDACTIC exhibition on “The University of Liège 
and Industry: their Collaboration in the Nuclear Field”. 
arranged by the University of Liège, will be held at the 
International Fair, Liège, during May 25-June 9. Further 
information can be obtained from Prof. J. Govaerts. 
Université de Liège, 9 Place du XX Août, Liègo. 

A FIELD meeting of the Welsh Soils Discussion Group 
will be held on May 22. The meeting will consist of an 
excursion to Rheola Forest and Afon Llia. Furthor 
information can be obtained from C. B. Crampton. ¢/o 
tho National Agricultural Advisory Service, Governnicont 
Buildings, Block 4, Ty Glas Road, Llanishen, Cardiff. 


A CONFERENCE on “Metallurgical Developments in 
Carbon Steels”, arranged by the Metallurgy Division of 
the British Iron and Steel Research Association, will he 
held in Harrogate during May 15-16. Further information 
can be obtained from the Technical Secretary. Metallurgy 
Division, British Iron and Steel Research Association. 
11 Old Park Lane, London, W.1. 

A Jot meeting of the Iron and Stool Institute and 
the Sheffield Metallurgical and Engineering Association 
will be held in the University of Sheffield on April 24. 
During the meeting two groups of papers originally 
presented at the Iron and Steel Institute’s recent con- 
ference on “Clean Steel” will be presented and discussed. 
Further information can be obtained from the Secretary. 
Tron and Steel Institute, 4 Grosvenor Gardens. London. 
S.W.1. 

Erratum. The title of C. T. Baldwin’s book, reviewed 
by Prof. A. H. M. Arnold on p. 867 of the Deceinher 1 
issue of Nature, should be Fundamentals of Flectrical 
Measurement, and, not as printed at the head of the 
review, ‘Fundamentals of Electrical Science’’. 
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THE NATIONAL SCIENCE FOUNDATION 


HE twelfth annual report of the National Science 

Foundation, covering the year ended June 30, 1962, 
following the pattern of the previous two years, comprises 
the director’s statement and accounts of the programme 
activities of the Foundation*. The pages following the 
director’s statement consist of appendixes detailing the 
mombership of the National Science Board, its staff, com- 
mittees and advisory panels, the financial report, lists of 
research grants, fellowship awards and publications. 
Grants for basic research, numbering 2,572 to 381 institu- 
tions, totalled 69 million dollars, with a further 47 million 
dollars for facilities, 10 million dollars for national research 
centres and 4 million dollars for the Indian Ocean Ex- 
pedition and Project Mohole. Of this, 33 million dollars 
was for biological and medical sciences, almost 50 
million dollars for mathematical, physical and engineer- 
ing sciences, just more than 7-5 million dollars for the 
social sciences, and 6-5 million dollars for antarctic 
research. 

Significant research developments of the year to which 
the report directs attention include the accumulation of 
evidence that the coded information for each amino-acid 
in an enzyme molecule consists of triplets of the smallest 
sub-units (nucleotides) of deoxyribonucleic acid (the 
hereditary material) and the nucleotide composition of 
the coding units has been specified for certain amino- 
acids. Studies of certain mutants at a single ‘locus’ of 
the T4 bacteriophage which infects the bacterium 
Escherichia coli showed that these mutants, which all 
involve a simple change within one coding unit, may be 
inactive in infecting one strain of the bacterium, but active 
in an altered strain. It has also been shown that follow- 
ing virus infection the cell stops making the ribonucleic 
acid which it needs for its own survival and makes a new 
kind of ribonucleic acid which is concerned with virus 
- multiplication. Other investigators receiving Foundation 
grants have isolated cell-free extracts which fix nitrogen, 
and have confirmed the need of the cell for trace quan- 
tities of cobalt for maximum growth when any of several 
inorganic substances are used as the source of nitrogen 
and have developed techniques for identifying and char- 
acterizing substances which influence cell differentiation 
during embryonic development. The synthesis and char- 
acterization of the anion of silacyclopentadiene, the first 
aromatic compound containing silica, has opened a new 
field of chemistry. A mathematical correlation has been 
established between the machinability and the physical 
properties of materials, for example, the percentage 
reduction of area in a tensile test, the Brinell hardness and 
the thermal conductivity, which should facilitate more 
efficient and economical machining processes. Very 
accurate measurements of radio-radiation from Venus 
and from Saturn at a wave-length of 10 cm at the National 
Radioastronomy Observatory have provided new values, 
610° + 50° K and 196° + 60° K, respectively, for the 
surface temperatures of these two planets. Statistical 
proof has been obtained that the heaviest rainfall in the 
United States occur in the first and third quarters of the 
Junar cycle. Under the Foundation’s Weather Modifica- 
tion programme some 37 studies are in progress, mostly 
at university research centres. 


* National Science Foundation: Twelfth ET on ort for the Fiscal 
Year ended June 30, 1962. Pp. xvil+868, (Washingto : Government 
Printing Office, 1962. ) 1.60 dollars. (See also p. 115 ngton this issue of Nature. ) 


The Foundation appropriated some 88 million dollars 
in 1962 for educational programmes, including 4,791 
fellowships, of which 1,761 were graduate fellowships, 
868 summer fellowships for graduate teaching assistants 
and 300 summer fellowships for secondary school teachers, 
245 postdoctoral and 92 senior postdoctoral fellowships, 
and 1,200 co-operative graduate fellowships. Some 625 
institutions, scientific societies and comparable organiza- 
tions were awarded grants for educational programmes 
and about 48,000 opportunities for scientific study were 
made available at teacher training institutes, while 15,000 
undergraduate students participated in the various 
training programmes. The Undergraduate Instructional 
Scientific Equipment Programme, designed to assist 
institutions with the purchase, on a reciprocal basis, of a 
new and modern scientific equipment to improve science 
teaching at the undergraduate level (for which grants 
were mado totalling 5 million dollars), received special 
attention, and great interest was taken in projects to 
improve the content of courses at the secondary-school 
level. Support has also been given to studies for im- 
proving the content of courses in mathematics, science 
and engineering, and a special report is included on 
studies on improving the teaching of physics. Grants 
were awarded for 421 summer institutes attended by 
some 21,000 secondary school teachers of science and 
mathematics, sixty-seven summer institutes for college 
teachers (attended by 1,900), twenty-one summer insti- 
tutes attended by 712 elementary school teachers, and 
two summer institutes attended by eighty technical 
college teachers. 

The Foundation continued its studies of scientific man- 
power and publications issued during the year covered 
education and professional manpower in the U.S.S.R., 
employment in professional mathematical work in 
industry and Government, and the duration of formal 
education for youth of high ability. The Foundation’s 
Office of Science Information Service made 232 grants, 
totalling 7-5 million dollars during the year, largely for 
major long-term objectives. These included the develop- 
ment of an effective Federal Scientific Information 
Programme, plans for a joint research and development 
programme with the Department of Defense and the 
Central Intelligence Agency for automatic language pro- 
cessing with particular reference to mechanical transla- 
tion, studies on the evaluation of information systems and 
procedures, the support of scientific publications, studies 
and experiments in scientific communication, support of 
abstracting services and studies of scientific research and 
information activities in other countries, while attention 
continued to be given to education and training in this 
field. 

In October 1961 the Foundation established the Science 
Resources Planning Office to serve as a focal point for 
studies relevant to the formulation of national policy for 
research and education in science and engineering. 
Further studies were made of the research and develop- 
ment effort of the United States, and the Foundation’s 
increasing participation in such international ventures as 
the International Geophysical Year, the Antarctic Research 
Programme, the International Indian Ocean Expedition, 
the International Year of the Quiet Sun, and the United 
States-Japan Committee on Scientific Co-operation is 
described in the final chapter. 
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THE WELLCOME LABORATORY OF EXPERIMENTAL EMBRYOLOGY, 


UNIVERSITY COLLEGE OF 


By Pror. F. W. R. 


N March 5 the new postgraduate laboratory in the 
Department of’ Zoology was formally opened by 
Sir John Boyd.. This is a single laboratory of 1,000 sq. ft., 
built as an extension of the top floor of the existing 
research block of the Department of Zoology at a cost of 
approximately £10,000, provided by the generosity of the 
Wellcome Trust. The architects were Messrs. Sir Percy 
Thomas and Son, of Shrewsbury, and the builders were 
Messrs. Pochin (Contractors), Ltd., of Middlewich. The 
laboratory will provide for up to ten postgraduate research 
workers in experimental embryology. The whole block 
is devoted to postgraduate work and provides for about 
thirty—staff, students and ancillary technical staff. It 
includes the Agricultural Research Council’s Unit of Embry- 
ology under the direction of Prof. F. W. R. Brambell and 
nine postgraduate students working in related fields. 
This group is interested primarily in problems of 
mammalian development, especially in the immunological 
relations of mother and young, born and unborn. The 
transmission of passive immunity from mother to young 
is a subject that bears widely on problems of fertility 
and on feetal and neonatal survival, both in man and in 
domestic animals; it is also of fundamental significance. 
The Wellcome Trust’s gift has been made to extend the 
accommodation for workers in this field. The building is 
well equipped and provides for embryological, serological 
and immuno-chemical techniques. The next largest 
research group is concerned with ecological problems of 
freshwater and terrestrial animals. Others are working 
on the physiology of marine sponges, on the biophysics 
of the swimbladder of fishes, on cytochemistry and the 
genetics of bird populations. The geographical situation 
of Bangor, with the natural facilities which the environ- 
ment of sea, mountains and freshwater provide, is particu- 
larly favourable for animal biology. The resources of 
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the Department of Zoology for research in these fields are 
greatly strengthened by the presence of the Marine 
Science Laboratories of the College at Menai Bridge, only 
two miles away, and by the neighbouring Department of 
Agricultural and Forest Zoology. 

A Department of Biology was established when the 
College opened in 1884. In 1895 this was split into separ- 
ate Departments of Botany and Zoology and Prof. P. J. 
White was appointed to the chair of zoology, a position 
which he occupied until his death in 1929. During his 
long tenure of the chair, he built up the splendid collec- 
tions that, with some additions, constitute the present 
Museum of Zoology. Prof. F. W. R. Brambell was 
appointed to succeed him in 1930, the title being changed. 
to the Lloyd Roberts chair of zoology. The main building, 
which provides for all the undergraduate teaching and 
houses some of the staff and the administration, has been 
occupied since 1926. It was shared by the Departments 
of Botany and Zoology until 1955, when Zoology occupied 
the whole block, after it had been refitted and modernized. 
Tho research block was opened in 1953, extended in 1960, 
and is now complete. The animal houses of the depart- 
ment were built in 1955. 

The undergraduate accommodation has been full to 
capacity with more than 130 students for the past five 
years, and despite the very great pressure for entry to the 
honours courses in zoology, it is not possible to increase 
the undergraduate accommodation further until the 
plan to replace the main building has been put into 
effect. The present extension to the research block 
provides a welcome increase in the accommodation for 
postgraduates, now numbering fifteen. A postgraduate 
instructional course in embryology and mammalian 
reproduction leading to the degree of M.Sc. has been 
started this session. 


Wellcome Laboratory of Experimental Embryology, University College of North Wales, Bangor 
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CYCLIC SEDIMENTATION 


SYMPOSIUM on cyclic sedimentation was held in 

the Grant Institute of Geology of the University of 
Edinburgh during December 14-15, 1962, under the 
chairmanship of Profs. K. C. Dunham and T. S. Westoll. 
About 140 geologists attended the meeting, which was 
sponsored jointly by the Edinburgh Geological Society 
and the University of Edinburgh. Although the Carbon- 
iferous was, naturally enough, the subject of most papers 
a variety of cycles of different ages and facies was con- 
sidered. 

Differences in technique and approach emerged during 
the conference. The traditional stratigraphic approach 
was exemplified by Dr. G. A. L. Johnson, who dealt 
with the Visean and Namurian of northern England. In 
considering the development of the Yoredale cycles 
(marine limestone-shale-sandstone-seatearth—coal, in 
upward succession) he pointed out that a number of the 
basal limestone units were extremely persistent and cer- 
tain distinctive horizons such as the Chaetetes and Calci- 
folium bands of the Great Limestone could be traced over 
almost the whole area. The basal limestones tend to 
split northwards with the intercalation of terrigenous 
deposits as they pass towards the old shoreline, while 
limestones associated with the top parts of cycles are 
usually highly variable in development. 

Mr. P. McL. D. Duff and Dr. E. K. Walton emphasized 
that there was often a lack of objectivity in the description 
of cycles in coal-bearing sequences and cited examples 
of the resulting inconsistency and confusion. It was 
suggested that the number of occurrences of particular 
orders of sedimentary units should be the basis of a 
‘modal cycle’ and that this should be distinguished from 
the ‘composite sequence’ and the ‘ideal cycle’, the former 
being built up from the many different lithologies which 
may occur in the succession and the latter being a theoreti- 
cal model. The results of a study of the East Pennine 
Coalfield along these lines were described. The speakers 
also emphasized the great amount of variation, both 
vertical and lateral, of the Coal Measures sequence. 

According to Dr. W. Schwarzacher a sedimentary 
sequence can be studied more appropriately by the 
methods of time-series analysis. In an investigated 
marine Carboniferous shale—limestone sequence in Ireland 
a shale percentage calculated for each 20-cm interval 
gave the required numerical data. Two types of variation 
were found: a long-range trend consisting of alternating 
shale- and limestone-rich parts of the section which 
measure several tens of metres in thickness, and super- 
imposed on this a much more regular limestone-shale 
oscillation with an approximate wave-length of 3 metres. 
The correlation structure of the shorter oscillation may be 
described by a high-order auto-regressive model. In 
geological terms, this could mean that a stable system of 
interdependent environmental factors operated through 
long periods of time to generate the series. Alternatively, 
the same type of sedimentary record could be the result 
of a truly cyclic process in time. 

Dr. Schwarzacher had also investigated the amount of 
shale per shorter oscillation in the stratigraphical sequence, 
and, suggested that each oscillation could be interpeted 
as relating to a random burst of increased erosion. 

Not surprisingly, arguments were adduced in favour 
of a variety of different causal mechanisms. Impressed 
by the lateral constancy of distinctive lithological horizons 
in the Yoredale cycles, Dr. Johnson and Prof. Dunham 
argued for regional diastrophic control, with the pro- 
nounced asymmetry of the cycles suggesting a periodic 
‘jerky’ subsidence. This notion was taken up by Dr. 
M. H. P. Bott, who maintained that geophysical con- 


siderations favoured the formation of sedimentary basins 
as a by-product of the isostatic rise of a landmass re- 
peatedly thrown out of balance by erosion. Flow of 
material in the upper mantle would probably be accom- 
panied by local spasmodic foundering in the adjacent 
basins, associated with periodic faulting. Prof. F. H. 
Stewart, dealing with Permian evaporite deposits, saw 
in the larger repetitions of the normal salt sequence, with 
or without clastic material and normal marine carbonates 
(such as the main Zechstein cycles), the operation of 
relatively rapid subsidence of the bar (and presumably 
the basin) or, alternatively, the relatively rapid rise of 
sea-level followed by slower upward growth of the bar 
with or without fall in sea-level. 

Sedimentary factors were emphasized by Dr. D. Moore, 
who described the great variability in a number of Yore- 
dale cycles that he had investigated in detail. According 
to him, many of their features are consistent with the 
periodic building-out of a delta into a uniformly subsiding 
marine basin, the areas of active growth varying as the 
delta development led to the progressive elimination of 
the gradient of the hinterland. The great variation in 
the Coal Measures led Mr. Duff and Dr. Walton also to 
conclude that sedimentary controls were predominant 
and that eustatic changes or regional diastrophic controls 
were quite unnecessary for all except perhaps three of the 
East Pennine Coal Measure cycles. Prof. T. S. Westoll 
presented a theoretical model of a Yoredale cycle in 
which an attempt was made to estimate the influence of 
compaction. Mr. J. R. L. Allen outlined the results of a 
thorough sedimentological analysis of continental cycles 
in the Lower Old Red Sandstone of the Anglo-Welsh 
Province. The standard cycle, several metres in thick- 
ness, shows a scoured surface followed by sandstones 
grading up into siltstones. Such cycles could be the 
result of simple wandering of river channels, variations 
of river base-level and/or variations in tectonic activity 
in the source area. 

The role of differential subsidence was discussed by 
Messrs. W. A. Read and G. A. Goodlet. Evidence from 
the Scottish Carboniferous suggests that tectonic factors 
caused more or less continuous warping of the depositional 
surface and that the total subsidence in any area is related 
to the number of cycles in that area. Moreover, since it 
can be shown that strictly localized minor subsidencu 
could induce cyclic sedimentation in restricted areas 
while more or less uniform sedimentation was proceeding 
contemporaneously in adjacent areas, it is improbable 
that climatic or isostatic factors could have played an 
important part in the formation of such cycles. 

The possibility of eustatic control of major sedimentary 
cycles in the marine Lias was dealt with by Dr. A. Hallam. 
These cycles, ranging normally in thickness from a few 
metres to a few tens of metres, are characteristically 
represented in the off-shore facies by the sequence: con- 
densed band-shale, passing up gradually into limestone— 
erosion surface. Criteria for distinguishing between 
eustatic and local tectonic control were outlined and it 
was proposed that on at least two occasions pronounced 
sedimentary and faunal changes in the Liassic succession 
suggestive of widespread deepening of the sea correlated 
with major marine transgressions in several continents, 
indicating world-wide rise of sea-level. 

In most cases the factor of time was avoided, but Prof. 
Stewart mentioned the very regular small-scale layering 
in evaporites which had been interpreted as annual 
varving. On this basis the laminated rocks of the middle 
cycle of the Permian Lower Evaporites near Scarborough 
suggested that a relatively sudden change in rate of sub- 
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sidence followed about 20,000 years of relative stability; 
after a further 5,000 years a greater change occurred. 
Dr. C. Downie described symmetrical cycles in the 
Kimeridge Clay consisting of clay—bituminous shale—oil 
shale~bituminous marl-coccolith limestone and the re- 
verse sequence. These were probably attributable either 
to climatic (wet-dry) or tectonic (regression—transgres- 
sion) changes. Dr. Downie estimated that the 170-200 
cycles had developed during 6-8 million years, indicating 
a*periodicity of between 30,000 and 47,000 years. 
Notable points in the discussion of the papers presented 
during the symposium concerned whether the charac- 
teristic asymmetry of many sedimentary cycles necos- 
sarily implied fluctuating rates of change of the controlling 
mechanism, whether tectonic or eustatic, and the likely 
amount and cause of changes of sea-level in the Lias. 
Mr. W. A. Cummins raised the interesting point that 
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major turbidite formations in the geosynclinal facies of 
the Anglo-Welsh Silurian appeared to correlate with 
likely times of high sea-level in the shelf facies. 

The problem of terminology was, perhaps inevitably, 
left unresolved. It was instructive to have Mr. I. F. Sime 
(Ministry of Aviation) define cycles as a series of occur- 
rences in which conditions at the end of the series are the 
same as at the beginning—in recurrent cycles all series 
must be exactly similar. They could be represented 
mathematically by a sine wave, or related to a sine wave 
by a Fourier series. Alternatively impulses, which might 
be periodic or random, could trigger off successions of 
events which would be varied by local conditions, so 
that the series would not necessarily be similar in evory 
case. In the limit, the series could be represented by one 
component. A. HALLAM 

E. K. WALTON 


SOIL EROSION BY WATER 


HE realization of the urgent need of producing more 
food to meet the rapidly increasing requirements 
through the growth in world population has directed 
much attention to the question of controlling soil erosion. 
Erosion is a normal process and has indeed provided the 
parent material of soils on which we are dependent for 
crops. But it is clearly desirable to prevent or reduce the 
erosion of fertile soils, in existence and serious losses of 
soils aro undoubtedly attributable to the action of man. 
Soil conservation services have been set up in many 
countries with the view of persuading farmers to give up 
methods that may accelerate erosion and to adopt practices 
that will protect the soil and increase productivity. 
The reason for erosion is quite well understood. When 
vogetation cover is removed, rain drops can move particles 
of soil and when the rainfall is heavy and greater than 
the rate of infiltration the excess water transports the 
soil particles. The eroding and transporting are functions 
of the velocity of the water movement and the properties 
of the soil particles. When the velocity increases from 
1 to 2 ft. per sec, eroding power is increased 4 times and 
transporting power 32 times. Even relatively stable 
aggregates are dispersed by impact during a storm and 
can seal the soil surface; this starts run-off by the path of 
least resistance so that surface flow with fine particles in 
suspension moves into small channels which may develop 
into large gullies. The eroded soil may settle at distances 


depending on particle size or be carried out to sea; some 
may be deposited in drainage channels or reservoirs or on 
growing crops and cause great damage. There are certain 
principles in the control of erosion which are easy to 
grasp. Keeping the soil covered with vegetation or with 
a mulch of residues obviously protects the surface from 
the impact of falling drops and improves the infiltration. 
Retention terraces, contour planting or strip cropping 
can prevent run-off or reduce its velocity to a balance 
with infiltration. Moreover, machines are available for 
earth-moving and seod-sowing in accordance with the 
best combined. measures of husbandry and control. 
These techniques have been proved in many lands—- 
the United States, parts of Africa, Australia and New 
Zealand, Israel—and many bulletins on the subjoct 
have been published. Numerous specialists in the work 
have contributed information to the Agricultural Engin- 
eering Branch of the Water Development Division of the 
Food and Agriculture Organization of the United Nations, 
and in a recent paper, presented at an open meeting of 
the Institution of Agricultural Engineers at the Royal 
Society of Arts, on January 15, M. E. B. Neal summarizes 
the present position*. It contains a comprehensive list 
of services concerned with conservation and of publications 


on the subject. A. M. SITH 


* Journal of the Institution of Agricultural Engineers, 19, No. 1, 4 (1963). 


INFLUENCE OF THE EARTH’S CORE ON THE ORIGIN AND EVOLUTION 
OF LIFE 


By ROBERT J. UFFEN 


University College of Arts and Science, University of Western Ontario, London, Ontario 


T has generally been held that natural radiation-induced 

mutations have not played any significant part in 
biological evolution. However, the discovery of geo- 
magnetically trapped, charged particle belts around the 
Earth of intensity perhaps as high as 100 r./h (refs. 1 and 2) 
raises the possibility that the Earth’s surface may have 
been exposed in the past to ionizing radiation many 
times greater than previously envisaged. Paleomagnetic 
data? indicate that the geomagnetic field intensity must 
have boen reduced to zero for intervals of several thousand 
years’ which, while almost instantaneous on the geological 
time-scale, would encompass many generations of living 
organisms. During these intervals the trapped corpus- 
cular radiation may have spilled on to the Earth, and 
the solar wind would have been able to bathe the Earth, 


producing mutation rates many times greater than the 
spontaneous rates and thus capable of being a major 
influence in evolution in the presence of the environ- 
mental selection pressures of those times. 

It is the purpose of this article to set forth qualitatively, 
the hypothesis that the thermal history of the Earth 
has determined the origin and development of its core, 
which has been a major factor in evolution through its 
control of the main geomagnetic field’ and consequently 
of the charged particles which have been able to reach 
the Earth. 

The argument involves the following process within the 
Earth: (a) The creation of a protocrust, protomantle and 
protocore by partial melting of the iron and silicates of the 
interior due to radioactive heating. The temperature 
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Table 1 
Van Allen 
Age (m.y.) Geological era Crust Mantle Core Geomagnetic field radiation belts Effect on life 
Cenozoic 
Mesozoic 
Paleozoic 
500 Cool Lower mantle con- Outer core con- Dipolar Strong but inter- Intermittent high 
vects and cools vects Many reversals mittent mutation rate 
1,000 
Solid inner core . 
1,600 Cooling conti- Mantle convects growing Dipolar Strong but inter- Life possible 
nental drift and cools Fluid outer core Probable reversals mittent 
possible convects 
2,000 Proterozoic 
2,500 Formation of Upper mantle all Fluid metallic Multipolar ? Life possible ? 
crust, oceans and molten ? core grows out- Formation of 
primitive atmo- Convects and ward Weak Weak organic molecules 
sphere differentiates 
8,000 
3,500 Archeozoic Chondritic proto- Protomantle heats Chondritic proto- y 
crust and grows by core None None Impossible 
partial melting 
4,000 
4,500 Chondritic protoplanet None None Impossible 


in the chondritic interior would first exceed that of the 
lowest melting fraction at a depth of about 400 km 
between 2-5 x 10° and 4:0 x 10° years ago. The proto- 
mantle would then grow outward and inward causing a re- 
organization of the interior with the redistribution of the 
radioactive heat sources upward and the dense molten 
iron downward. (b) The formation of a true core about 
2-5 x 10° years ago of molten iron plus some silicate, 
which would accumulate and grow outward, followed 
by the growth of a solid inner core from the inside-out. 
There would thus be formed a fluid, metallic and electri- 
cally conducting outer core. (c) The generation within 
the fluid outer core of thermal convection cells the number 
of which would decrease as the thickness of the fluid outer 
core increased with time. Eventually the fluid layer 
would decrease in thickness as the interior cools, for 
the outer core would cease to collect and the inner core 
would continue to grow. (d) The generation of a self- 
exciting dynamo of equal but opposite pairs of axially 
symmetric electrical ring currents within the fluid core 
owing to the radial motion of the convecting metallic 
fluid across a weak primary magnetic field. This primary 
magnetic field would probably have arisen from the early 
solar wind. Only those ring currents producing dipole 
moments in the same direction as the primary magnetic 
field would be able to grow in magnitude and persist. The 
oppositely oriented ones would be reduced to zero. (e) 
The resulting creation of a magnetic shield for the Earth 
from incoming cosmic rays and the trapping of charged 
particles which would form the first high-intensity radia- 
tion belts around the Earth. (f) The resulting removal 
of the sterilizing cosmic radiation about 2-5 x 10° years 
ago, which up to that time must have inhibited the growth 
of living organisms from the organic molecules available 
in the primitive oceans. (g) The leaking out of the charged 
particles on to the Earth with the onset of magnetic field 
changes accompanying new stable modes of convection 
in the core, and the complete spilling of these particles 
with reduction of the magnetic moment of the Earth 
to zero during a reversal of the magnetic field. (h) The 
resulting occurrence of intermittent high mutation rates 
and the consequent effect on the evolution of organisms 
at the surface or in shallow seas. 

Table 1 summarizes the possible sequence of events 
throughout geologic time. 

The foregoing hypothesis is consistent with the theory 
of a chondritie composition for the primitive Earth similar 
to that of H. C. Urey and with the thermal] history and 
differentiation of the protoplanet as set forth by Jacobs’, 
Lubimova® and MacDonald? provided we admit the 
possibility of slow thermal convective heat loss from the 


mantle. The hypothesis is consistent with Chandrasek- 
har’s’® and Runcorn’s" recent work on the growth of the 
core and the probability of slow convection within the 
mantle and the theory of continental drift. It is also 
consistent with Verhoogen’s explanation of the energy 
source for convection in the outer core and with Elsasser’s® 
dynamo theory for the origin of the geomagnetic field. 
Finally, there seems to be no contradiction with the 
established theories of the origin of the biosphere, the 
formation of primitive organic compounds and their 
transformation to nucleoproteins™. 

The hypothesis has possible application to other planets 
for we might expect that those lacking a fluid convecting 
metallic core would have no protective magnotic field 
and be devoid of life even though their surface environ- 
ments had permitted the development of organic mole- 
cules. The rate of evolutionary development would 
be determined in part by the frequency of reversals of its 
magnetic field, if any, and consequently on the thermal 
state of its interior. 

We do not have, at present, precise solutions to the 
following pertinent problems: (a) The thermal history 
of a planet which includes the possibility of heat transfer 
by redistribution of mass (convection?). (b) The stable 
modes of thermal convection in the fluid part of the core 
of a planet. (c) The magnetohydrodynamics of the fluid 
part of the core. (d) The intensity, energy distribution 
and trajectories of charged particles during the collapse 
of a dipole field. 

Nevertheless, I believe that the hypothesis can be 
demonstrated to be quantitatively feasible and the 
details are being prepared for publication. It is becoming 
increasingly apparent that the Earth is a heat engine the 
internal workings of which have controlled not only geologi- 
cal phenomena such as mountain building, volcanoes, and 
earthquakes, but also geochemical phenomena such as 
the development of the atmosphere and the oceans; 
geophysical phenomena such as the magnetic field and 
radiation belts; and even biological phenomena like the 
origin and evolution of life. 

1 Yan Allen, J. A., and Frank, L. A., Nature, 188, 480 (1959). 

2 Vernov, S. N., et al., Doklady Akad, Nauk., U.S.S.R., 125, 804 (1959). 

3° Runcorn, S. K., Handbuch der Physik, Geophysik I, 47, 470 (1956). 

‘4 Hide, R., Physics and Chemistry of the Earth, 1, 94 (McGraw-Hill, 134, 1956). 
+ Elsasser, W. M., Rev. Modern Phys., 28, 135 (1956). 

ê Urey, H. C., The Planets (Yale Univ. Press, 1952). 

7 Jacobs, J. A., Handbuch der Physik, Geophysik I, 47, 864 (1956). 

® Lubimova, H.fA., Roy. Astro, Soc. Geophysics. J.,1, 115 (1968). 

* MacDonald. G. J. F., J. Geophys. Res., 64, 1967 (1959). 
1° Chandrasekhar, S., Phil. Mag., 44, 288 (1953). 

4 Runcorn, S. K., Nature, 195, 1248 (1962). 
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13 Oparin, A. I., ef al., Origin of Life on Earth Symp. (Pergamon Press, 1959). 
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AN ELECTRON SPIN RESONANCE CAVITY FOR THE DETECTION OF 


FREE RADICALS IN THE 
By Dr. P. 


PRESENCE OF WATER 
COOK* 


Medical Research Council Experimental Radiopathology Research Unit, Hammersmith Hospital 


AND 
Dr. J. R. MALLARD 


Department of Physics, Hammersmith Hospital, London 


SERIOUS limitation of conventional electron spin 

resonance spectrometers is their low sensitivity 
for the detection of free radicals when water is present, 
even in very small amounts. The loss in sensitivity 
results from the electric dipole moment of the water 
molecule interacting in the microwave cavity with the 
microwave electric field. The effect of this absorption 
of microwave energy is to lower the Q factor for the 
loaded cavity; this reduces the sensitivity of the spectro- 
meter to such a degree that only high concentrations of 
free radicals can be detected. Recently, however, by 
using a special design of microwave cavity, some workers! 
have observed sensitivities as high as 2 x 10% AH 
spins. 


* Now at Department of Physics, Middlesex Hospital Medical School. 
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Fig. 3. Sample cell 


One method of improving the sensitivity for samples 
containing water is to arrange that as few as possible of 
the water molecules should interact with the electric field, 
but at the same time to achieve a maximum coupling 
between the free radicals and the microwave magnetic 
field. This is possible in the case of the Ty, mode 
cavity, in which the electric and magnetic fields are dis- 
placed by a quarter wave-length from each other; this 
allows a sample tube of narrow cross-section to be placed 
at the maximum of the magnetic field, which is the 
minimum of the electric field. However, 
it is necessary at the same time to use & 
large sample volume in order to obtain an 
observable electron spin resonance signal 
from samples of low free radical concentra- 
tion, so that the whole volume cannot be 
at the minimum of the electric field. A 
compromise between these two conflicting 
requirements must therefore be made. 

It has been shown that the best com- 
promise is found when the ratio of the 
resonant cavity unloaded Q factor to the 
loaded Q factor equals the optimum value 
of 3/2 (ref. 2). One manner of achieving 
this optimum condition for a given TE yon 
cavity is gradually to reduce the sample 
cell thickness until the ratio of the two Q 
factors is an optimum. For the convon- 
tional X-band TEn cavity this requires 
a sample cell with a thickness consider- 
ably below 1 mm, which would not be 
practicable. An alternative approach 
is to fix the thickness of the sample 
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results for a ‘Pyrex’ glass sample cell of 
. lmm.x 6 mm internal dimensions (Fig. 
- 3). The cavity consists essentially of a 
length of X band wave-guide equal to 
ten half-wave-lengths (22 em) terminated 
by two square choke flanges. It has been 
found that there is no improvement in 
performance when the brass wave-guide is 
silver-plated because the loaded Q factor 

is so very low. 

At one-half wave-length (4/2 = 22 em) 
from one end of the cavity a slot is made 
to allow insertion of the sample tube. 
Drilled symmetrically about the sample- 
slot are four holes which line up with four 
identical holes on the opposite side of the 
wave-guide. These holes are sleeved with 
nylon bushes and threaded with two coils, 
each consisting of 8 turns of 36 standard 
wire gauge enamel-covered copper wire. 
These two coils are connected in paralel 
to provide the high-frequency modulation 
field of 455-ke/s frequency. 

Fine tuning of the cavity is achieved by 
rotating a small paddle of low-loss high 
dielectric material inside it. The best 
positioning of the paddle was found to be 
6-2 cm from the end of the cavity in which 

. the microwave energy is coupled to the 
cavity. The size of the coupling hole was 
found to be critical and the best results 
were obtained with a hole 1 cm square in a 
brass plate of 1/40 in. thickness. 

High-frequency modulation. A high- 
frequency modulation of 1 Mejs is used by 
Commoner and Townsend in their water 
sample spectrometer’. By comparing the 
signal to noise ratio for different frequen- 
cies, however, it has been found here 
that 455 ke/s is suitable; this produces 
less modulation broadening than the 
higher frequencies and presents fewer 
practical difficulties. Neglecting signal 
distortion, it can be shown that maxi- 
mum signal to noise ratio is achieved 
when the modulation field approximately 
equals the half line-width of the signal. 
In the case of biological samples, electron 
spin resonance signal line-widths of 50 
gauss or more may be encountered, so 
that a field modulation of 25 gauss or 

- more is required. A maximum modula- 
tion of 50 gauss is achieved in the present 
spectrometer by utilizing a push-pull 
power amplifier (Fig. 4) which is fed 
by a standard signal generator type 
Marconi TF144H. One difficulty that 
arises from the large modulation power 
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Fig. 5. Pre-amplifier 

cell to a convenient size and then find the optimum 
length of the microwave TEon cavity. By increasing the 
length of the cavity the proportion of the total electric 
field with which the sample interacts is changed, so that 
the loaded Q is increased, whereas the unloaded Q factor 
for the T'E on cavity remains unchanged. ‘With this 
approach very large samples could be used providing the 
cavity is made proportionally larger. 

Fig. 1 shows the microwave arrangement used in this 
unit for the detection of free radicals in the presence of 
water, which consists of the conventional microwave 
bridge used in the majority of commercially available 
spectrometers. Fig. 2 shows the construction of the 
microwave cavity which was found to give optimum 


dissipated in the cavity is the heating of 
the sample, which has been found to lead 
to a temperature rise of around 10° C. 
However, this can be overcome by blowing cooled gas 
into the cavity. 

Electronic circuits. The smallest signal to be detected 
at the microwave crystal is less than 0-1 uV, which makes 
it desirable to incorporate a pre-amplifier, with a gain of 
approximately 104, placed as close as possible to the 
crystal. A circuit which has been found satisfactory is 
shown in Fig. 5. This circuit is a modification of that used 
by other workers’, an improvement being that no de- 
coupling chokes are used in the input circuit, since this 
gave rise to considerable instability. 

The output of the pre-amplifier feeds a further 455-ke/s 
amplifier of maximum gain 104‘ which also includes a 
phase-sensitive detector. The detector output is coupled 
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to a negative feedback type integration circuit which 
feeds straight into a 50-mV potentiometric recorder. 

Signal comparisons. Fig. 6 shows the signal obtained 
from this electron spin resonance machine using a standard 
solution of 10-4 M manganese chloride as sample. Only 
five absorption peaks are shown here to illustrate the sensi- 
tivity achieved, which is comparable with that obtained by 
other workers*, who use a cavity of greater complexity. ` 

Fig. 7 shows the electron spin resonance signal obtained 
from a sample of liver (in 5 per cent dextrose solution) 
from a freshly killed rat. 
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This design of electron spin resonance cavity and machine 
is being used to examine free radicals in biological tissue. 
We thank Dr. G. Popjak for his stimulus and help. We 
also thank Dr. B. Commoner and Dr. J. Townsend for 
the details given on their cavity design and for the 
hospitality given to one of us (P. C.) in their laboratory. 
1 Hollocher, T. C., and Commoner, B., Proc. U.S, Nat. Acad. Sci., 47, 9, 
1855 (1961). 
*Fraenkel, G. K., Physical Methods of Organic Chemistry, Pt. 4 (Interscience 
Publishers, 1960). 
3 Commoner, B., and Ternberg, J. L., Proc. U.S. Nat. Acad. Sci., 47, 1874 
(1961). - 


STUDIES OF BIOCHEMISTRY AND PHYSIOLOGY OF NORMAL AND 
TUMOUR STRAIN CELLS 


By Da. JOHN SEED 


Department of Radiotherapeutics, University of Cambridge, Hills Road, Cambridge 


Synthesis of Ribonucleic Acid, Deoxyribo- 
nucleic Acid and Nuclear Protein in Normal and 
Tumour Strain Cells 


N earlier papers’? I have shown that in three types of 

rapidly dividing cells in cultures freshly prepared from 
normal tissues (monkey kidney, embryo human, embryo 
mouse) the syntheses of deoxyribonucleic acid (DNA) and 
nuclear protein do not begin after telophase until the 
same waiting time has elapsed and thoreafter proceed 
approximately together. However, in the rapidly 
dividing tumour strain cells investigated (HeLa, L strain), 
nuclear protein synthesis begins before the onset of 
DNA synthesis and moreover appears to proceed con- 
tinuously, The work of other authors on ascites 
tumour cells? is consistent with this. Because of the 
genetic role at present attributed to DNA, I have suggested 
that this time-disconnoxion of nuclear protein from DNA 
synthesis reflects a fundamental loss of control in tumour 
strain cells':?. The studies described in the present article 
were undertaken to investigate the timing in interphase 
of ribonucleic acid (RNA) synthesis, and to relate this to 
the timing of DNA and nuclear protein syntheses in 
normal and tumour strain cells. 

Previous work by other authors*-15 on RNA synthesis 
in rapidly growing cells has been concerned with the site 
of synthesis within the coll rather than the timing during 
interphase. Almost all the evidence favours the view that 
much of the cytoplasmic RNA for a new cell is made 
initially in the nucleust-"; with incubations of up tolh 
in radioactive cytidine, the incorporation into RNA is 
almost entirely within the nucleus, and with a subsequent 
incubation of 2-4 h with or without a following unlabelled 
precursor, the radioactive label appears in the cyto- 


plasmic RNA. From experiments with incubation times 
of only a few minutes, it appears that, within the nucleus 
itsélf, RNA synthesis occurs in both nucleolus and 
chromatin, and the kinetics of nucleolar nucleoside uptako 
have been followed by various authors®}2-14.15, In tho 
present communication, RNA synthesis in the non- 
nucleolar part of the nucleus (‘chromatin’) will be con- 
sidered chiefly. 

The experimental and culturing procedure in the timing 
experiments to be described here was similar to that used 
previously*. The principle of the method was that a 
group of cells randomly growing in culture on a coverslip 
was photographed on the incubated time-lapse micro- 
scope for a period somewhat greater than the average 
intermitotic time of the cells. For the last 9 min of the 
filming period, the cells were incubated in tritiated 
cytidine (1 c./m.mole, 5 pe./ml.). The culture was then 
rinsed in Tyrode solution and finally fixed in methanol 
and digested with 1 per cent perchloric acid (30 min at 
4° C), to remove low-molecular-weight precursors. One 
had, therefore, on a coverslip a collection of fixed cells 
the various ages of which in interphase (that is, the time 
since their last division) could be determined from a 
subsequent analysis of the time-lapse film. 

Although all cultures were incubated in radioactive 
cytidine as a standard procedure at the end of the filming 
period, the subsequent measurements on. the fixed cells 
were of two main types: 

(1) From optical retardation measurements on tho 
individual cell nuclei, their nuclear dry masses were 
determined and plotted against the corresponding cell 
ages in order to construct an average nuclear protein 
synthesis curve. In the same way, from ultra-violet 
absorption measurements on the nuclei, a synthesis curvo 
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Fig. 1. Total dry mass, ultra-violet absorption and Feulgen 
- stain measurements on monkey kidney nuclei, plotted against the 
cell ages on a time-lapse film. In the uppermost diagram the 
{ndividual measurements have been averaged at intervals through- 
out interphase and the results are plotted together: the numbers 
at the top of the figure err the numbers of cells representing 
each poini £ 
x —--~x, Feulgen DNA curve; O——O, dry mass curve; 
+, ultra-violet absorption (total nucleic acid) points 
The mean intermitotic time of the culture was of the order of 17 h: 
the four cells at about 16 h having low Feulgen, ultra-violet 
absorption and dry mass are aay. in a longer synthetic cycle 
than the other cells and have not been included in the average 
measurements above nor has the tetraploid cellat 13-5h All the 
measurements are replotted in Fig. 3 
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Fig. 2. Total dry mass, ultra-violet absorption and Feulgen stain 
measurements on HeLa tumour strain nuclei, plotted against 
the cell ages on a time-lapse film. In the uppermost diagram the 
individual measurements have been averaged atintervals through- 
out interphase and the results are plotted together: the numbers 
at the top of the figure indicato the number of cells representing 
each poin 
x--~x, Feulgen DNA curve; O-——O, dry mass curve; 
+, ultra-violet absorption (total nucleic acid) points 
The mean intermitotic time of the culture was of the order of 
21h: the one cell at 22 h which is In a longer synthetic cycle is 
not included in the average measurements above. All the measure- 
ments are replotted in Fig. 4 
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for total nucleic acid was constructed, and from subse- 
quent Feulgen stain measurements a DNA synthesis 
curve was obtained: thus the progress in interphase of 
RNA synthesis in the cell nuclei could be inferred from 
the differences in shape between the two curves. 

(2) In another series of experiments, autoradiographic 
grain counts were made of tritiated cytidine incorporated 
into RNA and DNA of cells of known ages. These supple- 
mented the conclusions from the photometric measure- 
ments, and also demonstrated the site of synthesis. 

Two types of cell were used in the experiments: freshly 
prepared rapidly growing normal monkey kidney cells 
and HeLa strain cells which were originally derived from 
a human carcinoma. These were shown previously? to 
be typical of normal and tumour strain cells respectively 
regarding the timing of DNA and nuclear protein syn- 
theses. 

Cell cultures were kept in babies’ feeding bottles and 
were sub-cultured into small coverslip chambers when 
required for use in an experiment, as described previously?. 
In the present experiments, it was found convenient to 
grow both cell types in the same basic medium (‘Medium 
199’, Glaxo Laboratories): this was supplemented with 
20 per cent human serum, and under these conditions 
intermitotic times were obtained on the cine films similar 
to those already reported?. To enable a synthesis curve 
to be constructed from an experiment, it was necessary 
that the cells in the final field should comprise a fairly 
homogeneous population, that is, the percentage of non- 
dividing cells should be low, and that the culture should 
be randomly dividing. That these conditions were satis- 
fied could be verified from analysis of the cine film. 

Interferometric and photometric measurements. The 
fixed cells, which had been grown on quartz coverslips, 
were mounted on the Cooke—Dyson interferometer miero- 
scope using even-field illumination. Using the mercury 
green line, the optical retardation for each cell nucleus 
was then determined with the aid of a matching photo- 
metor eyepiece. The dry mass M of the nucleus is related 
to the optical retardation A (in em) by the following 
equation!?-1°; 

A.A 
018 & 


where A is the area of the nucleus in cm?. Because 
most of the nuclear dry mass consists of protein, M is 
effectively the amount of protein in the nucleus. 

The cells were then re-mounted in glycerol for the ultra- 
violet absorption measurements. A series of photographs 
of the cells were made using the 2536 A mercury line in 
conjunction with the 6-mm NA 0-7 Cooke quartz mono- 
chromat: a condenser aperture of 0-42 was used®*. The 
2536 A line lies sufficiently near the purine-pyrimidino 
absorption maximum at 2600 A to permit density measure- 
ments on the cell to be directly related to nucleic acid 
content*!~*3: at 2536 A the ratio of nucleotide to protein 
absorbance is high (approx. 40). Alongside each photo- 
graph was superimposed the ultra-violet image of a rhod- 
ium step wedge™ to facilitate contrast measurements. 
The total amount of nucleic acid N in each cell nucleus 
was obtained by making density traces from background 
across the photographic image of each cell nucleus, from 
which: 


ura 


D.A.10- 
N= ag. 8 
where 4&4 is the nuclear area in cem? and D is the optical 
density, assuming an absorptivity of 20. Nuclear areas 
were determined from the ultra-violet photographs by 
planimeter measurement. 

Next, the cells were stained with the Feulgen reaction, 
and the amount of stain absorbing at 5600 A was measured 
in each nucleus using a microspectrophotometer?®. 

It should be noted that the optical retardation and 
ultra-violet photometric measurements include contribu- 
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tions from the cytoplasmic layers above and below the 
nucleus. However, these layers are very thin in the flat 
cells grown in culture and their contribution has therefore 
been ignored**, Nuclei which appeared to be overlapped by 
cytoplasm of neighbouring cells were not measured. nor 
were cells in telophase or early prophase. As before’, the 
nucleoli were not included in any of the retardation or 
photometric measurements. 

In Figs. 1 and 2 the nuclear dry mass, 2536 A ultra- 
violet absorption data and Feulgen stain measurements 
are plotted against the corresponding cell ages for fresh 
monkey kidney cells and HeLa strain cells rospectively. 
In order to derive protein, total nucleic acid and DNA 
synthesis curves for the nucleus, the measurements have 
been averaged at intervals throughout interphase: for 
ease of comparison these averages are plotted together 
in the upper parts of Figs. 1 and 2. The numbers of 
cells representing each point are also shown above the 
average synthesis curves. 

Examination of the individual and averaged measure- 
ments for monkey kidney cell nuclei (Fig. 1) shows that 
a delay elapses after telophase before the nuclear dry 
mass, total nucleic acid and DNA values begin to increase 
appreciably. After this delay, the syntheses of all three 
components, dry mass (protein), total nucleic acid and 
DNA proceed together from approximately the same point 
in interphase and the average synthesis curves, shown 
superimposed in the upper part of Fig. l, are very 
similar. 

In addition, in Fig. 3 the DNA and total nucleic acid 
values for individual monkey kidney cell nuclei have been 
plotted separately against their corresponding dry mass 
values. From Fig. 3 it is seen that the dry’ mass of an 
individual cell nucleus is approximately proportional to 
its total nucleic acid content and also to its DNA content. 
A least squares analysis of the data in Fig. 3 givos a corre- 
lation coefficient of 0-915 between DNA and dry mass and 
a similar correlation coefficient of 0-931 betweon total 
nucleic acid and dry mass. Using Fisher's z transforma- 
tion®?»28 to test the significance of the difference botwoen 
the correlation coefficients, t = 0-66: whereas the value 
to be attained at the P = 0:05 level is ¢ = 1-98 and at 
P = 0-5,t = 0-68. The difference is therefore not statisti- 
cally significant. Furthermore, analysis of variance 
of the results in Fig. 3 shows that, in normal monkey 
kidney cells, there is no significant non-linearity in the 
regression for either DNA or total nucleic acid on dry 
mass: analysis gives values of F = 1-81, PF = 1-24 
respectively for the two plots, whereas in each caso & 
value of F = 2-73 is required at the P = 0-05 level. 

From the similarity in shape of the total nucleic acid 
and DNA synthesis curves (Fig. 1) and from tho parallel 
inerease of the components in individual cells (Fig. 3) it 
appears that, in rapidly dividing freshly prepared monkey 
kidney cells, the time synthesis curve for the majority of 
RNA is similar to that for DNA, and the bulk of nuclear 
RNA synthesis in ‘the chromatin does not commet.ze 
until DNA and nuclear protein syntheses begin. 

On the other hand, in Fig. 2, where the results for HeLa 
cell nuclei are plotted against the cell ages, the individual 
Feulgen stain measurements show that while onset of 
DNA synthesis occurs only after a waiting time has 
elapsed after telophase, the dry mass values for the nuclei 
begin to increase early in interphase and continue to rise 
throughout this period; nuclear protein synthesis procveds 
continuously in these tumour strain cells!?. In addition. 
the 2536 A ultra-violet photometric measurements show 
that the total nuclear nucleic acid content incroases 
continuously throughout interphase, in a similar fashion 
to the dry mass content. The averaged measurements 
in the upper part of Fig. 2 confirm that the synthesis curves 
for nuclear dry mass and total nucleic acid are similar in 
shape: these continuous curves contrast with the Feulgen 
DNA synthesis curve which is time-discontinuous in 
pattern. 
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Fig. 3. Ultra-violet absorption (total nucleic acid) and Feulgen 

stain (DNA) measurements for individual monkey kidney .cell 

nuclei plotted against the conreapanding dry mass values (from 
a g. 


Again in Fig. 4, tho DNA and total nucleic acid measure- 
ments on individual HeLa nuclei have-been plotted against 
their corresponding dry mass values. From Fig. 4, it is 
obvious that while the dry mass (protein) content of an 
individual nucleus is approximately proportional to its 
total nucleic acid content, the correlation between dry 
rhass and DNA is much worse. A least squares analysis 
of the data in Fig. 4 confirms this, giving & correlation 
coefficient of 0-885 between dry mass and total nucleic 
acid but a correlation coefficient of only 0:718 between 
dry mass and DNA. Using Fisher’s z transformation?’ to 
test the significance of the differences between the correla- 
tion coefficients, ¢ = 4:40, which exceeds the value to 
be attained at the P = 0-001 lével (t= 3:30). The 
difference between the correlation coefficients is therefore 
highly significant. Furthermore, analysis of variance of 
the results in Fig. 4 for HeLa cells shows a highly signifi- 
cant non-linearity in the regression for DNA on dry mass, 
a value of F = 6-23 being found, which exceeds that to be 
attained (F = 3-17) at the P = 0-01 level: on the other 
hand, analysis of variance shows no significant non- 
linearity for the regression of total nucleic acid on dry 
mass; giving F = 0°35 only, whereas a value of F = 2-27 
is required at the P = 0-05 level. 

From the dissimilarity in shape between the continuous 
synthesis curve for total nucleic acid and the discontinuous 
pattern of the DNA synthesis curve (Fig. 2) it is concluded 
that in HeLa strain nuclei a large part of nuclear RNA 
synthesis is continuous in pattern and is not particularly 
associated in time with DNA synthesis. 
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The differences in the time relations for DNA and nuclear 
protein syntheses found between monkey kidney and 
HeLa cells are, of course, in agreement with my previous 
work on normal and tumour strain cells'*. It is note- 
worthy that in both types of cells the increase in nuclear 
protein is associated with increase in total nucleic: acid 
content (shown later by autoradiography to be synthesized 
in the nucleus), and that the slopes of the regression lines 
of nuclear ultra-violet absorption on dry mass are similar 
in both cell types (Fig. 3, 6 = 0-151 monkey kidney; 
Fig. 4, b = 0-153 HeLa, in pg/pg). An association of 
DNA content with bound arginine (Sakaguchi stain) was 
reported previously in normal plant cell nuclei in vivo, 
In Figs. 1-4, in the HeLa cell nuclei, the post-telophase 
total dry mass is similar to that found previously*, 
but the monkey kidney nuclear dry mass is approx- 
imately twice that found before (93 compared with 46 x 
10-2 g) presumably owing to a ploidy or class value 
difference. (Note the scales in the previous paper? 
represent dry mass per single chromosome set for the 
present ploidy value: the total dry mass is obtained by 
doubling this value). From Figs 1-4, it appears that 
in monkey kidney and Hela cell nuclei, the nucleic acids 
constitute approximately 3-4 the total dry mass: this 
ratio is consistent with that reported”? for chick fibro- 
blasts, and implies that nuclear protein contributes 
approximately one-tenth the total 2536 A nuclear absorp- 
tion. No correction for these contributions have been 
made to Figs. 1-4 as they were insufficient to affect the 
conclusions drawn from the shapes of the curves.’ 
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Fig. 5. Cytidine incorporation into DNA and RNA of individual 
monkey kidney cell nuclei. In the uppermost diagram the DNA 
{ uptake and non-nucleolar RNA uptake have been averaged at 
intervals throughout interphase and the results are plotted 
gether 
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Fig. 6. Cytidine incorporation Into DNA and RNA of individual 
HeLa strain nuclei. In the uppermost diagram the DNA uptake 
and non-nucleclar RNA uptake have been averaged at intervals 
throughout interphase and the results are plotted together. 
x---x cytidine incorporation into DNA; @-——@, cytidine 
incorporation into non-nucleolar RNA 
The average intermitotic time here was about 20 h 
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It is difficult to obtain the nuclear. RNA : DNA ratio 
directly from the measurements here, because the Feulgen 
staining method does not give absolute DNA values. 
RNase digestion is known to result in incomplete removal 
of RNA, leaving behind a non-digestible RNA core”. 
However, from the reduction in ultra-violet absorption 
after parallel RNase and acid extractions, it appeared 
that the fraction of the 2536 A absorption in the chromatin 
due to RNA was in the region of two-fifths in both monkey 
kidney and HeLa strain cells. 

It is of interest to compare the photometric results with 
other evidence on rapidly growing cells. It has been 
reported previously by Walker and Yates?’ that, in freshly 
prepared chick embryo fibroblasts, the ratio of total nuclear 
2600 A absorption to the absorption of DNA for a fixed 
cell was approximately constant at 3 : 2. From this, they 
concluded that the synthesis curves of total nucleotide 
and DNA were similar in shape in their material, although 
their results did not allow them to deduce the timing of 
onset of synthesis. These results are consistent with those 
presented here for the time-associated synthesis of total 
nucleic acid and DNA in freshly prepared monkey kidney 
cells. Recently, Bonner et al. reported that newly 
synthesized RNA was bound as a complex with DNA 
and protein in the chromatin of pea embryo nuclei and 
in this form was inaccessible to RNase digestion. These 
workers reported a RNA : DNA ratio between 1 : 3 and 
1 : 2 in their material, which is similar to the estimate 
derived here. 

Autoradiographic experiments. In the second part of the 
experiments, the time course during interphase of uptake 
of tritiated cytidine was observed separately into RNA 
and DNA by carrying out experiments with two series of 
cultures filmed by time-lapse photography for each cell 
type. Cultures from the same batch with similar inter- 
mitotic times were used for this purpose. In one series 
DNA activity was extracted with DNase, and in the other 
series RNA activity was extracted with RNase before 
autoradiographs were prepared. The extractions were 
preceded and followed by digestion in 1 per cent perchloric 
acid at 4° C for 30 min, to remove low molecular weight 
compounds. Control experiments showed that RNase 


followed by DNase digestion removed from the fixed cells’ 


all nucleoside activity incorporated in the incubation 
- periods utilized, although it did not remove all nucleic 
acid from the cells. 

Autoradiographs were prepared on the cultures after 
DNA or RNA extraction. The numbers of exposed silver 
grains above each nucleus were then counted under the 
microscope and were plotted against the corresponding 
cell ages found from the time-lapse film. A grain count 
could be taken as proportional to the rate of incorporation 
of cytidine at the particular stage in interphase of each 
individual cell at the time when the tritiated cytidine was 
introduced into the culture chamber, at the end of the 
time-lapse experiment. With the 9-min incubation time 
utilized for all the measurements of RNA uptake, cytidine 
incorporation was found to be entirely within the nucleus, 
in agreement with the work of other authors already 
quoted®-". When making the grain counts for incorpora- 
tion into RNA, grains which appeared associated with the 
nucleolus and with non-nucleolar parts of the nucleus 
(‘chromatin’) were recorded separately (Figs. 5-6). In 
addition, the grain counts for uptake into chromatin RNA 
and into DNA have been averaged at intervals throughout 
interphase and the averages are plotted together in the 
upper part of the figures. Cells in mitosis have not been 
recorded: these cells had no uptake into DNA and little 
into RNA. 

As pointed out previously”, in interpreting the grain 
counts it should be remembered that these depend to 
some extent on the geometry of the cell, and not all the 
counts for RNA may represent net synthesis. Con- 
sidering first the RNase extracted cells in the lower 
part of each figure, it is seen that with both cell 
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types, the incorporation of cytidine into DNA does not 
commence until several hours after telophase, as would 
be expected?. 

In fresh monkey kidney cells (Fig. 5) examination of the 
individual grain counts and of the average points above 
reveals that while all cells show nuclear RNA label, the 
uptake of cytidine into RNA in the non-nucleolar part 
of the nucleus is relatively small in the first part of inter- 
phase. However, near the beginning of the period of DNA 
synthesis (compare DNA and RNA grain counts), the 
uptake of cytidine into non-nucleolar RNA increases and 
it is seen that despite the scatter in individual counts, the 
average points thereafter follow a time course similar to 
the uptake into DNA. This association of DNA and the 
majority of RNA incorporation is consistent with the 
ultra-violet photometric measurements in Fig. 1 for the 
non-nucleolar part of monkey kidney nuclei, which showed 
that the time synthesis curves for DNA and RNA were 
similar in this material. In Fig. 5, the nucleolar RNA 
label also increases near the beginning of DNA synthesis, 
but the trend is perhaps less marked than with the non- 
nucleolar label. The synthetic processes in the nucleolus 
will be commented on in a subsequent communica- 
tion®, 

However, in the HeLa tumour strain cells (Fig. 6), the 
nuclear grain counts show that while uptake of cytidine 
into chromatin RNA is maximal around the peak of DNA 
synthesis, the level of continuous RNA incorporation 
during the DNA pre-synthetic period is appreciably 
higher than that found in the normal monkey kidney cells 
at this time. <A least-squares analysis confirmed that 
while both cell types showed a significant correlation of 
RNA with DNA uptake, the ratio of cytidine uptake into 
RNA in the DNA pre-synthetice period to that at the 
DNA peak is significantly (better than P = 0-01 level) 
greater in HeLa strain cells than in the normal monkey 
kidney cells (F ~ 11 (7:44)). This result is consistent 
with, although less informative than, the ultra-violet 
photometric evidence in HeLa strain cells (Fig. 2), 
which showed that a large part of chromatin RNA 
synthesis was continuous in nature and was disconnected 
in time from DNA synthesis. Because the nuclear protein 
and total nuclear nucleic acid were also shown to increase 
together during interphase in HeLa strain cells (Figs. 2 
and 4), the autoradiographic evidence for a proportion 
of the RNA associated with DNA synthesis would prob- 
ably also imply existence of a similar protein component 
within the total nuclear protein: the correlation of 0-718 
between DNA and nuclear protein would also support 
this. 

The significance of these results is considered in a 
following article. 

I thank Dr. J. Nagington of the Public Health Labora- 
tory, Cambridge, and Dr. F. T. Perkins of the Biological 
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Society for the loan of the microdensitometer on which 
some of the measurements were made, the Atomic Energy 
Research Establishment, Harwell, for the loan of the 
ultra-violet microscope, and Mr. B. Turner for technical 
assistance. Most of this work was carried out while I was 
holder of the Royal Society Foulerton Gift Research 
Fellowship. 
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Growth Control Mechanisms in Normal and 
Tumour Strain Celis 


I HAVE previously reported (refs. 1, 2 and preceding 
communication) that in rapidly dividing normal cells the 
processes of DNA and the majority of the chromatin 
nuclear RNA and protein syntheses are initiated simul- 
taneously in interphase after the same pre-synthetic 
delay has elapsed, and thereafter proceed approximately 
together. On the other hand, in the tumour strain cells 
investigated, a large part of nuclear RNA and nuclear 
protein synthesis is continuous during interphase, in 
contrast with DNA synthesis, which begins after a waiting 
time has elapsed as in normal cells (refs. 1-3 and pre- 
ceding communication). 

In the light of these results it is useful to consider 
recent biochemical evidence on the in vitro synthesis of 
DNA and RNA. 

The synthesis of DNA in vitro has been shown to require 
the presence of a DNA primer, the four triphosphates 
and DNA polymerase**. However, it seems that DNA 
extracted in the native state from both normal® and 
tumour® cells is not immediately usable as a primer for 
DNA synthesis in vitro: the reaction does not proceed 
efficiently with a double-stranded DNA as primer, but 
requires a single stranded (for example, ọ X 174) or heat- 
denatured DNA in order to proceed. Heating is thought 
to separate the strands?, 

The synthesis of RNA in vitro from the four triphos- 
phates requires the presence of a DNA primer and RNA 
polymeraso2!~1®, and it has been shown that either a double- 
or single-stranded DNA will function as primer®®. More- 
over, Huang and Bonner?! have investigated RNA 
synthesis in vitro from the four triphosphates in chromatin 
isolated from pea embryo nuclei. They have shown that 
the DNA-protein complex in the chromatin is not an 
efficient primer, and in order that appreciable RNA 
synthesis shall occur with the polymerase system, the 
DNA must first be divested of its associated histone. 
Removal of the histone associated with the DNA in the 
chromatin was found to increase five-fold the RNA 
synthesized, and a reaction mixture containing the 
separated DNA was inactive in RNA synthesis when an 
excess of histone was added. This result was thought to 
imply a role for histone as a genetic regulator”. 

It would therefore be reasonable to suppose that, in 
order to permit synthesis of new DNA and RNA, at some 
time in the life-cycle of a cell proceeding to division, two 
processes occur equivalent to changes in the physical 
state of the nuclear deoxyribonucleoprotein: first, the 
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DNA would begin to divest itself of associated protein, 
and secondly, the DNA strands would begin to separate. 
From the evidence I have presented (refs. 1, 2 and proced- 
ing communication) on the discontinuous nature and 
simultaneous initiation of DNA, RNA and nuclear protein 
syntheses in interphase in the chromatin of rapidly 
dividing normal cells, it would appear that in normal 
cells these changes in the nucleoprotein may begin to 
occur together at approximately the same point in inter- 
phase, when a waiting time has elapsed after telophase. 
Thus the question of what process triggers off a normal 
cell into a cycle of synthesis leading to a new division may 
be the question of what process unblocks or unwinds the 
template. 

What then is the nature of the loss of control in tumour 
strain cells, suggested by the time-disconnexion of onset 
of nuclear protein (refs. 1, 2 and preceding communication) 
and RNA syntheses on one hand, from the synthesis of 
genetic material DNA on the other? This result would 
imply that a large component of nuclear protein and RNA 
synthesis is not associated with replication or separation 
of the DNA strands as in normal cells, and that the con- 
tinuous RNA and nuclear protein syntheses found in 
tumour strain cells (refs. 1-3 and preceding communica- 
tion) are occurring via the double-stranded DNA template 
which has become ‘unblocked’ in some way for these 
processes. That the RNA synthesis in these cells deponds 
on the presence of DNA is known:from the almost complete 
inhibition produced by ‘Actinomycin D’??,*5: this substance 
is strongly bound to primer DNA, but much less readily 
to RNA (refs. 24 and 25). One plausible solution would 
be that deletion or mismatching of a growth-controlling 
protein! normally associated with the double-stranded 
DNA might allow permanent access for the continuous 
RNA and nuclear protein syntheses. On the model 
proposed here, there would be two nuclear protein and 
RNA components in a tumour strain cell; those produced 
continuously via the unblocked portions of the double- 
stranded DNA template and those which are associated 
with DNA synthesis as in normal cells. DNA synthesis 
could be initiated automatically at a point in interphase 
when certain necessary prior syntheses, possibly enabling 
conversion of DNA into the DNA-priming state, had 
occurred. via the unblocked portion of the double-stranded 
template. 
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CHEMICAL NATURE OF THE CATALYTIC SITES IN GLYCER- 
ALDEHYDE-3-PHOSPHATE DEHYDROGENASE 


By Dr. IEUAN HARRIS 
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge 
AND i 
BLANCHE P. MERIWETHER and Dr. JANE HARTING PARK 
Department of Physiology, Vanderbilt University, Nashville, Tennessee 


LYCERALDEHYDE-3-PHOSPHATE dehydrogen- 
ase plays an important part in the intermediary 
metabolism of most biological systems, and the mech- 
anism by which the enzyme catalyses the reversible 
oxidation and phosphorylation of aldehyde substrates to 
the corresponding acyl phosphates has been the subject 
of extensive investigation!?. 

The crystalline enzyme from rabbit muscle** possesses 
a molecular weight of 120,000 (ref. 5) to 138,000 (ref. 6) 
and has been reported to contain from 3-0-3-6 moles of 
firmly bound nicotinamide-adenine dinucleotide (NAD)7-*. 
The active enzyme contains approximately twelve titrat- 
able sulphydryl (SH) groups!!! (based on a molecular 
weight of 120,000), and earlier studies!?"44 on the inhibition 
of glycolysis in muscle by iodoacetic acid, and of the 
possible participation of SH groups in the inhibitor reac- 
tion!15, were confirmed when it was shown that the activity 
of the pure enzyme was complecely abolished by reaction 
with three moles of iodoacetic acid', or p-chloromercuri- 
benzoate!’, under conditions which resulted in the disap- 
pearance of three of its constituent SH groups. An 
equivalent number of titratable SH groups are found to 
disappear in the presence of substrates, which suggests that 
these groups also participate in the binding of substrate 
molocules to the enzyme’. Moreover, the fact that sub- 
strates are effective in protecting!®!? the enzyme against 
inhibition by iodoacetic acid suggests further that the 
inhibitor functions by competing with substrates for the 
same three reactive ‘sites’ in the enzyme molecule. 

Reactions catalysed by glyceraldehyde-3-phosphate 
dehydrogenase, such as the conversion of aldehyde 
substrates to acyl phosphates in the presence of NAD 
and phosphate, the transfer of the acyl group of acyl 
phosphates to acceptor molecules such as coenzyme A or 
arsenate, and the hydrolysis of p-nitrophenyl acetate in 
the absence of NAD, have been shown to involve the 
formation of intermediate acyl-enzyme compounds?*.2021, 
For example, an acid-stable covalent acetyl-enzymo 
compound containing three moles of acetyl group per mole 
of enzyme has been isolated as an intermediate in the 
enzyme-catalysed hydrolysis of p-nitrophenylacetate” ; 
the formation of this covalent intermediate is inhibited by 
substrates, as well as by cofactors such as NAD and 
phosphate, of the dehydrogenase reaction. The dehydro- 
genase and esterase activities of the enzyme are mutually 
exclusive and are both inhibited in a stoichiometric and 
competitive manner by iodoacetic acidê!. These obser- 
vations suggest that all three reactions are mediated by 
the same chemical group(s) in the ‘active centre’ of the 
enzyme molecule. 

The aim of the present investigation has been to seek 
positive chemical identification of the products formed 
when glyceraldehyde-3-phosphate dehydrogenase reacts 
with iodoacetic acid, and p-nitrophenyl acetate, respec- 
tively; to identify the chemical nature of the three 
reactive sites, and to elucidate the sequence of the amino- 
acid residues in the immediate environment of the reactive 
sites within the context of the primary structure of the 
enzyme protein.” The use of radioactive reagents has 
enabled us to ‘label’ the. reactive sites, selectively, with 


two different radioactive markers, and this procedure 
has greatly facilitated the isolation and chemical charac- 
terization of thosé segments of the protein chain(s) which 
are presumably directly involved in the mechanism of 
enzymatic catalysis. Similar methods have been applied 
with considerable success to determine amino-acid 
sequences in the ‘active centres’ of esterases which are 
selectively inhibited by di-isopropylfiuorophosphonate???3, 

Reaction with iodoacetic-1-4C acid. Glyceraldehyde-3- 
phosphate dehydrogenase was prepared from rabbit muscle 
and recrystallized in the presence of 0:001 M versene. In 
a typical experiment the enzyme (120 mg, 1 pmole) was 
incubated with iodoacetic-1-4C acid (1:8 mg, 10 moles 
containing approximately 10? counts O/min) in 0-1 M 
tris buffer at pH 7-0 and 0° for 1 h. The reaction was 
terminated by addition of 3 volumes of cold acetone 
containing 6 N hydrochloric acid (0-3 per cent by volume); 
the precipitated denatured enzyme was washed with 
acetone to remove excess isotope and air-dried. 

In order to compare reactions with iodoacetic acid and 
p-nitrophenylacetate under the same experimental con- 
ditions enzyme from which bound NAD had been removed 
with charcoal was also reacted with iodoacetic-1-“C acid 
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Fig. 1. Autoradiograph of peptides containing carbon-14 produced by 

trypsin hydrolysis of the iodoacetic-1-C acid derivative of glyceralde- - 

hyde-3-phosphate dehydrogenase, Ionophoresis in pyridine-acotic acid, 
pH 6-5, 60 V/em, 2h ‘ 
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g. 2. Autoradiograph of the performic acid oxidation product as) 
Fig band 7S1 (Fig. 1). Tonophoresis in 2 pyridine-acetio acid, pH 3-6, 
cm, 


as described here. In sevoral labelling EEA 
carried out with different batches of both NAD- and 
NAD-free enzyme the extent of incorporation of carbon- 


14 varied between 2-3-2-9 moles per mole (120,000 g) of 


enzyme. 

When samples of a reaction mixture were withdrawn 
and assayed for content of carbon-14, and for dehydro- 
genase activity (using 3-phosphoglyceraldehyde in the 
presence of NAD and arsenate), a direct correlation was 
found between. incorporation of carbon-14 and loss of 
enzymatic activity; complete inactivation occurred when 
the molar ratio of carbon-14 to enzyme attained a value 
of 3-0. 

Isolation of radioactive peptides. 
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effluent volume) which was recovered by freeze-drying 
(fraction TS, 20 mg, containing 2-4 108 counts/min 
earbon-14). 

Fraction TS was next submitted to ionophoresis on 
paper at pH 6-5. The ‘neutral’ radioactive peptide frac- 
tion was recovered from the paper strip (fraction 7'S1, 
1-6 x 10° counts/min carbon-14, Fig. 1) and was oxidized 
with performic acid (30 min at 4°). The oxidized product 
was submitted to ionophoresis on paper in pyridine- 
acetic acid buffer at pH 3-6, and the only major radio- 
active component (TS2, containing 1-3 x 10° counts/min 
carbon-14, Fig. 2) proved to be free from all non-radio- 
active peptide contaminants. 

Amino-acid composition and sequence of T92. A sample 
of peptide TS2 was hydrolysed with 6 N hydrochloric 
acid (36 h at 105°); the hydrolysate was submitted to 
amino-acid analysis and the following composition 
(expressed in umoles of amino-acid) was obtained: cysteic 
acid (0-09), aspartic acid (0-18), threonine (0-17), serine 
(0°16), proline (0-08), alanine (0-26), valine (0-08), iso- 
leucine (0-07), leucine (0-17), lysine (0:08); carbon-14, 
90,000 counts/min (0-09 pmole). The radioactive com- 
ponent was destroyed during acid hydrolysis, but was 
identified (and recovered in an amount corresponding to 
one mole/mole of peptide) as 1-4C carboxymethyleysteine 
by analysis of enzymatic hydrolysates of unoxidized 7'S2; 
in a similar manner the aspartic acid residues were shown 
to occur as asparagine. On tho basis of these results the 
following composition could be deduced for TS2: 1-#C 
carboxymethyleysteine (1), cysteic acid (1), asparagine 
(2), threonine (2), serine (2), proline (1), alanine (3), 
valine (1), isoleucine (1), leucine (2), lysine (1). The con- 
tent of carbon-14 amounted to approximately 10° counts/ 
min/umole, a value which is in good agreement with the 
specific carbon-14 content of the iodoacetic-1-“C acid 
used in forming the 1-"*C carboxymethyl-enzyme deriva- 
tive. 

In order to determine the amino-acid sequenco of 
peptide TS2, a sample (0-5 uM, containing 500,000 
counts/min carbon-14) was submitted to partial hydro- 
lysis with subtilisin; a total of thirteen peptide fragments 
were isolated by ionophoresis on paper at pH’s of 3-6 and 
1-9, respectively. The amino-acid compositions (and, 
where necessary, N- and C-terminal groups) of these 
peptides was determined and the results on which the 
sequence analysis is based are summarized in Table 1. 

The N- and C-terminal sequences, Ileu.Val.Ser, and 
Leu.Ala.Lys, were determined on the intact peptide by 
means of the phenylisothiocyanate, and carboxypeptidase 














Tho denatured enzyme derivative ‘Table 1. [AMINO-ACID COMPOSITION AND SEQUENOH OF PEPTIDES PRODUCED BY PARTIAL HYDROLYSIS 
(120 mg, containing approximately OF PEPTIDE T'S2 WITH SUBTILISIN 
2-8 x 10° counts/min 1C) was di- i i 
gested with trypsin (2 mg) in a Peptide Amino-acid composition 
pH-stat at pH 8-5 and 25° for 2 h, T82: 9a +Ileu, Val 
and the digest was freeze-dried. 8a Tlou, Val,Ser NH, 
A portion of the digest was sub- 7a Ileu,Val,Ser, Asp 
mitted to ionophoresis on paper in ob Nay ‘Ale 
pyridine-acetic acid buffer at pH 8b “Ala,Ser 
6-5. The distribution of the radio- 4 }Ala,Ser,O}s, Thr, Thr 
active peptides was revealed by p 
autoradiography and most of the 3 Jen Oye hL TOE 
radioactivity (about 90 per cent) 1 Cys, Thr, Thr 
was found to bo associated with 2 Cys, Thr, Thr Ast 
the peptide fraction which was, EN 
‘neutral’ at pH. 6-5 (Fig. 1). 7b three 
In order to purify the radioactive 68 + Asp. Cy$O.H, Leu, Ala, Pro, „Leut 
components on a preparative scale’ Fe CySO3H, Leu, Ala,Pro,Le nET 
a preliminary fractionation was : 
carried out on a column of ‘Sepha- yo P NH, 
dex’? (110 x2 om, ‘G- 25°, 100-200 Sequence: Tleu.Val.Ser.Asp.Ala.Ser,Cys. Thr.Thr.Asp.CySO,H.Leu. Ala. Pro. Leu. Ala. Lys 
mesh). The column was devel- 





oped with N/20 ammonia and the 
radioactive fraction was found to 
emerge as a single ‘peak’ (25-50 ml. 


+N terminal. 
E Seaan 








* TET earboxymethyleysteine sulphone, 


rminal. 
Sequence determined by partial hydrolysis with acid (see text). 
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procedures, respectively. The sequence of peptide S5 
was shown to be CySO,H.Leu.Ala.Pro.Leu by examina- 
tion of the products (CySO,;H,Leu, CySO,H.,Leu,Ale, 
Ala,Pro,Leu, Pro,Leu) of partial acid hydrolysis (10 N 
hydrochloric acid, 37° 72 h). The amino-acid sequence of 
the heptadecapeptide was thus established and is given 
in Table 1. 

Radioactive peptides from pepsin digests of the 1-4C 
carboxymethylated enzyme have also been isolated and 
characterized; these include peptides 1-12, 1-11 and 
7-11 (Table 3). The peptide Ser.4CMCys,.Thr.Thr. 
AspNH, (7-11) was isolated without oxidation with per- 
formic acid and the radioactive moiety was identified as 
1-4C, S-carboxymethyleysteine after hydrolysis with 
leucine aminopeptidase. 

Reaction of glyceraldehyde-3-phosphate dehydrogenase 
with p-nitrophenyl-1-4C acetate. The enzyme (charcoal 
treated, NAD free; 240 mg, 2 umoles) was incubated 
with p-nitrophenyl-1-*C acetate (7-2 mg, 40 moles, con- 
taining about 12 x 10° counts/min carbon-14) in 0-1 M 
tris buffer at pH 7:0 for 12 min at 0°. The reaction 
product was precipitated with cold acetone, washed until 
free of excess isotope, and air-dried. Different prepara- 
tions were found to contain from 2-5 to 3-1 moles of 
carbon-14 per mole (120,000 g) of enzyme. 

Isolation of 1-'C-acetyt peptides. The 1-“C acetyl- 
enzyme (240 mg, 2 moles) was suspended in 0-02 N 
hydrochloric acid (20 ml.) and digested with pepsin 
(2 mg) at room temperature (18°) for 4h. The soluble 
digest (containing about 1-8 x 10° counts carbon-14) was 
freeze-dried. A sample was submitted to ionophoresis on 
paper in pyridine-acotic acid buffer (pH 6-5) and the 
pattern of radioactive bands (Fig. 3) was revealed by 
autoradiography; the major product P4 contained about 
65 per cent of the total radioactivity applied to the paper. 

As a first step in the purification scheme, the pepsin 
digest was chromatographed on a column of ‘Sephadex’ 
(180 x 1:5 em; ‘G-25’, 200-300 mesh) in 2 per cent 
acetic acid. Effluent fractions were monitored for 
carbon-14, and by taking appropriate fractions it was 
found possible to separate the larger basic peptides, P3 
and P4 (fraction PS,), from the smaller neutral and 
acidic peptides, P1 and P2 (fraction PS,). 

The major product, peptide P4, was obtained in pure 
form by submitting fraction PS, to successive iono- 
phoreses on paper at pH’s of 6-5 and 3-6, respectively. 
The carbon-14 acetyl peptides proved to be unstable, 
particularly at alkaline pH’s, and considerable losses were 
encountered during the purification procedure. Thus, 
although band P4 (Fig. 3) was originally found to contain 
65 per cent of the total radioactivity present in the 
C-labelled onzyme, the final yield of pure P4 amounted 
to no more than 10-15 por cent (200,000 counts/min 
carbon-14). 

Amino-acid composition and sequence of P4. A sample 
of P4 was oxidized with performic acid and hydrolysed 
with 6 N hydrochloric acid at 105°. The acid hydrolysate 
was analysed for constituent amino-acids and the fol- 
lowing composition (expressed in pmoles of amino- 
acid) was found: cysteic acid (0-11), aspartic acid (0-12), 
serine (0-22), alanine (0:12), valine (0°10), isoleucine (0-09), 
lysine (0-11); carbon-14 30,000 counts/min (0:10 umole). 
When unoxidized P4 was digested with leucine amino- 
peptidase, lysine (1), asparagine (1), serine (2), alanino 
(1), valine (1) and isoleucine (1) were identified as the 
products of reaction; in addition, the entire carbon-14 
content of P4 was recovered in the form of an acidic 
(‘neutral’ at pH 1-9), ninhydrin negative, substance; the 
same acidic radioactive substance was obtained when P4 
was reacted at pH 8-5 with carboxypeptidase. The radio- 
active moiety as it occurs in P4 is converted into cysteic 
acid by oxidation with performic acid; the oxidized 
product of P4 was not radioactive and was no longer 
susceptible to hydrolysis by carboxypeptidase. On the 
other hand, the radioactive substance which is derived 
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Fig. 3. Autoradiograph of peptides containing carbon-14 produced by 

pepsin hydrolysis of the 1-“C acetyl derivative of glyceraldehyde-3- 

phosphate dehydrogenase, Jonophoresle in pyridine-acetic acid, pH 6-5, 

60 V/cm, 1h 

from P4 by hydrolysis with leucine aminopeptidase and 
carboxypeptidase, respectively, becomes more acidic and 
retains its radioactivity when oxidized with performic 
acid; the oxidized product gives rise to cysteic acid by 
acid hydrolysis. These results show that the radioactive 
component of P4 is 1-44C, S-acetyleysteine and that this 
residue occupies the C-terminal position in the peptide. 
The release of 1-4C, S-acetyleysteine by carboxypeptidase 
is followed by the migration of the 1-C acetyl group to 
the « NH, group to form 1-“4C, N-acetyleysteine (and/or 
1-4C N,N-diacetyleystine), which is in turn converted to 
1-4C, N-acetyleysteic acid by oxidation with performic 
acid, and ultimately into cysteic acid by acid hydrolysis. 

When P4 was hydrolysed with trypsin (pH 6:5 and 
37° for 16 h), free lysine was released, and the residual 
radioactive peptide (neutral at pH 6-5) was found to 
contain asparagine (1), serine (2), alanine (1), valino (1), 
isoleucine (1) and S-acetyleysteine (1); this result showed 
that lysine occurs as the N-terminal amino-acid in P4. 
The complete sequence of P4 was determined by partial 
acid hydrolysis of the oxidized peptide (6 N, hydrochloric 
acid, 37° 30 h) The products of hydrolysis were separated 
by ionophoresis on paper at pH 6-5, and characterized as 
shown in Table 2. 

The other radioactive peptides, P1, P2 and P3 (Fig. 3) 
were obtained in amounts which proved to be insufficient 
for detailed sequence analysis. Ilowever, sufficient in- 
formation was obtained to show that they were all related 
in structure to P4. For example, P2 was found to contain 
Ser. (1-"C, S-acetylCys, Thr (2), AspNH,) and (Ala, Ser, 
1-4C,S-acetylCys). (Independent evidence for the 
presence of Ala.Ser.S-acetylCys in a pepsin digest of the 
1-4C acetyl-enzyme from rabbit muscle has been obtained 
by Dr. L. W. Cunningham (personal communication).) 
These results show that all the major products formed by 
digestion of the 1-14C, acetyl derivative of glyceraldehyde- 
3-phosphate dehydrogenase with pepsin from part of the 
same unique sequence of amino-acids. 
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Table 2. A3INO-ACID COMPOSITION AND SEQUENCE OF PEPTIDES OBTAINED 
BY PARTIAL ACID, AND TRYPSIN HYDROLYSIS OF PEPTIDE P4 














| Peptide Amino-acid Composition 
| P*a Lys, Heu, Val 
f b Lys, leu, Val Ser 
i c Lys, Deu, Val,Ser,Asp,Ala 
d Lys,lleu,Val,Ser,Asp,Ala 
e TAsp, Ala,Ser,CySO,H 
Í Asp, Ala 
g Ser,CyS0,H 
NH: CH,CO 
PA: T Miia dec kap Ala. Sen erat 
ae 
P*2 +Ser.CySO,H(Thr, Thr, Asp) 
NA, CH,CO NE, 
Sequence: Lys.Ileu.Val.Ser.Asp.Ala.Ser,Cys('Thr,Thr,Asp) 





*Oxidized with performic acid, ¢ N terminal ł C terminal, 


The amino-acid sequences of the peptides incorporating 
the three ‘active sites’ in glyceraldehyde-3-phosphate 
dehydrogenase following its reaction with ijodoacetic-1- 
uC acid and p-nitrophenyl-1-“C| acetate, respectively, 
are compared in Table 3, and it is clear that the 1-10, 
S-carboxymethyleysteine, and 1-“C S-acetyl peptides 
aro all derived from the same part of the primary structure 
of the enzyme protein. 

Table 3. THE AMINO-AOID SEQUENCE AROUND THE REACTIVE CYSTEINE 
RESIDUES IN GLYCHRALDEHYDE-3-PHOSPHATE DEHYDROGENASE FROM 


RABBIT MUSOLE DETERMINED AFTER ITS REACTION: (1) WITH p-NITRO- 
PHENYI-1-"C ACETATE, (2) WITH IODOAOETIC-1-"C ACID 


NE, CH,CO NH 
(1) Lys.Tleu, Val. Ser. Asp. Ala.Ser.Cys.(‘Lhr, Thr, Asp) 
1 2 3 4 5 6 7 8 $9 10 121 


NH, CH,COOH NE, s 


| | ig 
(2) PIQUE A SRE SD Ala Bor. Oye The TREAnD Cya Low ATA Ero: Deu: Aln-Lys 
2 3 4 5 6 7 9 


10 11 12 13 14 15 16 17 18 


* Shown to occur as cysteine by reaction of the enzyme with iodoacetic- 
1-10 acid in the presence of urea (ref. 26). 


The reactive sites in glyceraldehyde-3-phosphate de- 
hydrogenase from rabbit muscle have been positively 
identified as the SH groups of three of its constituent 
cysteine residues. These SH groups react selectively with 
iodoacetic-1-“C acid to form 1-4C, S-carboxymethyl- 
cysteine (cf. papain®’). The same three SH groups have 
been shown to participate in the formation of the 1-14C, 
S-acetyl-enzyme compound which is formed as a stable 
intermediate during the enzyme catalysed hydrolysis of 
p-nitrophenyl-1-"C acetate. 

Moreover, the total amount ‘of 1-4C, S-carboxymethyl- 
cysteine, and 1-“C, S-acetyleysteine, respectively, is a 
measure of the number of reactive SH groups which are 
present in a given preparation of enzyme, and in both 
instances (cf. Table 3) the SH derivatives have been 
shown to occur in the same unique sequence of amino- 
acid residues in the enzyme protein. Thus, contrary to 
earlier reports®’, there appears to be no chemical evidence 
to support the view that the SH group of glutathione is 
involved in the catalytic site of the enzyme. 

On. the basis of the aforementioned results it may be 
concluded that each molecule of fully active enzyme con- 
tains at least three structurally equivalent catalytic 
‘centres’. Each ‘active centre’ contains a reactive SH 
group which participates in the formation of a covalent 
bond with substrates as well as with inhibitors of 
the enzyme. Reaction with iodoacctic acid results in 
the replacement of the SH group by the negatively 
charged S-carboxymethyl side-chain, thus causing a 
structural change in the active centre region of the 
molecule which prevents substrates, such as glyceralde- 
hyde-3-phosphate and p-nitrophenylacetate, from being 
attached to the enzyme. In this connexion it is of interest 
to consider the nature of the sequence, —Ser.AspNH,.- 
Ala.Ser.Cys.Thr.Thr.AspNH,.Cys—, in the vicinity of the 
substrate binding SH group. The presonce of hydroxy] 
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and amide side-chains in the immediate vicinity of the 
reactive SH provides a hydrophilic enviromment favour- 
able to the formation of ancillary hydrogen bonds with 
aldehyde substrates; the absence of negative charges may 
also be significant in view of the fact that substrates, and 
cofactors, such as glyceraldehyde-3-phosphate, NAD and 
inorganic phosphate, of the dehydrogenase reaction are m 
themselves all nogatively charged. Anothor noteworthy 
feature is the presence of the second cysteine residue 
which in the native enzyme does not react with iodoacetic 
acid in the presence or absence of bound NAD. Othor 
chemical groups occupying more distant loci im the 
primary structure may also form an integral part of the 
catalytic centre by virtue of their positions in the folded 
three-dimensional configuration of the enzyme molecule. 
An evaluation of the chemical nature of such groups and 
of their possible role in enzymatic catalysis is. however. 
outside the scope of the present investigation. 

The results which we have described suggust that 
glyceraldehyde-3-phosphate dehydrogenase from rabbit 
muscle contains at least three identical polypeptide chains 
(each with a molecular weight of about 40,000). This 
represents a minimum value which is based on the assump- 
tion that the active enzyme possesses a molecular woight 
of 120,000, and that enzyme preparations used in the 
present investigation contained the maximum number 
of reactive SH groups. Freshly prepared preparations of 
crystalline enzyme have, in fact, been reported? to contain 
as much as 3-4-3-6 moles of bound NAD per molo (120,000 
g), and if the higher value (138,000): for the tnolecular 
weight proves to be correct, then it is entirely possible 
that the enzyme may be composed of four identical 
polypeptide chains. 

In order to resolve this question, chemical investiga- 
tions involving amino-acid and end-group analysis, and 
the characterization of peptide fragments produced by 
trypsin hydrolysis of the enzyme, are being undertaken. 
together with a comparative study?! of glyceraldehyde-3- 
phosphate dehydrogenases from yeast and from pig 
muscle. These results, as well as full details of the experi- 
ments briefly described in this preliminary comiunicn- 
tion, are to be published elsewhere. 

We wish to thank Mr. R. J. A. Turner for experimental 
assistance during the course of this work. 
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ROLE OF INFLAMMATORY CELLS IN REJECTION OF SKIN HOMOGRAFTS 
IN RABBITS 


By Dr. CHRISTIAN M. C. CHEN and Pror. H. L. CHANG 


Department of Surgery, National Defense Medical Centre, Taipei, Taiwan,” China 


LTHOUGH it has been generally accepted that the 
destruction of skin homografts is mediated by a 
reaction of actively acquired immunity type, opinions on 
the possible mechanism of immunological rejection re- 
main divided. It has been postulated that the rejection 
may be mediated through: (1) immunologically compe- 
tent cellst?; (2) serum antibodies™t; (3) a synergistic 
action of serum antibody and a cell-bound factor of 
delayed allergic type®*; or (4) an immune mechanism 
which as yet has no counterpart in conventional immun- 
ology?:®. The investigation recorded here was designed 
to determine the part played by inflammatory cells of the 
host, especially the immunologically activated, in media- 
tion of homograft rejection through quantitative studies 
on distributive patterns of the inflammatory infiltrate. 
Because there is sufficient histological evidence that vascu- 
lar breakdown is not the immediate cause of epidermal 
destruction®°, therefore, it would stand to reagon that 
the role of humoral factor(s) in rejection of skin homo- 
gratts could be simultaneously ascertained through the 
present approach of study. 

Adult outbred albino rabbits were used. Tho skin 
grafts were transplanted reciprocally between pairs of 
animals of either the same or different sex for one, two and, 
in a small number of cases, more than two sets of grafting 
at an interval of one to three weeks following sloughing 
of the previous grafts. Operations were performed on the 
dorsum of rabbit ears under field block with 1 per cent 
procaine, and the technique of grafting was in a similar 
manner as described by Stark et al.14. The ascertainment 
of dynamic states of the homografts and the time of 
rejection depends mainly on histological examination 
of representative biopsies. The sequence of events was, 
however, often cross-examined by stereomicroscopic 
observations of the grafts in situ in addition to daily 
naked-eye examinations. Biopsied materials were paraffin- 
processed and stained with hematoxylin and eosin, 
methyl green-pyronin and, in selective cases, with 
periodic acid—Schiff and Verhoeff’s elastic stain. 

The results of inflammatory cell reaction are illustrated 
in Fig. 1. The following is a summary of our findings and 
interpretations : 

(1) The reaction of heterophils (we prefer hotero- 
phil to neutrophil because the granular cytoplasm of most 
of polymorphonuclear leucocytes in rabbits is acido- 
philic) is apparently secondary to cellular degeneration, 
resulted either from ischemia or from antigen-antibody 
reaction. They appear to be the only inflammatory cells 
capable of invading the epidermis and hair follicles. 

(2) The eosinophil (refer only to those leucocytes with 
a coarsely granular acidophilic cytoplasm and a bi-lobed 
nucleus) is presumably not essential in this kind of homo- 
graft reaction in view of the fact that they are rarely 
seen in the graft derma, nor are they regularly present 
in the recipient bed. 

(3) The small lymphocyte is by far the most active 
mononuclear cells participating in homograft reaction. 
Its population appears to be in direct proportion to the 
rate and extent of revascularization of the graft, but in 
reverse proportion to the immune status of the host after 
initial sensitization. They are largely not pyroninophilic, 
especially those stationed in the graft derma. Juxtabasal 
infiltration was seen frequently in first-set skin homo- 


grafts impending acute rejection, but such was usually 
not the case in repeat-set grafts. Lymphocytic invasion 
of the epidermis or hair follicles was seldom, if ever, 
brought into view. At one time we had the impression 
that intra-epidermal lymphocytic infiltration occurs regu- 
larly and is responsible for destruction of tho very epi- 
dermis; but ‘subsequent observations have convinced 
us that most, if not all, of such ‘round’ cells are nothing 
but pyknotic nuclei of degenerated epidermal cells. 
Various transitional forms and cells with ovoid or spindle- 
shaped nuclei are often coexistent. However it may be, 
these ‘round’ cells are always numerically very small 


in comparison with invading heterophils, and are 
FIRST~ SET SECOND-SET CONTROL 
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Fig. 1. Graphic comparison of inflammatory cell reaction to first-set 

and second-set auricular skin homografts and skin autografts in rabbits. 

Counts were made from at least two representative fields of a section 

to get an individual average grade. The final averages were obtained 
by dividing the sum of scores by the tags of _blopaise 


Heterophil, FOR, small 7 phocytes, -~ —; cell, seee; 
eosinophil, ———. I.E. a "epidermah and PF 3 Guxtabasal 
1-2 cell/h. DBs a3 3-10, a 11-30, ++; above 31, +++. UD. 
(upper > LD. dower derma} and B.B. {recipient bed); “hetero- 
phi ana eis sm: i iym hocyte. pedon 10, +; 11-30, +; 81-50, ++; 


above 61, +++. estuepal and plasma cell. Below 5, bes 6-10, +; 


11-30, + +; above 31, +++ 
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usually absent during the rejection of repeat-set skin 
homografts. 

(4) Plasma cells are largely confined in the recipient 
bed. They are generally pyroninophilic. These cells 
often made their first appearance two days before epider- 
mal breakdown, and their peak of population was always 
concordant with such a destructive event. 

(5) A small number of pyroninophilic medium 
lymphocytes may be found scattered among plasma cells, 
but no blast forms of large lymphoid cells. 

(6) There is little or no histiocytic reactivity. 

In conclusion, these results add weight to the hypo- 
thesis that the rejection of skin homografts is mediated 
by the combined action of humoral antibodies and immu- 
nologically activated mononuclear cells, especially those 
stationed locally. Unlike homologous tumour trans- 
plants in which intimate contact with lymphoid cells is 
required for destruction!#4, cytotoxic humoral antibodies 
appear to be directly responsible for the demise of skin 
homografts, at least for epithelial elements. The overall 
pattern of such a reaction is more likely to be peculiar 
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to the homograft itself than the ordinary delayed typo of 
hypersensitivity in the realm of classical immunology. 
This work was supported in part by a grant (61-609) 
from the China Medical Board, New York, and, in part, 
by a grant (50-279) from the National Committee for 
Long-Renge Advancement of Science, Taiwan. 
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RELATIONSHIP BETWEEN ÆTIOLOGY, LE CELL PHENOMENON AND 
ANTINUCLEAR ANTIBODY IN DISSEMINATED LUPUS 


ERYTHEMATOSUS : 


A HYPOTHESIS 


By Dr. ANTHONY J. SBARRA, WADI A. BARDAWIL and WILLIAM SHIRLEY 


Department of Pathology and Medical Research, St. Margaret’s Hospital and Tufts University Medical School, Boston 25, Mass. 


OME of tho metabolic changes that occur when guinea 

pig polymorphonuclear leucocytes (PMN) respire 
in the presence of serum from patients afflicted with 
disseminated lupus erythematosus (DLE) appear to 
mimic some of the metabolic changes associated with 
phagocytosis'*. It has been shown that guinea pig 
PMN which respire in the presence of 20 per cent normal 
human. serum exhibit a decreased respiratory activity 
when compared with the cells respiring in a serum-free 
medium. This decrease in leucocytic respiratory activity 
is not seen when an equivalent concentration of serum 
from cases of DLE is substituted for the normal serum. 
The specificity of DLE serum was demonstrated in this 
laboratory by using serum from patients with other 
collagen diseases and also from patients with other medical 
illnesses‘. However, if the serum concentrations are 
reduced to 10 per cent, normal human serum will not 
affect the respiratory activity of loucocytes while DLE 
serum will stimulate it. This increased respiratory activity 
is accompanied by an increase in substrate utilization 
and lactic acid production, paralleling some of the meta- 
bolic aspects of phagocytosis'-*. 

It has been shown that, when rabbit or guinea pig 
PMN engulf particulate material, cytoplasmic granules 
(lysosomes) decrease**. These granules contain a number 
of hydrolytic enzymes, including deoxyribonuclease’. 
Further, the pH surrounding micro-organisms within leuco- 
cytes is approximately 5 (refs. 8 and 9), and this level has 
been found to be sufficiently acid to lyse and liberate the 
enzymatic content of the granules’. The fact that an 
increased, lactic acid production accompanies phagocytosis 
suggests that this may be a contributing factor in the 
lowering of the intracellular cytoplasmic pH resulting in 
the liberation of DNase. : 

A mechanism which would make intracellular DNase 
free to attack nuclear DNA would be valuable in attempt- 
ing to elucidate the nature of the nuclear changes leading 
to the formation of the LE cell. Phagocytosis of particu- 
late material will be presented as the possible mechanism 
whereby intracellular leucocytic DNase is activated and 
freed to attack nuclear DNA. Also, with respect to the 


foregoing evidence and assumptions a hypothesis that 
will show a correlation between the etiology, LE cell 
appearance, and antinuclear antibody formation in case 
of DLE will be attempted. 

Metabolic effects. Guinea pigs weighing 300-400 g 
were used in all experiments. The animals, mostly malo, 
were fed with pellets, water ad libitum, and cabbage. 
Suspensions of polymorphonuclear leucocytes were pro- 
pared as previously described!. 15 ml. of a 12 por cent 
suspension of sodium caseinate was injected intraperitone- 
ally. 16-18 h later, the animals were kilod and an 
exudate rich in polymorphonuclear leucocytes (80-90 
per cent) was collected by washing the peritoneal cavity 
with 40-50 ml. of physiological sodium chloride containing 
0-005 per cent heparin. The cells were collected in 50 ml. 
celluloid tubes and then centrifuged in the cold (0° 4° C) 
at 50g for 10 min. The pellet was then resuspended in a 
desired volume of phosphate-free Krebs-Ringer solution. 
Aliquots were measured for total cellular phosphorus since 
phosphorus determinations are found to be a moro satis- 
factory measure of cellular protoplasm than the conven- 
tional counting methods (100 ug of cellular phosphorus 
represents 5°53 x 10? cells’). Phosphate buffer was now 
added to this suspension of cells to give a Krebs Ringer 
phosphate medium buffered at pH 7-4. 

Metabolic experiments were carried out in Warburg 
flasks at 37° C in the following way. The main compart- 
ment contained the leucocytic suspension (approximately 
100 ug of cellular phosphorus); the final volume in this 
compartment was brought up to 25 ml. with Krebs- 
Ringer phosphate medium. The side-arm contained 0-2 
ml. glucose (30 moles) and 0-3 ml. serum, either normal 
human serum (obtained from apparently healthy labora- 
tory personnel) or DLE serum (made availablo to us 
through the courtesy of Dr. Robert P. McCombs from 
New England Center Hospital). The flasks wero equili- 
brated, the side-arms tipped, and measurements of uptake 
of oxygen made for suitable periods. 

To analyse the flask content, respiration was stopped 
by adding 0-5 ml. of 0:1 M iodoacetate to oach flask and 
immediately transferring the contents of each flask 
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Table 1. LEUCOOYTIO METABOLISM IN THE ABSENCE AND PRESENOE OF 
DIFFERENT SERA 

Glucose Lactate 
Addition yl. Oy” | ufilizationt production} 

None 15-0 + 0-9 1:8 + 0°85 3-6 + 0-4 

t > 06 > 057 > 03 

Normal serum (10 percent) 15-6 + 0-7 1:5 + 0-26 42 4 0:3 
P < 0-01 < 0-05 < 0-001 

LE serum (10 per cent) 18-6 + 0-7 §2 + 0-14 6-2 + 0-3 


* ul. uptake of oxygen/h/100 ug cellular phosphorus. 
ah poles of glucose or lactate used or produced in 60 min/100 ug cellular 
phosphorus. 
t P has the usual connotation as a probability value referring to differences 
between the conditions studied. The mean and S.E. is given in each case. 


quantitatively to centrifuge tubes held at ice-bath 
temperature. The cells were centrifuged and washed 
twice with physiological sodium chloride. The super- 
natant fluids were collected, brought to a desired volume, 
and analysed for glucose’ and lactic acid1}. 

Preparation and separation of leucocytic granules. For 
the separation of granules from other cellular elements, 
the sucrose lysis procedure was used’. An alternative 
method" was also used in which cells were homogenized 
in isotonic potassium chloride and then centrifuged at 
400g for 5 min to remove cellular debris and nuclei. The 
granular fraction was obtained from this supernatant 
and the residue consists of the nuclear fraction. In both 
cases the granules were obtained from the resultant 
supernatant by centrifugation at 8,500g for 15 min. 
Both methods were found equally satisfactory; because of 
simplicity, however, the latter method was routinely 
used. 

The DNase activity of the granular preparation was 
obtained after freezing and thawing six times in an 
alcohol-dry ice bath. It has been found that this treat- 
ment significantly increases DNase activity’. Preliminary 
experiments have shown that sonication of granules will 
also increase DNase activity. After freeze-thawing, the 
granular debris was removed at 4,000g and protein 
determinations’? were performed on the DNase active 
supernatant. DNase activity was measured on samples 
of highly purified calf thymus DNA and on the nuclear 
pellet obtained from approximately 1 x 10° leucocytes. 
Before and after incubation at 37° C for 120 min the 
reaction was stopped with 12 per cent perchloric acid 
and the optical density of the supernate 
read at 260 my". 

Effect of DLE serum on respiration. The 
extent of the increased Jeucocytic respiration 
in the presence of DLE serum is shown in 
Table 1. When the final serum concentra- 
tion is 10 per cent, leucocytic respiration 
is 24 per cent higher in the presence of DLE 
serum than in the presence of Krebs-Ringer 
phosphate medium and 19 per cent higher 
than in the presence of normal human 
sorum. However, regardless of the serum 
concentration used, there is always a signific- 
antly higher level of respiratory activity with 
cells metabolizing in the presence of DLE 
serum than with normal serum. These 
experiments will be reported in detail in a 
subsequent publication. 

Glucose utilization and lactic acid produc- 
tion. Cells respiring in the presence of 
DLE serum also produce significantly more 
lactic acid than cells respiring either in the 
presence of normal serum or in Krebs- 
Ringer phosphate medium (Table 1). In the 
presence of DLE serum the cells utilize more 
substrate. This is shown by a significant 
increase in glucose utilization over that of 
cells respiring in the presence of normal 
serum or in the Krebs-Ringer medium. 
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Fig. 1. 
Bacteria, viruses, fungi, or 
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thymus DNA is the substrate and 1-4 when the nuclear 
fraction serves as substrate. The difference in specifie 
activities is, of course, due to the different substrates used. 
However, in both instances the activities are significantly 
above the controls. It may also be noted that DNase 
activity is destroyed by heating the granular suspension 
in a boiling water bath for 20 min. 


Table 2. DEOXYRIBONUCLEASE ACTIVITY OF GuINEA Pia LEUCOOCYTIG 
GRANULES 


Specific activity * 


Boiled granular 
Substrate No addition Granular DNase DNase 
DNAt 
(calf thymus) 0-0 12:3 < 10 
Nuclear pellet į 
(4069) < 10 14 <10 


* Optical density 260 my units released, pH 5-0/120 min/mg nitrogen. 

+ Purchased from Worthington Biochemical Corporation, Freehold, New 
Ji ersey, 2 mg per reaction mixture. 

$ Obtained from approximately 1 x 10° cells. 


Tt is noted that some of the effects of DLE serum on 
the metabolism of guinea pig polymorphonuclear louco- 
cytes mimic some of the metabolic changes which occur 
in these cells during phagocytosis. In both instances, 
respiration, lactic acid production and substrate utiliza- 
tion appear to be similarly altered. Further, it has been 
shown that the cytoplasmic granules of these cells decrease 
(lyse) as a result of phagocytosis, and the DNase activity 
of the lysed granules is readily demonstrable (Table 2) 
when either calf thymus DNA or nuclear DNA serve as 
substrates. These observations serve as a basis for a 
hypothesis which attempts to correlate etiology, the form- 
ation of the LE cell, and antinuclear antibody in DLE. 

It is proposed that bacteria, viruses, fungi or perhaps 
other substances may serve as the etiological agent of 
DLE. These agents are phagocytized by leucocytes, 
leading to metabolic changes such as increased. lactic 
acid production (Table 1) with a subsequent lowering of 
the intracellular pH (refs. 8 and 9). The cytoplasmic 
granules lyse at low pH-levels? and liberate DNase 
intracellularly. The now ‘activated’ DNase is free and 
able to attack nuclear DNA (Table 2) resulting in at least a 
partial depolymerization of nuclear-DNA and a ‘disturbed’ 
nucleus. These nuclei would now be available for opson- 


METASOLIC CHANGES 
i G2 
DNAse 2, SUBSTAATE GRANULES BURST 
LIBERATING 
UTILIZATION 
3. LACTIC ACID t ouan. 





Relationship between ætiology, LE cell, and antinuclear antibody 


own agent{s) are phagocytized by polymorphonuclear 


leucocytes. Lactic acid accumulates and the increased acidity lyses the cytoplasmic 


DNase activity of leucocytic granule 8. The granulos. This results in a release of granular DNase intracellularly. The DNase {s now 


DNase activity of the isolated granules is 
shown in Table 2. The specific activity 
of tho granular DNase is 123 when calf 


ee to depolymerize the nucleus. The depolymerized nucleus is ejected by the cell and 
is either opsonized and phagocytized by other viable leucocytes or is 
body-forming cells. In the former case the LE cell would result, in the latter case anti- 
nuclear antibody would appear. In either instance, phagocytosis would be involved and 


icked up by anti- 


thus the cycle would be re-initiated 
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ization and phagocytosis by leukocytes and/or would be 
picked up by immunologically competent tissue. In the 
former, LE cells will appear. In the latter case, anti- 
nuclear antibody will be formed. Conceivably, this 
phenomenon occurs whenever there is phagocytosis. 

It is known that the serum of DLE patients contains 
antinuclear antibody’ and is capable of inducing the 
LE celts, Hence, according to this hypothesis, the 
appearance of antinuclear antibody and the ability to 
induce the LE cell would be ‘triggered’ by the afore- 
mentioned stiological agents. As a consequence it is 
inferred that the etiological agent need not be present 
except at the onset of the disease. The continuous 
appearance of antinuclear antibody and the prolonged 
ability to form LE cells by DLE serum can be explained 
by a cyclic process as illustrated in Fig. 1. In this cycle 
antinuclear antibody and ‘naked nuclei’ are phagocytized 
and continuously fed into the cycle, thus maintaining it 
even in the absence of the etiological agent(s). 

Why this cycle should be operative in DLE and occasion- 
ally in other collagen diseases is a vital point at present 
under investigation. It is possible that such a cycle is 
operating but is not detectable in many other diseases, 
and for some reason it becomes accentuated and detectable 
in DLE. Preliminary results indicate that antinuclear 
antibody is present in other disease states'*. It has also 
been postulated that some forms of the so-called collagen 
disease may have a basis in hypersensitivity against 
nucleoprotein, the nucleoprotein(s) being derived primarily 
from viral, bacterial or animal sources!’. These findings, 
it is felt, lond support to the proposed hypothesis. 

On the other hand, it is realized that the LE cell occurs 
only infrequently in vivo. This would tend to weaken our 
thesis. However, it is conceivable that the LE cell in vivo, 
perhaps owing to its dynamic nature, is a transient pheno- 
menon and thus would be difficult to detect; or, its form 
may be such that up to now it has escaped identification. 

Consequently, this hypothesis is presented with the 
hope that it may stimulate others to look for experimental 
evidence supporting the proposed sequenco of events. 
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A hypothesis is presented which attempts to explain 
the relationship between etiology, LE cell formation 
and the appearance of antinuclear antibody in DLE. 
The etiological agent is phagocytized, intracellular DNase 
is liberated and freed to attack nuclear-DNA. The 
attacked or ‘disturbed’ nuclear material is ejected from 
the cell and afterwards opsonized and phagocytized 
and/or is picked up by immunologically competent tissue. 
In the former case LE cells appear, in the latter caso, 
antinuclear antibody is formed. 

This investigation was supported by grants 42168 and 
C5307 from the U.S. National Institutes of Health and 
NSFG19531 from the National Science Foundation. 
We thank George Daynes for the photography. 

Note added in proof. Since this paper was prepured, a 
publication has appeared by Weissman and Thomas! 
which implicates lysosomes in the pathogenesis of DLE. 
This concept is consistent with the hypothesis presented 
in this paper. 
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SMALL INTESTINE TRANSIT TIME AND MAGNESIUM ABSORPTION IN 
THE CALF 


By R. H. SMITH 


National Institute for Research in Dairying, Shinfield, Reading 


LTHOUGH it is recognized that in certain patho- 
logical conditions absorption from the alimentary 
tract may be limited by a very rapid rate of passage of 
digesta, there does not appear to be any quantitativo 
data on this limitation and it is often tacitly assumed that, 
in the normally functioning gut, absorption of constituents 
is completed to a steady state. In the milk-fed calf, older 
than about 2 months, less than half the dietary mag- 
nesium is absorbed even when the calf is magnesium 
deficient!)? and the proportion absorbed is largely inde- 
pendent of intake over a wide range?. This suggests the 
possibility that absorption of magnesium is, in fact, such 
a slow process that it is normally limited by the time of 
contact between the gut contents and the offoctivo 
absorbing surface. This surface appears to be mainly 
within the small intestine for calves older than 2 months? 
and for human beings’. 

The relationship between small intestine transit time 
and net magnesium absorption has been studied in calves 
with a re-entrant fistula in the distal ileum. The calves 
were fed milk containing polyethylene glycol (mol. wt. 
4,000) as a marker and ileal effluent afterwards collected 
in fractions for 7 h after the feed. In this time more than 


60 per cent of the marker was recovered in nearly all the 
experiments. Methods of collection and polyethylene 
glycol and magnesium analysis have beon described 
previously’. Transit time up to the distal ileum was 
measured as the time for the marker first to appear*. This 
overestimates small intestine transit time since there is 
a hold-up in the abomasum for about 0-5 h following a 
milk feed* but is adequate for comparative purposes. 
Net magnesium absorption was estimated from tho 
magnesium/polyethylene glycol ratios in those fractions 
obtained in the 3-4 h during which most of the markor 
(usually 60-80 per cent) appeared. It should be noted 
that net absorption calculated in this way is higher (by 
about 5-15 per cent intake) than the net absorption for 
a 24-h period? mainly because of the smaller proportion 
of endogenous magnesium present. The shorter ecol- 
leetions were used because they put much less strain on 
the calf. A smaller number of results for 24 h colle: tions 
gave similar correlations to those reported below but at 
lower levels of significance. 

In 41 experiments with 12 Friesian calvos the moan 
transit time was 3-7 + 0-2 h (range 2-5-25 h). Tho 
biggest variations wero between calves rather than within 
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‘Fig. 1. Relationship in milk-fed calves aged 5-17 weeks. Individual 
results are shown with different symbols for different calves 


calves (components of variance 0-43 and 0-17, respectively) 
and there was no consistent change with age of calf or 
with time after the insertion of the cannule. The relation- 
ship, for calves aged 5-17 weeks, between transit time 
and net magnesium absorption (assumed to be linear 
over the range examined) is shown in Fig. 1. Overall there 
was & positive correlation (P < 0-001) which was shown 
both between calves (P < 0-05) and within calves (P < 
0-01). The regression of absorption on transit time 
showed a mean increase of 8-5 + 2-0 per cent magnesium 
intake absorbed per extra hour of transit time. Assuming 
a cause and effect relationship it appears probable that 
inherent differences in small intestine transit time are 
responsible for much of the wide variation in magnesium 
utilization previously reported between different calves of 
similar age’. It is possible that similar differences are in 
part responsible for the considerable variation found 
between adult bovines in their ability to utilize dietary 


NATURE 


April 13, 1963 von 198 


magnesium and in their susceptibility to clinical hypo- 
magneszemia>. 

Changes in small intestine transit time or motility have 
been reported in different animals from a variety of causes, 
including common dietary constituents®, adrenal cortex 
hormones’ and exercise’. We have found a decrease in 
transit time when calves were fed magnesium chloride 
solutions rather than milk (although magnesium chloride 
added to milk had little effect) and an increase in transit 
time when they received no feed. Given a relationship 
similar to that shown in Fig. 1, many of these variations 
were sufficiently large to have a marked effect on mag- 
nesium absorption. Increased net absorption has in fact 
been found to accompany the increased transit time 
obtained after oral or intramuscular administration of the 
anti-cholinergic drug propantheline bromide to calves fed 
milk or magnesium chloride solution’. 

We have determined small intestine transit time in 
three ruminating calves by injecting polyethylene glycol 
into a fistula in the proximal duodenum and observing 
its arrival at the distal ileum. In 15 experiments with 
3 Friesian calves on a diet of hay and mixed cereals the 
mean transit time was 2-7 + 0-2 h (range 1-:25-4 h) and 
this was not appreciably affected by previously denying 
food (but not water) for 24 h. When two of the calves 
were put abruptly on to spring pasture (mainly H.1 rye- 
grass) one showed no appreciable subsequent change in 
transit time. The other showed a progressive decrease 
(from 3-5 to 1-25 h) during a 4-week period, a change which 
might markedly decrease magnesium utilization. 

I thank Dr. A. T. Cowie for installing the cannule, 
Miss Z. D. Hosking for the statistical treatment, and Mr. 
H. S. Hallett, Mr. B. D. Lawrence and Miss P. Lewis for 
assistance. 
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NEURONE AND SYNAPSE POPULATIONS IN THE SPINAL CORD: 
INDICATION OF ROLE IN TOTAL INTEGRATION 


By Pror. SAMUEL GELFAN 
Neurophysiology Laboratory, New York Medical College, New York 29 


HE neurone population of the entire L, spinal 


segment in normal dog is 375,000 and the moto-. 


neurone : interneurone ratio is 1:30 (ref. 1). Assuming 
this ratio holds for all spinal segments and using Agduhr’s? 
fibre counts of all ventral roots in the dog as a guide, the 
estimate for the entire spinal cord is 107 neurones. The 
only available counts of spinal neurones in man are those 
of only large cells, in 2504 blocks from each of 27 seg- 
ments’. Assuming the large to small cell ratio, 1: 24, 
as well as the other relationships established for the dog}, 
to hold also for man, and using Arnell’s fibre counts of all 
ventral roots in man‘ as a guide, a provisional] estimate for 
the total neuronal population of the human spinal cord is 
13-5 x 10°. - ; 

The barely 1-5 times greater size of the human spinal 
cord indicates similar neuronal densities in the spinal 
cord of both mammals. But the spinal cord of the dog, 
as compared with the spinal cord of man, must play a 


proportionately greater part in the total integrative 
functions of the central nervous system. Allowing for 
the higher cortical packing density in the dog®, the 
total number of neurones in the brain of the dog weigh- 
ing 20 times less than man’s brain, can scarcely exceed 
1/10 of the number of the latter: The cord to brain 
weight and volume ratios, 1:40 in man and 1:4 in 
dog, thus also differing. by a factor of 10, point to the 
spinal cord as constituting a 10 times greater fraction 
of the central nervous system in the dog than in man. í 

Using the Rasmussen? modification of the reduced 
silver technique for synaptic knob staining, we found a 
mean synaptic density of 20/100 p? of surface on essentially 
all of the 3,500 neurones examined throughout the spinal 
grey of normal dog L, segment’. This is similar to the 
maximum. estimates of synaptic knob distribution on cat 
motoneurones®-, In addition, the synaptic density on 
all dendrites, wherever observed, and at all observed 
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distances from cell body, was just as great as on the sur- 
face of the latter. It is therefore possible to make an 
approximation of the total number of synapses, or loci of 
integration, in the spinal cord. 

The cross-sectional areas of the neuronal cell bodies 
which were counted in one lumbar segment were also 
directly measured, providing a cross-sectional mean, 
260 v2, for all the cells measured, and a basis for calculat- 
ing the mean cell body surface area. Tho dendritic area 
has been estimated by Aitken and Bridger to form about 
80 per cent of the total receptive area of the neurone?!, 
It is therefore not unreasonable to assume, for calcula- 
tions, that the cell-body surface constitutes 1/4 of the 
total soma (cell body and dendrites) surface. 
culated mean surface area of all the cell bodies measured 
is 1,040 u?. Such a cell body, if spherical, would have a 
diameter of only 18u. But the total somatic surface area 
of such a neurone would be four-times as great, with some 
800 synaptic knobs on dendrites and cell body. Similarly, a 
large cell-body 65u in diameter would have a total somatic 
surface of more than 54,000 y2, with a synaptic popula- 
tion of some 10,000. The total number of synapses in the 
dog spinal cord is conservatively estimated as 8 x 10°. 

Individual dendrites are rarely observed as uninter- 
rupted extensions of the cell body for more than about 
200u in single 8u sections used for synaptic knob density 
determinations. Fractions of dendrites of varying length 
and thickness, separated from their cell bodies but out- 
lined by synaptic knob encrustations, are commonly 
observed in all such sections. If the observed synaptic 
density on dendrites holds for all distances from cell body, 
it must obviously mean that there are about 3 times as 
many synapses on dendrites as on cell bodies. 

The majority of the great number of fibres in the dog 
and monkey spinal cords has already been shown by 
Tower! to arise and terminate within the cord, that is, 
the loss of fibres (and consequently neuronal de-afferen- 
tation) in the lumbosacral cord, isolated from above and 
helow and with its dorsal roots sectioned, was scarcely 
discernible. There are no observations available as yet 
on synaptic density reduction after dorsal root section, 
but allowing for as many as 100 synaptic knobs for 
each of the some 600,000 dorsal root fibres entering the 
dog spinal cord? would account for not more than 1 
per cent of the total estimated number of synapses in the 
ontire spinal cord. Similarly, since the fibres descending 
from supraspinal centres account for only a small frac- 
tion of the total fibre system within the cord, their 
synaptic contribution also is most likely only a minor 
fraction of the total. Such synaptic richness within the 
intrinsic or propriospinal system of the spinal cord, as 
well as the possible influence which the fibres in this folt- 
work may have on each other through current flow, points 
to a vast intercommunicating network quite comparable 
with that in the cerebral cortex. 

There are essentially two kinds of nerve cells in the 
spinal grey, motoneurones and interneurones. The much 
fewer and more recent studies of the latter have revealed 
specific differences in propertics and behaviour between the 
two kinds of neurones*-*, What is particularly relevant 
here is that the properties of spinal interneurones, such as 
repetitive discharges to single afferent volleys and spon- 
taneous rhythmicity, are more characteristic of the 
central nervous system than the behaviour of moto- 
neurones. The latter, in contrast to the variety of 
integrative activities of interneurones, have the single 
and exclusive function of muscle activation. Herein, 
therefore, lies the significance of the great preponderance 
of interneurones over motoneurones, as mentioned here. 
In addition, there is a size difference. All «-motoneurones 


are relatively large cells, with a mean diameter of 48u, 


assuming they are spheres. While some 2 per cent of all 
interneurones are also large, 98 per cent nevertheless 
have a mean diameter of only 16u. The difference in 
size must mean that the total number of synapses, in 
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contrast to density per unit surface arca, is normally 
much greater on the large neurones. An average-sizod 
a-motoneurone would have some 5,500 synaptic knobs 
on its total somatic surface whereas an average-sized inter- 
neurone only 640. The greater number of synaptic con- 
tacts on normal «-motoneurones permits nob only a 
greater number, variety and gradation of integrative 
influence on the final output units but may also bo 
responsible for the behavioural characteristics, as con- 
trasted with those of interneurones. 

When many interneurones are destroyed by temporary 
lumbosacral ischemia, sparing in some cases all moto- 
neurones!2°, most of the integrating machinery of the 
affected segments is destroyed. The interdependence 
in the spinal intrinsic system and structural basis for the 
unity of function is also thereby essentially destroyed. 
As is also to be expected in such preparations, synaptic 
density on all surviving lumbosacral neurones is markedly 
reduced’. This removal of most of the synaptic covering 
over the soma surface alters fundamentally such proper- 
ties as excitability and behaviour of a-motoncuroncs. 
Such motoneurones become ‘spastic’, discharging spon- 
taneously, forcing the hind limbs into rigid and permanont 
extension. This alteration manifests itself promptly 
after the ischemic episode, as the animal emorges from 
anzsthesia®*. The behaviour of such ‘spastic’ moto- 
neurones, in one respect at least, resembles that of normal 
interneurones and y-motoneurones which exhibit spon- 
taneous rhythmicity. This effect of denervation on 
motoneurones clearly suggests that the input terminals, 
containing mitochondria and other granules, provide 
something in addition to dying impulses. This additional 
stebilizing influence of synaptic knobs, whatever its 
mechanism may be, is not an unimportant aspect. of the 
totality of integrative processes. 

Many of the spinal interneurones, to be sure, aro nor- 
mally preoccupied with relaying of impulses ‘to moto- 
neurones and regulation of their activities. Many spinal 
interneurones also relay processed information to supra- 
spinal centres. But tho total number of such intor- 
neurones, the synaptic richness, the dense intercorn- 
municating network within the intrinsic system of thu 
spinal cord, the neuronal interdependence, all indicate 
additional integrative activities comparable to thos» of the 
brain. The lumbosacral cord chronically isolated by 
transection above and below, with its dorsal roots soc- 
tioned, may not be autochthonously active!?. But the 
isolated and ‘de-afferented’ brain, as predicted by I. M. 
Sechenov 100 years ago, also stays asleep. The difference 
between total activities of the brain and spinal cord may 
reflect principally a difference in number of units in- 
volved. 

This work was supported by U.S. Publie Health Servico 
research grant B-1284. 
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RELATIONSHIP BETWEEN SERUM ANTIBODY-LEVELS AND THE ABO 
BLOOD GROUP POLYMORPHISM 


By EDWARD R. EICHNER, RONALD FINN and JULIUS R. KREVANS 


Division of Medical Genetics, Department of Medicine, Johns Hopkins University and Hospital, Baltimore, Maryland 


ECENTLY, considerable attention has been directed 

to ABO blood group, polymorphism}, with the 
implication that the geographical distribution of ABO 
groups is determined not only by racial admixture and 
genetic drift but also by selective forces. The evidence 
for selection in ABO polymorphism is at present limited 
and is mainly dependent on the increased frequency of 
blood group O and non-secretors in duodenal ulcer’, 
which has little selective action; the antenatal risk to 
ABO incompatible foetuses*; and the epidemiological 
studies of Vogel, demonstrating that the frequency of 
the O gene is reduced in areas in which plague was pre- 
valent, and the frequency of the A gene is low in areas 
where smallpox was prominent’. Part of this evidence 
has, however, been strongly challenged’. 

It has been suggested that the selective forces respons- 
ible for ABO polymorphism are most likely to be active 
in the prenatal environment and in the field of infectious 
disease. With regard to infection as a selective force, 
it would be valuable to demonstrate that individuals of 
different ABO type possess varying degrees of resistance to 
infectious disease. We have therefore studied the levels 
of several ‘natural’ antibodies in a random series of 
individuals and correlated the results with ABO type. 











RABBIT DOG 
. 
. 
conn e 
ae oe ° 
eee . sese ene 
etve . sen eee ee 
w ecere oo ee ° esoo 
w oseseo oo . eee esee 
= sees eee . ee 
=a eee . . sace 
r oe . . een ee e e 
Pad eveee . ooo . 
8 eee . . . ee 
ee ee . esoe ee . 
z . e. e n 7 
e ase eee . 
Z wos 
a . oe asees ss 
. asooo . 
. 
. 
w Ee ee TT T ESS 
A B AB o A B AB 
HAMSTER GUINEA PIG 
se. 
. . . 
. ee . 
.. . ee 
. . . . . 
se . 
w esr on eee o 
E e.s. os eses o ove 
3 kd . . kd ee soose 
8 eee ee e ee e 
0 
E ee seee . Sees Seeteses sete . 
ž envee acos . acoso ocooe ese 
tonee se . ess seso sooo . 
eree a : . 
evesa ses wee .. 
ee 
=> T au T TtT Ter 
A B AB (0 A B AB 





BLOOD GROUPS 


Fig. i. Human anti-rabbit, anti-dog, anti-hamster and anti-guinea pig 
erythrocyte antibody titres 
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BLOOD GROUPS 
Tig. 2. Human anti-E. colt 086B7 antibody titres 


Hitherto, a differentiation has been made between 
natural and immune antibodies. However, recent studies 
with germ-free animals? have indicated that ‘natural’ 
antibodies are also formed as a result of an immune 
process arising from various cross-reacting antigens in 
the external environment’. 

We have studied several natural species antibodies in 
man, using erythrocytes from rabbit, dog, hamster and 
guinea pig as antigenic markers. As an example of an 


antibacterial antibody, we have determined antibody 


levels to the enteropathogen, Æ. coli 086B7. To demon- 
strate the species antibodies, serial dilutions of human 
sera were added to an equal volume of a 5 per cent sus- 
pension of the appropriate erythrocyte, and agglutination 
was assessed after immediate centrifugation for 60 
sec. Antibodies to Æ. colt 086B7 in human sera were 
demonstrated by means of a hemagglutination tech- 
nique’. Agglutination was arbitrarily graded from 
one to four; one denoting just visible microscopic aggluti- 
nation, and four denoting gross macroscopic agglutination. 
The score assigned to each serum represents the sum 
of the scores at each dilution. These studies were carried 
out without prior knowledge of the ABO groups of the 
individuals examined. 

Results for the species antibodies are shown in Fig? 1 
and Table 1, whereit is seen thatthe titres are not randomly 
distributed with regard to the ABO blood groups of the 
subjects. Thus, group B individuals have lower anti- 
body titres to dog and rabbit erythrocytes, group A 
subjects have lower titres to hamster erythrocytes *, and 
group O individuals have higher titres to guinea pig 
erythrocytes. The anti-#. colt 086B7 antibody results 
are shown in Fig. 2 and Table 1, which demonstrate 
that the titres tend to be lowest in group O individuals 
and highest in those of group AB. 


* Additional studies with other hamsters gave results similar to rabbits 
and dogs. 
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Table 1. MEAN ANTIBODY TITRE AND ABO PHENOTYPE 
. Deviant Mean antibody titre 
Organism group* Deviant group Other groups Probability 
Dog B 13-167 18-129 < 0-001 
Rabbit B 18-241 22-606 < 0-001 
Hamster A 4633 8-729 < 0-001 
Guinea pig o 8:355 5-609 < 0-005 
E. coli 0886B7 0 5-387 9-300 < 0-001 


s Deviant roup is the blood group in which the mean values were sig- 
nificantly different from the other blood groups. 


If it be assumed that the levels of antibodies in serum 
are related to natural resistance to infection, then the 
foregoing results would indicate that natural resistance is 
related to ABO blood type. The mechanism of this 
relation is, however, obscure. The Æ. coli results could be 
interpreted in two ways. It is possible that group AB 
individuals are more susceptible to F. coli 086B7 infection, 
and the higher antibody levels in AB individuals are simply 
an index of chronic infection. We prefer an alternative 
hypothesis, namely, that group O individuals are less 
able to produce antibody to Æ. coli 086B7 than non-O 
individuals. It could then be assumed that Æ. coli 086B7 
carries an H-like antigen, and that group O individuals 
possessing an H antigen are less able to produce antibody 
similar to anti-H. Springer’ has demonstrated the exist- 
ence of a B-like antigen on Æ. coli 086, but this does not 
exclude the possibility of a coexisting H-like antigen. 

This latter hypothesis could explain our results with 
rabbit erythrocytes, since it is known that the rabbit 
erythrocyte contains a B-like antigen!’; and our results 
imply that B individuals have significantly lower titres 
of anti-rabbit erythrocyte antibody. However, it could be 
argued that B subjects have lower titres because they 
lack antibodies to human B erythrocytes, antibodies 
which are capable of agglutinating rabbit erythrocytes. 
Thus, A and O individuals may demonstrate higher 
titres because of the complementary agglutination ability 
of two antibodies, the anti-rabbit erythrocyte and the 
anti-B antibodies. Preliminary experiments with ‘small 
numbers of sera of human O individuals from which anti-B 
antibody had been absorbed indicate that this additive 
effect does indeed play a significant part, in that most of 
the samples show titres similar to those found in B subjects. 
However, in the three other animal erythrocyte systems 
cross-antigenicity with human erythrocytes could not 
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be demonstrated, utilizing absorption, olution and 
blocking methods. In addition, the E. coli 086B7 results. 
with the lowest titres in O individuals, would be incon- 
sistent with an additive effect. 

These results suggest that selective forcos influencing 
ABO polymorphism were active not only during the period 
of the great pandemics but also operate at the present 
time. The data also suggest a tentative hypothesis 
regarding the function of blood group systems. Burnot!! 
has emphasized the importance of the reticulo-endothelial 
system’s ability to distinguish between ‘self’ and ‘non-self’. 
As an extension of this concept, we would suggest that 
it is also important for the body to distinguish between 
pathogenic and non-pathogenic foreign antigenic stimuli. 
Perhaps the capacity of the reticulo-endothelial system 
is not- unlimited, and it would therefore be disadvan- 
tageous for the system to react to all antigenic stimuli, 
regardless of their pathogenicity. Random mutations 
on the red-cell envelope may have led to the evolution of 
marker antigens similar to those present in the presumably 
large number of non-pathogenic foreign substances, thus 
conserving the ability of the reticulo-endothelial system 
to react more strongly against antigens which are dissimi- 
lar to those found on the red cell surface. It is clear that 
this system is complex, and that any cross-antigenicity 
between a blood group and a bacterial or viral antigen 
may lead to individuals of this blood group being at a 
selective disadvantage in combating any infection due 
to an organism carrying the cross-reacting antigen. 

This work was supported by research grant A-1282 
from the U.S. National Institute of Arthritis and Mota- 
bolic Diseases. 
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FATE OF TRITIATED NATIVE LIVER DEOXYRIBONUCLEIC ACID INJECTED 
INTO LETHALLY IRRADIATED RATS 


By A. POPOVIC, A. BECAREVIC and Pror. D. KANAZIR 
Institute of Nuclear Sciences ‘Boris Kidrich’, Belgrade 
AND 


N. STOŠIĆ and Pror. V. PANTIĆ 
Institute of Histology and Embryology, University of Belgrade 


Doe G work now in progress in the ‘Boris Kidrich’ 
Institute on the problem of the recovery of irradiated 
animals by means of native nucleic acids we have ob- 
tained a significant 30-day survival of the lethally irra- 
diated. rats treated with homologous highly polymerized 
(native) liver DNA!-3. In the course of our work on the 
effects of injected DNA on the metabolism of the irradiated 
recipients of nucleic acids we showed that the metabolic 
processes of liver, spleen and intestinal nucleic acids of 
irradiated DNA-treated animals, followed by formate 
` and orotic acid, both labelled with carbon-14, are quite 
similar to those of the unirradiated controls**. Our 
histological investigations have demonstrated that the 
histological and cytological structure of different organs 
was less affected after DNA treatment of the irradiated 


animals’-*. In addition, a recovery of the capacity of 
antibody formation in the irradiated rats was obtained 
by means of homologous (native) nucleic acids’. 

In our attempt to understand the mechanism(s) of 
this recovery, we followed the fate in the spleen and tho 
liver of native DNA labelled with phosphorus-32 in- 
jected into irradiated rats'!:7. In different organs of tho 
irradiated recipients we found fragments of such labelled 
DNA of higher molecular order, but by using this 
approach we did not obtain any information as to the 
nature of the cellular localization of these fragments. 

In order to localize the incorporation of DNA. we 
examined the fate of native homologous liver tritiated 
DNA injected into irradiated rats by means of autoradio- 
graphy. This article presents the autoradiographic 
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Fig. 1. Small intestine-of X-irradiated rats treated with 250 ug of 

tritiated DNA. Whole body irradiation dose 500 r. A, Label in the 

nuclei of Lieberkihn crypts cells; B, labelled nuclei of the enterocytes 

and macrophages of the lamina pre (Obj. x 100, Opt. x 1-2, 
proect. x 3- 





Fig. 2. Labelled cytoplasm of Paneth’s cells. Experimental conditions 
as in Fig. 1 


evidence indicating the incorporation of the label marked 
from the injected native tritiated DNA into the nuclei 
of some cell lines of the testes, intestines, spleen and livor 
of irradiated recipients. The macrophages seom to be 
involved in the transport of the injected DNA. 

The labelled highly polymerized tritiated DNA was 
isolated from the liver of partially hepatectomized young 
donors (rats) by the method already described’. Each 
animal was injected with a total of 20 uc. of tritiated 
thymidine (spec. activity: 2-55 me./uM). The specific 
activity of tritiated DNA was 2,800 c.p.m./mg DNA. 

Adult albino rats were irradiated and treated as formerly 
described?. The doses were 500 and 800 r. The treated 
animals were killed at different time-intervals after the 
injection of DNA (2, 4 and 12 h). 

The autoradiographs were prepared by the method of 
Ficq, excopt that the extraction of the acid-soluble fraction 
on sections was omitted, since the organs were fixed for 
4 h. in Carnoy’s fixative already containing concentrated 
acid. ‘Ilford G-5’ emulsion was used. The sections were 
exposed for 12-18 days, and stained with hematoxylin - 
eosin. 

In all irradiated tritiated DNA-treated animals for the 
most part the label was incorporated in nuclei of different 
cell lines although in some of these cells the label was also 
found in the cytoplasm. 

Small and large intestines. The significant incorpora- 
tion of DNA label was observed in the nuclei of epithelial 
cells of Lieberithne crypts, whereas it was less evident 
in the nuclei of enterocytes and goblet cells of the epi- 
thelium of villi (Fig. 1 A, B). In some Paneth cells the 
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label was observed in the cytoplasm. In these cells only 
the portion of the nucleus which was in the vicinity of the 
cytoplasmic label was markedly labelled (Fig. 2). This 
observation gives an impression of a temporal sequence of 
label migration from the cytoplasm to the nucleus. It is 
of interest to notice that no labelling of cells in division 
in the regenerating part of crypts is observed if the irra- 
diated animals are injected once, but if they are injected 
repeatedly some of the cells in division are labelled. An 
increased number of the enlarged macrophages with a 
significant amount of the labelled DNA within their 
nuclei was observed in the stroma of the villi and in other 
parts of the lamina propria and submucosa (Fig. 1 B). 
However, the cells of intestinal connective and muscle 
tissues were also labelled (Fig. 3 A, B). 

Tho incorporation of DNA into large intestines is 
less evident and only some label was observed in the 
epithelium of regenerating part of the crypts. 

Liver. The most significant incorporation of the 
label was observed in hepatocytes along the periphery 
of the liver lobes, whereas the number of the labelled 
hepatocytes and of the grains they contain decreases 
toward the internal parts of the lobes (Fig. 4.A, B). Thus, 
in the central part of the lobes, the label is observed only 
in the Kupffer cells of the hepatic sinusoids. The free 
macrophages along the blood vessels and along the septa 
seem to be intensely labelled. In several hepatocytes 
some label is observed in the cytoplasm too. 

Spleen. - The most markedly labelled were the nuclei 
of the reticular cells and those of the endothelial cells of 





Fig. 3. Small intestine. 800 r., 250 we tritiated DNA. 4, labelled 
nuclei of the muscle cells (t. muscularis) and macrophages (t. sub- 
mucos#) (Obj. x40, Opt. 1-2, proect. x 3-2); B, labelled cells of 
the blood vessels in t. serosa. (Obj. x 100, Opt. x 1-2, proect. x 3-2) 





Fig. 4. 


Liver, 800 r., 250 æg tritiated DNA. A, hepatocytes at the 
periphery of the lobes; B, central part of lobes. (Obj. x 100, Opt. 
x 1:2, proeet. x 8-2) 
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Fig. 6. Testes: ae cels of semen epithelium. 4, 500 r., 250 ug 
tritiated DNA; B, 800 r, 2 mg tritiated DNA in four injections 


spleen sinusoids. In some of these cells the label can be 
found in the cytoplasm (Fig. 5 A, B). In the damaged 
Malpighian bodies the nuclei of the lymphoblasts were 
more markedly labelled and those of lymphocytes only 
slightly. The incorporated labelled material was observed. 
in the macrophages as well as in the cells of the capsula 
and the trabecule. 

Testes. The label was observed in the cell nuclei 
of the germinal epithelium, that is, in the nuclei of sperma- 
togonia, spermatocytes and spermatids (Fig. 6 A, B). 
There are just a few of the tubules in which all the 
elements of spermatogenesis are labelled. We gained the 
impression that the incorporation of DNA in the cells of 
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the germina] line was not influenced by the DNA synthesis 
during spermatogenesis. No label was observed in the 
vegetative cells of Sertoli, but it was found in the nuclei 
of macrophages and of Leidig’s cells. 

So far as we know thero are no data for the autoradio- 
graphic investigations of the fate of macromolecular 
DNA injected into rats. 

However, from our earlier biochemical results on the 
fate of the injected DNA we know that DNA labelled with 
phosphorus-32 becomes partially degraded after its 
injection into normal and irradiated animals!"2, This 
work presents, however, new autoradiographic evidence 
suggesting the nuclear localization of tritiated fragments 
of tritiated DNA injected into lethally irradiated rats. 
In the meanwhile we know nothing of the size of the 
incorporated fragments. The fact, however, that the cells 
of the connective and the muscle tissue of intestines aro 
labelled might suggest that the observed label is not 
due to the tritiated thymidine resulting from DNA 
degradation but to the presence of larger fragments of 
DNA. The incorporation of macromolecular DNA in 
HeLa cells has already been described". 

We do not know what the biological role of these in- 
corporated fragments is, but our biochemical data on 
recovery indicate that the metabolism of the liver nucleic 
acid of irradiated DNA-treated animals returns almost to 
normal level. 

This work was supported by the International Atomic 
Energy Agency, Vienna, research contract No. 44. 
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INDEPENDENCE OF AMOUNTS OF INCORPORATION OF AMINO-ACIDS 
INTO HISTONES ON THE AMINO-ACID COMPOSITION 
OF THESE PROTEINS 


By Pror. A. S. KONIKOVA, A. V. POGOSOVA, E. A. RAPOPORT, T. D. GULIAMOV 
and Pror. M. G. KRITZMAN 


A. V. Vishnevsky's Institute of Surgery, Academy of Medical Sciences, Institute of Therapy, 
Academy of Medical Sciences, Moscow, U.S.S.R. 


NCORPORATION of labelled amino-acids into proteins 

has been widely used as a method of investigating 

the formation of protein, though the mechanism involved 
has not yet been fully understood. 

The available experimental data suggest that the in- 
corporation of labelled amino-acids into proteins may be 
the result of different reactions directly associated with 
the formation of protein molecules. The incorporation of 
amino-acids into proteins may be due to: (1) replacement 
of separate amino-acid residues without breaking up the 
whole protein molecule; (2) formation of protein molecule 


entirely from the amino-acids. Moreover, the incorporated 
labelled amino-acids may be detected in the protein 
molecules when from the free amino-acids separate 
peptides are formed, which are then synthesized to 
form proteins, as well as on the completion of the poly- 
peptide chain of the protein precursor with some amino- 
acids or peptides in the process of formation of a specific 
protein. 

Therefore whatever form the synthesis of protein 
molecules may take, the incorporation of amino-acids into 
polypeptide chains is an integral part of this process, and 
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Table 1. COMPARATIVE RESULTS OF INCORPORATION OF LABELLED AMINO-ACIDS INTO LIVER NUOLEAR HISTONES 
| Histones of intact liver Histones of regenerating liver 
Arginine- | Lysine- | Argiaine- | Lysine- | Arginine- | Lysine- 
rich * rich rich rich * rich rich Ratio Arginine-rich Ratio 
Labelled 
amino-acids used No. of amino-acid 
myemoles | mumolest residues ¢.p.m./ | mmoles 
c.p.m./6 mg protein m] ————_| BjA Dic 5 mg E BLA 
A B D protein 
NC-aspartic acid 30 58 0-5 0-46 2 0-92 0-6 60 1:17 2°30 
*58.cysteine 76 124 1-29 0-99 trace trace 0-77 70 1:19 092 i 
uC-glycino 158 406 2-68 3-25 14 5 1-20 0:35 274 4-65 1-73 
4C-methionine 162 526 2°75 4:20 0-4 1-52 0-4 312 5:30 1-92 
MC-lysine 176 438 2°99 3-50 17 10 1-20 0-6 348 591 1:97 




















* Molecular weight of arginine-rich histone was assumed to be 17,000; of lysine-rich histone 8,000 (ref. 3), 
+ The results are expressed in mmoles of injected quantity of the labelled amino-acid per micromole of protein. 


because of this the values of incorporation of amino-acids 
into proteins by themselves cannot reveal by what 
possible way the formation of protein occurs in each case. 

To illustrate the pathway of protein synthesis, an 
essential point is a comparison of the values of incorpora- 
tion of amino-acids into proteins with the number of their 
amino-acid residues, since the absence of correlation 
between. these values may be one of evidence of stepwise 
protein synthesis, in which the protein molecules are 
being built up from the peptides preformed from the 
amino-acids. 

From this point of viow we have investigated the 
values of incorporation of different labelled amino-acids 
into the nuclear proteins of the intact and regenerating 
liver and compared them with the number of amino-acid 
residues of corresponding protein molecules. 

Rats weighing 95-105 g were used. To one series, 
regeneration of the liver was induced by removal of a 
part of itt. 72 h afterwards, the animals were injected 
with the labelled amino-acids. Another series of rats 
was used as controls and their livers left intact. The 
rats of both series were divided into groups and the 
animals of each were injected intraperitoneally with one 
of the labelled amino-acids—20 pmoles with total radio- 
activity 4,000,000 counts/min/100 g. At different time 
intervals after the injection of the labelled amino-acids 
the animals were killed. From the liver nuclei arginine- 
rich and lysine-rich histones were isolated?’, 

After the named proteins had been washed until the 
radioactivity became constant the value of incorporated 
radioactive amino-acids was determined. 

At the same time, from the nuclei of the intact liver of 
the other group of rats, arginine-rich and lysine-rich 
histones were isolated into which the radioactive amino- 
acids were incorporated in the ‘protein—amino-acid’ 
system‘, 

In these experiments the amino-acids were added to the 
protein solution at a rate of 20 umoles/mole protein with a 
total radioactivity 4,000,000 counts/min. After incubation 
at 37° the proteins were precipitated with trichloroacetic 
acid, washed and their radioactivity measured. 

After the radioactivity had been measured, separate 
samples of tested proteins were subjected to complete 
acid hydrolysis followed by paper chromatography of the 
hydrolysate and measuring of radioactivity in the spots. 
It was revealed that in the case of injection of the rats 
with O-lysine, all the radioactivity of both lysine-rich 
and arginine-rich histones was due to the lysine residue. 
When C-moethionine was applied in both these histones 
about 70 per cent of total radioactivity belonged to the 
methionine residue. 

Table 1 presents results which demonstrate the incor- 
poration of “C-aspartic acid, *S-cysteine, 1C-glycine, 
4C-methionine and 1C-lysine into arginine-rich and lysine- 
rich histones. 

The results show that the foregoing labelled amino-acids 
were incorporated into the tested proteins of liver nuclei 
at different intensities, the difference in the values of 
incorporation of amino-acids into the two tested histones 


not being conjugated with their different content of corre- 
sponding amino-acid residues. 

As can be seen from Table 1, 1 umole of arginine-rich 
histone contains 1 umole of methionine and 4 ymoles of 
aspartic acid, whereas, per 1 umole in the selected protein, 
0-5 mumole of aspartic acid was incorporated, and 2-75 
myumoles of methionine, but cysteine was incorporated 
into arginine-rich histone in markedly larger amounts 
compared with aspartic acid, in spite of the fact that only 
a trace of cysteine was found in the histone. 

It is worthy of note that the radioactivity of lysine- 
rich histone is roughly the same both in the experiments 
with 4C-glycine and in those with “C-lysine, independent 
of the fact that it contains twice as much lysine as glycine. 
Methionine in lysine-rich histone was found in trace 
quantities’ while the radioactivity of this protein after 
the injection of the rats with C-methionine was markedly 
higher than after the other amino-acids used by us, 
including lysine, the content of which in lysine-rich histone 
was approximately 40 per cent. Moreover, the results in 
Table 1 show that the ratio of values of incorporation of 
amino-acids into lysine-rich and arginine-rich histones 
do not correspond to the ratio of the quantities of similar 
amino-acid residues, constituting these proteins. The 
discrepancy is manifest in comparing the values of 
incorporation of 14C-methionine into these histones. This 
amino-acid was incorporated into lysine-rich histone 1-5 
times more than into arginine-rich histone, though the 
content of methionine in the first histone was less than 
in the second one. (A similar phenomenon was also 
observed when the animals were injected with the labelled 
amino-acids 2-3 times less than in the already-described 
experiments.) 

Cysteine incorporated into lysine-rich histone in the 
same quantity as in the arginine-rich histone, in spite of 
the fact that this amino-acid is not contained in definable 
quantities in both the histones’. ; 

The independence of incorporation of amino-acid into 
the proteins on their amino-acid composition is particularly 
distinctly seen by comparing the values of incorporation 
of }4C-methionine and C-lysine at different time-intervals 
into arginine-rich and lysine-rich histones (Fig. 1). 

From Fig. 1 it can be seen that the rates of incorporation 
of 4C-methionine and 4C-lysine into each histone investi- 
gated are roughly the same, though it is known that both 
these proteins contain much less methionine than lysine. 
In addition, the rates of incorporation of 1C-methionine 
and “C-lysine into lysine-rich histone are considerably 
greater than into arginine-rich histones, in spite of the 
fact that the first one contains less methionine than the 
second one. The rates of incorporation of definite amino- 
acids into both histones, the origin of the amino-acids 
from one and the same metabolic pool and a number of 
other comparisons suggest that the aforementioned 
discrepancies are not the result of the influence of the 
dilution of the isotope tracer. 

Moreover, the discrepancy between the values of in- 
corporation of the amino-acids into the liver nuclear his- 
tones and their amino-acid composition was also observed 
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Fig. 1. Velocity of incorporation = 4C-methionine and }'C-lysine into 
. stones 
A, arginine-rich histone; Z, lysine-rich histone; full line, histone labelled 


with C-methionine; broken line, histone labelled with C-lysine 


in the investigation of “C-methionine and 'C-lysine incor- 
poration into the arginine-rich and lysine-rich histones in 
the system ‘protein—amino acid’. The results are presented 
in Table 2. í 


Table 2. INCORPORATION OF LABELLED AMINO-ACIDS INTO THE ISOLATED 
NUoLEAR HISTONES 





Histones 


Labelled Arginine- | Lysine- | Arginine- 
amino-acids rich rich Tich* 


¢.p.m./mg, 
4Q-methionine | 1,300 5-0 


Ratio 


Lysine- 
BIA 


rich* 


mamolest Ajmamoles B 


uC-Iysine 1,724 7-3 





Sample composition: 1 uM protein, 20 uM labelled amino-acid; total 
radioactivity 4,000,01 000 countomnia, phosphate-borate buffer, pu T5; 
sample volume, 25 ; incubation, 2 h 37° ©. 

* and f, see able. i 


Thus, comparison of the values of incorporation of 
the labelled amino-acids into the nuclear histones suggests 
that in the whole body and also in the system ‘protein— 
amino-acid’ the quantity of the incorporated amino-acids 
is not linked with the number of amino-acid residues 
contained in these proteins. 

To elucidate the point whether this phenomenon in 
the organism occurs only in the case of protein formation 
without any increment of total quantity or this also occurs 

- in the case of the protein increment in a process of cell 
growth and reproduction, we examined the incorporation 
of the labelled amino-acids into the arginine-rich nuclear 
histone not only of an intact but also of a regenerating 
liver. The experiments were carried out in exactly the 
same way. From the comparison of the results of the 
incorporation of amino-acids into arginine-rich histone 
of the intact and regenerating liver it can be seen (Table 1) 
that the intensity of incorporation of all these amino-acids, 
except cysteine, in the regenerating liver is approximately 
twice as much as in the intact one, and the ratios between 
their values of incorporation have left almost unchanged. 
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This suggests that the quantity of the incor- 
porated labelled amino-acids of the medium 
under the increment of the total quantity of 
protein molecules does not depend on the 
amino-acid composition of that protein, of 
which they become structural parts. 

Lack of correspondence in a number of pro- 
teins between the values of incorporation of 
different labelled amino-acids into these pro- 
teins and the number of their amino-acid 
residues have been observed by many authors, 
particularly in isolated biological systems’-?*. 

On the basis of the foregoing statement wo 
consider that Ochoa et al.13-15 have little ground 
to postulate the matrix amino-acid code of 
protein synthesis on the basis observed by 
them of activation of incorporation of the 
labelled amino-acids into the trichloroacetic 
acid precipitate from the isolated ribosomes 
under the influence of different polynucleo- 
tides. This would be justifiable if (in con- 
trast with the present results) the valuos of radio- 
activity of the protein amino-acid residues were function- 
ally linked to the quantitative amino-acid composition, 
which could occur in the case of appearance of the labelled 
amino-acid residue in the protein only as the result of 
formation de novo of the whole protein molecule from 
free amino-acids. 

As shown by us and other investigators, the discrepancy 
between the values of incorporation of the labelled amino- 
acids into the proteins and the amino-acid composition of 
the former (the amino-acid composition of the specific 
proteins being constant) indicates the existence of a 
stepwise way of protein synthesis. 

In this case the appearance of the tracer in tho pro- 
tein may be a result of two successive processes, occur- 
ring of different rates: first, the formation of different 
peptides renewing’® their amino-acid composition; 
secondly, the formation of a specific protein molecule 
from these peptides. 
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IN VIVO MEASUREMENT OF IODINE-131 IN THE THYROID OF THE 
DAIRY COW AS AN AID FOR MONITORING MILK 


By Dr. NOBORU YAMAGATA and KIYOSHI IWASHIMA 
Institute of Public Health, Tokyo 


INCE the peak period of October-December 1961, 
iodine-131 in milk had not been detected, (less than 20 
uue./l.) in Tokyo until the beginning of September 1962. 
The level showed about 0-10 myc./l. on average in Sep- 


2 


tomber and this level had been maintained up to the end 
of November. 

As previously pointed outl, the contribution of iodine- 
131 in milk to the total intake in infants and adults 
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has been of minor importance in Japan. However, 
at the request of the Government a monitoring survey was 
conducted at this Institute for the peak period in October. 
Milk samples were collected twice a week from four 
localities throughout the country and the iodine-131 
content measured. The measurements indicated a 
considerably wide range of iodine-131 levels in milk from 
different localities. In view of complications encountered 
in collection and transportation of samples and waste in 
time for measurement (usually 2 h were taken for a 
sample), a substitute for liquid milk which might be used 
as a monitor to estimate local iodine-131 levels in milk 
a8 sought. 

In vivo measurement of iodine-131 in the thyroid of 
dairy cows was attempted using a scintillation rate-meter 
(1 x 1 in. sodium iodide crystal), the receptor being in 
direct contact with the skin. The background dose-rato 
measured in the same way at the shoulder of cattle usually 
showed 5-6 ur./h. The measurement was made on dairy 
cows immediately prior to slaughter at the Shibaura 
Abattoir, Tokyo Metropolitan Office, and then the 
thyroid glands were completely taken out to measure actual 
content of iodine-131 with a y-spectrometer. The actual 
content of iodine-131 in thyroid glands (y muc.) was 
plotted against the dose-rate measured in vivo (œ ur./h) 
for cattle slaughtered during the period September 26- 
November 15 (Fig. 1). Scattering of points may be attri- 
buted to delicate techniques in the measurement in vivo. 


50 


we 
O 


Total "Y in thyroid glands (mye.) (y) 
pa 
O 





1 3 5 7 9 
Thyroid radioactivity in dairy cattle measured in 
vivo (ur.{h) (x) 


Fig. 1. Thyroid radioactivity in dairy cattle measured in vivo versus 


total fodine-131 in thyroid glands 


Another series of measurement was conducted to obtain 
the relationship between the thyroid radioactivity 
measured in vivo (x ur.fh) and the iodine-131 level in milk 
(z myc./l.) excreted by the same animal. Fig. 2 shows the 
result of the measurements on the following groups of 
dairy cows: (a) 3 stall-fed animals at the Tokyo Agri- 
cultural High School which derived most of the food from 
stored feeding-stuffs; 
Island on the Pacific, 291 km south of Tokyo, which were 
fed mostly by fresh fodder. Fig. 2 indicates a fairly good 
correlation between x and z and if a linear proportionality 
is assumed, the level of iodine-131 in milk (2 myc.) would 
follow the equation: 


orm ss 


Z = 0:0292z (1) 


where 2 is thyroid radioactivity measured in vivo 


{ur./h). 
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Fig. 2. Thyroid radioactivity in dairy cattle measured in vive versus 
iodine-131 level in milk 


Rough estimates of the iodine-131 levels in milk would 
be possible by the in vivo measurement of thyroid radio- 
activity although it involves some errors derived from the 
measuring techniques together with the individual 
and seasonal variations in thyroidal function of cattle. 
At the cost of some error, however, the measuring time 
can be saved to a great extent. Hence, the increase in 
number of analysis would give a more authentic picture of 
local variations in iodine-131 levels. It will be possible, 
if necessary, to conduct in vivo measurements on approx- 
imately 250 cows which are transported to the Shibaura 
Abattoir every day from all over the country. 

If a linear proportionality is also assumed between 
x and y in Fig. 1, total iodine-131 in thyroid glands 
(y muc.) would follow the equation: 

y = 42” (2) 
where v is thyroid radioactivity measured in vivo (ur./h). 
The combination of two equations (1) and (2) would give 
the equation: 

z= 6-9 x 10-4y (3) 
which signify that in dairy cows 0-69 per cent of iodine-131 
in the thyroid glands must be excreted in one litre of milk 
at steady state. 

Thyroid glands of dairy cows from several localities 
showed a wide range of total iodine-131 content, 2-7—-45-9 
mgc. (average, 16-5) during September 26~November 15. 


- Corresponding levels in milk would be calculated as 


0-019-0-32 muc./l. (average, 0-11) based on the fore- 
going relationship (equation (3)). These values are in 
fairly good agreement with those obtained by actual 
analysis of milk samples collected from four localities in 
October; the values ranged from 0:031 to 0-20 muc./L, 
the average being 0-10 muc./l. i 

The degree of free grazing would significantly affect 
the levels of iodine-131 in thyroid glands in dairy cattle. 
Generally speaking, grazing is poorer in Japan than in 
other countries such as the United States; consequently, 
the average levels of iodine-131 in milk are supposed to 
be lower in Japan in the situation of fall-out rate. 
However, it should be noted that the values of thyroid 
radioactivity found for cows from Hokkaido area were 
significantly higher than those from different areas. 
This can be ascribed to the method of animal management 
in the area where dairy cows are mostly allowed free 
grazing. 


1 Yamagata, N., Nature, 193, 892 (1962). 
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PRINCIPLES IN ASSESSMENT OF INSECTICIDES BY EXPERIMENTAL 
HUTS 


By Dr. A. SMITH 


Tropical Pesticides Research Institute, Arusha, Tanganyika 


HE object of this article is to outline some general 

principles on insecticide assessment which have 
emerged during the course of the investigations; these 
arise from trials made in twenty experimental huts with 
different insecticides against Anopheles gambiae over the 
past three years. From these principles it has been 
possible to predict, within fairly wide limits, the overall 
mortality achieved, from comparatively easily obtained 
results—such as could be acquired from local houses fitted 
with window traps. 

The basic results, on which the reasoning in this article 
is based, are under publication in several papers dealing 
specifically with the toxicities of the different insecticides, 
the first of which has recently come into print!. The 
results are also shown in Table 1, and are the combined 
results for the non-irritant insecticides malathion, fenthion, 
3-isopropylphenyl N-methylearbamate and 2-isoprop- 
oxyphenyl N-methylearbamate. Results from studies 
with DDVP are shown graphically in Fig. 3. 

(1) Overall mortality. The toxicity of a compound is 
usually expressed by the ‘overall mortality’, that is, the 
total kill, so far as can be ascertained, from the present 
methods. This overall mortality is determined as follows: 
let D = number dead in window trap; F = number dead 
on floor; T = total in window trap, then: 


100(D + F) 
pF F 


In insecticide trials, with two or more insecticides 
compared in the same season, it is generally adequate to 
group together mosquitoes having different abdominal 
conditions, but in vector transmission experiments, it is 
only the feeding section of the mosquito population that 
is epidemiologically important. Results in this paper are 
grouped into two categories: (1) unfed mosquitoes; (2) 
feeding section, composed of fed and gravid mosquitoes. 
While it is recognized that there are wide differences in 
behaviour between fed and gravid mosquitoes in assess- 
ments of kill which involve delayed mortalities, fed and 


overall mortality = 


gravid mosquitoes become virtually inseparable since the 
one form matures into the other category during tho 24-h 
retention period. The two categories adopted in this 
paper have been found most useful in illustrating the 
principles underlying practical techniques of insecticide 
assessment. ; 

The results in Table 1 show that in the highor ranges of 
overall mortalities the mortality in the feeding section is 
always higher than that of unfed mosquitoes, because 
the former rest in the huts for a longer period. The 
greatest difference occurs when overall mortalitios are 
around 80 per cent, but above this figure the difference 
diminishes until it naturally disappears at 100 per cent 
mortality. At less than 80 per cent, mortality diminishes 
more in the feeding section than for unfed mosquitoes duc 
to the feeding section surviving the 24-h helding period 
better than unfed mosquitoes. The mortality in the 
feeding section thus drops to less than that of unfed 
mosquitoes in the lower ranges of overall mortalities. 
with the greatest difference occurring around 20 per cent 
overall mortality. The relative proportions of unfed 
and fed mosquitoes in the daily catches also affect tho 
estimate of overall mortality. Thus, a high proportion of 
unfed mosquitoes in a hut catch has a dampening effect 
on estimates of kill, lowering the higher ranges of overall 
mortalities and raising the lower ranges. 

(2) Delayed mortalities. Fig. 1 shows that the propor- 
tion of the total dead mosquitoes, which die within the 
window trap, is inversely correlated with overall mortality. 
The relationship is not simply due to the different vulnor- 
abilities of the unfed and feeding sections of the naturally 
entering mosquito population, indicated in Table 1. Since 
the unfed. mosquitoes, that is, the mosquitoes which have 
not fed the night previous to the catch, fly out of the hut 
before or at dawn, there is less contact with the insecti- 
cide and most unfed mosquitoes survivo sufficiently 
long to reach the window trap, unless the insecticide 
is exceedingly toxic. Generally, it requires about an 
overall mortality of at least 70 per cent among tho unfed 


Table 1. OVERALL AND DELAYED MORTALITIES WITH NoN-IRRITANT INSECTICIDES 
















































Overall mortalities | 
No. of All stages Unfed Feeding section 
observa- i an 
tions Banges of No. Per No. Per No. Per 
in hut/ overall of No. cent of No. cent of No. cent 
months mortality Mosquitoes dead mortality mosquitoes dead mortality mosquitoes dead mortality 

38 100-91 10,616 10,308 97 4,001 3,824 96 6,615 6,484 98 

13 90-81 1,721 1,425 83 747 561 75 974 864 89 
5 80-71 2,002 1,525 76 855 550 64 1,147 975 85 
5 70-61 1,128 744 66 656 890 59 472 354 75 i 
3 80-51 679 371 55 374 204 55 305 167 55 ` 
2 50—41 951 429 45 553 327 59 398 102 26 
6 40-31 1,836 677 37 1,091 439 40 745 238 32 
6 30-21 2,323 583 25 430 26 1,123 153 14 

12 20-11 6,583 1,337 20 3,607 853 23 2,918 484 17 
5 | 10-1 1,893 90 0 1,002 22 2 H 

Window-trap mortalities 

38 100-91 1,674 1,400 84 1,184 87 364 266 73 

13 80-81 529 33 44 200 52 143 33 23 | 
5 80-71 856 379 44 640 335 52 216 44 ! 20 
5 70-81 694 310 45 552 286 52 142 24 ira 
3 60-51 492 184 37 335 165 49 157 19 |] 12 
2 50-41 pOL 379 42 540 318 58 361 61 $i 
6 40-31 1,697 533 31 1,061 409 39 836 124 19 
6 30-21 2,308 569 25 1,199 429 36 1,110 140 13 ; 

12 20-11 6,554 1,808 20 3,685 851 23 2,889 457 i 16 
5 10-1 1,690 87 5 689 86 10 1,001 21 ; 2 
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Fig. 1. Bhowing that the proportion total dead mosquitoes which die 


within the window trap is inversely correlated with overall mortality 


mosquitoes before 50 per cent of the dead mosquitoes are 
killed within the hut. At the lower ranges of overall 
mortality the influence of the holding period is propor- 
tionately greater than deaths due to the insecticide, until 
in mosquitoes from control huts virtually all mortalities 
are due to the holding period. 

The feeding section of the mosquito population is more 
static and vulnerable to insecticides; an overall mortality 
of 30 per cent is sufficient for half the dead mosquitoes 
to succumb within the hut. 

Delayed mortalities can be regarded from another 
point of view, which is, possibly, of more use in evaluating 
mosquito mortality in the field. Fig. 2 shows the curves 
of regression in which overall mortalities are plotted 
against window-trap mortalities; it shows that window- 
trap mortalities increase to some extent directly, but not 
in a simple way, with overall mortalities. This relation- 
ship is far more direct for unfed mosquitoes than for the 
feeding section. of the mosquito population. Thus mortal- 
ity above 60 per cent among unfed mosquitoes caught in 
a window trap implies that there is an overall mortality 

~of at least 80 per cent. A lower window-trap mortality 
range of 50-60 per cent indicates a range of overall 
_ mortalities between 50 and 80 per cent. 
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Fig. 2. Showing the way in which*window-trap mortalities increase 


with overall mortalities to non-trritant insecticides 
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The death among the feeding section of the mosquito 
population entering window traps is a very poor indication 
of overall mortalities, a window-trap mortality of 20 per 
cent indicating overall mortalities ranging between 20 per 
cent and 90 per cent. On the other hand, a window-trap 
mortality of 50 per cent is an indication of overall mortali- 
ties exceeding 90 per cent. 

- Window- -trap mortality among unfed mosquitoes, when 
plotted as in Fig. 2, gives a good indication of overall 
mortality to insecticides, providing that it is based on 
a large number of observations. An anomalous but easily 
distinguishable condition arises under the rare occasions 
of the insecticide being exceedingly and rapidly toxi¢. 
There is then virtually a 100 per cent overall mortality, 
with a window-trap mortality of nil based usually on a 
single mosquito that has flown, by chance, into the window 
trap without touching the insecticide. 

(8) Irritation and repellency. Although not desirable 
from the point of view of mosquito control, irritation or 
repellency of mosquitoes from a house into a window trap 
could be expected to increase the accuracy of assessing 
overall mortalities from window-trap results. This is 
because when irritation occurs a greater proportion of the 
total deaths occur in the window trap. This is illustrated 
by the results of experimental hut trials with dispensers 
containing an insecticide, ‘Dichlorvos’, as well as an insect 
repellent, dibutyl phthalate. Fig. 3 shows the results of 
only 35 hut-months of observations, and is therefore not 
so reliable as Fig. 2, which is based on more than twice as 
many data, but it shows that while the behaviour of the 
unfed mosquito due to its natural activity is similar in 
Fig. 2 and Fig. 3, the greater proportion of the feeding 
section of the population is driven into the window trap 
before death. 
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Fig. 3. Showing the way in which window-trap mortalities increase with 
overall mortalities to an irritant insecticide 


It is possible to assess the extent of repellency from an 
experimental hut. This is done by counting in situ the 
mosquitoes resting inside the hut, in addition to the 
observations required for estimating overall mortalities. 
The degree of repellency can then be expressod as an 
index calculated as follows: f 

Let T, be the total (alive and dead) in trap in treated 
huts; T, be the total (alive and dead) inside treated. 
huts; C, be the total (alive and dead) in trap in control 
huts; C, be the total (alive and dead) inside control huts, 
then the repellency index is: 


Ty x C, +0, 
Ti + T: C, 
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Example 
Treated hut Control hut 

Trap—Alive 5 6 

de: 171 1 

Floor 580 0 

Resting 242 228 

Total 998 235 

The repellency index then is: 

176 7 + 228 = 176 235 

176 + 822 * 7 = 998 * 7 

= §-92 


An index of 5-9 indicates that there is about six times 
the egress from the treated hut as occurs normally. 

Present investigations in progress nevertheless indicate 
that there may be some loss in efficiency of the window 
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trap when tho insecticide is highly irritant, which roduces 
the accuracy of assessment of overall mortality and 
repellency. Mosquitoes which prematurely leave the hut 
at night are more prone to leave by the open eaves than 
by the window trap, since there is no directional source of 
light before dawn to guide them towards the window. 
Thus, the present method of assessing repellency, and 
possibly even the longer established method for overall 
mortality’, may require modification at some later dato. 
I thank field officer Mr. W. O. Obudho for basic results. 
I also thank the director of this Institute, Mr. K. S. 
Hocking, for discussion and criticism of the results. 
1 Smith, A., and Hocking, K. S., Bull. Wld. Hlth. Org., 27, 231 (1962). 


* Hocking, K. S., Armstrong, J. A., and Downing. F. S. Bull. Wid. HHR. 
Org., 22. 757 (1980). 


BRISTLE FIELDS: GRAVITY RECEPTORS OF SOME HYMENOPTERA 
By Dr. H. MARKL * 


Zoologisches Institut der Universitat, Miinchen 


HAT many land insects can orient themselves to 

gravity has long been known. But the specific sense 
organ which enables them to do so has been identified only 
in a few instances. The discovery of Lindauer and Nede} 
that the bristle fields on the neck and petiolus of Apis 
mellifera serve as gravity receptors has Jed to the investi- 
gation of similar bristle fields of other Hymenoptera, 
especially in the case of Formica polyctena Forster’. 

Pringle’ investigated the electrophysiological character- 
istics of the sensory cells in the coxal bristle fields (hair 
plates) of the cockroach. Thurm? made an electro- 
physiological investigation of the sensory cells in the 
bristle fields of the honey bee neck. There he found 
phasic-tonic receptors the impulse frequency maxima and 
constant excitation-levels of which varied in accordance 
with the degree and direction in which the sensory hairs 
were bent. 

Morphology. Bristle fields are found at the joints and 
are characterized by sensory hairs usually of equal length. 
These hairs are closely packed together on a skeletal 
surface lighter than the surrounding area. Individual 
hairs articulate in a wide bilateral symmetrical basal ring 
which, when viewed from above, appears as a bright circle‘. 
From all the sensory cells of a field a common bundle of 
nerve fibres leads to the central nervous system. 

The following groups were investigated for the presence 
of bristle fields: Apidae (Apis mellifera L., Bombus 
terrester L..); Vespidae (Vespa saxonica Fbr., V. vulgaris 
L.); Formicidae (Formica polyctena Forster, Camponotus 
ligniperda Latr., Lasius niger L.) ; Myrmicidae (Myrmica 
rubida Latr., M. laevinodis Nyl., Messor barbarus L.) ; 
Poneridae (Ectaomma tuberculatum, Pachycondyla crassi- 
noda (Latr.), Neoponera apicalis (Latr.)) ; Dolichoderidae 
(Hypoclinea abrupta (Sm.), Dolichoderus decollatus (Sm.)) ; 
and Dorylidae {Eciton hamatum, E. burchelli). The area 
in which the bristle fields are found are almost always 
the same (Fig. 1). They are located on the antenna at the 
base of the scapus and at the proximal end of the pedicellus. 
On the ventral side of the neck at the edge of the foramen 
occipitale there is a bristle field, and also one or two on the 
episternum of the prothorax. In addition to two or three 
petiolus bristle fields between the first and second 
abdominal segments, ants have a gaster bristle field 
between the second and third segments. At the proximal 
end of each coxa are to be found three bristle fields and at 
the proximal end of each trochanter two. The innerva- 
tion of the bristle fields was examined in the case of Apis 
mellifera, Vespa saxonica and Formica polyctena. Present 
investigations showed that the bristle fields previously 
referred to by Pringle’, Mittelstaedt', Fuldner®, Goodman 

* Present address: Zoologisches Institut der Universität, Frankfurt/M. 
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Fig. 1. Formica polyctena worker: Bristle ftelds are designated by 


ck poin 
1, 2, 3, 4, Abd. = first, second, third and, fourth abdominal segments 
respectively 
BfF, Bristle fields of antennæ (Fühler); BfH, Bristle fields of neck 
(Hals); BSC, Bristle fields of coxæ; BSP, Bristle fields of petiolus; B/G, 
Bristle field of gaster; Bf7', Bristle flelds of trochanters 


and Haskell’, and Wendler’, are to be found in representa- 
tives of almost all orders of insects. 

Function of bristle fields as gravity receptors. Conclusive 
proof has been obtained that Formica polyctena, several 
other ants, and Vespa vulgaris use their bristle fields for 
orientation to gravity just as Apis mellifera does. In 
order to test the ability of these insects to orient themselves 
to gravity, they were first blinded and then observed until 


.they showed evidence of either positive or negative geo- 


taxis on a perpendicular surface. If the surface is then 
tipped end-on-end 180°, gravity-oriented animals turn 
around at once so as to proceed in the same direction with 
regard to gravity. This reversal of direction is an un- 
equivocal proof of gravity orientation. It can be trig- 
gered in ants 30 or 40 times in immediate succession. 
After tipping, the mean angle of deviation from their 
former path with respect to gravity is 14°. In the best 
instances the ants correct for the tipping within one degree. 

The significance of bristle fields for gravity orientation 
is shown clearly in animals the bristle fields of which have 
been rendered non-functional by fixing the position of the 
bristle-bearing joints with wax, or by incapacitating the 
bristle fields of the abdomen and antenne simply by 
severing these appendages from the rest of the body. The 
qualitative results of thus eliminating various bristle 
fields may be summarized as follows: Ants can orient 
themselves to gravity so long as they remain free to move 
any one of the five joint systems at the neck, antennz, 
petiolus, gaster or cox, on the condition that the other 
joints are fixed in a position as close to the normal as 
possible. One intact antenna or the meso- and mota- 
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binations of joints eliminated 


A, average threshold angles of elevation of a tilted surface at which the animals were 
just able to orient to gravity; @, average path lengths of ants running on a vertical 
surface. The graph compares the efficiency of impeded with unimpeded animals. The 


relative values are given as percentages, 


F, Joints at the antenne (Fühler); H, neck (Hals); P, petiolus; G, joint at gaster; 
Underlined joints are fixed by 
wax, The values printed behind the combinations of eliminated joints refer to the time in 


C, coxal joints. Brackets designate eliminated joints, 


hours which elapsed since the elimination 


coxe taken together suffice for gravity orientation. The 
bristle fields of the trochanters are, however, not enough. 
The possibility that the operation was the cause of 
disorientation was excluded by the animals’ unchanged 
positive phototaxis when a light is turned on. 

It is possible that Johnston’s organ in the antennz also 
plays a part in gravity orientation. To test whether there 
are tension receptors at other joints which might suffice for 
gravity orientation, the bristle fields of otherwise un- 
impaired joints were singed away. Animals thus deprived 
of their bristle fields manifested no ability to orient to 
gravity. Neither did Myrmicidae with only the joint 
between their third and fourth abdominal segments left 
freely movable: this joint lacks bristle fields altogether. 

Quantitative comparison of the effectiveness of the different 
joints with bristle fields for orientation to gravity. In order 
to determine the relative importance of each joint with 
bristle fields, the ants were first let run on a nearly vertical 
surface which was then tilted in successive steps towards 
the horizontal until the threshold angle had been reached, 
the angle of elevation at which the ants were just able to 
orient to gravity. The threshold angle, sẹ is thus a 
measure of the ability of one or more unimpeded joints to 
inform the animal of the direction of even a slight shearing 
force exerted by gravity. In addition to the threshold 
angle, the distance a gravity-oriented ant has to run on a 
vertical surface with one or more joints blocked in order 
to cover 10 cm was also measured. As the number of 
functional joints decreases, the number and degree of 
deviations in the ant’s path increases. Thus the length 
of its path in covering 10 cm is also a measure of the 
animal’s ability to orient to gravity. The average path 
an unimpeded ant requires to cover 100 mm is 104 mm 
and the average threshold angle is 35°. Fig. 2 gives a 
percentage comparison between impeded and unimpeded 
animals. To establish the significance of an individual 
joint, one must determine the extent to which orientational 
ability drops off as each joint is eliminated. The blocking 
of any single joint results in only a slight drop in perform- 
ance, less than 13 per cent. More important is the per- 
formance of animals with only one joint free. Because the 
antenne turned out to be equally important for gravity 
perception on both vertical and almost horizontal surfaces, 
it can be taken as a convenient norm for comparing the 
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Fig. 2, Effectiveness of gravity orientation in Formica polyctena with different com- 
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threshold angle and average path length 
for other individual joints. With the 
antenne as a base, the graded series of 
Fig. 3 results. The bristle fields of the 
neck are always the most effective and 
those of the joint at the gaster always the 
least. Joints at the gaster and coxæ per- 
form better close to the horizontal than 
they do on a vertical plane. If one com- 
pares the average length and number of 
hairs at a joint with the importance of the 
joint for gravity perception, the values 
obtained for the neck are again highest and 
those for the gaster again lowest. Per- 
formance is further influenced by the 
arrangement of the bristle fields on the 
joint, which could explain why the joints 
at the coxe and gaster work better close 
to the horizontal. Ants with one free 
antenna orient with respect to gravity as 
efficiently as those with both. 

Concerning the remaining combinations 
of joints which can be eliminated, one 
may summarize as follows: the larger the 
number of free joints is, the more effec- 
tively the animal orients to gravity, though. 
this effectiveness is by no means directly 
proportional to the simple sum of the 
individual free joints. An animal with 
four or even three free joints performs 
90 per cent as well as an animal with 
all its joints free, so long as the antenne and neck joints 
are among those unimpeded. Ants deprived of some of 
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Fig. 3. Efficiency of gravity orientation in Formica polyctena workers in 


which only the joint given on the abscissa is free. All values are com- 
pared with those of ants with all joints eliminated except those of 
antenns. These are set equal to one. 
A, Threshold angle for gravity orientation on a tilted plane; @, lengths 
of paths; if, No. of free sensory bristles on a joint ; O, average length 
of free sensory bristles (for abbreviations see Fig. 2) 
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Fig. 4. Deviation of the gaster of a living Formica polyctena as a function of the angle 
of the animal's thorax with respect to gravity, Gaster deviation = y. Angle of thorax to 
= a, The solid line connects the average values of y for each 10° of a. The 
broken line is the first quadrant of the best-fitting sine curve: 30-2 sin a + 5:9 


gravity 


their gravity receptors are therefore able to get along at 
least for a while without too much difficulty. 

Compensation for damage suffered by the elimination of 
the different joints was investigated quantitatively. After 
elimination the efficiency in gravity orientation rises 
exponentially with time to a maximum which is lower than 
the efficiency of an unimpeded animal. The time required 
to reach the maximum depends on the number and type of 
joints eliminated. These facts, along with the results of 
fixing a joint in a bent position, can be explained on the 
supposition that the continuous afferent discharge pro- 
ceeding from'the sensory hairs of the fixed joints ceases to 
have an influence on the behaviour of the animal after a 
while and that the-loss of any gravity receptor lowers 
orientational efficiency irreparably. The validity of all 
these results was also tested on Myrmica laevinodis. 

It should be mentioned in this connexion that Vowles 
concluded from his experiments? that the Johnston’s 
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Fig. 5. Gaster deviation y of two different ants where the angle, a, 

between thorax and gravity lies between 80 and 100°. (Solid symbols 
refer to ant 1; empty symbols to ant 2.) 

AA, Unimpeded animals; O@, values for animals with gaster bristle 

fields singed away; CIM§, values for freshly killed ants; —, average 
values for ant 1; ---, average values for ant 2 
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organ was the ant’s only gravity receptor. 
When one uses an air current to bend the 
antenne, ants oriented to gravity alter 
ttt their direction of motion?. This mechan- 

'* ism may have been at work whon Vowlos’s 
ants re-oriented after he bent their anten- 
næ by means of a magnetic force. His 
failing to induce a similar deviation in 
direction by bending the head or gastor 
can be explained by the fact that several 
joints have to be bent simultaneously 
before the animals err with regard to tho 
direction of gravity. 

Change and control of position of body 
parts. For the bristle fields at the joints 
of Hymenoptera to operate effectively 
as @ gravity sense organ, one must postu- 
late that the position of the animal's 
body with regard to gravity governs the 
relative position of the body parts to 
each other. The problem is the extont to 
which gravity may alter the relative posi- 
tion of an appendage and even whether the 
position of appendage is subject to a feed- 
back mechanism such as Wendler® found in Carausius. To 
what extent does the actual position of an appendage 
result from the attitude of the entire animal in regard to 
gravity and to what extent does the appendage’s position 
reflect active control on the part of the animal? These 
questions were answered with the help of motion pictures 
in the case, of the deflexions of the gaster of Jormica 
polyctena, workers. The angle of deflexion, y, made by 
the intersection of the longitudinal axes of gaster and 
thorax was measured, as was also the angle «, formed by 
the longitudinal axis of the thorax and gravity. In Fig. 4 
the values obtained for one quadrant are summarized. 
y follows sin « very closely. All mean values of y for each 
10° change in « are statistically accurate and show 
gradation. The maximum degree of bending is unusually 
high in this case. As a rule it lies at about 15°. Thus 
there is considerable defiexion of the gaster in function of 
the attitude of the animal in space. That the position of 
the gaster is, however, still subject to control is proved by 
singeing away the gaster’s sensory bristles (Fig. 5). 
Without them no feed-back mechanism can operate and 
consequently when œ = 90°, the deflexion, y = 32°, is 
more than double the deflexion of the gaster with its 
bristle field intact. Between 50 and 60 per cent of the 
deflexion is therefore actively regulated away. Further, 
if a lead weight of 7 mg, the weight of the gaster itself, is 
attached to the gaster, one obtains the same deflexion 
values as for a dead animal: when « = 90°, y = 62°. 
Thus when the gaster’s weight is doubled, a control over 
its position-can no longer be effected. This fact may be of 
importance under natural conditions for the food storage 
workers of some species of ants. Moreover, the fact that 
the deflexion of the gaster is subject to control leads one 
to suspect that there is a constancy mechanism to govern 
the position of the other appendages, probably even more 
accurately. In any event, deflexions as a function of 
gravity similar to those of the gaster must occur in all 
appendages with movable joints. 

Thanks are due to Springer-Verlag (Heidelberg) for 
permission to reproduce the illustrations which appeared 
first in Zeitschrift fiir vergleichende Physiologie, 45, 475 
(1962). 
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LETTERS TO 


GEOPHYSICS 


Axis Changes in the Earth from Large 
Meteorite Collisions 


Gaxisnt? has evaluated axis change in the Earth 
caused. by collisions of large meteorites. The displace- 
ments he estimates, however, are larger than those I 
published ten years ago* and more recently with slight 
modification’. He calculates that a Juno-sized meteorite 
(about 190 km diam.) colliding at 20 km/sec would cause 
an axis displacement of 0° 45’. However, by using the 
correct criterion of interaction of the Earth’s angular 
momentum with the moment of momentum of the 
colliding body, the actual displacement would be only 
about 0° 02’. In fact, a bigger body, say 320 km in 
diameter, colliding at a maximum possible velocity of 
72 km/sec would produce only 0° 32’ axis shift despite an 
energy 75 times the Juno example. 

Table 1 gives examples of maximum effects of collisions 
with the Earth and the Moon. The assumptions made are 
that the collision path is tangential to a great circle per- 
pendicular to the equator, density of 3-5, velocity 72 km/ 
sec, and a complete rebound, caused by a reverse directed 
jet of explosion products to approximate as a maximum 
a two-fold momentum exchange. For these decidedly 
optimum conditions the axis displacement is the are tan 
(2mVR : angular momentum of Earth), where mV is 
momentum of meteorite and R is the radius of the Earth 
or Moon. When assuming a collision tangential to the 
equator the axis change is zero but the two momenta 
give the change in rotational velocity. The equivalent 
changes are much greater for the Moon and they suggest 
that with patience and in time man might get to seo the 
full surface without satellites and landings on the Moon. 
They also have bearing on considerations of the figure of 
the Moon’. 


Table 1 
Spheroids Barth N 
Diameter 2nVR Axis change * Rotational velocity 

(km) (g cm? sec-?) changet (%) 

8'2 5-5 x 10% _ 0-000001 
32:0 5:5 x 10% 0° 00° 02” 0-001 
320-0 55 x 108 0° 32’ 0-9 
640-0 +4 x 10” 4° 15’ k 

Moon 

3-2 15 x 10% 0° 2’ 0-0006 
832:0 Pox 1054 0° 22’ 0-65 
320-0 15 x 10°” 81° 20’ 650-0 


Angular momentum, Earth 5°89 x 10 g em? sec-! 
Angular momentum, Moon 2:3 x 10% g cm? sec” 
* Axis change only of the longitudinally tangent type collisions, the 
corresponding velocity change not shown. 
t Velocity change for equatorially tangent collisions. 
Note that for the more average conditions of collision the changes indfieated. 
here would be about half those shown. 


The disparity in our results arises from the fact that 
generally one cannot use energies vectorially to determine 
changes in rotation. Gallant attempts to solve this by 
estimating the fraction (æ) of the collision energy going 
toward axis change and then has the further complication 
of estimating the fraction (y) of the same energy going 
towards formation of the crater. Such collision is an 
explosive process with the energy dispersed almost 
hemispherically into the Earth and also into the atmo- 
sphere, oceans and beyond. Rotational change has a 
strict directional requirement which is met by conserva- 
tion of momentum but not by the dispersed energy of a 
collision. A crater is the structure in which takes place 
the total conversion of the kinetic energy of a simple body 
into a great variety of thormal, mechanical, potential, 
electromagnetic and chemical energies plus the kinetic 
energy of a great mass of ejecta. Such crater should 
manifest in its formation most if not all the energy con- 
verted. 
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THE EDITOR 


From this I would agree that his working hypothesis 
e=y=30 used in the equation sin «/2 proportional to 


T f 
N Tei needs revision. To be consistent with the results of 


the momenta calculations the more likely values would be 
about z=0-1, y= 50, unless some drastic change is found 
necessary in Innes’! correlation of crater-forming energy 
and diameter. If one does use #=30 in Gallant’s 
equation 1 for the Juno example the calculated axis dis- 
placement is 2°, considerably higher than the value derived. 
through the method of momenta. 

Nevertheless, it is stressed that recognition of axis 
change through large meteorite impacts agrees with our 
conclusion? that such processes can provide valuable 
insight to world-wide tectonic patterns and fluctuations of 
continental shorelines through the agency of re-establishing 
the equilibrium figure of rotation. Another important 
aspect is that of the concomitant change of the total or 
planetary climate which is so strongly dependent on the 
inclination of the axis to the ecliptic. As pointed out by 
Gallant the possibility of slip increases the magnitude of 
geographical shifts. This mechanism could be of great 
significance in favouring the growth of the core of the 
Earth where inertial slip might be expected at surfaces of 
great density and moment of inertia discontinuities®. 
These subjects and others are considered in more detail in 
refs. 2 and 3. 


FRANK DACHILLE 


Materials Research Laboratory, and 
Department of Geochemistry and Mineralogy, 
Pennsylvania Stato University, 
University Park, Pennsylvania. 
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3 Dachille, Frank, Bull. South Carolina Acad. Sei., 24 (1962). Also con- 
tributed discussion VPI-NASA Lunar Conf, (1962). 


‘Innes, M. J., J. Geophys. Res., 68, 2225 (1961). 


ë Dachillo, Frank, Earthquake Notes, Eastern Section Seis. Soc. Amer., 27, 
22 (1956); J. Ala. Acad. Sci., 27 (1955); 26 (1954). 


Lunar Dust and Terrestrial Ice Nucleus 
Concentration 


Bree! demonstrated a relation between summer ice 
nucleus concentration and lunar phase. If one assumes 
that increase of ice nuclei causes increase in precipitation, 
relations between precipitation and lunar phase can be 
accounted for. The effect is global and it occurs in lower 
latitudes with a delay of a few days. When Bigg’s curves 
are reduced to 34° S. latitude, they show two equal 
maxima of ice nuclei concentration, the first occurring 
6 days, the second 18 days after new Moon. The maxima 
are 12 days apart (synodic month = 29-53 days). 

It is well known that the meteor flux near the Earth is 
strongly anisotropic. For meteors moving in the plane of 
ecliptic, there are two strong maxima, connected with 
meteor streams moving in elliptical orbits of the Jupiter 
family away and toward the Sun. One would expect that 
meteors falling on the Moon produce copious amounts of 
dust. They would also produce narrow rebound jets of 
tektite-like particles, directed in opposite direction to the 
direction of the incoming meteorite. Such jets may have 
velocities of the order 10 km/sec, so that they can leave the 
lunar surface without difficulty, whereas the crater-form- 
ing material is thrown out more or less horizontally with 
velocities too low for it to leave the Moon. Such high- 
velocity jets have been postulated by Dachille? in connex- 
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ion with large terrestrial craters and by Vand? to account 
for tektites ejected from terrestrial craters along the low- 
density train of large meteorites. As the distance of the 
Moon to the Earth is 3-8 x 105 km, such jets would reach 
the Harth in less than one day. Their flux pattern would 
reflect the flux pattern of the meteor streams, but in the 
opposite direction. 

If the foregoing explanation of the phenomenon is 
correct, maxima of lunar dust concentration should arrive 
in the Earth’s upper atmosphere twice per synodic month, 
about two days after new and two days before full Moon. 
The dust is transported to the bottom of the atmosphere 
with a delay of about 34 days at latitude 34°-41° S. This 
compares with 30 days of theory of meteoric origin of 
precipitation nuclei by Bowen‘. The effect on rainfall is 
thus observed about 6 days and 18 days after new Moon. 

Predictions of arrival of lunar dust could be improved by 
using a system of radio telescopes to survey the actual 
meteor flux coming from the antilunar point. Analysis of 
the dust at times of maxima might gives clues to the 
chemical composition of the lunar surface. It may be that 
the surface of the Moon contains appreciable amounts of 
material, which may act as officient ice nuclei. 

This work was supported by research grant GP-139 
from the National Science Foundation. 

VLADIMIR VAND 
College of Mineral Industries, 
Pennsylvania State University, 
University Park, Pennsylvania. 
1 Bigg, E. K., Nature, 197, 172 (1963). 
2 Dachille, F., see preceding communication. 


3 Vand, V., Mineral Indust., 32, No. 4 (Jan. 1963). 
1 Bowen, E. G., Austral. J. Phys., 8, 490 (1953). 


PHYSICS 


Persistent Internal Polarization of Insulators 

induced by Electron Bombardment 

EARLIER investigations of the effect known as persistent 
internal polarization of insulators have been concerned 
principally with optical excitation of carriers which 
travel through the insulator under the influence of an 
applied electric bias field and afterwards become trapped? *. 
Polarization phenomena have been reported in investi- 
gations of electron bombardment induced conductivity in 
insulators, although no detailed investigation has been 
published*. Investigations of persistent internal polariza- 
tion induced by pulses of electron bombardment are being 
carried out’in these Laboratories. Measurements have 
been made on targets consisting of a layer of insulator 
0-3-1042 thick, produced by vacuum evaporation, 
sandwiched between aluminium contacts 0-lu. thick. 

The insulator was polarized in the presence of a bias 
field by bombarding with a predetermined number of 
electron pulses of energy 5-25 keV. The polarization was 
investigated by reducing the bias to zero and measuring 
the displacement current due to the motion of carriers 
released from traps by further electron pulses. The 
electron beam energy was the same both for polarizing 
and depolarizing the specimen. 

Several features of the effect are manifest: (a) The 
externally measured charge during depolarization may be 
many times greater than the charge incident from the 
bombarding electron beam during polarization. As an 
example, the ratio of depolarizing charge to incident charge 
pulse for a 0-71 ZnS specimen was in the region. of 80 for 
a bias field of 600 kV/cm. (b) For a large number of succes- 
sive polarizing pulses, the space-charge becomes saturated. 
The amount of bombardment necessary to achieve satura- 
tion in ZnS was in the region of 5x 10-8 coulomb/cm:?. 
Under these conditions the externally measured depolar- 
izing charge was 2 x 10-* coulomb/cm?. This is somewhat 
larger than results obtained for ZnCdS phosphors by 
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Fig. 1. Depolarizing pulse height as function of time for small electron 
beam density. Cuve (c) is the experimental characteristic, being the 
sum of the two exponentials (a) and (b). Pulse duration, 200 usec 


Freeman et al.. (c) The persistence of polarization in 
evaporated layers of As S, and ZnS is at least sovera) 
minutes at room temperature. (d) Polarization and 
depolarization can be achieved rapidly at reasonably low 
values of bombarding current density, the former process 
occurring more rapidly than the latter. 

An investigation of trap depths has been found possible 
by analysing the discharge law. The depolarizing pulse 
was measured at various intervals of time after polariza- 
tion. It was found that by decreasing the pulse amplitudes 
used for depolarizing the specimen to sufficiently small 
values, the ratio of successive discharge pulses becamo 
independent of the current carried by the incident electron 
pulses. On the assumption that the discharge pulse 
under these conditions is a measure of the charge of 
trapped carriers, the decay law yields information con- 
cerning the thermal release of carriers from traps and their 
recombination. Fig. 1 shows a semi-logarithmic plot of 
the amplitude of eight successive discharge pulsos at 
20-msec intervals. The specimen of ZnS, 0-7p. thick, was 
polarized at t=0 by 18-keV bombarding pulses. Two 
independent exponential decays may be identificd. 
corresponding to time constants of 18-5 msec and 400 
msec respectively at room temperature. Extended 
measurements of a similar kind at room temperature show 
the existence of further traps giving rise to a decay time 
constant of 52 sec. 

At least two separate exponential decays have also 
been found in evaporated layers of As.S3. 

I thank the Admiralty, under the auspices of which 
some of this work was done, Dr. L. F. Broadway, head of 
the Research Laboratories, and the Directors of Electrical 
and Musical Industries, Ltd., for permission to publish 
this communication. 

D. J. GIBBONS 
Research Laboratories of Electrical and 
Musical Industries, Ltd.. 
Hayes, Middlesex. 
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Thermal Decomposition along Dislocations 


Jacu! reports observations that lead him to suppose 
that the thermal decomposition solid—solid plus gas 
occurs preferentially along dislocation lines. Perhaps the 
following observations lend support to this view. 

Investigating the behaviour of thin plate-like crystals 
of cadmium iodide in the beam of an electron-microscope, 
in the same manner as did Forty? with lead iodide, we 
observe phenomena generally similar to those reported 
by him. Fig. 1 shows a partly decomposed crystal (cf. 
Forty’s Fig. 12). Such a picture is obtained by having the 
electron beam slightly off centre and sufficiently intense 
for ‘white-patches’ to develop and grow, the crystal then 
being slowly consumed, and the ‘decomposition edge’ move 
slowly across the field of view (Fig. 1 from bottom left to 
top right). The white-patches are presumably similar to 


those reported by Forty in the case of lead iodide. We’ 


would regard these white-patches (whether they grow by 
a defect mechanism within the crystal (as suggested by 
Forty), or are increasingly deep etch-pits, or whatever) 
as “centres of decomposition” in so far as it is their growth 
and coalescing which result in the crystal being consumed 
and hence the decomposition-edge moving forward. These 
white-patches differ from those reported by Forty in lead 
iodide in that none has ever been seen to move through 
the erystal, but generally only to grow.’ Exceptionally a 
patch will contract and vanish although its neighbours 
continue to grow. 


bw 





Generally the patches appear at random but occasionally 
in lines as shown in Fig. 1. Since there is nothing to 
indicate a change in specimen thickness (such as at a 
growth step) or a erystal boundary we take it that the 
patches mark dislocation lines or planes along which 
families of dislocations, extending between the crystal 
faces, lie. We also notice that after such a crystal is 
completely destroyed only a very thin structureless film, 
which we assume to be a carbon film deposited on the 
specimen in the microscope, is left on which there are 
very faint dark lines (rather like faint pencil lines) where 
the lines of white-patches occurred. We take these faint 
lines to be due to heavy metal impurities occurring 
proferentially at dislocation lines. 

We suggest that these observations indicate preferential 
decomposition at dislocations, and probably along dislo- 
cation lines, the white-patches being etch-pits deepening 
rapidly to give holes right through the crystals; the 
activation energy for decomposition being lowered at and 
near a dislocation line. J. R. Bristow 


B. L. REES 
Department of Applied Physics, 
Welsh College of Advanced Technology, Cardiff. 
1 Jach, J., Nature, 198, 827 (1982). 
2 Forty, A. J., Phil, Mag., 5, 787 (1960). 
3 Horn, F. H., Phil, Mag., 48, 1210 (1952). 
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Reflectance Spectra of Some Mercury (Il) 
Compounds on Active Adsorbents 


Tar well-documented hypsochromie and bathochromic 
shifts observed in the wave-length maxima of the trans- 
mittance spectra of many solutes can be explained in many 
cases on the basis of solute-solvent interactions in which 
the polarity of the solvent and/or solute is an important 
factor in determining the type and magnitude of the 
shift?+?, 

An investigation utilizing the technique of spectral 
reflectance was undertaken to ascertain whether shifts 
observed in the wave-length maxima of the diffuse reflect- 
ance spectra of solid—solid systems are subject to the same 
general principles which govern solute-solvent systems 
and thus can be interpreted according to accepted polar- 
ization theory. 

The model systems examined consisted of an optically 
absorbing solid species and an adsorbent. Two series of 
mercury (II) compounds containing anions of known 
relative polarizability were selected: (1) the iodide, 
bromide, and chloride; (2) the sulphide and oxide. The 
adsorbents used were neutral Woelm alumina, silica gel, 
and sodium fluoride. 

The two powdered components were mixed under con- 
trolled and anhydrous conditions and permitted to 
interact at room temperature for varying lengths of time. 
The diffuse ultra-violet and visible reflectance spectra 
were measured with a recording DK-2 spectrophotometer 
equipped with an integrating sphere reflectance attach- 
ment. The absorbance was plotted as a function of wave- 
length. Spectral data in the form of the wave-length 
maxima (Amax) of the principal optical absorption peaks 
are given in Table 1. 

The Amax (initial) were obtained immediately after 
mixing with the adsorbent while the Amax (final) were 
measured 60-90 days later when interaction between the 
two components had apparently ceased. The Amax 
(initial) are considered to be those of the absorbing species 
unmodified by the adsorbent whereas displacements 
shown by a comparison of the Amax (final) and Amax 
(initial) are believed to arise as a result of polarization and 
adsorption of the absorbing species by the adsorbent. 

In the case of the halides in the unadsorbed state, in 
accordance with prediction, the iodide absorbed farthest 
in the red followed in turn by the bromide and chloride. 
The order (Amax) for the two chalcogenides was sulphide 
(570 my) and oxide (501 my). 

All displacements in Amax observed to occur with time 
were bathochromic. The relative magnitudes of the shifts 
are believed to be dependent primarily on the polariza- 
bility of the adsorbed species and the polarizing power of 
the adsorbent. In all cases the halides were adsorbed to a 
greater extent and exhibited sharper Amax peaks than the 
chalcogenides. 

For a series of anions with the same charge, it should be 
expected that the polarizability would increase with the 
size of the ion. As applied to the solid—solid systems the 
increasing order of polarizability should be chloride. 
bromide, iodide for the first series and oxide, sulphide for 
the second. Spectrally, this should be indicated by an 
increase in the bathochromic shift as polarization and 
adsorption occur. The experimental data in Table 1 
support this prediction. However, the mercuric iodide— 
alumina system is considered anomalous*4. 

As would be expected, mercuric iodide was most affected 
and was rapidly adsorbed on silica gel and alumina. On 
silica, gel the red iodide was converted to a very pale 
opalescent yellow. Spectrally, the 568 my. peak disap- 
peared completely while the band in the ultra-violet under- 
went a displacement of approximately 50 my. during 
adsorption. In the mercuric iodide-alumina system the 
peak in the visible was lost during adsorption while no 
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Table 1. WAVE-LENGTH (Mu) OF THE INITIAL AND FINAL Amsx OF MERCURY 
(II) COMPOUNDS MIXED WITH ALUMINA, SILICA-GEL AND SODIUM FLUORIDE 


Amax (initial 4max (Final) 


Alumina 
Hel, 575 280 — 290 
Hebr, 248 255 
FeCl, 229-30 233-84 
HgS 570 570 

_ HgO 501 501 

Silica-gel 
Hal, 568 269-72 = 317-20 
Hebr, 240-43 263-64 
Hech, — 220-25 
Hes 563-65 568-69 
HgO 518 517-20 

Sodium fluoride 
Hele 573 293 573 293 
Hgbrs 248-49 248-49 
Hech, 233 233 
Hes 560-86 560-66 
HgO 520-28 520-28 


shift took place in the peak in the ultra-violet. However, 
a striking colour change occurred in the mercuric iodide on 
alumina which has been shown to be due to the conversion 
of the red to the yellow modification. 

Exposure of both the mercuric iodide-silica gel and 
mercuric iodide-alumina systems to the moist atmosphere 
resulted in desorption of the mercuric iodide. The desorp- 


tion process was followed via spectral reflectance and. 


spectra were obtained which indicated that the spectral 
changes taking place on adsorption were reversed during 
desorption. 

The results obtained in this investigation suggest that 
displacements of Amax occurring in certain solid—solid 
systems in which adsorption is involved may be explained 
by polarization theory. They also indicate that the 
polarizing power of the adsorbents may be evaluated by 
measuring the displacements of Amax with time. Future 
studies will endeavour to answer the question whether dis- 
placement data can be utilized to establish relative 
‘activities’ of adsorbents toward various adsorbates. 

This work was supported by the Research Corporation 
of New York and the Petroleum Research Fund. 
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Use of Silver - Silver Oxide Reference 
Electrodes in Fuel Cell Investigations 


Ly a recent publication! it has been pointed out that the 
solubility of silver oxide in strongly basic solutions, and 
effects resulting therefrom, should not be overlooked in 
interpreting polarization data for hydrox, and methanol 
fuel cells using a silver-silver oxide oxygen electrode. The 
polarization of such cells, apparently, can be adequately 
accounted for by the transport of complex silver anions. 
The effect of the dissolved silver oxide on the electrode 
reactions was not discussed. 

It is shown here that the use of silver-silvor oxide 
reference electrodes in fuel cell investigations, under open- 
circuit conditions, produces an undesirable secondary 
reaction at a catalyst surface upon which hydrogen or a 
hydrocarbon gas is electrochemically active. The hydro- 
carbons, ethylene, propylene, propane, and n-butane, were 
found to be electrochemically active on platinized platinum 
in 5 N potassium hydroxidesolution at 25° C. Theplatinum 
electrodes were platinized by alternately anodizing and 
eathodizing at a current density of 10 m.amp/em? for 
1h in a 2'5 per cent solution of chloroplatinic acid con- 
taining a trace of lead acetate. The silver-silver oxide 
reference electrodes were prepared according to the 
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method of Hamer and Craig’. The rest potentials. which 
tended to be irreproducible, were in the region of — 900 ta 
— 1,000 mV with respect to the silver-silver oxide reference 
electrode. On raising the temperature to 80° C, the rest. 
potentials of the ethylene, propylene, and propane 
electrodes diminished, while that of the n-butane electrode 
increased. At each of the four electrodes. after about 2h 
at the elevated temperature, a substantial amount of an 
olive green deposit appeared on the platinum black surface. 
The deposit was shown to be silver by X-ray diffraction 
analysis. Similar behaviour was exhibited by a hydrogen 
electrode established on @ platinized platinum surfaco in 
5 N potassium hydroxide solution at 80° C. Such an 
electrode maintained the reversible hydrogen potential of 
— 1,138 mV with respect to the silver—silver oxide referonce 
electrode at this temperature, in spite of the contamination 
of the platinum surface with silver. It has also beon 
observed in this laboratory that a silver deposit is formod 
under open circuit conditions on a platinum/porous 
graphite hydrogen electrode in a hydrox fuel cell using an 
8 N potassium hydroxide electrolyte with a silver -silvor 
oxide/porous graphite oxygen electrode at 80° C. Appar- 
ently the silver oxide which is dissolved in the potassium 
hydroxide electrolyte is reduced at the fucl electrode 
surface. Whereas the rest potential of the hydrogen 
electrode is unaffected by the silver contamination, the 
situation is less clear at the hydrocarbon electrodes. The 
polarization behaviour, however, of both types of electrode 
would be affected because of the blocking of the platinum 
black surface by the deposited silver. This would result 
in a lowering of the exchange current density for the 
anodic process occurring at such sites since the hydrogon 
overvoltage on platinum‘ is less than on silver’. 

In using silver-silver oxide reference electrodes in fuel 
cell studies, steps should be taken to prevent the diffusion. 
of dissolved silver oxide into the cell electrolyte. 

I thank Miss Agnes F. Forster for carrying out the X-ray 
analyses, Dr. J. P. Hoare and Dr. 8. E. Beacom for 
advice, and the Research Laboratories, General Motors 
Corporation, for permission to publish this communication. 


RAYMOND THACKER 
Research Laboratories, 
General Motors Corporation, 
Warren, Michigan. 
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Anomalous Insolubility of Cellulose Nitrate 


Tur use of nitric acid-acetic acid-acetic anhydride 
mixtures for preparing cellulose nitrate containing 12-14 
per cent nitrogen which is soluble in simple aliphatic 
esters and ketones has been reported previously!-*. 
The factors which normally influence solubility in a givon 
solvent are degree of nitration and molecular weight 
distribution; but the interesting effect to be described 
here suggests that the morphology of the cellulose can 
also limit the solubility when such nitration mixtures are 
used. 

Cellulose in the form of small pieces of paper made from 
purified wood-pulp and dried 3~4 days over P.O; in vacuo 
was added to 30 parts of a nitrating mixture composed of 
HNO, 73 per cent, AcOH 25 per cent, Ac,O 2 percent by 
wt., and nitration carried out at 0° C with periodic shaking 
of the mixture. After 5 h the nitrated cellulose was 
quickly separated from the acid mixture on a Buchner 
funnel and dried air was drawn through it whilo squeezing 
and draining out as much acid as possible. Denitration 
by diluted nitric acid was minimized by stirring the mass 
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into a large volume of 16 per cent sodium acetate solution 
at —10° C and leaving overnight. ‘The cellulose nitrate 
was washed well with distilled water and then stabilized 
by extraction with boiling ethanol for 10h. After drying 
the cellulose nitrate to constant weight at 60° O analysis 
by a modified Devarda method showed it to contain 12-20 
per cent nitrogen. 

_ On attempting to prepare a 1 per cent solution in acetone 
it was found that after two days only part had dissolved, 
while the rest of the cellulose nitrate remained as a gela- 
tinous mass of small fibres. The insoluble portion, after 
centrifuging off and drying, was found to comprise 65 per 
cent by weight of the original material. A sample was 
found to be insoluble in a mixture of ether and alcohol, a 
known solvent for low nitrated cellulose, and subsequent 
analysis showed it to contain 12-19 per cent nitrogen. 

A microscopical examination of a sample of the insoluble 
material showed the fibre structure to be preserved and 
to consist of complete wood cells. On mixing a sample 
with a suitable solvent, such as butyl acetate or triacetin, 
the wood cells were seen to be swollen to anything up to 
five times their normal diameter. In some cells the swel- 
ling was fairly uniform, in others there were constrictions 
at irregular intervals, while a few presented the appear- 
ance of a series of globular swellings joined by short 
lengths of cylindrical form about a third or half the 
diameter of the globular parts. In all cases the external 
outline of the swollen cells remained quite sharp. This 
latter appearance seems to be similar to that of ‘fibre 
ballooning’ observed for cellulose and which, according 
to Bixler‘, is accounted for by the nature of the primary 
cell wall. An X-ray examination, for which we are in- 
debted to Mlle. T. Petitpas, showed no abnormality in 
structure and was indistinguishable from that of soluble 
cellulose nitrate of the same degree of nitration also 
derived from wood-pulp. It was, however, insoluble in 
acetone—alcohol mixtures, and both ethyl and butyl 
acetate, and even after several weeks in acetone no signs 
of solution were observed such as an increase in the swel- 
ling of the fibres. Treatment of the insoluble material 
with a nitric-sulphuric acid nitration mixture for 3 min 
and subsequent washing at once gave a product completely 
soluble in acetone. 

Several attempts were made to bring about solubility 
otherwise than by the foregoing treatment. Sulphuric acid 
alone, according to its concentration, either had no action 
or decomposed the insoluble cellulose nitrate completely. 
Treatment with such cellulose solvents as do not contain 
strong alkali (calcium thiocyanate, potassium mercuric 
iodide) did not give a soluble product, indicating that the 
cause of insolubility is probably not the existence of an 
external layer that had resisted nitration. 

A complete explanation of this interesting behaviour 
has not yet been found. It cannot be due to irregular 
nitration since analysis showed the nitrogen content of 
the insoluble portion to be the same, within experimental 
error, as that of the complete sample. The possibility of 
the cellulose nitrate becoming insoluble in consequence 
of extensive chemical change such as the formation of 
oxycellulose, as shown by Davidson’, is to be ruled out 
in the present case. Thus the same method of nitration 
when applied to material that had previously been partly 
nitrated with a mixture containing sulphuric acid gave a 
soluble product, and moreover subsequent treatment of 
the insoluble material with a nitric-sulphuric acid mixture, 
which cannot be supposed to reverse any previous oxida- 
tive change, resulted in a normally soluble product. 

It is perhaps significant that the insoluble material 
consists apparently of intact wood cells, and it is conceiv- 
able that these cells are provided with an external layer 
differing in some way from the underlying portions. If 
such a layer were resistant to the action of both nitrating 
mixture and cellulose solvents or, which is more likely, if 
it were insoluble even when nitrated, the observed be- 
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haviour could be easily explained. Considerable evidence 
exists* in support of wood tracheids having an external 
or primary cell wall of ordered structure and one may 
postulate this to be more highly crystalline than the 
remaining bulk of the cellulose in the internal secondary 
wall. Ifthe configuration of the cellulose chains in the prim- 
ary wall is preserved when hydroxy] are replaced by nitrate 
groups, it may be supposed that this outer layer of nitrated 
substance has a higher degree of crystallinity and is 
therefore less easily dispersed by solvents than the internal 
part of the cell. If we assume, in fact, that this layer of 
the nitrated tracheids is insoluble and the interior soluble 
in acetone, it seems reasonable to suppose that small 
molecules such as those of acetone can diffuse into the 
interior and be absorbed there and that the nitrocellulose 
thus dispersed will be unable, because of its molecular 
dimensions, to diffuse out. Thus the wall would act as a 
semipermeable membrane and the cell as a wholo would 
swell, but not dissolve, in the solvent, which is in agreement 
with observation. 

As to the difference in the action of different nitrating 
mixtures, it is known‘ that a very short immersion of 
cellulose in sulphuric acid of fairly high concentration 
modifies it so that it becomes more readily dispersible 
and may even dissolve in water. It is also known that in 
a nitric-sulphuric acid nitrating mixture a certain propor- 
tion of the available hydroxyl groups of the cellulose are 
esterified by the sulphuric acid, which is removed by 
hydrolysis during subsequent stabilization’. Such attach- 
ment of bulky —SO,H groups at intervals along the 
molecular chains might, for steric reasons, have the effect 
of loosening the crystalline structure and thus making 
the molecules composing a crystallite more accessible to 
those of a simple solvent. An alternative suggestion is 
that sulphuric acid is able to degrade the very long mole- 
cules of cellulose that are especially associated with 
marked crystallinity, while a weak acid like acetic cannot 
doso. The weakness of this theory is that in any nitrating 
mixture there is an excess of nitric acid which might 
reasonably be regarded as the most effective of all for the 
degrading process if the latter is really determined by the 
strength of the acid as measured in aqueous solution. 

If such an outer layer of insoluble nitrated cellulose 
exists which hinders free mixing of the cell contents with 
the external solvent then it follows that mechanical damage 
to this layer might lead to such free mixing. No noticeable 
amount of cellulose nitrate could be extracted with acetone 
from specimens of insoluble material that had been ground 
with water and a medium grade of ‘Carborundumn’. This 
negative result may have been duo to the ‘Carborun dum’ 
grains being so much larger than the wood cells (thickness 
about 10u) that the latter escaped damage. Conditions 
for inflicting damage were therefore made more favour- 
able by first swelling the material with butyl acetate and 
then grinding it in the same liquid with levigated emery. 
The ground mass was dried at room temperature, rinsed 
with acetone and filtered. Tho clear filtrate now con- 
tained dissolved cellulose nitrate, which was recovered 
by precipitation with water. 

It is concluded that the apparent insolubility is a 
necessary mechanical consequence of the fine structure 
of the cell, when sufficiently mild conditions of nitration 
and careful after-treatment have left that structure 
intact. The structure apparently consists of two layers. 
each of them being in effect a network, roughly tubular. 
formed by the crossing of two oppositely twisting spirals; 
the interstices of the network being small enough to 
prevent the passage of dissolved cellulose nitrate mole- 
cules. The spirals themselves consist of parallel-aligned 
molecules held together by strong intermolecular forces 
and when the cellulose nitrate is placed in a suitable 
solvent it swells, and in swelling breaks the outermost 
layer which slides off and forms the observed constricting 
rings. It is not possible at present to explain the action 
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of a nitrating mixture containing sulphuric acid in making 
the product goluble. 
We thank Dr. A. Lovecy and Prof. R. D. Preston for 
helpful discussions. 
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Effect of Electric Fields on the Boiling Points 
of Liquids 


Katti and Chaudhri! noticed that big depressions in the 
boiling points of some alcohols occur when large electric 
fields are applied to the vapour phase over the boiling 
liquid. We have been continuing these investigations, 
and our observations reported in this communication 
provide a clearer picture of their results. For high rates of 
boiling our observations are in general agreement with 
these of Anderson and Infirri? which have since come 
to our notice. 

The Beckmann thermometer used by Katti and 
Chaudhri was replaced by a thermometer graduated in 
deg. C reading to a tenth of a degree. This enabled us to 
read the actual temperature. It was immediately noticed 
that with the previously used experimental arrangement 
the temperature recorded by the thermometer was about 
two to three degrees higher than the true boiling points 
of the liquid under investigation. It therefore appeared 
that under the previous experimental set-up where about 
20 ml. of the liquid was boiling at a slow rate, the vapour 
over the boiling liquid was probably being superheated 
to some extent by the transformer oil which was used for 
keeping the electrodes submerged. There was thus a 
possibility that the application of a strong electric field 
might disturb the thermal balance by the convection 
currents set up by the field in the transformer oil and a 
drop in the temperature was recorded. 


THERMOMETERS) 
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Fig. 1 


In order to test this explanation we modified the appara- 
' tus, with the view of (1) obtaining the true boiling points 
of the liquids under investigation, and (2) rendering the 
losses of heat through the transformer oil insignificant 
compared with the effect of the boiling liquid and condens- 
ing vapour on the thermometer bulb. The modified appar- 
atus is shown in Fig. 1 and is self-explanatory. We could 
boil about 120 ml. of the liquid vigorously and, at the 
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Table 1 


Std. b.p, Observed Observed b.p. at field 
corrected for b.p. at of 5-30 kV jem in 
lab. pressure (ref.3) zero field 


Liquid steps of 5 kV/cm 
Benzene 79 -4° C* 789°C 780°C 
Carbon tetrachloride 76-0° CT 17°C 757°C 

thanol 77-8° C* 772° C 772°C 
Isopropanol — 810°C 81-0°C 
Methanol 64-4°C* 639° 0 63-9°C 


* Obtained from graphed values. 
+ Obtained from formula of the type log p= A/T +B. 
+ Normal b.p. =82-4°C, 


same time, the temperature of the transformer oil would 
not be greater than that of the vapour phase. Our 
results with five liquids are summarized in Table 1. 
Two points are to be noticed in Table 1. First, with the 
modified apparatus the observed boiling points were 
within 0-5° C of the calculated value; and secondly, the 
electric fields applied to the vapour phase did not change 
the reading of the thermometer to an accuracy of 0-1° C. 
These observations were made at high boiling rates. When 
we cut down the rate of boiling considerably, so that only 
a few bubbles were just breaking on the surfaco per 
second, application of the electric field reduced the ther- 
mometer reading. On switching-off the field, however, 
in this experimental arrangement the thermometer 
reading did not return to the original values, as was the 
case in the previous set-up, indicating that with low rates 
of boiling insufficient vapour was rising up the column 
to maintain the thermal balance. 
We have now been engaged in setting up more elabor- 
ate experimental arrangements capable of yielding precise 
information regarding the recorded drops in the tempera- 
tures of the boiling liquids reported by us. 
We thank Dr. D. S. Kothari for his interest and the 
Council of Scientific and Industrial Research for financial 
grants. 
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BIOCHEMISTRY 


Relationship between Nuclear and 
Cytoplasmic Ribonucleic Acid 


RECENTLY, Harris and Watts! reported on the incor- 
poration of radiocarbon derived from [8-'4C]-adeninoe into 
adenine and guanine bases of nuclear and cytoplasmic 
RNA in logarithmically growing HeLa cells. The 
complex nature of curves of specifie activity versus time 
under varying experimental conditions was interpreted by 
these authors as primarily due to synthesis of cytoplasmic 
RNA in the cytoplasm from acid-soluble precursors. 
Similar work carried out in our laboratory led to an 
entirely different conclusion. Our results were consistent 
with a ‘partial’ precursor—product relationship, in which 
the nuclear RNA acted as a precursor to a major fraction 
of the cytoplasmic RNA (unpublished results). The 
arguments put forth by Harris and Watts are basod on 
qualitative evidence. This led us to evaluate their results 
on & more rigorous quantitative basis. The following 
analysis shows them to be compatible with a precursor- 
product relationship between the nuclear and cytoplasmic 
RNA. 

In an ideal system of exponentially growing cells in a 
steady state with constant cell composition, it is assumed. 
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first, that the RNA is conserved at a molecular level, and 
second, the nuclear RNA is acting as a precursor to the 
cytoplasmic RNA. Then, in the type of experiment per- 
formed by Harris and Watts, the rate of change of radio- 
activity of adenine in the cytoplasmic RNA (#Rce) in a 
certain fixed volume of culture is given by: 





apno = amount of adenine transferred from nuclear to the 
cytoplasmic RNA, and 4Sn=specific activity of adenine 
in the nuclear RNA. Since *Rc=4Sc2C, where Sc= 
specific activity and “C=amount of adenine in the 
cytoplasmic RNA. in the same volume of culture, the rate 
of change of specific activity of adenine in the cytoplasmic 
RNA is then given by: 


dage _ “ene ya, _ I dae 
dt ag a0 dt 


Under the conditions imposed on the system, “enc/4C ig 


aSc (1) 





constant and equal to C jo, which is also a measure of 


the fraction of cellular RNA synthesized per minute. 

In the first experiment (Fig. 1, ref. 1) the variation in 
specific activity of adenine (45n) in the nuclear RNA over a 
period of 4-5 h (the original time-scale in this analysis has 
been changed so that the labelled cells are transferred to 
non-radioactive medium containing chasers at zero time) 
can be represented by an exponential function: “Sn= 
aSn(0)je“at, where 4Sn(0) = 8-0 x 104 c.p.m./umole and 
a=2-04x10-* min-". In this experiment “Sn>4Se and 
the second term of the right-hand side of equation (1) can 
be neglected. The integrated equation with the condition, 
ae =4%Sc(0) when t= 0, is given by: 


aSo = #8c(0) + “ene M aSn(0) is 


e-a) 


(2) 


The specific activity of guanine (Sn) in the nuclear RNA 
varies linearly with time during the same period and may 
be expressed by: %S8n=9Sn(0)+Kt, where %Sn(0) = 
1-2 x 10? c.p.m./umole and K=117 ep.m. pumole- 
min-1, On integration we obtain the equation: 

(3) 


ISe = 9Sc(0) + © EE (oSn(0) + 1/2 Kiji 


The terms in equation (3) have the same meaning as 
before, except that the suffix a for adenine is replaced by g 
for guanine. 

The values for *enc/*C and Ipnc/7C are estimated to be 
0-43 x 10-3 min and 0-90 x 10-3 min~ respectively from 
the slopes of the straight lines m Fig. 1. As pointed out 
earlier, these constants are also a measure of the rate of 
RNA synthesis, and in a special case where the adenine/ 
guanine ratio is the same for both the nuclear and cyto- 
plasmic RNA, they should have the same value. The 
difference in the values is due partly to the restrictions 
imposed on the system and the approximations used in the 
derivation of these equations, and partly to the difference 
in the base composition of the RNA fractions. It is 
obvious from these considerations that the difference in 
the rates of change of specific activities of adenine and 
guanine in the cytoplasmic RNA is not inconsistent with 
the nuclear origin of this RNA fraction. The increase in 
the specific activity of guanine in contrast to a decrease 
in the specific activity of adenine in the nuclear RNA can 
be readily explained on the basis of difference in effective- 
ness of the chasers in diluting the radioactivity present in 
the. guanine and adenine pools of the acid-soluble 
precursors. 

The results obtained by the authors in their second 
experiment (Fig. 3, ref. 1) provide additional support to 
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Fig. 1. Applicability of equations (2) and (3) to the results reported 
by Harris and Watts (Figs. 1 and 2, ref. 1). O, Specific aotivity | or 
adenine (48c) in the cytoplasmic RNA versus ü- ea); @, 8 

activity of guanine (9Sc) in the cytoplasmic RNA versus usos +1/2 eon 


the hypothesis presented here. In-this case, the specific 
activities of adenine and guanine in the nuclear RNA are 
comparable with those of adenine and guanine respectively 
in the cytoplasmic RNA, and both the terms on the right- 
hand side of equation (1) are equally significant. Integrat- 


ing equation (1), when y = %pnc/4C = TEjo, Sn = 
aSn(0)e-4, and %Se=4Sc(0) for t=0 


aSc = [4Sc(0) + (4) 


Equation (4) represents a curve with a characteristic 
maximum at time Tm which is given by: 


1 In aSn(0) 
(a=yyASe(0), yS) 


a x 


== aSn(0) (1-eXe-vit)} e-vt 


Tm = 





(5) 


Since the value of « is approximately the same in both 
the experiments (2-04 x 10-* min~ in the first experiment 
as compared with 2-16x10- min- in the second), it is 
possible to test the validity of equations (4) and (5) by 
using the values for « and y obtained in the first experi- 
ment. Using a=2-04x 10-3 min, y=0-43 x 10-5 min“, 
@8n(0) = 2:5 x 105 c.p.m./umole and 4Sc(0) = 1-7 x 105 
¢.p.m./umole, Tm is estimated to be 180 min and the 
corresponding value for the specific activity of adenine 
at the maximum 1-74 x 10° ¢.p.m./umole. The experi- 
mental curve, 4Sc versus time (Fig. 3, ref. 1), indeed shows 
a detectable maximum at about 3 h, and tho increase in 
the specific activity value is of the same order of magni- 
tude as predicted by equations (4) and (5). The curve in 
Fig. 2 of this communication is the theoretical curve 
calculated from equation (4). The experimental values 
tend to be lower than the calculated values during the 
later part of the curve. Since the rate constants used in 
these calculations are derived from the results obtained in 
the earlier experiment, which was carried out under slightly 
different conditions, the small deviation ( < 10 per cent) does 
not raise any serious objection to the validity of equation 
(4). 

The decrease in the specific activity of guanine in the 
nuclear RNA, in contrast to an increase observed in the 
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Fig. 2. 

Sanation (4) and © the experimental values for the ppecite activity 

of adenine (4Sc) in the cytoplasmic RNA estimated from the curve 
reported by Harris and Watts (Fig. 8, ref. 1) 


first experimont, can bo attributed to the dilution of radio- 
activity in the acid-soluble guanine pool brought about by 
additional incubation of labelled cells in non-radioactive 
medium prior to the addition of chasers. In view of a 
close resemblance between the kinetics of adenine and 
guanine in the nuclear RNA, the behaviour of guanine in 
the cytoplasmic RNA may be expected to be similar to 
that of adenine in the same RNA fraction. However, it 
can be estimated that the change in the specific activity of 
guanine in the cytoplasmic RNA will be of still lower 


order of magnitude, and within the limits of experimental ' 


error. This conclusion is again consistent with the 
experimental results (Fig. 3, ref. 1). 

In the absence of any precise information about the 
kinetic properties of the acid-soluble precursor pool, the 
hypothesis proposed by Harris and Watts does not yield 
readily to quantitative evaluation. If we assume that 
both the nuclear and cytoplasmic RNA are synthesized 
directly from the same acid-soluble precursor pool, then 
the curves of specific activity versus time in the two RNA 
fractions for any particular precursor should closely 
resemble each other. The results reported by Harris and 
Watts, as well as those obtained in our laboratory, do not 
support this conclusion. In order to justify this hypo- 
thesis, the existence of two acid-soluble precursor pools, 
kinetically dissimilar, must be postulated. Although their 
possible existence in the nuclei and the cytoplasm cannot 
be denied, in view of their labile nature, it is highly 
improbable that the difference in their kinetic properties 
would be adequate to account for the observed, difference 
in the behaviour of nuclear and cytoplasmic RNA. An 
alternative suggested by Harris and Watts would be rapid 
breakdown. of the nuclear RNA in growing HeLa cells. 
The experimental evidence in support of this has not been 
very well specified. Although the possibility of such 
degradation cannot be excluded, it appears from the 
analysis presented here that it does not occur to any 
significant extent. 

A. note of caution at this point may not be out of place. 
The applicability of the rather over-simplified kinetic 
analysis presented is partly due to a fortunate choice of 
experimental conditions by Harris and Watts. In fact, 
the experiments carried out in our laboratory under 
slightly different experimental conditions suggest very 
small direct incorporation of labelled adenine and guanine 
into a relatively small fraction of cytoplasmic RNA of low 
molecular weight-type. 

We aro indebted to Dr. Herbert D. Landahl, of the 
Committee on Mathematical Biology, for helpful criticisms. 

Upar N. Sine 
R. KOPPELMAN 
Department of Biochemistry, 
University of Chicago. 


1 Harris, H., and Watts, J. W., Proe. Roy. Soc., B, 156, 109 (1962). 
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Singh and Koppelman point out that under the expori- 
mental conditions used by Harris and Watts!, and on the 
assumption that no breakdown of RNA occurs: 


apnejtG = “creo = Asay, 


so that equation (1) of their communication may be 
written as: 


2 (Sc) = A(4Sn-4Sc) 


This describes a model in which the specific activity of tho 
cytoplasmic RNA adenine increases because radioactive 
RNA passes from the nucleus to the cytoplasm, and 
decreases because the radioactive RNA in the cytoplasm 
is diluted by cell growth. A glance at Fig. 1, ref. 1, shows 
that this equation is decisively contradicted by the results, 
for %Sn—4Se decreases from about 7x 10-4 counts min- 
umole! at 4 h to about 2x 10-4 counts min“ umole~ at 
llh; yet Sc increases at a virtually constant rate. Singh 
and Koppelman’s estimates of the value of the ‘constant’ à 
are therefore valueless. Nevertheless, they are right to 
point out that breakdown of RNA must be distinguished 
from dilution of radioactive RNA due to growth. Indeed, 
a generation time of 40 h gives an exponent of 0:35 x 10-3 
min-, which is of the same order as the figures which 
Singh and Koppelman obtain for 4. It might therefore be 
possible to devise a modal (although certainly not the 
model proposed by Singh and Koppelman) which would 
fit the data shown in Figs. 1, 2 and 3 of ref. 1 without 
invoking breakdown of the nuclear RNA. But all such 
models are eliminated by the results described in Table 2, 
ref. 1, which shows that during the course of the oxperi- 
ment about twice as much radioactive adenine is lost from 
the nuclear RNA as appears in the cytoplasmic RNA, 
thus providing clear evidence that at least part of the 
labelled RNA initially present in the nucleus does break 
down somewhere in the cell. Experiments have indeed 
been done in which the amount of radioactive adenine lost 
from the nuclear RNA exceeds the amount appearing in 
the cytoplasmic RNA by a factor of thirteen*. 

The conclusions reached in ref. 1 might perhaps be 
reiterated since the account of them given by Singh and 
Koppelman is misleading. It was specifically pointed out. 
in ref. 1 (p. 119} that the results permitted no categorical 
statement about the m>chanism of synthesis of cytoplasmic 
RNA; and the possibility that some nuclear RNA frac- 
tions might be transferred to the cytoplasm was freely 
admitted. It was, however, mentioned in the discussion 
that none of the findings contradicted the view that most 
of the cytoplasmic RNA was synthesized in the cytoplasm 
from acid-soluble precursors; nor is this view contradicted 
by any of the mathematical considorations proposed by 
Singh and Koppelman. The sites of synthesis of cyto- 
plasmic RNA remain an open question. What Harris and 
Watts! did claim was: 


(1) That loss of radioactivity from the nucleus and 
concomitant appearance of radioactivity in the cytoplasm 
could not in itself be assumed to represent transfer of RNA 
from nucleus to cytoplasm. This assumption had pre- 
viously been made by several workers using chemical and 
autoradiographic techniques. 


(2) That the results obtained in experiments involving 
the transfer of radioactive cells to non-radioactive medium 
depended critically on the nature and concentration of the 
radioactive precursors in the intracellular pool and the 
ease with which these could be diluted by addcd non- 
radioactive precursors. 


(3) That much of the rapidly labelled nuclear RNA was 
broken down somewhere within the cell to acid-soluble 
end-products. 
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Readers might wish to refer to further papers in which 
more direct evidence for the breakdown of nuclear RNA 
is presented (refs. 2-5 and following communication). 

I thank Neil Gilbert for his assistance. 


Henry Harris 
Department of Cell Biology, 
John Innes Institute, 


Bayfordbury, 
Hertford, Herts. 


1 Harris, H., and Watts, J. W., Proc. Roy. Soc., B, 166, 109 (1962). 

* Harris, H., Fisher, H. W., Rodgers, A. L., Spencer, T., and Watts, J. W., 
Proc, Roy. Soc., B, 157, 177 (1963). 

.* Watts, J. W., and Harris, H., Biochem. J., 72, 147 (1959). 

+ Harris, H., Biochem. J., 78, 362 (1959). 

* Harris, H., Proc. Roy. Soc., B (in the press). 


Rapidly Labelled Ribonucleic Acid in the Cell 
Nucleus 


In previous papers evidence was presented in support of 
the following conclusions: 

(1) Most of the rapidly labelled RNA in the cell nucleus 
is broken down within the cell to acid-soluble com- 
pounds!, 

(2) This breakdown occurs within the nucleus*:5. 

The enzyme apparently responsible for the breakdown 
thas many of the properties of a polynucleotide phosphor- 
ylase and, like the rapidly labelled RNA itself, seems to 
be attached to the chromosomes*. These observations 
prompted the suggestion that in most animal cells there is, 
‘during interphase, a continuous synthesis and degradation 
of RNA on the chromosomes themselves’. The experi- 
ments recorded hore, which deal with an effect of actino- 
mycin D on Hela cells grown in (suspension culture, 
` provide further evidence in support of these views. 

Actinomycin D, at concentrations in the region of 1 ug/ 
ml., has been shown to inhibit the incorporation of radio- 
active precursors into both the nuclear and the microsomal 
RNA of animal cells in culture*-*. Even at a concentration 
of 40 ug/ml., however, it has no effect on the polynucleotide 
-phosphorylase-like enzyme which degrades the rapidly 
labelled RNA in isolated nuclei from such cells®. These 
findings suggested the possibility of investigating the intra- 
cellular: breakdown of the rapidly labelled RNA under 
conditions in which concomitant synthesis of RNA was 
virtually abolished. 

A suspension culture of HeLa cells was exposed for 
10 min to [8-“C]-adenine at a concentration of 2 pe./ml. 
"The cells were then washed by centrifugation in physio- 
logical saline and transferred to non-radioactive medium 
containing 10-* M adenosine, 2x 10-4 M guanosine and 
actinomycin D at a concentration of 2 ug/ml. Samples, 
each containing approximately 10’ cells, were taken 5 min 
later and at regular intervals thereafter for 5h; duplicate 
‘samples were taken at some of these times. In one set of 
‘samples the nuclear RNA was separated from the cyto- 
plasmic RNA by treating the cells with phenol-saturated 
-water’, and the specific activities of the adenine and 
guanine in the two fractions were determined. In the 
‘duplicate samples the cells were enucleated by controlled 
stirring in a solution of ‘Tween 80°, and the residual cyto- 
-plasm was separated by centrifugation at 100,000g for 
‘90 min into a microsomal pellet and a supernatant 
fraction. The total amount of radioactivity in the RNA 
of the two cytoplasmic fractions was determined. 

The flow of radioactivity through the nuclear and 
cytoplasmic RNA, as prepared by the aqueous phenol 
technique, is shown in Fig. 1. The total amounts of radio- 
activity in RNA adenine and guanine are plotted. It 
-will be seen: 

(1) After incubation for 10 min im ["C]-adenine and 5 
min subsequent incubation in the non-radioactive medium 
‘86 per cent of the radioactivity in RNA adenine is in the 
muclear RNA. 
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Fig. 1. Intracellular breakdown of the rapidly labelled nuclear RNA. 

Total amounts of radioactivity in: O, nuclear RNA adenine; @, cyto- 

plasmic RNA adenine; A, nuclear RNA guanine; A, cytoplasmic RNA 
guanine 


(2) During the 5 h in non-radioactive medium about 80 
per cent of the radioactive adenine is released from the 
nuclear RNA. 

(3) The amount of radioactive adenine in the cyto- 
plasmic RNA, initially 14 per cent of the amount present 
in the nuclear RNA, rose during the first half-hour to 17 
per cent of the amount initially present in the nuclear RNA 
and then fell to 10 per cent of this amount during the 
succeeding 44 h. 

(4) Apart from a slight rise during the first half-hour, 
the nuclear RNA guanine behaved in the same way as the 
nuclear RNA adenine. 

(5) The amount of radioactivity in the cytoplasmic 
RNA guanine was at all times less than 10 per cent of the 
amount initially present in the nuclear RNA guanine. 

Measurement of the amounts of radioactivity in the 
RNA of the cytoplasmic supernatant and the microsomal 
pellet from samples enucleated by the ‘Tween’ technique 
indicated that the rise in the amount of radioactivity in 
the cytoplasmic RNA during the first half-hour and its 
subsequent fall were due mainly to incorporation and 
release of radioactivity in the soluble RNA of the super- 
natant fraction. The total amount of radioactivity in the 
microsomal pellet in the 5-min sample was 7 per cent of 
the amount in the nuclear RNA. In the 1 h sample the 
microsomal pellet contained about the same amount of 
radioactivity as in the 5-min sample; and in the 5-h 
sample ‘the microsomal pellet contained about 5 per 
cent of the radioactivity initially present in the nuclear 
RNA. 

This experiment demonstrates unequivocally that in the 
the presence of actinomycin D very little of the rapidly 
labelled nuclear RNA is transferred to the cytoplasm in a 
stable form. Even on the improbable assumption that all 
the labelled microsomal RNA was broken down during 
the experiment and replaced by labelled RNA from the 
nucleus, not more than 5 per cent of the labelled RNA 
present initially in the nucleus could have been present in 
the cytoplasmic microsomes at the end of the experiment. 
Moreover, if, as has been suggested, the labelled nuclear 
RNA is first transferred to the microsomes in the cyto- 
plasm and is there broken down, this process could 
only have gone on in such a way that the amount of 
labelled nuclear RNA attached to the microsomes at 
any one time did not produce a detectable increase in 
the amount of radioactivity in the microsomal fraction 
as a whole. 
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It is, of course, possible that the fate of the rapidly 
labelled RNA in actinomycin-treated cells is radically 
different from normal. But a consideration of the results 
previously obtained in similar experiments with normal 
cells makes this seem improbable. The essential feature of 
the experiment reported here is that, after transfer of the 
labelled cells to non-radioactive medium, further incor- 
poration of precursors into RNA is prevented by the 
action of actinomycin D. The same effect has been 
achieved in the macrophage, in which the radioactive 
RNA precursor pool can be rapidly diluted by added non- 
radioactive precursors, and in the HeLa cell under con- 
ditions in which this pool was diluted by a period of 
growth in non-radioactive medium. In both these cases 
the results obtained}? were strikingly similar to those 
shown in the present experiment. 

This experiment, however, throws no light on the site of 
synthesis of cytoplasmic RNA. Since actinomycin D has 
been shown to inhibit the enzyme which synthesizes 
RNA on DNA in vitro! the fact that it prevents the 
incorporation of precursors into both nuclear and micro- 
somal RNA in the intact cell has been considered by some 
authors to be evidence that all microsomal RNA is made 
in the nucleus'-*. It is, therefore, worth reporting that an 
essentially similar inhibition of nuclear and microsomal 
RNA synthesis can be produced by comparable concen- 
trations of proflavine and acridine orange, suggesting, 
perhaps, that the effect is not specific. It may be pre- 
mature to draw conclusions about the site of synthesis of 
cytoplasmic RNA from arguments based on the specificity 
of the mode of action of actinomycin D. 

I thank Miss Marianne Jahnz for assistance. 


Henry Harris 


Department of Cell Biology, 
John Innes Institute, 
Bayfordbury, 
Hertford, Herts. 
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Bound Ascorbic Acid in Liver 


Tue existence of bound ascorbic acid in pork liver 
was reported by Sumerwell and Sealock!. Their method 
was, however, criticized by Lewis, Chiang and Gross?. In 
my search for the existence of bound ascorbic acid in 
different animal tissues, goat liver was studied in the 
present investigation. Liver was brought to the laboratory 
direct from the slaughter-house in a ‘Cellophane’ bag in 
a ‘Thermos’-flask containing ice. It was then disintegrated 
in a previously cooled Waring blender with cold 95 per 
cent ethanol saturated with carbon dioxide and centri- 
fuged. The residue was similarly extracted twice again 
and all the extracts were mixed. An aliquot of this 
mixture was titrated with 2 : 6-dichlorophenol indophenol 
and another aliquot was heated on a boiling water-bath 
for 10 min with metaphosphoric acid (5 per cent) in an 
atmosphere of carbon dioxide, cooled, made to a definite 
volume and titrated with the indophenol dye. The former 
would give the quantity of free ascorbic acid and the latter 
of total ascorbic acid. The difference in the two values 
would give the quantity of bound ascorbic acid, which 
releases ascorbic acid on hydrolysis. Total ascorbic acid 
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Table 1. AB8CORBIO ACID CONTENT yG LIVER 
Method Dye titration Roe and Kuether 
Free Total Total Bound * 
Sample 
1 22 143 170 121 
2 20 114 100 94 
3 20 145 113 125 
4 23 145 105 112 
5 61 190 175 129 
6 40 190 175 150 
Mean 31 154-5 189-7 121-8 


* By dye titration method. 


was also determined for comparison by Roe and Kuether’s 
method. Results are given in Table 1. 

Ascorbic acid was identified as follows. Alcoholic liver 
extract was concentrated under vacuum at 35° C and dried 
in a vacuum desiccator over silica gel. It was extracted 
again with 95 per cent ethanol, filtered and again concen- 
trated under vacuum. No indophenol reducing substance 
could be detected in this concentrated material unless 
hydrolysed with metaphosphoric acid, as apparently the 
free ascorbic acid was oxidized during the process of con- 
centration. By subjecting (a) the non-hydrolysed 
material, (6) the hydrolysed material, (c) pure ascorbic 
acid and (d) hydrolysed material plus pure ascorbic acid to 
ascending chromatography on Whatman paper No. 1 ina 
solvent mixture of n-butanol/acetic acid/water (4:1 : 5) 
and spraying with 2 6-dichlorophenol indophenol, 
decolorized spots with the same Rr value (0:48) were 
obtained in all the cases except in the case of (a), the non- 
hydrolysed material. Similar results were obtained with 
(a), (b), (c) and (d) using a solvent mixture of methanol/ 
n-butanol (4 : 1), the Rr being 0-75 in the cases of (b), (c) 
and (d). 

Concentrates hydrolysed with formic acid also gave 
chromatographic results similar to those obtained by 
hydrolysis with metaphosphoric acid. 

We thank the Indian Council of Medical Research for % 
research grant. 3 

M. C. MALAKAR 


Department of Applied Chemistry, 
University College of Science 
and Technology, 
Calcutta, 9. 
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Effects of 2,2-Dichloropropionic, 
Trichloroacetic, and 2,3-Dichloroisobutyric 
Acids on Synthesis of Anthocyanin in Flowers 
of Salvia splendens cultivar America 


Gowine and Lange! recently reported that a numbor of 
herbicides (chloroalkycarboxylic acids) caused changes in 
colour in a wide variety of flowers. The changes reported 
were the disappearance of purple and red and the appear- 
ance of orange and yellow. These observations suggest 
that the synthesis of the carotenoid pigments may not 
have been affected whereas the synthesis of the antho- 
cyanin pigments could have been inhibited. Described 
herein are the effects of 2,2-dichloropropionic acid 
(‘Dalapon’), trichloroacetic acid (TCA), and 2,3-dichloro- 
isobutyric acid (DCIB) on the synthesis of the antho- 
cyanins in the flowers of Salvia splendens cultivar America. 

Approximately 1 week before flower buds showed 
colour, plants were treated with an aqueous spray of the 
appropriate herbicide at rates of 900, 3,000, and 9,000 
p.p.m. of the acid equivalents plus 0-5 per cent polyoxy- 
ethylene sorbitan monolaurate. Calcium pantothenate 
was applied also as a foliar spray 24 h earlier at concen- 
trations of 600 and 1,200 p.p.m. Mature flowers wore 
dried at 50° C in a forced-draught oven and then ground to 
pass a 20-mesh screen. The ground tissue was extracted 
in cold methanol containing 1 per cent hydrochlorie acid 
and the anthocyanins were identified by chromatographic 
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and spectrophotometricmethods**. The major components 
were pelargonidin 3 : 5-diglucosides acylated with caffeic 
or p-coumaric acid. A minor component was cyanidin 
3 : 5-dighicoside acylated with caffeic acid. The concen- 
trations of the anthocyanins in these tissues were determ- 
ined spectrophotometrically in methanol containing 
1 per cent hydrochloric acid, and the results (Table 1) were 
expressed as mg of pelargonidin 3 : 5-diglucoside using a 
molecular extinction coefficient of 15,300 at 508 mu. 


Table 1. Effect of foliar applications * of 2,2-dichloropropionie acid 

(‘Dalapon'), trichloroacetic acid (TCA), and 2,8-dichloroisobutyric acid 

(DCIB) on the concentration of anthocyanin in flowers of Salvia splendens 
cultivar America 


Acid equivalent of mg Pelargonidin 3 : 5-diglucoside/g ay posht 


herbicide (p.p.m,) ‘Dalapon’ TCA 
0 92 89 81 
900 24 73 43 
3,000 10 38 24 
9,000 + 24 10 
* Applied at the equivalent volume of 40 gallons per acre. 
+, Phytotoxie 


Foliar applications of aqueous sprays of “Dalapon’, 
DCIB, and TCA were all effective in reducing synthesis of 
anthocyanins. The reduction in the anthocyanins was 
directly proportional to the concentration of the herbicides 
applied to the foliage and flower colour was changed from 
the original deep reddish orange to almost white. The 
highest concentration (9.000 p.p.m.) of ‘Dalapon’ was phyto- 
toxic. The growing point was killed and severe foliar 
damage was evident. Malformed flower buds were 
present on plants treated with the highest concentration 
(9,000 p.p.m.) of DCIB or TCA. The subtending floral 
bracts became desiccated and florets failed to expand. 
Lateral flower buds that developed after treatment also 
showed a reduction in anthocyanin synthesis but not as 
pronounced as the treated terminal flower buds. Antho- 
cyanins in flowers from treated and untreated plants wore 
identical and, therefore, difference in colour was due to 
quantitative, not qualitative, changes. Antagonism of 
the herbicides by foliar applications of calcium panto- 
thenate* was not confirmed. The colour of the flowers on 
plants grown from seed collected from the treated plants 
was normal and showed no carry-over effect. 

We conclude, therefore, the “‘Dalapon’, DCIB, and TCA 
interfere with anthocyanin synthesis and that these 
herbicides may offer a valuable tool for investigations 
dealing with the biosynthesis of these pigments. 


S. ASEN 
L. L. JANSEN 
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United States Department of Agriculture, 
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Isolation and Characterization of 
Spleen Acid Deoxyribonuclease 


In recent years several methods have been described for 
the partial purification of spleen acid deoxyribonuclease 
(DNase)'-* (see also ref. 5 for a critical review). The 
isolation of the enzyme in a pure form was considered 
to be of interest, particularly in view of the results 
obtained in an examination of the kinetics of the enzym- 
atic degradation of deoxyribonucleic acid®. The prepara- 
tion procedure as well as a preliminary physical and 
chemical characterization of the enzyme are reported 
in the present communication. 

The preparation of the enzyme was carried out at 4° C, 
using hog spleen as the starting material. In a first stage a 
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crude enzymatic preparation was obtained essentially 
according to a procedure? involving the following steps: 
(1) homogenization and extraction of spleen tissue with 
0-15 M sodium chloride—0:02 M calcium chloride; (2) 


‘precipitation of the clarified extract with ammonium 


sulphate; the precipitate collected between 34 and 100 
per cent saturation was redissolved in distilled water; 
(3) acidification to pH 2-5, to precipitate hemoglobin, and 
centrifugation; (4) precipitation of the supernatant from 
the preceding step with ammonium sulphate; the fraction 
obtained between 40 and 80 per cent saturation was dis- 
solved in distilled water, clarified by centrifugation, 
freeze-dried, and stored at —30° C. The crude enzyme 
was obtained in a yield of about 1 g/kg tissue; it contained 
about 55 per cent of the acid DNase activity present in the 
clarified homogenate and its specific activity was 3-0. 
Both neutral and acid ribonuclease (RNase) activities® 
were present, the ratios DNase/RNase being 3-6 and 1:8, 
respectively. In all cases activities were measured by . 
determining the optical density at 260 my of acid-soluble 
nucleotides® released by enzymatic action under suitable 
experimental conditions. 

The second stage involved the following chromato- 
graphic steps: (1) DEAE-cellulose: the enzyme was 
washed out with 0-005 M phosphate buffer pH 8-0; the 
total activity was about 10 per cent higher after chromato- 
graphy, probably because of the adsorption of an inhibi- 
tor on the column; the adsorbed protein, containing most 
of the RNase activity, could be eluted with 0-15 M acetate 
buffer, pH 5-0; (2) hydroxyapatite: elution was carried out 
with a linear gradient of phosphate buffer pH 6-8, of 
molarity increasing from 0-05 to 0-5; the enzyme was 
eluted immediately after a bright red fraction, tentatively 
identified with cytochrome c; (3) hydroxyapatite: elution 
was performed as above, the enzyme being removed from 
the column at about 0:2 M phosphate; (4) ‘Amberlite IRC— 
50°: the enzyme was loaded in 0-1 M phosphate buffer pH 
60; some inactive -protein was not retained on the 
column; the enzyme was eluted with a linear gradient of 
phosphate buffer pH 6-0, 0:1-0-5 M; a subsequent gradient 
of 0-5 M phosphate buffer pH 6-0-8-0 eluted more inactive 
protein. Rechromatography of the enzyme on ‘Amberlite 
IRC-50 gave a symmetrical peak of constant specific 
activity equal to 210+ 10 (Fig. 1); no acid or neutral RNase 
activity was detectable in this product. About 25 per 
cent of the enzymatic activity present in the crude enzyme 
was recovered after the final rechromatography. 
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Fig. 1. Rechromatography of hog spleen deoxyribonuclease on ‘Amber- 

lite IRC-50’ (2 em x 12-5 om). Elution was carried out at 4° C with 

a gradient of phosphate buffer pH 6-0, 0-1-0-5 M. No optical density 

was eluted with a subsequent gradient of 0-5 M phusphate buffer from 
pH 6-0 to 8-0. Fractions of 5 ml. were collected 
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Fig. 2. Sedimentation pattern of hog spleen deoxyribonuclease in 0-15 M 
acetate pH 5:0. Exposure taken after 56 min at 59,780 r.p.m. 


An ultracentrifuge analysis showed that the enzyme 
sedimented as a single boundary in 0:15 M acetate buffer 
pH 5-0 (Fig. 2). No dependence on concentration was 
observed and the sedimentation coofficient was S%Q wv = 
3-4 9. The same value was obtained in acetate buffer pH 
3:0, 20-1, and phosphate buffer pH 7-8, u.0-1. In glycine 
buffer pH 8-9, 0-1, the sedimentation coefficient was 
found to be 4-0 S, and a small amount of a faster compon- 
ent was present. In glycine buffer pH 2-0, 20-1, the 
sedimentation analysis indicated extensive aggregation. 

Electrophoretic runs were performed on cellulose 
acetate strips at 6 V/em. Only a single band was evident 
at four different pH values ranging from 4:6 to 9-2. By 
extrapolating the mobilities obtained as a function of pH to 
zero mobility, an isoelectric point close to 10-2 could be 
calculated. 

An amino-acid analysis was carried. out, using three 
different times of hydrolysis. Neutral and acidic amino- 
acids were predominant; 
estimated after extrapolation to zero time of hydrolysis) 
was consistent with most or all of the acidic amino-acids 
being in the form of the corresponding amides, a fact 
which would explain the high isoelectric point. 

This work was aided by grant UR-H#9-(10,60)—80 from 
the U.S. Department of Agriculture and by grants 
#H-271B and H-270A from the American Cancer Society. 
We thank Prof. Charles Sadron and Dr. C. A. Thomas, 
jun., for their interest in this work. : 
Grorcio BERNARDI 
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Changes in Rat Plasma and Serum Calcium 
during Storage 


Previous to conducting a clinical field experiment it 
became necessary to determine how components of the 
(circulating) blood, serum and plasma, would withstand 
storage and remain suitable for accurate and reproducible 
calcium analytical data. 

Serum and plasma calcium data are somewhat confused 
as shown by the variety of ‘normal values’ reported by 
several authors'-? and by the extensive number of 
‘practical procedures’ for the estimation of serum and 
plasma calcium’. In this laboratory many of these 
calcium micro-procedures have failed in duplicate analyses 
on the same sample and only one method, that of Munson 
et al.®, was found to be precise to 0-2 mg per cent calcium. 
This procedure’ was used exclusively in all subsequens 
calcium determinations. 

As a rule serum is the fluid generally chosen for determ- 
inations of calcium. However, in many instances 
plasma is equally advocated?»** and at times, when values 
for other blood constituents are desired from the same 
sample (for example, corticosterone-levels), one is restric- 
ted to the use of blood plasma. 

Mature Sprague—Dawley rats fed a standard laboratory 
chow and water ad libitum were used for this experiment. 
Whole blood was obtained by cardiac puncture under 
ether anesthesia. Heparin sodium was used when plasma 
was desired. The effect of storage of plasma and of serum 
at 4° C and — 20° C was investigated. All determinations 
were made by the same technique® and the same operator. 
Each group of samples was divided into four parts for: 
(a) base-line data, based on a fresh specimen of blood, and 
(b) data on specimens stored for 1, 2 and 3 months. 


Table 1 

a b c d 
Plasma (9)* Plasma (9)* Serum (10)* Serum ( 5)* 

Mean ean Mean Mean 
(mg %) S.E. (mg %)S.E. (mg % )S.E. (mg %)S.E. 
Fresh sample 9-9 + 0-06 10-4 + 0-16 10:3 + 0:08 104 + 0-24 

Frozen) (4° C) (Frozen) 4° C 
1 month 83 + 0-46 9-5 + 0-17 10-44 0-09 104 + 0-12 
2 months 8-4 + 0-12 97 +014 1034008 10-6 + 0-08 
3 months 82+ 0-25 Deterioration 10-4 + 0:08 105 + 0-17 
of plasma 


* Numbers in parentheses indicate number of individual samples. 


The results are presented in Table 1. Analysis of plasma 
kept in the frozen state or at 4° C demonstrated a signifi- 
cant drop in the calcium-level from the results on the 
fresh specimen. This did not occur in the serum kept 
frozen or at 4° C. In order to determine if the low calcium 
values in the quick-frozen plasma after 3 months could be 
corrected, 7 additional plasma specimens were obtained, 
analysed immediately, and after 3 months at —20° © an 
aliquot of this plasma was ashed and the determination of 
calcium carried out. The results listed in Table 2 demon- 
strate that, in the ashed plasma, calcium values were the 
same as the initial value. As before, an unashed aliquot 
of the plasma determined after three months showed a 
decrease in calcium from the initial figure. 


Table 2 
Plasma (7)* 
Mean 
(mg %) S.E. 

Fresh sample 9-6 + 0-16 

(Frozen) 
Ashed, 3 months 96 + 0-18 
Unashed, 3 months OL + 0-14 


* Number of individual samples. 


These results indicate that calcium determinations of 
rat plasma which has been quick-frozen or kept at 4° C for 
1 month or longer are not reproducible by the Munson 
technique’. However, by ashing the plasma that had 
been frozen for 3 months the calcium analysis agreed with 
the initial determination. However, the serum calcium 
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analysis was not affected by the same conditions and the 
procedure of ashing was not required. A. L. Wax 
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Protein Modifications catalysed by 
Transglutaminase 


Worx from this laboratory has shown that trans- 
glutaminase catalyses the hydrolysis of the amide group 
of protein-bound glutamine, and its exchange with 
primary amines'. In addition, preliminary evidence 
indicated that the c-amino group of protein-bound lysine 
may act as a replacing amine?. Therefore, by the action of 
transglutaminase, various proteins can be modified and 
the new protein species may have properties unlike those 
of the original protein; for example, proteins may acquire 
novel antigenic properties as shown by proteins in which 
the e-amino group of lysine had been modified by substi- 
tution with polyamino-acids by chemical means‘. 
Modifications produced enzymatically by the linkage of 
two proteins to each other through the y-carboxy] group of 
protein-bound glutamic acid and the e-amino group of 
protein-bound lysine are of particular interest. 

The use of the recently synthesized glutamine peptides’, 
which may act as acceptors in the transglutaminase 
reaction, facilitates examination of the occurrence of such 
protein linkages since the amine-accepting protein could 
be replaced by the synthetic peptide. By labelling this 
peptide, it becomes possible to follow the enzymatic 
reaction by the counts incorporated into the amine- 
donating protein. In our experiments, carbobenzoxy- 
glutaminyl-“C-valine ethyl ester was used as acceptor 
peptide. (We thank Dr. Amos Neidle for the synthesis of 
this peptide.) A number of proteins (see Table 1) were 
examined ag amine-donating agents in the transglutam- 
inase reaction. 2 ml. contained 60 micromoles of tris buffer 
(pH. 7-8), 40 moles of calcium, 1-4 pmoles of “C-peptide 
(3,550 counts/pmole/min) in 0-5 c.e. of 50 per cent ethanol 
solution, 2 mg of protein to be tested as replacing agent, 
and approximately 1,100 units of enzyme: incubated at 
37° for 10 min. Two types of controls were prepared: (a) 
2 mg of protein were added at the end of incubation of the 
enzyme with synthetic peptide; (b) enzyme was omitted 
from the complete reaction mixture. After incubation 
the protein was precipitated with trichloroacetic acid 
(TCA) (10 per cent final concentration), the precipitated 
protein was washed 3 times with 5 per cent TCA, and then 
solubilized in 80 per cent ethanol. 2 ml. water were added 
and the protein was precipitated from the 40 per cent 
ethanolic solution with 50 per cent TCA (5 per cent final 
concentration). After the precipitate was washed with 5 
per cent TCA, 1 ml. of ‘Hyamine 10 X’ was added and the 
protein solution counted in the scintillation counter by the 
usual procedure. The values given in Table 1 are corrected 
for the blanks. The proteins tested were obtained fromcom- 
mercial sources and were of the highest purity available. 

In view of the possible role of transglutaminase in the 
production of new protein species which may play a part 
in auto-immune reactions, it was of particular interest to 
examine the basic proteins from brain which on injection 
produce allergic encephalomyelitis*. 

The fraction extracted between pH 2-5 and 3-3 from 
nervous tissue (by the procedure of Kies e¢ al.*) contained 
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Table 1, INCORPORATION OF CARBOBENZOXY-GLUTAMINYL-“C VALINE- 
ETHYL ESTER INTO VARIOUS PROTEINS i 
Protein c.p.m./2 mg protein uM peptide 
incorporated/2 mg 
a sie ea 173 0-0487 | 
lobin 316 0-0890 - 
eelobulin 64 0-0180 
y-Globulin 45 0:0127 
Ovalbumin a? _ 
Bovine plasma albumin {4 me 
halitogenic protein 
es pH a 5 extract 54 0-0152 
22 0-0062 
Peak 4 47 0-0132 


the basic proteins except the nuclear histones; this frac- 
tion produces allergic encephalomyelitis in guinea pigs 
when injected with Freund’s adjuvant. The extract was 
lyophilized; the pH of the aqueous solution was adjusted 
to 2 with acetic acid and the solution chromatographed on 
3 g carboxymethyl cellulose using a gradient from water 
(100 ml.) contained in a constant volume reservoir to 
normal formic acid as the eluent. Only two peaks 
emerged; peak 1 at 0-10 ml. and peak A at 60-75 ml. In 
preliminary tests in a small number of animals only peak A 
was found to produce a typical picture of allergic en- 
cephalomyelitis. (We thank Dr. Leon Roizin for the 
histological study of the brains.) On starch-gel electro- 
phoresis, peak 1 contained all the bands present in the 
original extract, including a weak band corresponding in 
position to peak A. Peak A showed only one band, which 
did not move from the origin. All solutions were lyophil- 
ized and were used in concentrations of 5 mg/ml. for 
enzyme studies. 

Transglutaminase was purified from guinea pig liver. 
The first steps were those previously described’. The 
enzyme extract at pH 6-8 was dialysed against water and 
chromatographed on a DEAE cellulose column using 0-05 
molar ethylenediamine tetraacetic acid pH 6-79 as an 
eluent. The specific activity of the guinea pig liver homo- 
genate is approximately 120 units. The eluted enzyme 
had 6,000-10,000 units/mg of protein and was used in the 
experiments. 

With the assay conditions given here during the 
first 10 min, the reaction followed zero order kinetics. 
The reaction was limited by the amount of enzyme added 
and by the concentration of synthetic substrate. The 
system was saturated at the level of 2 mg of 6-lactoglo- 
bulin as a replacing protein. 

Table 1 shows that B-lactoglobulin and globin are very 
efficient replacement agents, while «- and y-globulin are 
less effective, and ovalbumin and bovine serum albumin 
and lysozyme are essentially negative. It is interesting to 
remember that ß- -lactoglobulin and «-globulin are good 
amine acceptor proteins in the transglutaminase reaction 
while y-globulin and hemoglobin are very weak acceptors’, 
if at all. These results appear to indicate that the ability 
of a protein to act as an amine acceptor or as an amine 
donor in the transglutaminase reaction are not necessarily 
parallel. It can also be seen that one of the basic proteins, 
peak A of the encephalitogenic extract, acts as a more 
efficient replacing agent in the transglutaminase reaction 
than peak 1. 

In the system studied transglutaminase catalysed the 
binding of a glutamine peptide to protein which may have 
acted as an amine donor. This simplified system clearly 
shows one of the reactions which is catalysed by the 
enzyme. It may be recalled that the administration of 
pertussis vaccine or of bacterial endotoxins increases the 
transglutaminase activity? in mouse liver significantly and 
that, on the other hand, the administration of pertussis 
vaccine increases the incidence of allergic encephalomye- 
litis in mice after the administration of homologous brain 
suspensions®. The results of the im vitro experiments 
suggest a search for proteins modified in vivo under various 
conditions (pertussis vaccine, etc.), and a study of their 
antigenic properties. 

This work was supported in part by grants from the 
National Institute of Neurological Diseases and Blindness 
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Effect of Chelating Agents on the Copper - Protein 
Bond in Liver 


In man copper can be mobilized from the body by the 
intramuscular or intravenous administration of BAL 
(dimercaptopropanol)!:? or by the oral administration of 
penicillamine (dimethyl cysteine)?. Further, it has been 
shown that penicillamine brings about a fall in the plasma 
level of copper which later rapidly returns to normal}; 
the plasma copper presumably being made good from tissue 
stores. There is no direct evidence as to the effect of 
either of these chelating agents on the copper—protein 
bonds in tissues. We have investigated the ability of 
BAL and penicillamine to render liver copper available 
for filtration through a semipermeable membrane. 

Extracts were made from ‘fresh’ post-mortem normal 
human liver by homogenizing finely chopped liver in 1 per 
cent potassium chloride in the proportions 2 : 5 w/v, at 4° ©. 
Centrifugation yielded 75 per cent supernatant fluid with a 
protein nitrogen content of between 4 and 5 mg/ml. and a 
copper content varying from 6-2 to 19-1 yg/mi. Penicill- 
amine hydrochloride was added at a concentration of 
5mg/ml.; this increased the acidity by not more than 1 pH. 
unit. Ultra-filtration was carried out through Hudes 
collodion membranes at a negative pressure of 7-5 cm 
mercury. In the control filtrations, to which no penicill- 
amine had been added, 0-2-0-6 per cent of the total copper 
‘was recovered in the protein-free filtrate; the addition of 
penicillamine did not result in a great increase in the 
mobilization of the metal; the recovery varied from 0 to 
3 per cent. 

Using high specific activity copper-64 we were able to 
make a more detailed study of the uptake and binding of 
copper by liver proteins. Two rabbits of weight 1,690 and 
1,945 g were each injected with 2-82 uc. copper-64 in 
isotonic saline into an ear vein. One animal was killed 2h 
later and the other 24 h later. The animal killed at 2h 
had a liver weight of 78-57 g and tho organ contained 1-2 
uc. copper-64 (calculated at zero time), that is, 45 per cent 
of the injected dose. An extract was made of 19-726 g 
liver in 49 ml. 1 per cent potassium chloride; after centri- 
fugation there was a 20 per cent solid residue. The super- 
natant fluid contained 0-19 uc. and the insoluble residue 
0-086 ue., a ratio of 2-2 : 1. 5-ml. aliquots of supernatant 
were taken for filtration through Hudes collodion mem- 
branes; to one aliquot was added 25 mg penicillamine 
hydrochloride. In the control ultra-filtrate there was no 
detectable activity; this remained entirely in the non- 
filterable protein fraction within the membrane. In the 
aliquot to which penicillamine had been added the count- 
ing rate in the filtrate was 7 per cent above the back- 
ground counts, equivalent to a filtration of 2 per cent of the 
total activity, but with a counting rate so near back- 
ground this observation is of doubtful significance. The 
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second animal, killed at 24 h, had a liver weight of 105-650 g 
with a calculated copper-64 content of 0-61 ue. or 22-7 
per cent of the injected dose. The homogenate (63-25 g 
liver, 52 ml. potassium chloride) showed the same distri- 
bution of activity between supernatant and insoluble 
residue, 0-315 yc. in the soluble fraction and 0-139 yc. in 
the residue, a ratio of 2-27 : 1. Filtration studies were 
carried out by the same technique to that used previously 
except that BAL, 5 mg/ml., was used as the chelating 
agent instead of penicillamine. Neither in the control 
filtrate nor the infiltration fraction to which BAL had 
been added was there any detectable activity. 

We conclude that copper is rapidly taken up by the 
liver and is then firmly bound to protein although the 
efficiency of the concentration mechanism does not appear 
to be so great in the rabbit as in man®. Unlike plasma 
(from which copper-64 is more readily mobilized at 2 than 
at 24 h)® the liver copper—protein bond appears to be 
equally strong at each of these time-intervals and the 
resistance of this bond to the two —-SH chelating agents 
investigated suggests binding to —SH groups in the liver 
protein, an observation in keeping with Morell, Shapiro 
and Scheinberg’s’ findings for human liver copper protein; 
these workers also concluded that the bond was probably 
to an —SH radicle. 
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Macromolecular Ageing in vivo 


Vury little work has been done in the investigation of 
possible changes in biologically occurring macromolecules 
as a function of their age. Research has been done on 
elucidating chemical alterations of collagen on ageing’, 
but this structural protein is a special case involving, 
among other things, the presence of some unusu al amino- 
acids. The question is whether proteins (and nucleic 
acids), in general, exhibit some chemical changes on 
ageing which, by some applied criterion, differentiate 
them from younger molecules of the same species. Such 
an alteration, depending on its nature, may or may not 
affect the molecule’s biological activity. 

The development of techniques for the separation of 
young and old erythrocytes by centrifugation** or of their 
lysates by a serial osmotic hemolysis procedure’ has made 
the red blood cell a particularly attractive system to 
investigate. Young and old hemoglobin and erythro- 
cytic enzymes may be obtained in this fashion and 
examined. Thus, evidence was recently obtained for the 
alteration of hemoglobin, a soluble protein, as it aged im 
vivo. 

Hemoglobin on ageing has been found to increaso its 
electronegativity since it migrates more rapidly on electro- 
phoresis? and on column chromatography®. It has further 
been found to lower its oxygen dissociation’, and to bind 
less chromium? as it becomes older. The structural in- 
volvement of hemoglobin in the hemoglobin-chromium 
interaction is underscored by the work of Meijering and 
Huisman’, who found that different hemoglobins bind 
chromium to differing extents. It would seem that when 
hemoglobin ages a structural change occurs so that 
chromium binding does not occur to the same degree as in 
the young protein. 
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In contrast to the aforementioned differences between 
young and old hemoglobin, hemoglobin of all ages erystal- 
lizes in the same way under identical conditions’, appears 
to retain its original primary structure!* and undergoes 
alkaline denaturation at the same rate!!. 

This communication suggests that certain hetero- 
geneities encountered in the examination of naturally 
occurring macromolecules might well be due to the often- 
ignored phenomenon of macromolecular ageing in vivo. It is 
possible, for example, that the several bands obtained for a 
number of crystalline enzymes on starch-gel electro- 
phoresis are due to different ages of the same enzyme; 
particularly when the .biosynthesis of these enzymes is 
known to take place in a uniform cell population! or, 
better still, known to be controlled by one structural 
gene™. Such a change in the charge on a protein as a fanc- 
tion of its age would be analogous to the results obtained 
with hemoglobin of different ages®*. The difference in 
catalytic properties of thesame enzyme found in the several 
bands" may be a reflexion of a different chemical reactivity 
of the enzyme as it ages. This in turn may be similar to the 
changed reactivity of hæmoglobin with chromium as 
hemoglobin ages*. It is possible that the protein ageing 
hypothesis, in these particular cases, may be tested by a 
pulse-labelling experiment followed by a determination 
of the radioactivity in each of the electrophoretically 
obtained enzyme bands over a period of time. It should 
be noted that the enzymes mentioned here are not of the 
type which exhibit similar substrate specificities and are 
often separable on electrophoresis, but the synthesis of 
which is controlled by non-allelic genes (for a discussion, 
see ref. 14). 

Although the following cannot be regarded as a sum- 
mary of all the changes which might occur in proteins on 
ageing, it is indicative of the types of changes that can be 
envisaged: 

(1) The gain or loss of certain groups (for example, 
partial deamination, partial decarboxylation, reacting 
with glutathione, lipids, carbohydrates, water, amidation 
of carboxyl groups, etc.). 

(2) Reduction of disulphide bridges; 
sulphydryl groups. 

(3) Partial unfolding, conformational transitions. 

(4) Primary structure alterations (for example, the 
possible conversion of one amino-acid to another within the 
protein, such as serine to glycine, etc.). 

Some of the foregoing reactions occurring as a function 
of age of protein could account for the experimentally 
observed, differences between young and old hemoglobin. 
They may prove to be the reason for the electrophoretic 
differences found between enzymes controlled by one 
structural gene as well as for some other heterogeneities 
observed in the examination of macromolecules. 

It is true that the erythrocyte system, at least so far, is 
nearly unique in that young and old cells and contents can 
be systematically obtained for examination. At the same 
time these cells are not strictly typical ones. They are 
anucleated and have a distinct life-span. The activities 
of a number of their enzymes decrease as the cells age, 
reflecting and providing thereby a changed intracellular 
environment. The molecular alterations encountered in 
old hemoglobin may, however, still be indicative of 
similar changes in the ageing of other proteins. 

Differentiation of young and old molecules in other 
systems may either occur accidentally or require the 
patient application of a variety of techniques. In the case 
of old and young serum albumin the disappearance curves 
indicate identical rates of breakdown and, judged on this 
basis, no difference between the young and old molecules. 
The problem of the separation of different aged macro- 
molecules must, hence, be solved empirically. 

The effect of ageing has long been recognized in other 
areas of chemistry, even in inorganic chemistry, where the 
age of colloids has been found to affect their properties 
materially. It is not unlikely, therefore, that in the much 
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more complex macromolecules, molecular age plays a 
significant part in their structure andjor function. 

In conclusion, based on experiments with young and old 
hemoglobin, we have pointed to the ageing of macro- 
molecules as a factor to be considered in the solution of 
certain investigations dealing with heterogeneities of 
functionally and structurally closely related molecular 
species. 

Note added in proof. Since this paper was submitted 
for publication Rosa and Labie (Nature, 196, 901; 1962) 
have shown that it is only the @-chain of hæmoglobin 
that is altered on ageing. At the same time, Malcolm et al. 
(Blood, 21, 8; 1963) have confirmed earlier reports that 
chromium binding by hemoglobin takes place only on 
the ®-chain. These findings -are of interest in regard to 
the decreased chromium binding by old hemoglobin (see 
above). 

Harry WALTER 
Medical Research Programs, 
Veterans Administration Hospital, 
Long Beach, California, 
and Department of Physiological Chemistry, 
University of California, 
School of Medicine, Los Angeles. : 
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PHYSIOLOGY 


Induced Uphill and Downhill Transport : 
Relationship to the Ussing Criterion 


Durine the entry of glucose into the human red cell 
there is an induced outward transport of radioglucose 
against its concentration gradient. Similarly in the 
rabbit erythrocyte the entry of glucose induces an outward 
transport of xylose or galactose against a concentration 
gradient®. It is the purpose of this communication to 
show that this phenomenon is directly related to the ratio 
of the inward and outward fluxes across the membrane 
and to give a reversible thermodynamic derivation of the 
Ussing? criterion. 

Consider two chambers I and II containing solutions of a 
substrate S and its isotopic variant S * and let the solutions 
be separated by a membrane permeable to S and S*. Let 
the concentrations and specific activities in the two 
chambers be C1, kr and Cr, krx respectively. If initially 
there is equilibrium C,=C,,=C and ki=kn=k. Suppose S 
is added to chamber I to increase the concentration to 
O'r, then the specific activity of S in chamber I becomes 
ook. If the flux of S from I to IT is denoted by mr.11, then 
the rate of transport of S * from I to II will be Fem: 


and if the flux from TI to I is mı the rate of transport of 
S * from II to I will be kmrz+1. The net movement of S* 


x p O ap OT mon 
will be zero ifa- kmi m= kmi- or if = = ——. 
` C'i C MIL 
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and induced ‘uphill transport of S* will occur. If 
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there will be net transport of S* from II to I 


MI- II 
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this may be termed induced downhill transport. 

If the nature of the solvent is different on the two sides 
of the membrane or if ions are being considered and there 
is an electrical potential difference between, the chambers 
then at equilibrium Cı may not equal Cir. Let the initial 





there will be net transport of S* from I to IT; 


Sighs Ss C 
equilibrium conditions be such that a, =a, then by an 
extension of the foregoing argument 








Cy M111 

pe eg Se * 

Oe" ma for no net transport of S (1) 
O'I MII 

— ; * 

On = for induced uphill transport of S (2) 
Or My I 





Tn a for induced downhill transport of S* (3) 

When the two substrates are chemically different but 
use the same transport mechanism and have the same 
kinotics, equations (1), (2) and (3) will still apply. If the 
substrates have similar kinetics but different affinities for 
the transport system and different maximum rates of 
transport, tho same equations can also be used provided 
each concentration is expressed as a proportion of K/V, 
where K is the appropriate half saturation constant and 

V is the appropriate rate constant. It may be doubted, 

however, whether in practice V can vary without an 
alteration in the type of kinetics. If the substrates have 
different types of kinetics the equations will vary according 
to the relative proportions of the two substrates present 
and experimental results in such cases may be difficult to 
interprat. 

In dilute solution and if S is uncharged, S* will be 
caused to move up a free energy gradient when induced 
uphill or downhill transport occurs and some form of 
interaction must take place in the membrane. In more 
concentrated solutions the activity coefficient for S may 
differ from unity and the chemical potential of S * becomes 
influenced by S. S* may then move down a free energy 
gradient when induced transport takes place, and the 
interaction may be regarded as taking place in the solutions 
in contact with the membrane. With ions interaction may 
also occur through the common electrical gradient across 
the membrane. The circumstances in which interaction 
necessarily occurs in the membrane and is not due to 
the common electrical gradient may, however, be obtained 
by a further development of the argument. Consider the 
two chambers described here and let the electrical 
potentials of the chambers be Er and Err respectively. 
In addition let the activity coefficients of S be fr and fu, 
and let p, and p be the chemical potentials of S*. 


z fukuOn 
Then pu—yr=RT In Aa +nF (En— Ei) (4) 
where F =Faraday and n=number of positive electrical 
charges on S. 
Let Cı and Ci be of any magnitude but assume that 
initially there is equilibrium with respect to S*, 
then pr —ur=0 
~2F (Ex — E) 
Jakun _ ass ee 


FilrCy 


Since there is equilibrium for S* across the membrane the 
net movement of S* across the membrane must be zero 
or free energy must be supplied to S* in transit through 
the membrane. 


But flux of S* from I to I = kmis 
and flux of S* from II to I= kumi 
for no net movement of S* 


and (5) 
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kimisi = kim (6) 
From (5) and, (6) 
nF (Eu— Fay 
mist fu Cu RE (7) 


mon fiCr 


This is the Ussing’ relationship and it follows that if the 
membrane does not supply free energy to S*, then the 
Ussing relationship must be obeyed even if the kinetics 
are not of the Fick diffusion type upon which the original 
derivation of the relationship was based. If the Ussing 
relationship is not obeyed the free energy supplied to S* 
may be derived from active transport mechanisms or from 
movement of solvent or other solutes; but if these sources 
are not operative the energy must come from S moving 
in the opposite direction and some interaction between 
like molecules must take place. 

The foregoing discussion indicates that induced uphill 
transport may be expected where equation (2) applies. 
It also shows that the converse phenomenon, induced 
downhill transport, might be observed in certain circum- 
stances, for example in the movement of potassium 
through the membrane of the squid axon‘. It is sug- 
gested that in some cases induced uphill or downhill 
transport might prove a sensitive method of determining 
whether equation (1) applies to flux ratios. 

These relationships show that induced uphill transport, 
in the human red cell for example, cannot be considered 
as evidence for carrier mobility, which is of a different 
kind from that derived from the flux datea®*. It is con- 
ceivable that the fluxes found may occur without mobile 
carriers and it follows, therefore, that there is no criterion 
at the moment by which the mobility of carriers in tho 
membrane can be decided. 


H. G. BRITTON 


Physiology Department, 
St. Mary’s Hospital Medical School, 
London, W.2. 
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Properties of a Carrier System to transport 
L-Dopa into Brain Slices 


L-DOPA(DIHYDROXYPHENYLALANINE) is accumulated in 
brain cortex slices of guinea pigs against a concentration 
gradient when the slices are incubated in. glucose Ringer at 
37° C. The accumulation is reduced by anaerobic con- 
dition and by addition of metabolic inhibitors. 

As shown in Table 1, little p-dopa seems to be trans- 
ported by an active process and addition of phenylalanine 
and tyrosine causes an inhibition of transport of L-dopa 
competitively. However, other kinds of amino-acids such 
as glutamate and alanine do not show any significant. 
influence. These results may suggest that a carrier 
system for L-dopa transport may have a high specificity 
on stereo-configuration and a transport system for glut- 
amate may be a different one from transport system for 
dopa. 

Omission of calcium stimulates the transport, but 
omission of sodium, potassium and magnesium causes a 
decrease in it. The transport of L-dopa is increased by 
addition of sodium in the case of a sodium-free medium. 
until the concentration of this element reaches about 
80 mM. Half-maximal activation by sodium is obtained 
at 20 mM. Similarly, half-maximal activation by potas- 
sium is obtained at 3 mM. These values for sodium and 
potassium are fairly in accord with the concentration of 
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Table 1. INFLUENOES OF AMINO-AQID AND IONIO COMPOSITION IN 
SUSPENDING MEDIUM ON TRANSPORT OF L-DOPA INTO BRAIN SLICES 
Amount of dopa in brain slices 
Experimental condition (umoles/g fresh wt.) 
L-dopa 0-409 
DL-dopa 0-269 
L-dopa at 0° O 0-112 
DL-dopa at 0° C 0-105 
E-dopa L-tyrosine (10+ M) 0-260 
L-dopa L- ep eared (10+ M) 0150 
L-dopa L-alanine (10-* M) 0-412 
1-dopa I-glutamate (10 M) 0-398 
L-dopa in Na-free Ringer 0-164 
L-dopa in K-free Ringer 0-310 
L-dopa in Mg-free Ringer 0-310 
L-dopa in Ca-free Ringer 0-521 


Brain cortex slices of guinea pig were incubated in glucose~Ringer with 
t-dopa (0-1 zmole/ml.) at 37° C for 80 min in air with shaking. The amount 
of dopa in the slices was estimated by trihydroxyindol method after treatment 
with aluminium hydroxide. 


Table 2. Exrror OF OUABAIN, PROTOVERATRINE, EDTA AND COCAINE ON 
THE TRANSPORT OF I-DOPA AND CONTENT OF POTASSIUM IN BRAIN SLIOES 


Amount of dopa Amount of K 
in slices i 


Effector in slices 
{zmoles/g wet wt.) (umoles/g wet wt.) 
None 0-410 459 
Cocaine (107 0-464 476 
Ouabain (5 x 10° AD 0-230 13-8 
Ousbain + Cocaine (107 M) 0'281 43-3 
Protoveratrine (5 x 10-5 M} 0-280 21°68 
Protoveratrine + Cocaine 0-414 448 
EDTA * (10 M) 0150 eA 
EDTA * + Cocaine 0-416 30-2 


ae of dopa and potassium in slices were measured after incubating 
‘or 
* EDTA was added in Ca, Mg-free Ringer. 


Table 3. UPTAKE OF L-DOPA BY BRAIN SLICES WITH LOW INTRACELLULAR 
CONCENTRATION OF POTASSIUM 


Amount of dopa* in slices Amount of K* in slices 
Taonbation Low K 


w 
slices 


ime slices Control Control 
5 min. 0-149 0°196 22°8 44:2, 
10 min. 0-239 0'291 34:3 452 
30 min. 0-385 0405 425 44-9 


* Amount was expressed in umoles/g wet weight of the slices. 

The low-potassium slices were made by pre-fincubating the brain cortex 
slices with protoveratrine (5 x 10-* M) for 20 min at 87° C. Then the slices 
were washed twice with ice-cold Ringer to remove the effector and reincub- 
ated with L-dopa in glucose-Ringer. 


these ions to get the maximal activity of the sodium, 
potassium-activated adenosine triphosphatase (ATPase) 
which is known to be present in particles in a complicated 
organized system?!-*, Moreover, the transport of L-dopa into 
brain slices is remarkably inhibited by ouabain, which is 
known as a selective inhibitor of the sodium, potassium- 
activated ATPase. Inhibiting effect of ouabain on transport 
of glutamate into brain slices has also been observed*?, 
These results may indicate that the sodium, potassium- 
activated ATPase may be involved in the transport 
process of amino-acid the same as a case of cation trans- 
port}, 

Protoveratrine and ethylenediamine tetraacetic acid 
(EDTA) cause an inhibition on transport of L-dopa into 
brain slices, and the inhibitions are completely protected by 
cocaine. On the other hand, protoveratrine does not 
show any influence on the activity of sodium, potassium- 
activated ATPase. From these results, it is assumed that 
a site of action of protoveratrine and EDTA must be 
present in a different point from that of ouabain in the 
active transport process. As shown in Table 2, a close 
parallelism between. potassium content and the ability to 
take up L-dopa leads us to an assumption that potassium 
content may be a regulator of transport process of L-dopa. 
The assumption is supported by a result that influx of 
x-dopa into brain slices having a low potassium content is 
slower than the control, as shown in Table 3. Moreover, 
it seems unlikely to consider that both uptake of potassium 
and x-dopa are coupled. The importance of intracellular 
potassium concentration on transport of amino-acid has 
also been reported by Burg and Orloff’; but they postu- 
lated that an inhibiting effect of ouabain on transport of 
amino-acid was secondary to reduction of intracellular 
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potassium content caused by ouabain. Our results show 
that the inhibiting effect of ouabain on L-dopa transport is 
scarcely influenced by cocaine, which causes an almost 
complete protection on a drop of potassium content 
caused by ouabain. Therefore, it seems that the ouabain- 
sensitive site containing the sodium, potassium-activated 
ATPase and intracellular potassium concentration may 
be independently important factors to regulate transport 
of amino-acid into brain slices. 

Based on our experimental results, a hypothesis on 
the carrier system of amino-acid transport is proposed as 
follows. The carrier system may be divided into two 
parts: (1) A specific site to combine with L-dopa, phenyl- 
alanine and tyrosine: glutamate must have another 
specific site for the transport. (2) An ouabain-sensitive 
site including sodium, potassium-activated ATPase as a 
component. This site seems to be common for many kinds 
of active transports for cations, amino-acids and others. 
The site of action of intracellular potassium concentration 
which is postulated as an important regulator remains to 
be investigated. 


Department of Pharmacology, 
Osaka, University, 
Japan. 
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Thyroxine and the Oxidized Flavour in Milk 


THE correlation of oxidized flavour scores in milk with 
physiological conditions of the cow, age, yield of milk, 
stage of lactation and heat indicates a hormonal control of 
this defect, and of the components in milk responsible for 
its development??. In the present investigation thyroxine 
was administered to 12 cows in an experiment of latin 
square change-over design’, to find out whether thyroxine 
had any effect on the development of oxidized flavour in 
the cow milk. Six cows in their first lactation period and 
6 in their fourth or fifth lactation periods were used. 

All animals were distributed in the following manner, 
according to their age and state in lactation: Group I, 
young animals in early lactation; Group II, young 
animals in late lactation; Group III, older animals in 
early lactation; Group IV, older animals in late lactation. 
The experiment was conducted over 3 successive one-week 
periods. The 3 animals in each block received different 
treatments in the same period. 

' L-Thyroxine sodium salt was given orally in amounts of 
200 mg six times during the first three days of the period. 
It was compared with thiouracil given in 9-g portions, also 
six times during the first three days of another period. It 
was compared also with a control period without any 
treatment. The animals’ ration consisted of hay, alkali- 
treated straw and concentrates. Oxidized flavour was 
evaluated by 4 judges on 6 replicates of samples, as 
prepared without and with 0-4 and 4:0. p.p.m. added 
copper, as crystalline copper sulphate. The oxidized 
flavour developed by keeping the samples in cold storage 
at 5° C for 48h. The milk was graded for degree of oxidized 
flavour by use of a scale going from 0 (lowest point) to 6 
(highest point). The oxidized flavour count was higher in 
the period of thyroxine treatment than in the correspond- 
ing time (from third to sixth day of the period) when 
anti-thyroxine or no treatment was given. Only total 
score is considered in each period of the test. 
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Table 1 
Group I Group IT Group HT Group IV 
Young animals, Young animals, Older animals, Older animals, 
early lactation late lactation early lactation late lactation 
Thyroxine 
period 618 550 454 331 
Thiouracll 
period 450 440 338 206 
Control 
period 620 484 361 188 


The result of the statistical calculation gave significance 
at the 0-001 level of probability (***) for the treatment. 
The older animals in late lactation did not respond to 
thiouracil, and this treatment did not have a significant 
effect when calculated for all animals used in the experi- 
ment. 


Table 2 
Degrees of 
freedom Sum of squares Mean ofsquares 
Group 3 49,839 16,613 “ee 
Animal 8 84,824 4,353 eas 
Period 8 40: 1,129 bd 
Treatment au Sinem Yhn 
treatment x group i 
Best Sys 4767 f 5787 bayas 
Total 35 111,798 


Not only thyroxine but also sex hormones as well as the 
adrenaline-pituitary system may be important for the 
development of oxidized flavour in milk. 

HARALD ASTRUP 

Agricultural College of Norway, 
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HISTOCHEMISTRY 


Multiple Nature of Alkaline Phosphatase 
in the Mammalian Kidney 


In a recent communication Sandler and Bourne: have 
described the separation of specific phosphatase bands 
after starch-gel electrophoresis of kidney homogenates. 
A histochemical examination of alkalme phosphatase in 
the kidneys of a wide range of eutherian mammals? has 
revealed a number of instances in which differences in 
distribution, obtained by the use of two methods of 
visualization, reinforce the view that there is more than 
one alkaline phosphatase, each of which has the capacity 
to utilize a range of phosphate esters as substrate. 

Manheimer and Seligman’, comparing a simultaneous 
coupling azo-dye method with the method of Gomori}, 
stated that no significant difference was found in the 
distribution of alkaline phosphatase revealed by these two 
methods. 

Modifications of both methods have been used to render 
visible alkaline phosphatase at pH 9-4. The calcium 
precipitation method of Gomori has been modified accord- 
ing to Lillie®. The simultaneous coupling azo-dye method 
of Manheimer and Seligman, modified by Lillie’, has been 
further modified by the use of sodium-$-naphthyl phos- 
phate as substrate and a reduced amount of diazo blue 
B (NBC). 

Thin representative slices of kidney were fixed overnight 
in 80 per cent alcohol, dehydrated in two changes of 
absolute alcohol, 1 h each, cleared in two changes of 
petroleum ether, 15 min each, and were then embedded for 
10 min in 55° C melting point paraffin at 58° C and a 
negative pressure of 20 in. mercury. Sections were taken 
at 7u. Human material was obtained by percutaneous 
renal biopsy and was treated in the same manner. 

In human material obtained from patients with diabetes 
mellitus or benign essential hypertension there is usually 
either a complete lack or a depletion of alkaline phos- 
phatase visualized by the calcium precipitation method. 
This is possibly due to ischzemia’ or to a metabolic disturb- 
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ance resulting from or causing the disease. The same 
biopsy specimens show a normal or slightly reduced 
alkaline phosphatase when visualized by the azo-dyo 
method. This may be the result of greater sensitivity of 
the method, but alternatively may be due to the existence 
of a range of alkaline phosphatases operating at the same 
pH range, in the same general location, but reacting with 
different spectra of substrates. 

The latter view is reinforced by distributional differ- 
ences, revealed by these two methods, in the kidney of a 
pronghorn antelope (Antilocapra americana) and in tho 
kidney of a mole (Scapanus latimanus). The specimen of 
Antilocapra was the only one of five which showed an 
unusual distribution. A distinct zonation was shown 
when the alkaline phosphatase was visualized by both 
methods. An outer or cortical zone visualized with 
approximately equal intensity, while an inner or juxta- 
medullary zone was more intense for the calcium procipi- 
tation method and less intense for the azo-dye mothod. 
Microscopical examination revealed that this differenco 
was due to a very strong positive reaction, produced by 
the calcium precipitation method, in the spiral tubules’. 
The azo-dye technique showed no reaction for these 
tubules except in their terminal portions (Figs. 1 and 2). 

In Scapanus the calcium precipitation method showed 
an almost complete absence of activity, with a few 
proximal convoluted tubules giving a positive reaction. 
The azo-dye method reacted strongly, showing a normal 
distribution of alkaline phosphatase. A mouse kidney 
used as control showed equal intensity in both methods 
(Figs. 3 and 4). 

It seems unlikely, in view of the normal reaction patterns 
shown by the control tissue, that these distributional 
differences are the result of artefact such as substrate 
hydrolysis or false localization and precipitation’, If 








Fig. 1. Antilocapra americana, kidney (Gomori method, x ¢. 34) 
Toe EE PRR T 
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Fig. 2. Antilocapra americana, kidney (Azo-dye method, xc. 34) 
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Fig. 3. Scapanus latimanus, kidney (Gomori method, x c. 250) 
Fig, 4. Scapanus latimanus, kidney, (Azo-dye method x c. 260) 


artofact is ruled out, these differences can be explained by 
the existence of two or more alkaline phosphatases with 
differing abilities to react with a wide range of substrates. 
In the Antilocapra specimen alkaline phosphatase in tho 
proximal convoluted tubules reacts equally with the 
substrates used in both methods. The alkaline phos- 
phatase of the spiral tubule reacts only with the glycero- 
phosphate substrate of the calcium precipitation 
method. 

In Scapanus there is an almost complete absence of 
alkaline phosphatase which can react with glycerophos- 
phate but an abundance of enzyme which can react with 
naphthyl phosphate used as substrate in the azo-dye 
method. In the mouse used as control there is either an 
equal quantity of each of these enzymes or olse a third 
alkaline phosphatase which reacts equally with both 
substrates. 

Similarly in human material it can be supposed that two 
alkaline phosphatases are normally present in the same 
situation in equal amounts and that in some pathological 
conditions there is a depletion of that phosphatase which 
ean use glycerophosphate as substrate. 

Whether or not minor differences in distribution, for 
example, nuclear staining, may be due to adsorption 
artefact has been a matter for argument since results 
from calcium precipitation methods and azo-dye methods 
wero first compared. The possibility does seem to 
exist, however, that many small distributional differ- 
ences are due to the multiple nature of alkaline phos- 
phatase. 

Tho specimens of Antilocapra americana were obtained 
through the kindness of Curt P. Smith, director, and 
George Mitchell, game biologist, of the Alberta Depart- 
ment of Lands and Forests, Fish and Wildlife Division. 
The specimen of Scapanus latimanus was kindly provided 
by Ward C. Russell, Museum of Vertebrate Zoology, Uni- 
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versity of California, and the renal biopsy specimens were 
provided by Dr. D. F. Lewis, of Medicine Hat General 
Hospital. ; 


R. P. Fovecan* 
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Medicine Hat General Hospital, 
Alberta. 
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Tetracycline Localization in the Early Stages of 
Isogenous Bone Graft 


WHILE ongaged in an examination of the fate of isogen- 
ous bone grafts inserted in the anterior chamber of the rat’s 
eye, I thought, following the conclusions of several 
workers!-*, that it might be of interest to determine 
the localization of growing bone surfaces by ‘intra-vital’ 
staining. 

20 young rats were used in the work. At daily intervals 
from the 2nd to the 6th day after implanting a small piece 
of cancellous autogenous bone in the anterior chamber of 
the eye, 4 animals were given one single intraperitoneal 
injection of 50 mg/kg chlortetracycline. 

The rats were killed two days after injection. Unde- 
calcified specimens were fixed, sectioned and examined 
under ultra-violet light. The findings were as follows : 
At the second day, no fluorescence could be detected ; but 
from another work we know that vascularization of the 
implant does not start before the 3rd day. A yellow 
fluorescence was seen at the 3rd day localized evenly in the 
whole piece of bono the death of which was shown by 
empty lacune. From the 4th day on, the sections showed 
a mixture of dead bone and patches of newly formed bone; 
a brilliant yellow fluorescence was consistently seen, almost 
entirely in the dead part of the bone. Moreover, in the 
neighbouring soft tissues a brilliant yellow fluorescence was 
localized in a serpentine structure identified as the 
crystalloid membrane of the lens. There is no mineral in 
the crystalloid membrane, so that in this instance the 





Fig. 1. 


6th day. Histologically : 
trabiculm are in process of formation, and 
down, in close contact with theold. On the right side of the illustration : 


ihoipient osteogenesis, New 
o new bone is being laid 


osteolysis without osteoclasts. Brillant fluorescence is concentrated in 
the dead bone. Injection given on the 4th day 
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Fig.2. 6thday. Amidst young connective tissue a piece of dead bone 

is seen, covered on one side by a vessel. From the wall of the latter, 

differentiating osteoblasts, Fluorescence is limited to the dead bone, 

In the upper right corner a brilliant serpentine structure is noticed, 
It is the crystalloid membrane of the lens 


tetracycline must be attached to some organic tissue 
component. A remarkable feature is perhaps the high 
degree of lysis seen in the edges of the old bone. The 
tetracycline fixation at that level might be related to the 
conclusion of the work of Milch*, who observed that 
tetracycline is capable of being bound to butanol- 
extractable fraction. This selective localization of tetra- 
cycline in dead bone, added to the evidence given by other 
workers’ that the fluorophor material is bacteriostatic, 
might explain the therapeutic effects of tetracycline in 
osteomyelitis®. 

I thank Prof. I. Trueta for his help during this work. 

J. DELEU 
Department of Orthopedic Surgery, 
Nuffield Orthopedic Centre, 
Oxford. 
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PATHOLOGY 


Induction of Bacteriophage Formation in 
Lysogenic Bacteria by a Potent Carcinogen, 
4-Nitroquinoline l-oxide, and its Derivatives 


Srvce the pioneer work of Lwoff et al.', it is well known 
that in certain lysogenic strains of bacteria the phage 
formation leading to cell lysis can be induced by various 
agents such as ultra-violet, ionizing radiation, nitrogen 
mustard, ‘Mitomycin O’ (ref. 2), ete. According to Lwoff’s 
argument, all the water-soluble carcinogens may exhibit 
more or less prophage-inducing action. From this point 
of view, it may be of interest that 4-nitroquinoline l-oxide 
(4-NQO), which was recently demonstrated as a powerful 
carcinogen by Nakahara et al.*, was found to exert an 
inducing effect on phage formation in Lscherichia coli 
K12()). Of further interest is the fact that the ability of 
several derivatives of 4-NQO to induce the phage formation 
is coincident with their carcinogenic action. 

E. coli K12(>) during the logarithmic phage of growth 
was collected by centrifugation, resuspended at a cellular 
density of 2 x 10*/ml. in >-broth* containing appropriate 
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Table 1. 4-PHAGE-INDUCING ACTION OF 4-NQO AND ITs DERIVATIVES 
Ratio to control * Carcino 
No. Compound 1x 25 x Inducing goniec 
1074M 10*M 10°M activity activity 
1 4-Nitroquinoline 
l-oxide 48 50 32 + 
2 6-Chlor, 4-nitroquino- 
line 1-oxide 42 13-7 2-2 
3 4-Hydroxylamino- 
quinoline 1-oxide 47 54 1-1 + 
4 4-Nitroquinaldine 
l-oxide 79 12-7 1-9 + 
5 4-Nitroquinoline 08 0-6 05 - 
6 Quinoline 1-oxide 1-0 11 09 
7 4-Nitropyridine 1-oxide 21 24 oo 
8 4,6,8-Trinitroquinoline 
l-oxide 01 rt 0-6 
9 4-Aminoquinoline 
1-oxide 06 09 0-9 - 
10 4-(S-Cysteinyl)quino- 
line 1-oxide 1-0 1-0 1-0 
The compounds are exposed with K12(A) cells (2 x 10*%/ml.) for 10 min 


at the concentration of 1 x 10“, 10+ and 2-5 x 10% M, respectively, 
The number of released phages was counted at 150 min after the treatment. 
No. of phages in treated culture at 150 min 


. j a a es 
Ratio to control = No. of phages in control culture at 150 min 





concentrations of test chemicals and incubated at 37 
under shaking. After 10 min, each suspension was diluted 
quickly, so that the action of the compounds was termina- 
ted and incubation was continued further. Aliquots of the 
diluted samples were taken and plated with the indicator 
strain, E. coli C-600, on to the agar plates. After overnight 
incubation the number of the developed phages was 
counted. 

Fig. 1 shows the one-step growth curve of phage induc- 
tion by treating with 4-NQO, at the concentration of 
10-4 M, for 10 min, under which condition the maximal 
yield of the phage titre was obtained. Cell lysis following 
phage release begins at about 90 min after the addition 
of 4-NQO, with an average burst size of 130 (phage part- 
icles released/induced cells). When ultra-violet or “Mito- 
mycin O’ was used as inducing agent the length of the 
latent period was about 60 min; however, 4-NQO caused a 
delay of about 30 min for the cell lysis. 

The relation between carcinogenic potency of 4-NQO 
derivatives and their inducing abilities is presented in 
Table 1, in which the inducibility of each compound was 
estimated at three different concentrations and by counting 
the number of released phages. Because the inducing 
action of 4-NQO and its derivatives is relatively weak in 
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Relative No. of infective centres * 
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0 30 60 90 120 150 
Time (min) 
Fig. 1. One-step growth curves 5 aca by A12(A) induced by 
4- 


* Relative No. of infective centres indicates the number of plaques per 
u, 
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comparing with that of altra-vidlet Egi: or ‘Mitomycin 
C’, it is difficult to measure by counting the number of 
induced cells, the plaques of which are considerably small, 
not homogeneous in size and. indistinguishable from those 
caused by spontaneous induction. Nos. 1, 2, 4, 5 and 6 
compounds have already been tested as to their carcino- 
genicity by Nakahara et al.*. The results of the carcino- 
genesis experiment with Nos. 7, 8 and 10 compounds have 
not yet been published; but according to a personal 
communication from Dr. Nakahara and Dr. Takayama, 
they are non-carcinogenic. The non-carcinogenicity of 
No. 9 compound was confirmed by one repeated experi- 
ment. 

Thus, a complete coincidence between the carcino- 
genicity and the ability of the phage induction in E. coli 
K12(\) was observed among 4-NQO, its derivatives and 
related compounds. These results indicate that Lwoff’s 
prediction holds true also in this case, and that this 
phenomenon of phage induction in lysogenic bacteria, 
as he has emphasized, is useful for the rapid and sensitive 
detection of water-soluble carcinogens. But from our 
negative data on dimethylnitrosoamine it seems difficult 
to say that the inducing action is a character common to 
all water-soluble carcinogens. 

The experimental results presented in this communi- 
cation and a forthcoming article’ suggest that this 
phenomenon is rather characteristic for so-called radio- 
mimetic substances. It is also noted that 4-hydroxyl- 
aminoquinoline l-oxide (4-HAQO) is similar to 4-NQO 
with regard to phage induction in Æ. coli K12(4), while 
4-aminoquinoline l-oxide is not (Table 1). Okabayashi’ 
has recently observed that 4-HAQO shows the same 
potency in the mutagenic action on Aspergillus niger as 
4-NQ0 and the mutants obtained in both cases are pheno- 
typically identical. Furthermore, we have found that 
4-HAQO also possesses the same abilities as 4-NQO in 
producing nuclear inclusions in tissue culture cells and of 
-oshowing tumoricidal action, as will be fully described 
elsewhere. These results lead us to presume that 4-NQO 
might act as carcinogen through its reduced form, 
»4-HAQO. 
HIDEYA ENDO 
MINORU ĪSHIZAWA 
Tomova KAMIYA 
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Yams and Liver Necrosis 


Yam (Dioscorea rotundata) is widely consumed in Ghana 
and other parts of West Africa and in some regions forms 
| @ staple of the diet. Toxic principles have been isolated 
from some species of yam, and it is widely known among 
farmers that the consumption of particular forms of yam 
“may prove fatal. Other species of yam when eaten in 
i large quantities. are said to lead to stupefaction*®. It 
- seemed desirable, therefore | to examine more. closely the 
- nutritional properties of those species of yam consumed 
commonly in Ghana. 

=- Bioassays of yam (D. rotundata, D. alata, D. cayenensis), 
cocoyam (Xanthosona sagittifolium) and plantain were 
carried out in weanling rats, a minimum of ten rats being 
used in each experiment. None of the foods promoted 
growth nor was survival prolonged beyond 100 days. At 
autopsy, there was macroscopic evidence of acute necrosis 
of the liver in 10 of 13 rats receiving D. rotundata. Histo- 
logically, there was typical massive necrosis and an 
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accompanying cholangio-Aibrosis, post-necrotic -searring 
and nodular hyperplasia in some, such as has been de- 
scribed on a diet of corn starch and food yeast’. Necrosis 
could not be prevented in the yam-fed rats by including 
10 per cent palm oil in the diet. This type of necrosis has 
not been observed to occur in weanling rats fed either 
maize, rice or cassava. Whether the lesion in the yam- 
fed rats is the consequence of a deficiency of sulphur - 
amino-acids or any other factor or whether due to a specific 
toxic principle has still to be determined. 

The response of adult rats to a diet of yam (D. rotundata) 
was different from that of the weanlings. Although there 
was an initial loss of weight in adult animals, this was 
regained by the end of 4-6 weeks and thereafter main- 
tained for a variable period of time, up to 150 days. This 
performance was as good as that observed in rats of a 
similar weight receiving a diet consisting only of maize. 
After 150 days, the yam-fed rats lost weight steadily and 
all were dead within 294 days. No necrosis of the liver 
was observed in adult rats which came to autopsy. 
Evidently, the liver-necrosing action of yam becomes 
manifest only in young rats. 

CHRISTINE GILBERT 
JOSEPH GILLMAN 
National Institute of Health and Medical Research, 
P.O. Box M.32, Accra, Ghana. 
‘Irvine, F. (personal communication). 
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IMMUNOLOGY 


Serum Hemagglutinins in Heterologous 
Chimeras 


ALTHOUGH extensive investigations have been conducted 
on murine radiation chimeras, evidence for humoral 
antibody formation by either the grafted donor cells or 
the host against the reciprocal antigenic tissue have not 
been directly demonstrable, although graft anti-host 
agglutinins have been observed in rabbits’? and in 
pigeons*. While the work recorded here was in progress 
Doria indicated the existence of graft anti-host activity 
in the sera of homologous chimeras by assessing the 
presence of an intermediary agglutinin titre’®. To my 
knowledge there has been no direct demonstration of 
either graft anti-host or host anti-graft antibodies in the 
sera of murine radiation chimeras; this communication |. 
indicates the presence of both types of humoral hemag- 
glutinins which are detectable 3-4 weeks post-treatment 
in heterologous chimeras. 

Seven groups, composed of 6 male mice each of the 
LAF strain (C57L x A/He) weighing 20-25 g, were used. 
The donor animals were either normal male Sprague- 
Dawley rats (group B donors) or Sprague-Dawley rats 
which had received prior LAF spleen implantations fol- 
lowed by two later intraperitoneal injections of LA 
lymphoid tissue (group A donors). Litter mates of the 
latter donors indicated that within 4 days of inoculation, 
with LAF lymphoid tissue, anti-LAF haemagglutinin 
titres of 1/10,000 were obtained. Mice were injected 
intravenously with 1 x 105, 1x 10°, or 1x 10° viable bone 
marrow cells from either group A or group B donors within 
2 h following 950 r. total-body X-ray. The animals wore: 
blod at weekly intervals from the retro-orbital sinuses 
and the sera frozen until hemagglutination assays could). 
be performed. Stimpfling’s polyvinyl pyrrolidone method _ 
was used’. Mice receiving 1 x 10° or 1 x 10° bone marrow: 
cells from either group A or B donors succumbed within 
two weeks of treatment; no detectable hemagglutinin 
titre was observed in these animals. $ 

The results of serum hemagglutinin determinations inc 
radiation chimeras can be observed in Table 1. The- 
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Table 1. SERUM HEMAGGLUTININS IN HETEROLOGOUS CHIMERAS REACTING AGAINST DONOR (RAT) AND Host (LAF) Rep BISOD CRINS 
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hree weeks post-treatment in an animal of group B 
è later succumbed. : A more typical result: was obtained 
oup A at four weeks post-treatment in which both 
anti-graft and graft anti-host reactions were detect- 
lo. As can be seen also in Table- 1, these titres were 
stained throughout the experimental period. Typically, 
animals in group A showed detectable humoral hemag- 
glutinins 2-4 weeks prior to animals in group B. 
In order to determine the strength of the humoral 
hemagglutinin, a 2-fold serial dilution titre was run at 
weekly intervals on the sera of No. 2 mouse of group A. 
z It ean be seen in Table 2 that, generally, graft anti-LAF 
hemagglutinin titres are appreciably higher than are host 
ti-rat hemagglutinins. This was found to be the case 
for all animals in group A and B at 10 weeks post-troat- 
ent. 
The prosence of agglutinins capable of responding to 
donor and host cells in the sera of heterologous radiation 
chimeras raises a question as to whether it represents 
antibody. formation which responds non-specifically to 
host: and graft tissue, or whether it represents antibody 
formation from both graft and host cells. The sera of 
these chimeras. have. been shown to agglutinate other 
-mouse red blood cells, as AKR/J, C57 BL/6J, A/HeJ, 
OBH x 101/Cum and BALB/cJ, at the same serum titre 
dilution as LAF cells. Indeed, at 1/32 dilution of serum, 
invitro hemagglutination was observed against its own red 
blood cells, Arguing against the non-specific antibody 
formation is the knowledge that: (1) anti-LAF titres are 
appreciably higher than anti-rat titres and, also, that anti- 
rat titres generally aro detectable in the serum. earlier 
after treatment, thus showing demonstrable. differences 
in concentration and emergence of ‘anti-body titres; 
(2) the serum from normal rats sensitized by a ific 
--ynouse strain injection also agglutinates red blood cells 
«>from other strains of mice. 
















diluted with 1-5 per cent polyvinyl. pyrrolidone in buffered saline and degree of agglutination scored according: to Stimoting ( 
tes strongest agglutination, 1+ being the weakest; --indicates questionable agglutination, and 0 indicates no agglutination in both ta) iae: 





I thank Dr. Roy C. Thompec! for his adivice ‘and: 
Roy R. Adee for assistance. 

This work was performed under contract No. AT) 45-1) 
1350 between the Atomic Energy Commission and the 
General Electrie Co. 
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Characterization of Antigens isolated fi 
Trypanosoma rhodesiense 


Wertz! has recently shown thatthe serum. of ry 
infected for three days with Trypanosoma brucei cont: 
a soluble trypanosomal antigen which he ca 
‘exoantigen’. This antigen, also found within the trv; ono: 
some, was stated to be present on the surface 
organism. Weitz also found that active immunization of 
mice with infected rat serum would protect them agains) a 
challenge with Trypanosoma brucei. 

We have confirmed these results with Trypanosoma 
rhodesiense. In addition, it has also been possible to shew 
by cross-adsorption of antisera, by double diffusion. in 
agar gel, and by the protection afforded mice altor: 
munization with infected rat serum, that the « 
antigens are strain specific. 

These specific antigens are composed of ab 
groups. The AG antigens are detected in 
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wified at least 100-fold by a con 
bination of ammonium sulphate fractionation and calcium 
phosphate gel chromatography. The purified AG antigens 
were found to have the characteristics commonly attribu- 
ted to proteins, that is, labile to heat, digested by crystal- 
line trypsin and precipitated by trichloroacetic acid. They 
were not affected by treatment with ribonuclease or 
deoxyribonuclease. - When the AG antigens from two 


tests, and have been purified a 








closely related strains of blood trypanosomes were purified 


by identical. procedures, and then compared, they were 
found to be different. not only in antigenicity but also in 
sensitivity to heat and elution pattern from calcium 
phosphate gel (Table 1). Although purified AG antigens 
were apparently not altered in antigenic characteristics 
during purification, they. were not effective in actively 
immunizing mice against Trypanosoma rhodesiense, even 
in amounts of antigen four times those found effective 
oowith er infected rat. serum. 











CHARACTERIZATION OF THE PURIFIED AG ANTIGENS FROM Two 
BLOOD: TRYPANOSOMES. WHICH WERE ORIGINALLY ISOLATED 
oe FROM A SINGLE SOURCE 


3 : Strain 
EEEE (XaR) (X'R) 
A which the antigen is destroyed 
<i o Miter heating for 10 min: 60° ¢ 100° C 
Molarity of phosphate buffer at which antigen is 
eluted from calcium phosphate gel, OTM 02M 


: Table 2. Tax CHARACTERISTICS OF THE TWO TYPES OF SPECIFIC ANTIGENS 


Type of antigen 
AG antigen PR antigen 


- Characteristics of antigens 
is Motas protection No Yes 
Detection by double diffusion in agar gel Yes No 


«Per cent saturation of (NH.)s80, at which 


oo) antigens are precipitate: Above 65% Below 65% 








second type of specific antigen is responsible for the 
<= protection ‘of mice by immunization with infected rat 
serum. This PR antigen was. not detected by agar 
diffusion tests. It has been isolated: from infected rat 
um by ammonium, sulphate fractionation.. ‘Tho pro- 
(PR) antigens differ in at least three ways from 
@ AG antigens detected by agar diffusion techniques 
(Table 2). Inasmuch as homogenates of blood trypano- 
somes will also protect animals against a challenge 
oi ion, the PR antigen is presumed to be present not 
_ only in the serum of infected animals but also within the 
_ blood trypanosomes. The fact that it is precipitated by 
_ ammonium sulphate and absorbed to calcium phosphate 
gel suggests that it is protein. 
_ The preceding are termed ‘specific antigens’ in order to 
‘distinguish them clearly from another group consisting of 
_ at least three antigens. These are the common antigens, 
_ and agar diffusion tests have demonstrated that they 
occur in all strains of trypanosomes which have been 
studied. They are also found in the culture form of 
Trypanosoma rhodesiense, 

Thus, the antigens of the blood form of Trypanosoma 
rhodestense have been divided into distinct groups, that is, 
the ‘common’ and the ‘specific antigens’. Furthermore, 

we have isolated at least two types of specific antigens 
from the blood trypanosomes and from the serum of 

: infected animals: (1) The AG antigens which do not seem 
_ to be responsible for protection but are detected by agar 

o diffusion techniques; (2) the PR antigen (or antigens), 

_ which is detected by its ability to protect animals but has 
: not yot been detected by agar diffusion tests. 

_.. This work was supported by U.S. Public Health Service 
. grants #2056 and 2G-276 (C2). - 
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` Accumulation of Calcium and Strontium by 





Brown Trout from Waters in the United Kingdom 


PUBLISHED data on the accumulation factors for: 
strontium-90 by freshwater organisms have been criticized 
on the grounds that the factor has no real meaning unless it~ 
is related to the calcium concentration in the medium, ang =- 


‘experimental data for plant material using *°**Sr as a 
` tracer. have been presented to support this. 
additional data are now available on the accumulation of =- 


Some | 


stable calcium and strontium in bone and musele of brown 
trout, Salmo trutia L., taken from various waters in the 
United Kingdom. These data support this view and 
indicate the range of accumulation factors that occur. 
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Fig. 1. Relationship between atoms strontium/1,000..atoms calcium 


and the calcium concentration of the water” 


l Fig. Lshows the relationship between the ratio of atoms _ 3 


of strontium per 1,000 atoms of calcium in the water and 
the calcium concentration, [Catt] of the water. in mg/l. 


sampled in this survey. The regression line of log (atoms. 


strontium/1,000 atoms calcium) against log [Ca++] has been — 
estimated by the method of least squares’. The equation - 
for the line is: ee ae 


log (Sr/1,000 Ca) = 0-35 — 0-28 log [Ca++] with a standard __ 


error of estimate Sy=0-13 (1) 

The data indicate that over the range sampled the 
ratio of strontium atoms to 1,000 atoms of calcium is 
negatively correlated with the calcium concentration, 





ratio being greater in waters of low caleium concentration. — oe 
although the concentration (mg/l.). of strontium is posi- 






tively correlated with the calcium concentration. eG 
The calcium concentrations in bone and muscle tissue 
of brown trout sampled from some of these waters showed 
no obvious correlation with the calcium concentration of | 
the water, and the srithmetic mean and standard error 
for bone and muscle were established as 60:8 + 12:2 g 
calcium/kg and 0-141+0-028 g calcium/kg respectively. 
Fig. 2 shows the accumulation factors (A F) for calcium and 
strontium in bone and muscle tissue expressed as: 0 | 


mg element/g tissue wet 
mg element/ml. water 
against the calcium concentration in water as mg/l. 


AP= 





The regression lines of log AF against log [Cat] were 


estimated by the method of least squares. The equations — 

for the lines are: ie 

Calcium n 
Bone log AFea=477— 1-00 log [Ca++] with a standard — 


error of estimate Sy=0-15 (2) 
Muscle log 4 Fo, = 214—101 log [Ca++] with a standard 
error of estimate Sy=0:23 (3) 


Bone log AF g, = 4-51 — 1-03 log [Cat] with a standard’ 
l error of estimate Sy=015 (4) 
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Fig. 2. Accumulation factors for calcium and strontium in bone and 
musele of brown trout, in relation to the calcium concentration of the 
water. Calcium, ©; strontium, @ 


Muscle log AF'gr= 1:91 — 0-92 log [Cat+] with a standard 
error of estimate Sy=0-48 (5) 


The observed ratios (O.R.) for bone and muscle expressed 
ag: 


Tissue, atoms strontium/1,000 atoms calcium 
Water, atoms strontium/1,000 atoms calcium 


were calculated from the basic data, for waters of between 
0-3 and 100 mg calcium/l., and are given in Table 1. The 
calculated data indicate that, whereas the O.R. bone/ 
water is almost independent of the calcium concentration 
in the water, the O.R. muscle/water increases with in- 
creasing calcium concentration. The high degree of 
correlation between the two variables for bone and the 
small standard error of estimate indicate that the observed 





Table 1, RATIOS oF ATOMS OF STRONTIUM/1,000 ATOMS CALOIUM IN BONE 
AND MUSCLE OF BROWN TROUT 


Water Bone Muscle O.R. Q.R. 
Water jn atoms atoms atoms Boue/ Muscle} 
(mg/1.) Sr/1,000 Ca Sr/1,000 Ca Sr/1,000 Ca water water 
0-3 3-15 1-76 1-68 0-56 0-53 
10 2°24 1-24 1-31 0-55 0-58 
3-0 1-63 0-87 1-04 0:53 0-64 
10-0 1-18 0-60 0-86 0-51 0-73 
30-0 0-86 0-42 0-72 0-49 0-84 
100-0 0-62 0-28 0-62 0-45 1:00 
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differences may not be real. The same conclusion cannot 
be drawn from the muscle data. 

The derived equations are: 

Bone (atoms strontium/1,000 atoms calcium) =0-09+ 
0-59 water (atoms strontium/1,000 atoms calcium) with a 
standard error of estimate Sy=0-31 and a correlation 
coefficient of 0-92 significant at the 1 per cent level (6). 

Muscle (atoms strontium/1,000 atoms calcium) = 0-36 + 
0-43 water (atoms strontium/1,000 atoms calcium) with a 
standard error of estimate Sy=0:56 and a correlation 
coefficient of 0-78 significant at the 5 per cent level (7). 

The ratio of atoms of strontium/1,000 atoms of calcium 
in bone and muscle is related to the ratio in the water. 
Therefore, the ratio in the tissues of brown trout is not a 
biological constant, but is a function of the ratio in tho 
water, as shown by Odum! for other organisms. 

The data enable those concerned with the public health 
and ecological implications of radioactive waste disposal 
and the deposition of weapons fall-out to determine the 
equilibrium concentration of stable strontium, and hence 
strontium-90, in muscle and bone of brown trout from any 
natural environment with the knowledge of only two 
factors: the calcium concentration, and probable or 
existing average strontium-90 concentration, in the water 
in which the fish are living. 

The International Commission on Radiological Protoc- 
tion (I.C.R.P.) recommendations: for the maximum 
permissible concentration in water (M.P.C.).» for stron- 
tium-90 in the drinking water of radiation workors 
is 10-8 wc./em’. The daily water intake of a standard man 
is taken as 2-2 1. and consequently the permissible daily 
ingestion of ‘strontium-90 is 10-* pe./cm? x 2-2 1. =2.200 
upe. strontium-90; one-tenth of this daily ingestion is 
permissible for a member of the special population in 
I.C.R.P. Group Bie). In the United Kingdom, the con- 
sumption of non-migratory fresh water fish, such as brown 
trout, as a regular part of the diet is relatively unusual. 
-Hence if an upper limit of continuous consumption of 
brown trout flesh is taken at about 150 g per week, then 
a round figure of 10 pue. strontium-90/g wet weight is the 
allowable concentration of activity in the flesh. This 
corresponds to the average daily intake of 220 upe 
strontium-90. 

In a relatively productive water containing 20 mg/l. o! 
calcium and 1-0 puc./l. of strontium-90, the latter being 
at the upper limit for strontium-90 from fall-out measured 
in rivers and impounded water (1957—-61)5, the accumu- 
lation factor for strontium in muscle calculated from 
equation (5) is 5-1. The concentration of strontiwn-90 in 
muscle will then be 0-005 uue. strontium-90/g or 1/2,000th 
of the (M.P.C.)u, as calculated here. If the concentration 
of strontium-90 in the water were raised to the (M.P.C.),. 
of 100 upe strontium-90/l., then the fish muscle would 
reach one-twentieth of the calculated (M.P.C.). In pro- 
ductive water then, and this would include those used for 
commercial fishing, the limiting factor will be consumption 
of drinking water rather than the consumption of fish 
muscle, unless the fish consumption was maintained at 
about 0:5 kg of flesh per day. In waters with a calcium 
concentration of less than 0-8 mg/l., the accumulation 
factors will exceed 100, and if the water concentration of 
strontium-90 were at 100 uue. strontium-90/l., then tho 
value of 10 upc. strontium-90/g would be exceeded. 
Because of their low productivity, such waters are unlikely 
to be a source of fish which might be part of a regular diet 
and hence the permissible concentration in tho water 
could still be set by the drinking water hazard rather than 
that from fish-eating. Only if fish from such waters were 
consumed in the quantity quoted, or greater, would the 
accumulation by fish be the limiting factor as regards 
strontium -90. 

A. fraction of the strontium-90 from the human diet is 
deposited in the bones and the important parameter im 
estimating the dose to the human- skeleton is the ratio of 
the strontium-90 activity per gram of calcium in tho 
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bone, which is related to the ratio in the diet*. It may 
well be that a particular foodstuff, such as brown trout 
muscle, has a high ratio of strontium-90 activity/g calcium, 
but because it makes a minor contribution to the total 
calcium in the diet, the mean dietary ratio of strontium-90/ 
g of calcium may be little affected. At the calculated 
level of 0-005 upe. strontium-90/g in muscle of brown 
trout from water at 20 mg/l. of calcium and 1-0 upe. 
strontium-90/I., the ratio of uue. strontium-90/g calcium 
will be 35-5. But since this item of the diet only con- 
tributes 3-1 mg calcium per day to a mean daily total 
intake of 1-2 g (ref. 7), the influence on the mean dietary 
ratio of strontium-90/g of calcium will be small. 

We thank the Technical Department, Windscale, for the 
chemical analytical work. 

> W. L. TEMPLETON 
V. M. BROWN 
Radiobiology Group, 
U.K. Atomic Energy Authority, 
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Biological Half-life of Vitamin Biz in Plasma 


By kinetic analysis of isotope experiments using tracer 
doses of radioactive vitamin B,., Reizenstein! has deduced 
that the biological half-life of vitamin B,, in the plasma is 
about 6 days. Confirmation of this finding has been 
obtained by a different approach. Working with injected 
doses of radioactive vitamin B,, in the range 50-1,000 ug, 
a linear relationship with a coefficient of correlation 
differing significantly from zero was found between the 
logarithm of the amount of injected vitamin B,, retained 
in the body and the time in days for the serum vitamin B,, 
level to fall to the pre-injection level, the lower limit of 
normal, in patients with pernicious anemia’. The regres- 
sion equation was Y =17-08862—0-4270 when Y =the 
time in days and «=the logarithm of the retained dose. 
From this information it can be calculated that the 
biological half-life in the plasma, of the radioactive vitamin 
. By, retained in the body was 5-14 days and that the 
velocity constant (k) is 0-1347 days-+. The closeness of the 
estimates is satisfying particularly as they were obtained 
by totally different experimental methods. The short 
biological half-life in._plasma contrasts sharply with that in 
the liver, which has been calculated to average about 12 
months. 

J. F. ADAMS 

Western Infirmary, 
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` A Fast-Neutron Source for Radiotherapy 


Ons of the factors which may determine the effective- 
ness of an X-ray treatment is the oxygen tension in the 
- tumour to be destroyed, in that the radiation is relatively 
less effective in killing the anoxic cells at the centre. This 
was demonstrated by Gray et al.1, who also showed that 
the biological effects ‘produced by 2-3-MeV neutrons 
are much less dependent on the local oxygen tension. 
Biological investigations using 6-MeV neutrons from the 
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cyclotron at Hammersmith Hospital?-® have demon- 
strated this same effect and have led Fowler and Morgan? 
to suggest that fast neutrons should be more effective in 
destroying tumours than X-rays, in that neutrons would 
be relatively more efficient in killing the less well oxygen- 
ated cells. 

The degree to which the biological effect of ionizing 
radiation is sensitive to oxygen tension decreases as the 
local ionization density increases so, for this reason, it 
would be desirable to use low-energy neutrons. However, 
it is clear that the optimum neutron energy would have 
to be based on a compromise between the increase of 
penetrating power and the decrease of ionization density 
with increasing energy. 

Up to the present the only sources of fast neutrons giving 
sufficiently high output for radiotherapy have been cyclo- 
trons, and although valuable pioneer work has been 
done with these, it is unlikely that such large, complicated 
and expensive machines would come into general use for 
radiotherapy, even if it was conclusively proved that 
neutron therapy was more effective than X-ray therapy. 

The reaction °H (d n) He (often referred to as the D-T 
reaction) gives 14-MeV neutrons, and since large neutron 
yields can be obtained at accelerating voltages of 100-200 
kV, offers the prospect of developing a simple and compact 
source for radiotherapy. 

Thore appears to be little information about the penetrat- 
ing properties of broad beams of neutrons. Extrapolation 
of the calculated depth dose values published by Snyder 
and Neufeld! shows that for 14 MeV neutrons at a 
source skin distance of 50 cm the absorbed dose 10 cm 
deep ‘is about 70 per cent of the maximum dose, which 
occurs at a fow mm. This is in reasonable agreement 
with the recent measurements of Smith and Boot. Thus 
the neutron beam would give a dose distribution inside a 
patient comparable to that produced by a beam of 4- 
MV X-rays. 

The neutrons from the D-T reaction are emitted iso- 
tropically from the target and the output is usually stated 
in the form of the total rate of emission. An acceptable 
output for radiotherapy would be the biological equivalent 
of an X-ray tube giving 50 rads/min at 50 cm source- 
skin distance. This would require a total emission of 101? 
neutrons/sec. 

Quite independently of these considerations, recent 
studies at The Services Electronics Research Laboratory 
has shown that it should be possible to achieve neutron 
outputs of 1012/sec with the D-T reaction in a sealed-off 
tube comparable in size with a conventional X-ray tube. 
The only major additional equipment required to operate 
such a tube would be a 150-kV generator, and thus the 
complete apparatus would be not any larger or more 
complex than a conventional X-ray set. 

Sealed-off neutron tubes!*:4, in which the ion source 
and accelerating gap are contained within an envelope 
with no differential pumping, have a practical advantage 
over conventional sources in which differential pumping 


is utilized. In practice the output from a conventional 


neutron source using the D-T reaction decreases during 
operation due to a rapid dilution of the tritium in the 
target by deuterium. A useful target life of less than 
1 h is common for outputs of 10** neutrons/sec. However, 
in a sealed-off neutron tube it is practicable to use a 
mixture of deuterium and tritium in both ion source and 
target so that a constant circulation of the gas mixture 
occurs with constant proportions of deuterium and tritium. 
A tube using such a mixture has been shown to have a 
life of many hundred hours at 108 neutrons/sec’® and 
recently this has been further demonstrated in the 
Services Electronics Research Laboratory with a neutron 
tube operating for many hours at 10!° neutrons/sec with no 
significant change in output. An evaluation of the other 
problems of sputtering and target cooling has been made 
and it is concluded that outputs up to 10'* neutrons/sec 
should be practicable. 
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We are now working on the development of a radio- 
therapy source of this type, which may have two possible 
advantages over the radiation sources available at present: 
(1) There is a reasonable possibility of developing a 
simple, compact source which will give radiation of com- 
parable penetrating power to megavoltage X-rays. (2) 
There is good reason to believe that the use of fast neu- 
trons will give improved cure rates in radiotherapy. 

We thank the Admiralty for permission to publish this 
communication. 


P. D. LOMER 
Services Electronics Research Laboratory, 
Baldock, 
Herts. 
D. GREENE 
Christie- Hospital and Holt 
Radium Institute, 
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BIOLOGY 


A New Tritylodontid from the Cave 
Sandstone of South Africa 


Tms communication is intended only to announce 
the discovery of a new Tritylodontid of unusual propor- 
tions from the Cave Sandstone of South Africa. 

The specimen was obtained as latex casts from the 
negative moulds in two slabs which fit together like a 
sandwich. These two slabs were brought to the National 
Museum, Bloemfontein, on July 17, 1941, by the then 
director, Dr. E. C. N. van Hoepen. The two slabs were 
obtained from the high hills around Excelsior, about 
80 miles east of Bloemfontein. Since being brought to the 
Museum no further attention seems to have been paid 
to these slabs possibly because a proper technique to 
obtain a satisfactory positive was not known at the time, 
unless the slabs were broken into smaller pieces with the 
resultant danger of damage to the specimen. Only the 
advent of liquid rubber latex provided the means of 
making successful casts. 

Superficially the slab which yielded the skull has 
only the impression of the vertebral column. The hole 
from which the skull and lower jaw were taken has a very 
unimpressive appearance , externally. Unfortunately, 
the mould of the base of the skull and the suspensoria 
were on the exposed surface after the original block had 
split into the two slabs. Since these slabs were probably 
lying in the field for a long time before discovery, the 
exposed structures were weathered away. The rest of the 
skull and lower jaw (teeth includsd) are well preserved. 
The skull itself is slightly twisted and seems to have 
undergone some pressure from above at the base of the 
snout and sagittal crest. 

An unusual feature of the skull and lower jaw, apart 
from the size of a little more than 10 in. in length, which 
is double that of Bienotherium and triple that of Oligo- 
kyphus?, is the length of the ‘tusks’. The diameters of 
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these are elongate from back to front. There are only two 
upper incisors and two lower ones, with the latter Iving 
close together. The dentary of the right ramus is complete 
and, of special interest since it reveals the exact structure 
of the coronoid process, which is a recurved hook not 
previously described for Tritylodontids. The elongation 
for the attachment of the post-dentary bones also appears 
proportionately longer than indicated in published 
figures for Tritylodontids. 

The slab containing the impression of the skull and 
vertebral column also has the left scapulo-coracoid with 
the very small clavicle articulating with the head of the 
sternum, the left ilium, and the distal end of the left 
femur which is slightly displaced. Furthermore, the 
distal end of the right radius with the complete articulated 
manus was obtained from this slab. Finally a completo 
left humerus, heads of ulna and radius, complete left 
tibia and fibula and apparently the astragalus and cal- 
caneum, also came from this slab. 

The opposite slab yielded the two halves of the rib-cage 
folded over each other, the complete and articulated 
right front limb from scapulo-coracoid to ulne and radius. 
the complete right hind limb, and the pelvis. If a success- 
ful horizontal fracture of this slab can be effected there is a 
strong possibility of obtaining the right pes. The pelvis is 
of special interest too. The right half is complete with 
only a fracture between the pubis and ischium on the 
upper border of the obturator foramen. The loft half is 
also practically complete, but the head of the displaced 
left femur appears to have damaged the left half of the 
pubo-ischiac symphysis. This part of the pelvis has never 
been described for Tritylodontids. The presence of a well- 
developed (broad and long) marsupial bone on each pubis 
between the pubic tuborcle and the symphysis is another 
feature in which this specimen adds to our knowledge of 
Tritylodontids. I have not, so far, been successful in 
obtaining a satisfactory cast of the tail. It is interestiny 
to note here the extreme narrowness of the sacral region 
in comparison with the stout structure of the limbs and 
skull. 

In a laterial view the present specimen agrees closely 
with Bienotherium in the shape of its sagittal crest and 
zygoma, and the curve of the snout. The jugal base 
of the zygoma is much more strongly developed than in 
Oligokyphus*?. The angle of the dentary is more pro- 
nounced than in Oligokyphus* but less so than in Bieno- 
therium!. Viewed dorsally the width and length of the 
snout correspond more closely with the proportions in 
Bienotherium?. 

A more detailed description of our specimen will be 
published in due course to add new light on features of 
Tritylodontid structure where Kiihne’s work on Oligoky- 
phus? could not provide full detail. It is intended pro- 
visionally to name the specimen Tritylodontoides maximus 
gen. et sp. nov. 

S. FOURIE 
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Similar Polymorphisms in an Insect and a 
Land Snail 


SIMAR, presumably closely related species, such as 
those placed in the same genus, are sometimes similarly 
polymorphic in colour and pattern. Thus the land snails, 
Cepaea nemoralis (L.) and C. hortensis Müller, have many 
shell patterns in common, and in many Colias butterflies 
the females may be either white or yellow. In this com- 








spumarius (typica), fabricii (trilineata), marginellus, pallidus (populi). 





Fig. 2. Colour forms of Limicolaria martensiana near Kampala. Left to right: streaked, 


semi-streaked, semi-pallid, pallid 


munication I wish to describe similar polymorphisms in 
two unrelated and otherwise dissimilar species: a spittle- 
bug and a land snail. The possible significance of such 
polymorphisms will then be considered. 

The meadow spittlebug, Philaenus spumarius L. 
(Cercopidas), is one of the most abundant field insects 
in many parts of temperate North America, Europe, and 
Asia. The adults are about 6 mm long and may reach 
population densities of more than 400/m? in alfalfa 
(lucerne) fields in the United Statest. They occur in a 
variety of sympatric colour forms’ ?. In south-eastern 
Michigan four distinct forms may occur in a single field. 
These are shown in Fig. 1. The four forms are strikingly 
different from each other: spumarius is intricately pat- 
terned with dark and light markings; pallidus is, in general, 
unpigmented, with faint traces of the spumarius markings 
in soe specimens; fabricii resembles pallidus, but has 
three longitudinal streaks on the upper side; and margin- 
ellus is uniformly black with a pale head and border. 

The land snail, Limicolaria martensiana (Sm.) (Achat- 
inidae), occurs in damp places, especially near cultivation, 
in Uganda, and presumably elsewhere in Hast Africa. 
This species belongs to a genus in which up to 170 species 
have been described, but undoubtedly a great many of 


Table i, THE RELATIVE FREQUENCY OF COLOUR FORMS IN DENSE POPULA- 
TIONS OF A POLYMORPHIC SPITTLEBUG, Philaenus spumarius, AND A POLY- 
morPsio SNAIL, Limicolaria martensiana 


Philaenus No. Relative frequency of colour forms (per cent) 
spumarius* 336 spumarius fabricii marginellus pallidus 
(males) 69-8 2:8 — 27-4 
(females) 82-0 2-1 72 28:7 
Limicolaria streaked semi- semi- pallid 
martensiana t : streaked pellid 
954 67-2 17-9 11% 3:4 


* Sample collected in an alfalfa (lucerne) field in south-eastern Michigan, 
July 6, 1960. $ 


t Sample collected on the forest floor of a eucalyptus plantation near 
Kampala, Uganda, October-November, 1982. 
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Fig. 1. Colour forms of Philaenus spumarius in south-eastern Michigan. Left to right: 
‘ames in parentheses 
are those used by Halkka (ref. 2) (Redrawn from Owen and Wiegert (ref. 1)) 
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these ‘species’ are colour varieties that 
may occur within a single population’. 
Tho full-grown snail is about 35 mm 
long. Unlike many tropical animals, 
it is locally very abundant, and may 
occur in densities of up to 35/m?. 
The colour and pattern of the shell are 
extremely variable. In a eucalyptus 
plantation near Kampala, four distinct 
colour forms were found (Fig. 2). The 
ground colour of each form is pale 
buffish-pink. In the semi-pallid and 
semi-streaked forms, the conspicuous 
dark brown streaks of the streaked 
form are present, but very faint. In 
the pallid form the streaks are soarcely 
discernible and the columella is un- 
pigmented. i 

The relative frequencies of the four 
forms of Philaenus in an alfalfa 
field in Michigan, and of the forms 
of Limicolaria in a eucalyptus planta- 
tion near Kampala, are shown in 
Table 1. In both Philaenus and 
Limicolaria there is a common intric- 
ately patterned form which comprises 
more than 60 per cent of the population. 
To the human observer these forms 
appear cryptically coloured and less 
easy to seo on their respective back- 
grounds than the other less-patterned 
forms. In Philaenus, form pallidus 
has the appearance of a pallid muta- 
tion of form spumarius; traces of 
the typical spumarius pattern are 
present on some of the specimens. 
Similarly, the semi-streaked, semi-pallid, 
and pallid forms of Limicolaria have the appearance 
of pallid mutations of the streaked form; in the field 
these three forms appear unstreaked, even though faint 
traces of streaking may be present. Form marginellus 
of Philaenus is very dark, and occurs only in females; 
form fabricii is streaked but appears pale; together 
these two forms comprise less than 10 per cent of the 
population. 

As already mentioned, both Philaenus and Limicolaria 
may occur at exceedingly high densities; higher in fact 
than any other insect or snail in their respective habitats. 
They are both polymorphic, and in each there is a commoy 

. apparently cryptic form, and less common apparentln 
non-cryptic forms, some of which may be pallid mutations 
of the cryptic forms. It is possible that the relative 
frequencies of the colour forms in these two animals are 
determined by apostatic selection‘, in which the selective 
advantage of the several phenotypes lies in their con- 
spicuous differences from each other. In theory, predators 
using past experience as a guide in finding a particular 
form seek out proportionately more of that form than 
other contrasting forms. In Philaenus and Limicolaria 
the apparently cryptic forms may be at a selective 
advantage over the non-cryptic forms so long as they do 
not exceed a certain proportion of the population. Con- 
trasting non-cryptic forms may be at an advantage so 
long as they remain relatively rare. Hence the selective 
advantage of the forms varies inversely with their fre- 
quency, and a stable equilibrium is maintained in the 
population. Apostatic polymorphisms resulting from 
selective predation would be particularly likely to occur 
at population densities of the sort described here for 
Philaenus and Limicolaria. In such locally abundant 
species an individual predator would have ample oppor- 
tunity for gaining experience of a particular phenotypo. 

Albino and pallid mutations occur rarely in a wide 
variety of otherwise cryptically coloured animals, and 
possibly it is only in species with unusually high popula- 
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tion densities that they are favoured by selection and 
come to form a significant proportion of the total popula- 
tion. 

D. F. Owen 


Department of Zoology, 
Makerere University College, 
Kampala, Uganda. 
1 Owen, D. F., and Wiegert, R. G., Amer. Nat., 986, 353 (1962). 
? Halkka, O., Nature, 193, 93 (1962). 
4 Verdcourt, B. (personal communication). 
. ‘Clarke, B., Syst. Assoc. Pub., No. 4, 47 (1962). 


Uptake of lodine-131 by Thyroids of Rats 
during Healing of Fractures 


So far, the available literature is devoid of any detailed 
examination concerning hormonal changes which occur 
during healing of fractured bones. 

Sixty mature male rats of about 200 g were used. The 
animals were divided into groups of ten. One group was 
left intact and served as'a control. The remaining animals 
were subjected to experimental fractures of the left tibia 
by a closed method under ether anesthesia’. The dates 
of the operations were spaced so as to obtain animals at 
5, 10, 15, 21 and 29 days post-fracture. At exactly 6 h 
before death the rats were injected subcutaneously with 
1 ue. iodine-131. They were then killed by decapitation 
under light ether anesthesia. The thyroids were dissected 
and cleaned from adhering tissues, dried on aluminium 
planchets for 1 h at 90° ©. The specific activities of the 
individual thyroids were recorded by means of a Geiger- 
Miller counter and expressed in terms of counts/min/mg 
of thyroid and the values were further corrected in relation 
to 100 g body-weight. The data obtained were statistically 
analysed using the ¢ test. 

The results presented in Table 1 show that thyroid 
activity reached its maximum two weeks post-fracture, 
then declined slightly but remained high during the third 
week and returned to the normal level by the end of the 
fourth week. 


Table 1. UPTAKE OF Topman BY RAT THYROID DURING FRACTURE 
EALING 
Days after fracture ier oly iis Counts/min/mg thyroid 
thyroid 100 g body-weight 
Control (normal) 42-67 + 628 21:96 + 3-03 
5 days 44:87 + 5°13 26-00 + 4:56 
10 days 87°78 + 508 16-40 + 2-54 
15 days 105:70* + 17-80 57-45* + 7-17 
22 days 70-59* + 7-82 3L-91t + 3-29 
29 days 47-58 + 6°39 24:67 + 6-48 


* Significant, P = 0-01. 
t Significant, P = 0-05. 


One of the main actions of the thyroid hormone is to 
increase the basal energy metabolism of all living cells. 
Moreover, it is needed for the biological processes con- 
cerned with absorption, metabolism and excretion of 
minerals and with the formation and resorption of bone?. 
In addition, the thyroid hormone is necessary for the 
endochondrial bone formation and maturation of the 
epiphyseal cartilage*:*. 

An. increased upteke of sulphur-35 was noticed at the 
same period of increased thyroid activity. The degree of 
sulphur incorporation is an indicator of sulphated muco- 
polysaccharides formation, an important constituent of 
bone ground-substance?. 

It is generally accepted that there is an increased 
demand for protein synthesis during repair of injuries. In 
this respect an increased level of thyroid hormone is con- 
sidered in favour of protein anabolism*. The thyroid 
seems to play a part in binding both strontium and calcium 
with less labile protein of bone. When the thyroid func- 
tion was blocked by administration of thiouracil, calcium 
and strontium were incorporated with labile protein of 
bone’. 

It is concluded that under normal conditions there is an 
inereased activity of thyroid gland during the stage of 
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cellular regeneration of callus formation, after which it 


drops ti rmal values. 
da lari F. A. SOLIMAN 


A. H. Sarp 
M. K. SOLIMAN 
M. §. Aspo 
Dorato of Physiology and Surgery, 
_ Faculty of Veterinary Medicine, 
Giza, Egypt. 
1 Said, A. H., thesis, Univ. Ghent (1960). 


* Reifenstein, jun., E. C., Textbook of Endocrinology, second ed. (W. 
Saunders Co., Philadelphia ‘and London, 1958). 


art rary E., Sukoloff, L., Jay, jun., G. E., and Mikelsen, O., Amer, J. 
Physiol., 199, 209 (1966). 
t Hublé, D., "Brit, Med. J., 601 (1957). 


5 Lengamann, F. W., Wasserman, B. H., and Comar, L., Endocrinol., 67, 
535 (1960). 


Effect of 4,4 -Diaminodiphenylmethane against 
Fasciola hepatica in the Rabbit and in Cattle 


Two drugs widely used in the chemotherapy of fascio- 
liasis, carbon tetrachloride and hexachloroethane, show 
very little activity against the immature, migrating forms 
of the fluke. The earliest age of the fluke against which 
these drugs are active occurs after migration of the parasite 
through the liver parenchyma, when the flukes are either 
in, or about to enter, the bile ducts. 

In rabbits, hexachloroethane at a dose of 0-66 g/kg by 
mouth is effective in killing the 5-week-old fluke! and my 
experiments with carbon tetrachloride (0-15 ml./kg by 
subcutaneous injection) against the mature and immature 
fiuke have shown the earliest age of fluke against which 
this compound shows activity at this dose to be 6 weeks. 
Hexachlorophene, reported active against the 2-, 3-, and 
4-week-old fluke in sheep and to have variable activity in 
rabbits’, has shown only partial inhibition of development 
of the 2-, 3-, and 4-week-old flukes in our tests at the same 
dose (40 mg/kg dissolved in olive oil and administered 
orally) in rabbits. Thus, any compound effective against 
the immature as well as the mature forms of the parasite 
would be of considerable interest. 

During the routine examination of a series of compounds 
for activity against experimental Fasciola hepatica infec- 
tions in rabbits, it was found that 4,4’-diaminodiphenyl- 
methane, either as the base or the hydrochloride, was 
active against the l-, 2-, 3- and 4-week-old, as well as the 
mature 10-week-old fluke. 

The methods used for testing compounds against 
F. hepatica in rabbits are based on those described by 
Lammler*, modified by Hughesi. 

The rabbits used were of either sex and varying breeds 
aged 3-4 months and weighing 2-3 kg. These were 
infected with 15 metacercarize of Fasciola hepatica given 
orally. The compound was administered orally as an 
aqueous solution of the hydrochloride. The cattle used 
were of either sex, Ayrshire or Guernsey calves, and were 
aged about 2 months when infected with 300 metacer- 
carize administered in a gelatin capsule by means of a 
balling gun. The criterion for activity against the mature 
forms was the absence of flukes in the liver and the presence 
of eggs in the gall-bladder at post-mortem examination 
2 weeks after dosing, and for activity against the immature 
forms, the absence of both flukes in the liver and eggs in 
the gall-bladder at post-mortem examination 10 wevks 


Table 1. EFFECT IN RABBITS OF ORAL ADMINISTRATION OF 4,4’-DrawINno- 
NYLMETHANE 


DIPHE: HYDROCHLORIDE AGAINST THE IMMATURE* AND 
MATURE} FORMS OF Fasciola hepatica 
Age of flukes Dose No. cured/No. treated 
(weeks) (g/kg) 
1* 0-25 8/3 
2° 0-1 3/3 
0°25 3/3 
3* 0-25 8/3 
4* FL 4/4 
0-25 3/3- 
10+ 0-05 0/3 
0-075 2/2 
0-1 3/3 
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after infection, this is, 9, 8, 7 and 
6 weeks after dosing against the 
l-, 2-, 3- and 4-week-old infections, 
respectively. Superficial scarring of 
the liver indicated the inisial tracks 
made by the young flukes invading 
the liver. 

The results of the rabbit experi- 
ments are shown in Table 1. Control, 
untreated and infected rabbits yielded 
an average ‘take’ of 7 adult flukes, 
the range being 1-13 adult flukes. 

4,4’-Diaminodiphenylmethane was 
active against the immature forms 
at 0-2 g/kg when administered intra- 
peritoneally, but inactive by oral 
administration. 

Two infected cattle were given 
0-1 g/kg body-weight by drenching 
bottle 8 months after infection and at 
post-mortem examination two weeks 
later were found to be cleared of flukes; another was given 
0-025 g/kg, which showed no activity, flukes being ob- 
served at post-mortem examination two weeks after 
dosing; and one other, given 0-1 g/kg by subcutaneous in- 
jection, was cured. Signs of toxicity observed in these 
cattle within 14 days after dosing consisted of yellowing 
and peeling of the nose, ataxia and apparent impairment 
of vision. 

In toxicity tests on twelve uninfected cattle, doses 
ranging from 0-1 g/kg and 1-0 g/kg were given by drenching 
bottle. Doses of 0-2 g/kg and greater were fatal, and of the 
‘three calves dosed with 0-1 g/kg, one died after three 
‘weeks and the two survivors showed yellowing of the 
sclerotis, sloughing of the skin of the nose and the back, 
and transient impairment of vision after 3 weeks. All the 
surviving cattle developed yellowing of the sclerotis, 
which was not always manifest until about 3-4 weeks 
after dosing, particularly after the lower dose-levels. 

I have confirmed the observation of, Lammler and 
Loewe* that certain diaminodiphenyl alkanes are 
effective against the mature F. hepatica. I have found 
that 4,4’-diaminodiphenyl methane hydrochloride is 
effective against the very early immature forms (1-4- 
-week-old) in rabbits—an observation hitherto unrecorded. 
Unfortunately the compound showed toxic effects in 
cattle which would prevent its development as a thera- 
‘peutic agent. 

Vaterre N. WILIAMS 

Veterinary Research Division, 

May and Baker, Ltd., 
Fyfield Road, 
Ongar, Essex. 
2 Hughes, D, L., thesis, Univ. London (1959). 
3 Parfitt, J., and Kendall, S. B., Brit, Vet. J.,118, 1 (1962). 


? Limmler, G., and Loewe, H., Arzn.-Porsch., 5, 497 (1955). 
4Lammier, G., and Loewe, H., Arzn.-Forsch., 12, 16, 164 (1962). 


Diagnosis of Liver Fluke (Fasciola hepatica) 
Infection in Human Beings by Means of 
Immunoelectrophoresis 

In the southern parts of Yugoslavia, infection of 
human beings with parasites such as Echinococcus, Ascaris, 
Taenia, Trichina, Fasciola and Amoeba is common. The 
diagnosis of these conditions is difficult, for the clinical 
picture is not always characteristic. Moreover, positive 
identification is essential for medication (Taenia) or 
surgical intervention (Echinococcus). 

These parasites provoke antibody formation in the 
‘host, and this has been made the basis of serological and 
allergological methods for diagnosis, including the double 
diffusion method of Ouchterlony!. We suggest, however, 
that immunoelectrophoresis? will give quicker and more 
reliable results. 
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The liver fluke (F. hepatica) is found principally in 
sheep, but-it occasionally infects human beings, lodging in 
the biliary tract and causing damage to the liver. In a child 
(B. R., aged 9) a diagnosis of fascioliasis was made on 
a/basis of a pronounced sideropenia, eosinophilia (60 per 
cent), albumin/globulin ratio less than 1 and a positive 
serological test. The diagnosis was confirmed by the 
finding of Fasciola eggs in the feces. 

Blood serum from this patient was subjected to electro- 
phoresis in agar-gel and was then allowed to react with 
a sample of F. hepatica antigen (Institut ‘Merieux’, Lyon). 
A characteristic precipitation arch was produced in the 
slow y-globulin region (Fig. 1). A normal control serum 
treated simultaneously in the same manner gave no 
precipitate. 

Though we have made many attempts, we have been 
unable to diagnose echinococcosis by a similar procedure, 
possibly owing to an unfavourable antigen-antibody 
relation in our experiments. Attempts to diagnose in- 
fection with other parasites by similar means are now 
in progress. 

D. Tezoporovié 
Clinical Laboratory, 
Children’s Hospital, 
Titograd. 
I. BERKEŠ 
Institute of Biochemistry, 
Faculty of Pharmacy, 
Beograd. 
i M. Muovanovič 
Institute of Parasitology, 
Faculty of Medicine, 
Beograd. 


1 Ouchterlony, O., Ann. Allergy, 5, 1 oes Daa I. G., and Norman, L., 
Amer. J. Trop. Med. Hyg., 10, 727 (1961). 


* Grabar, P., and Williams, jun., C. A., Biochim. Biophys. Acta, 17, 67 (1965). i 


Effect of Magnetic Fields on Tissue Respiration 


Ir has been known for some time that the behaviour of 
certain types of-biological materials may be influenced by 
magnetic fields. Lenzi! reported a difference in effect on 
neoplastic tissue of a constant and an alternating magnetic 
field. Other workers?* have shown by various methods 
the reaction of other tissues to magnetic fields. In an 
attempt to extend earlier investigations in our labora- 
toriesë and to develop a quantitative method we have 
conducted a series of experiments on the effects of magnetic 
fields on tissue respiration. 

An Alnico permanent magnet with an average field 
strength of 7,300 gauss was used in all experiments. The 
respirometers used were a constant-pressure type? designed 
for use with very small (1-4 mg) amounts of tissue. 
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Simultaneous measurements were made of the uptake of 
oxygen of the tissue exposed to the magnetic field (experi- 
mental) and that outside the influence of the field (control). 
With the exception that the ‘experimental’ tissue was 
exposed to the magnetic field, the environments of the 
experimental and control tissue were identical. Both the 
magnet and the respirometers were maintained in a water- 
bath at 37° + 0-01° C except for those experiments with 
Sarcoma 37 (S-37) conducted at 32° + 0-01°C. All 
supports for the apparatus were of either phenolic plastic 
or brass to‘minimize the effects of any possible stray fields. 
Field-gradient considerations were reduced due to the 
small cross-sectional area of the tissue specimens. 

The uptake of oxygen of the Ehrlich adenocarcinoma 
and of S-37 was compared with that of normal adult and 
embryonic kidney tissue from random-bred, female 
Boontucky mice. : 

Since, in the case of the tumours, a cell suspension was 
used, and the amounts in the experimental and control 
flasks were equivalent by volume, cell counts and dry 
weights were not pertinent to comparative results’. The 
Ehrlich and S-37 tumours, in their ascites forms, were 
propagated by serial, intraperitoneal transfer into female 
Swiss and Boontucky mice, respectively. Both tumours 
were used at 5-7 days post-transplant. Equal aliquots 
of the tumour suspensions, diluted with Tyrode solution, 
were delivered to both the experimental and control 
flasks from the same pipette. Each of the flasks was 
charged with 0-05 ml. of a 1:1 dilution of the Ehrlich or 
0-05 ml. of a 1:4 dilution of the S-37 depending on the 
tumour being studied. The per cent depression in uptake 
of oxygen at hourly intervals for 3 h shown in Table 1 
represents an average of 4 experiments for each tumour. 


Table 1. DEPRESSION OF UPTAKE OF OXYGEN OF TUMOURS AT 7,300 GAUBS 


(AVERAGE OF 4 EXPERIMENTS) 


Tumour and temperature Exposure time (min) 

60 120 180 

Per cent depression 
35-4 


85-4 


Ehriich at 37° 
Sarcoma 37 at 32° 


83° 34- 
61-9 26°5 
Embryo and adult kidney were so sliced that the 
maximum thickness did not exceed 0:3 mm and Qo, 
values were calculated for these tissues. Embryo kidney 
was used in 17 trials, of which 16 showed an effect ranging 
from pronounced. depression of respiration to no significant 
effect. The results suggested a correlation between the 
age of the embryo and the degree of depression since the 
inhibiting effect of the field decreased as the embryo 
approached full term. In subsequent experiments the 
curved crown-rump length of the embryo was taken as a 
relative criterion of age*. Kidneys used in a single experi- 
ment were taken from embryos from the same Boontucky 
mouse. Each pair of kidneys from an embryo was divided 
between the experimental and control flasks. Table 2 
shows the per cent depression of Qo, as correlated with the 
length of the embryo. A relationship between the meta- 
bolic activity of the tissue, as determined by its age, and 
the degree of effect of the field is suggested. Work in 
progress will attempt to correlate the effect of the field 
with the mitotic coefficient of the tissue. 


Table 2. DEPRESSION OF Qo: OF MOUSE EMBRYO KIDNEY AT 7,300 GAUSS 
Exposure time (min) 
60 20 


Embryo-length (mm) 1 180 
s Per cent depression 

16 84-4 86:8 87-2 

18 58-3 40°60 32-6 

20 47°6 43°8 40-7 

23 143 18:2 14-6 

27 83 8-0 107 


Normal adult kidney, from female Boontucky mice, age 
12-18 weeks, was used in 5 experiments which showed no 
significant effect of the field (Table 3). In one additional 
trial, the experimental tissue was maintained outside the 
field for 2 h, then moved into the field, continuous 
measurements being taken. There was no significant 
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Table 3. PER OENT DIFFERENCE IN Qo: OF ADULT MOUSE KIDNEY AT 
7,300 GAUSS (AVERAGE OF 6 EXPERIMENTS) 


Exposure time (min) 

60 120 180 
Per cent difference 

— 9 +1: + 65 
+, Stimulation ; —, depression. 


change in the rate of uptake of oxygen following the 
transposition into the field. 

It is evident that the magnetic field has an effect on 
the uptake of oxygen of the tissues investigated, this 
effect being related to the type and age of the tissue. A 
correlation between the relative metabolic activity of the 
tissue and the magnitude and direction of effect of a 
magnetic field is indicated. It is not within the scope of 
this preliminary report to attempt to explain the observed 
phenomena on a theoretical basis. 

This work was supported by grant CA 06642-01 from 
the National Cancer Institute, U.S. Public Health Service. 


Vernon R. Rena 
Leo G. Nuti 


Division of Biology and Experimental Medicine, 
: Institutum Divi Thome, 
Cincinnati 6, Ohio. 
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Effects of Actinomycin D on Morphogenesis 


Tue possible role in morphogenesis of ribonucleic acids 
(RNA) produced by the cell nuclei (presumably ‘messenger’ 


` RNA’s) has been discussed recently by one of ust. In 


short, it was suggested that, in a relatively simple system 
such as the regenerating unicellular alga Acetabularia, the 
‘morphogenetic substances’ of Hémmerling? could be 
equated to messenger (informational) RNA; however, 
these substances might as well be proteins, the synthesis 
of which is controlled by a specific RNA of nuclear origin. 
The situation is obviously much more complex in the case 
of embryonic differentiation ; we have suggested! that, in 
amphibian eggs, synthesis of messenger RNA does not 
begin before gastrulation. At that stage of development, 
the pre-existing polarity gradient in the distribution of 
ribosomal RNA would become activated by messenger 
RNA’s produced by the nuclei: as a result, RNA and 
protein synthesis would proceed further along the well- 
known cephalocaudal and dorsoventral morphogenetic 
gradients. 

Since actinomycin D strongly and selectively inhibits 
the production of nuclear RNA by combining with the 
DNA template**, it was of interest to test the possible 
effects of this antibiotic on morphogenesis in both Acetabu- 
laria and developing eggs. This communication sum- 
marizes the results so far obtained. 

(1) Acetabularia mediterranea. Since it is known’! 
that the production of the ‘morphogenetic substances’ 
still proceeds in the dark during 1-2 weeks and since 
actinomycin solutions are fairly sensitive to light, the 
following experimental conditions were adopted : nucleate 
and anucleate fragments of large algae almost ready for 
cap formation, as well as young whole algae (10-15 mm 
long), were placed in actinomycin (20-1 ug/ml.) containing 
sea-water for 8-10 days in the dark. By that time, growth 
and whorls formation had stopped in the controls (dark- 
ness) as well as in the actinomycin-treated algae. The 
algae, which looked exactly alike, were then placed in the 
light (actinomycin being renewed every 5 days) and 
cultivated during 2-3 weeks. 
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Fig. 1. 


Pleurodeles eggs cultivated for 4 days. 
Left, actinomycin D 10 wg/ml.; right, control 


Three independent experiments have shown that actino- 
mycin inhibits growth and morphogenesis much more 
strongly in the nucleate algae than in the others. This 
effect is more easily obtained at the highest concentration 
used (20-10 ug/ml.) than at the lowest ones. In anucleate 
halves, cap formation is usually slightly delayed ; but in 
the experiments made at the 10 ug/ml. level, all anucleate 
fragments formed caps which grew at a slower pace than 
in the controls. The results of these experiments are 
practically identical with those obtained in this laboratory 
by de Vitry? when she treated Acetabularia halves with 
fluorodeoxyuridine. This analogue has now been found to 
inhibit strongly the transfer of nuclear RNA to the cyto- 
plasm of the algae (de Vitry, unpublished). While the 
results of our experiments stand in agreement with the 
hypothesis stated here, the reasons for the unexpected 
inhibition of growth in the caps formed by the anucleate 
fragments in the presence of actinomycin remain to be 
studied. 

(2) Embryonic development. Most of the experiments 
have been performed on amphibian eggs (Pleurodeles and 
Xenopus), using concentrations of actinomycin ranging 
between 10 and l ug/ml. (in the dark). In both species, 
cleavage is completely unaffected; that this negative 
result is not due to lack of penetration of actinomycin was 
shown by experiments in which the antibiotic was micro- 
injected in fertilized eggs: again, cleavage proceeded 
normally. Cleavage of fertilized sea urchin eggs also 
remained unimpaired by the addition of actinomycin. In 
Xenopus, treatment of the eggs with actinomycin at the 
highest concentrations (10 ug/ml.) used always produced 
exogastrulation, while gastrulation was usually normal in 
Pleurodeles. If, during gastrulation, the vitelline mem- 
brane of Pleurodeles embryos is removed, very remarkable 
results can be obtained in the presence of actinomycin : 
at 10. ug/ml., neural induction quickly stops, although the 
embryos survive for several days and elongate somewhat. 
The nervous system is practically absent, even in sections, 
in 80 per cent of the cases (Fig. 1). The head can scarcely 
be recognized from the tail and its basophilia is abnormally 
low. Chorda and somites are generally present, but they 
are very poorly differentiated. At lower concentrations 
(5-2-5 ug/ml.), the nervous system is present; but 
microcephaly, microphthalmy and even anophthalmy are 
the rule. The cephalocaudal RNA gradient is no longer 
recognizable cytochemically ; it can even be reversed. 
The development and basophilia of the nucleoli are highly 
variable. Many nuclei undergo pyenotic degeneration. 

Preliminary experiments on explanted chick embryos 
have given results which are in substantial agreement with 
those obtained with the amphibians: again, actinomycin 
strongly inhibits the differentiation of the nervous system, 
especially that of the brain. 

These results stand in excellent agreement with the 
hypotheses which have been presented earlier in this 
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communication: they suggest that the production of 
nuclear (presumably messenger) RNA must be of little 
importance until cleavage ends ; inhibition of its synthesis 
with actinomycin results in the abolishment or consider- 
able reduction of cephalocaudal and dorsoventral differen- 
tiation. But extensive biochemical studies are obviously 
required before the RNA fraction, the synthesis of which is 
sensitive to actinomycin, can be definitely identified as 
messenger RNA. 

We thank Misses V. Pohl, J. Quertier and E. Van 
Stevens for help in the experiments, Messrs. Merck, Sharpe 
and Dohme for a generous gift of actinomycin and 
Euratom (contract 016-61-10 ABIB) for financial help. 

J. BRACHET 
H. DENIS 
(Chargé de Recherches au F.N.R.S.) 
Laboratoire de Morphologie animale, 
Université libre de Bruxelles. 
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Glycogen in the Lens of Birds’ Eyes 

Ir is well known that the dry substance in the lens of 
vertebrate eyes is composed almost entirely of protein. I 
reported earlier? the presence of a considerable quantity 
of glycogen in the lens of different species of birds. This 
substance was first detected with periodic acid—Schiff 
staining of the paper-electropherograms made from lens 
extract and on histological sections. Then I found that 
the presence of glycogen in the lens could easily be estab- 
lished on the agar electrophoregrams made with lens 
extract. After fixation in 65 per cent acid ethanol the 
glycogen precipitates as a characteristic white-yellowish 
band, which, as distinct from the protein fractions, re- 
dissolves in 2 per cent acetic acid (Fig. 1). Isolation of the 
substance, acid hydrolysis and chromatography confirmed 
the fact that I was dealing with glycogen and no other 
polysaccharide. 

I have now extended these observations to about 225 
different species and estimated quantitatively the amount 
of glycogen in several lenses. It is surprising that not all 
bird lenses contain glycogen. In some of thom, especially 
those which have no distinct flying habits, glycogen was 
absent (fowls, ducks, penguin, rhea). Glycogen was 
found in all examined representatives of the orders of the 
Gaviiformes, Procellariiformes, Ciconiiformes, Falconi- 
formes, Gruiformes, Columbiformes, Psittaciformes, 
Cuculiformes, Musiphagiformes, Strigiformes, Apodi- 
formes, Coraciiformes, Piciformes and Passeriformes. It 
was not found in the orders of the Rheiformes, Casuari- 
formes, Sphenisciformes, Anseriformes, Podicipediformes 
and Galliformes. Only in one order, the Pelicaniformes, 
one family (Pelicanidae) contained, and two families 
(Sulidae and Phalacrocoracidae) did not contain, glycogen. 


. Only once we found in the same family, the Alcidae, one 


species (Alca torda) with, and one (Uria aalge) without, 
glycogen. In the same order of Charadriiformes the 
lenses of 28 species, belonging to 8 families, all contained 
glycogen. Only Uria aalge was an exception (several 
experiments on two birds). This finding, together with 
electrophoretic and immunocelectrophoretic data’, suggests 
that Uria rather belongs to the order of Sphenisciformes. 
This underlines the possible taxonomic value of the occur- 
rence of glycogen in birds’ lenses. 

Glycogen, when present, constitutes generally about 3 
per cent of the wet weight of the lens and more than 10 per 
cent of the dry substance (Table 1). In Gavia arctica 
(Gaviiformes) the value is much lower, which may be an 
indication of a transition between birds with and without 


glycogen. 
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Fig. 1. Agar niotoelectrophoresis aof; lens extract of three different 
T 


1, Ramphastos discolorus, glycogen present; 2, Meleagris gallopavo, 
glycogen absent ; 38, human serum albumin and dextran, both test 
substances (ref. 2); 4, Circus aeruginosus, glycogen present. A, agar 
plate fixed in 65 per cent ethanol; the glycogen bands are indicated 
by arrows ; B, same plate after washing in distilled water 
with 2 per cent acetic aci d; the glycogen and dextran bands have 
, ppeare 


The question arises as to where the lens glycogen first 
appeared during evolution. The possibility that birds 
without glycogen may have lost it during evolution 
must also be taken into consideration. Glycogen was not 
found in the lenses of other vertebrates, not even in the 
lens of the reptiles Testudo, Crocodylus, Alligator, Varanus, 
Lacerta, Constrictor and Bitis. Only von Sallmann’ has 
reported that he has seen a few glycogen granules near the 
equator in the extreme periphery of the lens of the young 
rat. The fact that glycogen is absent in those birds 
which are generally considered to be the most primitive, 
suggests also that the occurrence of glycogen in the lens 
is a characteristic in the evolution of birds only and a 
unique phenomenon in the vertebrate-range. The pre- 
sence of glycogen in the lenses of birds has several advan- 
tages. It occurs only in the central part of the lens, where 
it increases the refractive index and thus plays an 
important part in accommodation. Here it has the 
same effect as those proteins of low molecular weight 
and low electrophoretic mobility in the lens nucleus of 
other vertebrates—which are absent.or present only in very 
low concentration in birds’ lenses. Birds, just as some 


Table 1, QUANTITATIVE DETERMINATION OF GLYCOGEN IN THE EYE-LENS 
OF DIFFERENT BIRDS 


Wet weight Per cont glycogen 
of one Jens in fresh in dried 
(mg) tissue tissue 
Pigeon 57 31 
Pigeon , 62 3-0 18:8 
Sturnus vulgaris 35 4:0 11:8 
Melopsittacus undulatus 11 3:8 145 
Gallinula chloropis 41 4:9 
Gallinula chloropis 44 5'1 19-0 
Buteo buteo 258 49 
Larus ridibundus 100 46 
Bucorvus abessynicus 573 2-7 10-4 
Crinifer ptscator 133 2-0 87 
Gavia arctica 108 0-7 
Gavia arctica 101 08 25 
White duck 91 0-0 0-0 
Chicken . 78 0-0 0-0 


Glycogen was estimated according to Good, Kramer and Somogyi (ref. 4), 
the resulting glucose by Hagedorn and Jensen’s method. 
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reptiles (Lacertilia and Ophidia), have lost the ability to 
make these protein fractions in their Jens’. But some 
of them have replaced part of the protein in the inner part 
of their lens by a substance of an entirely different nature. 
The result might be a progression. Glycogen, indeed, is 
not subject to denaturation as most proteins are; on the 
contrary, it exerts a protective action on the surrounding 
protein molecules. Senile cataract is therefore not likely 
to occur in these birds with glycogen in their lens. They 
are in this respect much better off than most other 


- vertebrates. 


I thank Mr. H. Gysels and the Société Zoologique 
d’Anvers for help in procuring eyes or lenses. 


M. RABAEY 

Department of Ophthalmology, 

University of Ghent. 
1 Rabaey, M., Thesis, Ghent (1959). 
2 Rabaey, M,, and Verriest, G., Ann. Soc, Zool. Belg., 88, 373 (1957-58). 
3 Gysels, H. (personal communication), 
‘Good, C. A., Kramer, H., and Somogyi, H., J. Biol. Chem., 100, 485 (1933), 
5 Sallmann von, L. (personal communication). 


Use of Kinin in breaking Rest in Buds of 
Vitis vinifera 


Kintns, auxins, and gibberellins are now recognized 
as constituting the three main classes of plant hormones. 
Kinins have been shown to be involved in cell division and 
enlargement, shoot initiation, bud elongation, leaf growth, 
and possibly root growth’:?. Kinins also are known to 
extend the after-harvest life and freshness of vegetables’. 
Kinetin (6-furfurylaminopurine) has been shown to 
promote germination of seeds of lettuce*t, tobacco®, and 
certain other plants!. I am aware of no report of a kinin 
breaking the rest period in a woody plant. 

During the screening of various compounds and treat- 
ments at Davis, California, for breaking or prolonging rest, 
results were obtained which indicated clearly that a kinin 
(benzyladenine) broke the rest of grape (Vitis vinifera) 
buds during the dormant season. In one experiment 
cuttings 14-16 in. long were taken on November 8, 1961, 
from St. Emilion (a seeded wine grape). One set of 30 
cuttings was immersed in benzyladenine at 1,000 p.p.m. 
for 1-5 h at room temperature. A second series of cuttings 
was soaked in 2 per cent thiourea for 1-5 h, and a third 
series was immersed for 5 min in warm water (125° F). 
These latter series were used for comparison because of 
their well-known capacity for breaking rest in grapes’. 
A control series was immersed in cold water for 1:5 h. 
After treatment the cuttings were rinsed with cold tap 
water and the basal 3-4 in. were immersed in tap water 
in a greenhouse. The cuttings were held in an upright 
position. The time required for buds to break and show 
green colour when placed in the warm environment of 
the greenhouse was used as the measure of effectiveness 
of the individual treatments to break rest. Cuttings were 
examined twice a week for bursting of the bud. Rest of 
all the buds on a cutting was considered terminated as 
scon as one bud had broken. 

The results (Table 1) show that buds on 53 per cent of 
the cuttings treated with benzyladenine broke before 
any buds on any control broke, and that only 22 days were 
required for 50 per cent of the cuttings in the treated 
series to show bud growth. In contrast, even after 150 
days, only 43 per cent of the control cuttings showed 
activity. Warm water and thiourea were less effective 
than the kinin. 

Further experiments were performed with benzyladenine 
in the dormant season of 1962-63. Cuttings of Thompson 
Seedless (Sultanina) and Tokay (a seeded table variety) 
were obtained on November 9. Cuttings were placed in a 
constant temperature room at 80° F. Benzyladenine 
strikingly hastened the breaking of rest in both varieties 
(Table 1). 
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Table 1. BREAKING OF REST IN GRAPE CUTTINGS AFTER VARIOUS TREATMENTS 


. St. Emilion, 1961-62 
Percentage of cuttings Days required for 50 per 


Treatment showing growth cent of cuttings to 
activity at 36 days show growth activity 
Cold water (control) 0 * 
Benzyladenine 53 22 
Warm water 30 27 
Thiourea 23 28 
Thompson Seedless, 1962-63 
Percentage of cuttings Days required for 50 per 
showing growth cent of cuttings to 
activity at 21 days show growth activity 
Cold water (control) 0 30 
Benzyladenine 33 24 
Tokay, 1962-63 
Percentage of cuttings Days required for 50 per 
showing growth cent of cuttings to 
activity at 32 days show growth activity 


Cold water (control) 3 t 
Benzyladenine 81 t 


* Only 13 cuttings out of 30 showed growth activity after 150 days. 

t Only 10 cuttings showed growth activity when experiment was term- 
inated at 70 days. 

ft Only 12 cuttings showed growth activity at 70 days. 


Previous experiments with dormant grape cuttings 
demonstrated that gibberellins markedly delayed breaking 
of rest, and that an auxin, «-naphthaleneacetic acid, 
usually produced some delay*. An examination of the 
interaction of the three classes of growth regulators on 
bud rest might yield fruitful results in helping to explain 
the mechanism of rest. 

I thank the Shell Oil Co. for supplying the benzyl- 
adenine. 

ROBERT J. WEAVER 


Department of Viticulture and Enology, 
University of California, 
Davis, California. 
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Phyllosoma Larvez associated with Medusz 


Own four occasions phyllosoma larve of the scyllarid 
lobster Ibacus have been found intimately associated with 
scyphozoan meduse. In May 1960, a number of purple 
semeostome meduse (Pelagia panopyra) were found in 
Sydney Harbour. Each medusa had a phyllosoma larva 
of Ibacus firmly attached to the ex-umbrellar surface of 
the bell. The larve clung tenaciously to this surface 
and were difficult to remove without injuring them. In 
aquaria, larve were repeatedly removed and placed 
among the tentacles of the mcduse to see if they would 
be eaten, but on all occasions they were unharmed and 
rapidly climbed back to the upper surface of the bell. 

In October 1962, a large number of semzostome medusz 
with associated phyllosoma larve of Ibacus, at a late 
stage of development, were taken in a prawn trawl off 
Ballina, New South Wales, at a depth of three fathoms. 
The following evening a similar trawl in thirty fathoms 
yielded many meduse but no semeostome species, and 
no phyllosoma larva. 

The reference collections of the Australian Museum, 
Sydney, contain a specimen of the phyllosoma of Ibacus 
taken in 1925 from the sub-umbrellar surface of a medusa, 
Catostylus mosaicus, in the estuary of the Hawkesbury 
River, New South Wales. There is also a detailed record 
from 1896 of an Ibacus phyllosoma clinging to the ex- 
umbrellar surface of a medusa. ` 

The association could provide the phyllosoma with 
` protection, transportation and possibly food. These 
Jarve are known to be carnivorous; but it was not clearly 
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demonstrated that they were actually feeding on the 
meduse. Yet, the fact that the general body structure 
of the late stage larve was coloured with the same purple 
pigment as that in the medusa suggests that they were. 
Dr. D. I. Williamson, who identified these larvae, informed 
me that he has recently been able to feed the phyllosoma 
of Jasus lallandeit on hydromeduse. 
Len R. THOMAS 


C.S.I.R.O. Marine Laboratory, 
Cronulla, 
New South Wales, 
Australia. 


ENTOMOLOGY 
‘Proterandry’ in Solitary Wasps 


OBSERVATIONS on the nest-building of Bumenes esuriens 
Fabr., a vespoid mud-building wasp, were made in 
Bhubaneswar by H. Spurway and myself during 
September, October and November, 1962. We have 
complete records of the building of three nests and less- 
complete records for three others. Four of these nests 
have yielded offspring. 

Nest 5 was the only one which produced wasps of both 
sexes, and in this nest, which consisted of 13 cells, all five 
eggs which produced males were laid before all seven eggs 
which produced females. The remaining cell, which was 
intermediate between those which produced males and 
those that produced females, was found, on dissection, to 
be empty except for a large number of larve and a fow 
imagines of a Chalcid parasite. Nests 2 and 4 each pro- 
duced five females only and nest 6 produced two males 
only. All three cells of nest 1 and three cells of nest 4 were 
parasitized by Chrysids, and the only cell of nest 3 was 
deserted without fully provisioning or sealing it. 

These observations suggest the hypothesis that, in this 
species, given male haploidy, a female, during her imaginal 
life, produces a series of unfertilized eggs, followed by a 
series of fertilized eggs, with no overlap. The sex of the 
missing wasp in nest 5 would have no effect on this 
hypothesis. 

Given that 5 males and 7 females are produced, the 
sequence observed in nest 5 would occur, by chance, once 
in 792 eases, which itself is highly significant. In addition, 
we must consider the results obtained in the other three 
nests. There are 77 ways in which one can obtain 7 males 
and 17 females from 4nests producing 2, 5, 5 and 12 wasps 
respectively, in such a way that in each nest all the males 
are produced before all the females. Each of these can 
occur by chance once in 346,104 times. The total proba- 
bility of obtaining such a result is, therefore, 77/346,104 = 
22x10. Allowing for a male or a female in the empty 
cell this probability becomes 2,098/8,652,600 = 2-4 x 10-4. 

Further, there is a similar record for one nest of the 
Sphecoid mud builder, Sceliphron madraspatanum (Fabr.)', 
in which all 4 eggs which produced males were laid before 
all 5 which produced females. The probability of this 
result occurring by chance is 1/126. The over-all probabil- 
ity for the two species is 2 x 10-*. 

Kohl? states that in many predatory wasps (Raubwespen) 
there is an earlier hatching and emergence of males than 
of females, but does not discuss whether this is because of 
the order in which the eggs are laid. Olberg? states that 
males of the European species of solitary wasps emerge 
earlier than females. It will be interesting to see whether 
the same rule holds for the solitary bees. 

This change, presumably from unfertilized to fertilized 
eggs, could occur for three reasons. (1) Copulation takes 
place only after several eggs have been leid. (2) A con- 
siderable interval occurs between copulation and fertiliza- 
tion. (3) Fertilization can be controlled by a sphincter, as 
it appears to be in some social hymenoptera. European 
species are reported to copulate soon after emergence*. 


no.4s7e April 13, 1963 


The name protarrhenotoky has been suggested for this 
condition by Prof. J. B. S. Haldane. Kohl? uses the word 
‘proterandry’ for the fact thatmales emerge before females. 
This could, of course, be due to their developing more 
rapidly. It may be desirable to coin a word meaning that 
male-producing eggs are laid before female-producing eggs. 

The evolutionary consequences are interesting. An 
abnormal sex-ratio is essential for the kind of socializa- 
tion that the Hymenoptera have achieved. If protar- 
rhenotoky is primitive, the process of socialization must 
have involved a change over to the condition where a large 
number of fertilized eggs are laid before any unfertilized 
eggs are laid, though, so far as I know, complete proto- 
thelytoky (where all female-producing eggs precede all the 
male-producing) has not been observed to be the rule in 
any hymenopteran. 

S. D. JAYAKAR 


Genetics and Biometry Laboratory, 
Government of Orissa, 
Bhubaneswar-3 
Orissa, India. 
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Resistance to the Cabbage Aphid (Brevicoryne 
brassicae) in Brassica Plants 


A MARROW-STEM kale (Brassica oleracea var. acephala) 
solection segregated on selfing for plants with and without 
cuticular wax on their leaves, and it was observed in a 
natural field infestation that the non-waxy plants were 
not colonized by the cabbage aphid (Brevicoryne brassicae 
L.), whereas the normal, waxy plants had large colonies. 
The resistance of non-waxy plants was confirmed in a 
field plot, artificially infested. In a severe attack of 
cabbage white fly (Aleuroides brassicae Walk.), which 
developed later in the year than the aphid attack, no 
larvee or pupz, and only occasional adult flies, were found 
on the non-waxy plants, whereas the lower sides of the 
leaves of the waxy plants were covered with white fly at 
all stages of their life-cycle. 

The non-waxy plants were thus resistant to both 
cabbage aphid and white fly. Both insects secrete a white, 
mealy covering of wax over their bodies, and it therefore 
seems possible that the absence of wax or its immediate 
precursors in the plants may be the cause of the resistance. 
In brussels sprouts (var. gemmifera) and in other botanical 
varioties of B. oleracea, waxes and related substances are 
present as an integral part of the cell cytoplasm as woll as 
forming cuticular wax}. 

Other factors, besides non-waxiness, may bo involved in 
resistance to cabbage aphids. Thus Wensler? found that 
the mustard oil glucoside, sinigrin, is a specific stimulus for 
host selection by B. brassicae. Also lines of kale, with some 
resistance to aphids but not with waxless leaves, can be 
bred. It may be that such lines have a low sinigrin 
content. 

Differences in waxiness of plants also occur between 
species in the genus Brassica and may be correlated with 
relative susceptibility to cabbage aphids. Heathcote? 
found the aphid to flourish best on brussels sprouts with 
cauliflower (B. oleracea var. botrytis) and cabbage (B. 
oleracea var. capitata) as other good hosts, and Lamb‘ 
found dwarf Essex rape (B. napus L.) to be very suscep- 
tible, marrow-stem kale to be fairly susceptible end 
turnips (B. rapa L.) to be resistant. Both the B. oleracea 
varieties (brussels sprouts, cauliflower, cabbage and kale) 
and B. napus have waxy, blue green leaves, whereas 
turnips (B. rapa) have light green leaves with less wax. 
Also it is known that turnips contain sinigrin because 
their leaves were attractive in Wensler’s experiments. 
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Qualitative as well as quantitative differences in cyto- 
plasmic wax contents might also be of some importance. 
Chibnall and Piper! found B. oleracea varieties and B. 
napus to contain either 15-nonacosanone (C,,H;,0) or 
15-nonacosanol, the ketone and alcohol from -nonacosan. 
While both were present in brussels sprouts, neither were 
identified in white mustard (Sinapis alba L.), which is 
known to be fairly resistant to cabbage aphids. 

It would thus appear that, although sinigrin may be a 
specific stimulus for host selection by the cabbago aphid, 
resistance to the aphid can be determined by the waxy or 
non-waxy nature of Brassica plants. 

K. F. Tromeson 

Plant Breeding Institute, 

Maris Lane, 
Trumpington, 
Cambridge. 
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Differential Utilization of Amino-acids by 
Myzus persicae (Sulzer) fed on Artificial Diets 


In a recent report by Mittler and Dadd! on the artificial 
feeding of Myzus persicae (Sulzer) through membranes of 
stretched ‘Parafilm’ it was noted that the aphids excroted 
numerous honeydew droplets when feeding on an 18 por 
cent sucrose solution with or without amino-acids. 
vitamins and salts. 

Spot tests failed to detect amino-acids in the honeydow 
excreted by M. persicae feeding on solutions of sucrose 
only, but indicated a high level of amino-compounds in 
the honeydew excreted by aphids feeding on a diet con- 
taining the 20 L-amino-acids previously listed}. 

In order to test whether some of these dietary amino- 
acids are differentially utilized by the aphids, 20 per cent 
sucrose solutions containing only 3 or 6 of the 20 amino- 
acids, at the concentrations indicated in Table 1, were fed 
to several groups of 40-90 apterous adult M. persicae for 
periods of 6 days and the honeydew excreted by each group 
analysed chromatographically. Five of the amino-acids 
were selected from those considered to be essential in the 
nutrition, of several insects? and hence likely to be roquired 
in specific amounts also by aphids, whereas asparagine 
was included as it is frequently a major component of 
plant sap. A  butanol-methyl ethyl ketone-wator 
solvent® was found to give good and rapid resolution on 
strip chromatograms of the 6 amino-acids. From diot 
honeydew comparisons the relative amounts of tho 
excreted amino-acids were semi-quantitatively evaluated 
(Table 1). 


Table 1. RELATIVE AMOUNTS* OF AMINO-ACIDS FOUND IN THE HONEYDEW 
OF Myzus persicae FED ON VARIOUS AMINO-ACID SUCROSE DIETS 


No. of amino-acids and concentration of each, in diets 


8 at 3 at 0-7% a at 05% 

05% (2replicates) 01% (3 replicates) 
Threonine + tt +++ - - tr tr 
Valine tr + ++ - - - tt 
Methionine tr tr + = - - tr 
Lysine -= -- AH tr + ++ ++ 
Leucine -= -- -- = tr ++ 4+ 
Asparagine oe) ee | oie ++ ++ +44 +r 


* Relative amounts indicated as follows: ——, not present in the diet 
nor detected in the honeydew; —, not detected in the honeydew; tr, trace 
amounts defected; +, ++, +++, amounts on an increasing but not 
proportional scale. 


It is evident that the 6 amino-acids were not excreted 
in the same proportions as they occurred in the diets. 
The amino-acids could be arranged in the following order 
in which they were found to occur in progressively decreas- 
ing amounts in the honeydew: asparagine, lysine, leucine. 
threonine, valine and methionine. The chromatograms 
also indicated that as the amino-acid concentrations in 
the diets are increased the number and concentration 
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of the dietary amino-acids also increase in the honeydew. 
No non-dietary amino-acids were detected in the honey- 
dew derived from any of the experimental diets. The 
non-detection of some of the dietary amino-acids in some 
of the honeydew samples did not imply a complete absence 
of these amino-acids. When larger amounts of honeydew 
were available their presence was, in fact, demonstrable. 
Comparisons of the amino-acid composition of the diet 
at the beginning and end of the feeding periods did not 
indicate decomposition or a relative utilization by micro- 
organisms of the amino-acids found in reduced amounts 
in the honeydew. 

The results suggest that dietary amino-acids are differ- 
entially absorbed by M. persicae. In contrast, Mittler*5 
and von Dehn’ concluded that there was little or no 
differential absorption of amino-acids by five other aphid 
species, on the basis of comparisons of the amino-acid 
composition of the phloem sap ingested and the honeydew 
excreted by these aphids. 

It is clear from this preliminary work that further 
chemical comparisons between diets of known composition 
and honeydew derived from these diets should lead to the 
elucidation of various absorptive, digestive and nutritional 
processes in aphids. The results further emphasize that 
the amino-acid composition of honeydew excreted by 
aphids feeding on a plant may not always be a reliable 
guide to the quantitative or even the qualitative amino- 
acid composition of the phloem sap of the aphids’ host 
plant. : 

This work was supported in part by the National 
Science Foundation Secondary School Students’ Summer 
Research Programme. 
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Control of Ingestion in Rhodnius prolixus 
Stål 

LARVÆ of Rhodnius take very large meals of blood!. If 
they are disturbed when half full they will readily resume 
feeding, but fully fed larve will make no further attempts 
to suck blood until after they have moulted to the next 
instar. The following observations provide an explanation 
of the way in which the extent of feeding is controlled. 
` The ventral nerve cords of twenty 5th stage larve were 
cut between the prothoracic ganglion and the meso- 
thoracic ganglionic mass. When these insects were fed 
they would not voluntarily stop even when they had 
taken abnormally large meals. For example, one such 
insect fed for 30 min was removed and found to weigh 
550 mg, whereas normal 5th stage larve feed for about 
15 min and their average weight is then 330 mgt. For at 
least a week after such large meals the operated insects 
would still attempt to suck blood whenever given the 
opportunity. These effects were also produced by severing 
the nerves which leave the back of the ganglionic mass to 
supply the abdomen. During feeding, the cuticle of the 
abdomen unfolds and stretches to accommodate the swol- 
len mid-gut. It seems probable, therefore, that ingestion 
is controlled by sensory information as to the volume of 
the abdomen. 

The results of another experiment support this inter- 
pretation. By cutting a small hole in the abdominal wall 
of an unfed insect, a part of the mid-gut could be extruded 
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and held in place with wax. Later, when this part of the 
gut was gashed and the insect fed, the ingested blood. 
leaked out of the hole in the gut so that the abdomen was 
searcely distended. Five such insects continued to feed. 
until they were stopped 15 min after control insects had 
finished, by which time they had sucked much more blood. 
than had the controls. 

It is concluded that the process of ingestion is normally 
terminated by nervous information as to the size of the 
abdomen. A somewhat similar mechanism has been 
invoked for the control of water responsiveness in the 
blowfly, Phormia*?. It is worth noting that there are 
stretch receptors in the abdomen of Rhodnius*®, which 
could well be responsible for supplying the required infor- 
mation. The fact that the receptors adapt very slowly, if 
at allt, would make them well suited for this task. 

I thank Prof. V. B. Wigglesworth for his advice, and 
the Department of Scientific and Industriel Research for 
financial support. 

S. H. P. MADDRELL 

Department of Zoology, 

Downing Street, 
Cambridge. e 
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MICROBIOLOGY 


Heated Blood Agar Medium for the Growth 
of Trypanosoma cruzi and some Species of 
Leishmania 


Diruasic media containing defibrinated blood have been 
extensively used for cultivation of Trypanosoma cruzi and 
Leishmania spp. In these media, the protozoan assumes 
the flagellate form which occurs in the insect vector. For 
work which requires large amounts of material such as 
biochemical investigations, media of this kind are not 
entirely suitable owing to difficulties of preparation and 
collecting, but also because the suspensions of flagellates 
contain erythrocytes derived from the blood. In spite of 
these objections, these media have been used routinely by 
von Brand eż al.1?, Chatterjee and Ghosh’, ete. 

Liquid media not containing fresh blood have also been 
devised for certain species, notably L. tropica and 
T. cruzi®5. In our experience, these media will only 
support the growth of selected strains of L. tropica and 
T. cruzi and will not support the growth of L. donovani. 

We have successfully grown a number of strains on a 
medium of heated blood agar. This medium is prepared 
according to the usual Novy—MacNeal—Nicolle (NNN) 
formula by adding 10 per cent defibrinated rabbit blood to 
nutrient agar, followed by steaming the mixture for 10-15 
min in an autoclave. After the heated blood agar mixture 
has solidified, an overlay of glucose saline containing 0-85 
per cent sodium chloride and 1 per cent glucose is added. 
Heating the blood agar for a longer time results in a 
lowering of protein concentration in the overlay and this 
is associated with a progressive reduction of growth. After 
autoclaving at 15 lb. for 15 min the overlay still contains 
some protein, but of the strains examined only L. enriettii 
could be grown prolifically and indefinitely. 

The growth of all strains so far tested on the heated 
blood agar has been equivalent to or slightly less than that 
obtained with NNN medium. The heated blood medium 
yields from 4x 10? to 1x 108 flagellates/ml. after about 3— 
5 days’ growth. The following protozoa have been 
successfully grown on the heated blood agar medium: 
L. donovani (3 strains), L. tropica (3 strains), L. enriettit 
(3 strains), L. braziliensis (1 strain), L. adleri (1 strain) and 
T. cruzi (1 strain). 
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The advantage of the heated blood medium is that 
prolific growth is obtained with strains that will grow on 
NNN, and that the suspension of flagellates is free from 
erythrocytes. Work is in hand on identification of growth 
factors necessary for the growth of these flagellates. 


R. A. Near 
R. A. Mines 


Wellcome Laboratories of Tropical Medicine, 
London, N.W.1. 
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Acid Production by Azotobacter vinelandii 


Azotobacter vinelandii has been characterized by its lack 
of acid production in culture’. In fact, most species of 
Azotobacter do not form acid, but appear to oxidize carbo- 
hydrates completely to carbon dioxide and water*. The 
notable exceptions to this are the acid-tolerant A. indicum 
(Beijerinckia indica) and A. macrocytogenes* that are 
characterized by acid production. Other acid-tolerant 
species are not reported to be acid producers. There have 
been a few scattered reports of acid production by A. 
vinelandii, but these usually mention that it occurred 
during abnormal cultural conditions®, or with little or no 
growths. 

It was, therefore, of interest to find an acid reaction 
produced routinely when A. vinelandii was grown in 
broth. During the growth of Azotobacter vinelandii 34 in 
broth for purposes of examining extracellular polysaccha- 
ride, a distinct colour change was observed in the charac- 
teristic green fluorescent pigment. Johnstone and 
Fishbein’ reported that the fluorescence of this pigment 
changed with pH. The colour change observed here was 
coincident with a reduction of pH. When this strain was 
cultured in shake flasks containing Burk’s nitrogen-free 
broth’, with 1-5 per cent sucrose, glucose or fructose, the 
reaction changed from an initial pH 7-0 to approximately 
pH 5:5 in about five days with abundant growth. 

Another characteristic of most strains of A. vinelandii 
is the synthesis of copious amounts of highly viscous 
extracellular slime. Table 1 illustrates the direct relation- 
ship of slime to acidity produced by various strains of 
A. vinelandii after several days in Burk’s broth. The 
medium contained 1-5 per cent sucrose and the initial 
reaction was pH 7-0. Cultures of the slime-forming strains 
became acid, and the non-slime-forming strains remained 
near neutrality. Thus, it appears evident that acid pro- 
duction is not unique and limited to one strain but has 
been observed with all slime-forming strains of A. vine- 
landit examined in this laboratory. 


Table 1. COMPARISON OF SLIME AND ACIDITY PRODUCED BY VARIOUS 
STRAINS OF A. vinelandii 
Strain FinslyH Slime 
ATCC 9046 5-5 Present 
ATCC 13705 Wilson strain OP 7:0 Absent 
ATCC 12518 Wilson strain 0 5:3 Present 
ATCC 12837 Johnstone strain 34 5-0 Present 
121 Wilson strain S 6-8 Absent 
aC-1 Vermont soil isolate Bel Present 
GC-2 Vermont soil isolate 5-5 Present 


In order to determine the effect of carbohydrate con- 
centration on the ability to produce acid, shake cultures of 
strain 34 were grown for 10 days with each of three 
sugars, sucrose, glucose, and fructose, in concentrations of 
1-0, 2-5, and 6-0 per cent. The results (Table 2) show a 
direct relationship between carbohydrate concentration 
and acidity attained. The greater the amount of carbo- 
hydrate available, the lower was the pH at the end of ten 
days, with an exception in the case of fructose. The 


NATURE 


211 


Table 2. pH ATTAINED BY Á. vinelandii WHEN GROWN IN BUBE’S MEDIUM 
FoR TEN Days 


Percentage Suerose Glucose Fructose 
concentration pH pH pH 
1 51 55 54 
2-5 4'8 5-0 4-4 
6-0 4-4 4:5 46 


cultures with the highest concentration of each sugar 
were also found to have the most extracellular poly- 
saccharide. 

Concurrent electrophoretic and chemical analyses have 
revealed the polysaccharide slime of Azotobacter vinelandii 
3A to be an acidic polymer, a major component of which is 
galacturonic acid®. Jensen! has suggested that the acid- 
forming Azotobacter possesses a metabolic block that pre- 
vents the further conversion of acid intermediates, result- 
ing in accumulation of acid in the medium. Whereas this 
may be so, as supported by the experiments of Jensen’, we 
offer another possible explanation. We suggest that the 
slime-forming Azotobacter vinelandii possesses a spocilic 
polymerase which combines the partially oxidized inter- 
mediates into an acid polymer. With sufficient carbo- 
hydrate, the acidic extracellular polysaccharide accumu- 
lates, thereby lowering the pH. of the culture. In those 
strains that do not lower the pH, there may be no polymer- 
ase, thus permitting the intermediates to be completely 
oxidized with no acidity resulting. 

Considering the voluminous literature on A. vinelandit, 
it is interesting to speculate as to why this phenomenon 
had not been reported. It might have been overlooked. 
because maximum cell proliferation is completed in a few 
days at most, long before marked acidity is developed. 
Another likely possibility is that several of the modia 
used for their growth contain calcium carbonate, whereas 
Burk’s medium does not. To see if a slimo-forming 
strain would produce a culture with low pH and or 
slime when grown with calcium carbonate, A. vine- 
landit 3.4 was grown for five days in Ashby’s® (containing 
0-5 per cent calcium carbonate) and Burk’s medium to 
which 0:5 per cent calcium carbonate was added. Regular 
Burk’s medium, serving as control for the added carbonate, 
produced abundant growth, copious slime, and pH 5:3. 
Whereas abundant growth also took place in both media 
containing carbonate, the cultures remained at neutrality 
with no accumulation of extracellular slime. It is not 
known at this time whether the calcium carbonate serves 
merely to neutralize the acid as formed, or whother it 
inhibits in some other manner the ability of the cell to 
synthesize the polysaccharide. Markovitz and Sylvan! 
have recently shown that certain salts markedly influence 
heteropolysaccharide synthesis by some soil bacteria. 

Gary H. COHEN 
Donatp B. JOHNSTONE 
Department of Agricultural Biochemistry, 
University of Vermont, 
Burlington. 
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Colicine A 


ANTAGONISM between closely related bacteria has often 
been observed. In attempts to find a basis for antagonism 
between strains of Escherichia coli, Gratia! isolated a 
filtrable agent possessing potent antibacterial properties. 
The striking resemblance of this material to bacteriophage 
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led first to the belief that these agents are identical. How- 
ever, the bactericidal agent, unlike bacteriophage, does 
not reduplicate on serial passage and it was later con- 
cluded that they are unrelated. Fredericq? extended the 
original observations of Gratia and described seventeen 
different bactericidal agents, termed colicines, elaborated 
by various enteric strains. Production of antibiotic-like 
‘materials is not confined to Enterobacteriaceae as similar 
substances produced by bacteria of other families have 
been reported?-8. 

A. continuing interest in the bacteriophages and in anti- 
bacterial products produced by micro-organisms has 
recently led to a re-evaluation of the relationship between 
colicines and bacteriophages in view of their remarkable 
similarities in behaviour®°, The controversy which 
presently surrounds the specific chemical nature, function, 
origin and relationship of colicines to micro-organisms 
which elaborate these materials stimulated the present 
investigations. The results briefly outlined here concern- 
ing the isolation and characterization of colicine A are an 
extension of other investigations’? * and contribute 
information on the question of a ‘parasite or organelle’ 
origin of colicines. 

Three different colicinogenic strains were employed in 
these studies. A strain of Citrobacter freundii CA3I1, 
which elaborates colicine A, was kindly provided by Dr. 
Pierre Fredericg. Strain 21, characterized as a C. freundii, 
and strain 23, as an Æ. coli 06:H16, were isolated from 
pathological specimens. A variant, termed CA31LA; which 
produces about three times more colicine than does the 
original was selected from subcultures of C. freundit CA31. 

The variant was grown in 35 1. of sterile medium con- 
sisting of 0-05 M phosphate buffer at pH 7:0 and 1 per cent 
dialysed (Difco) technical casamino-acids. One litre of 
sterile 50 per cent (Abbott) dextrose and 150 ml. of the 
concentrated sterile dialysate obtained from 75 g of 
(Difco) yeast extract were added. The culture, seeded 
with 2-0 ml. of a 10-5 broth dilution (10° B/ml.) of a 5-h 
culture of CA31A growing in the logarithmic phase, was 
incubated at 37° O with aeration (1-8 l/min). During 
growth the pH of the culture was maintained at 7-0 by 
addition of 2 M sodium carbonate automatically con- 
trolled by a (Radiometer) titrimeter connected to sterile 
glass and calomel electrodes inserted into the medium. 
Under these conditions maximum yields of colicine A were 
attained. When bacterial growth ceased the pH was 
lowered to 5:6 by addition of 100 ml. of glacial acetic acid 
and the bacilli killed by addition of 100 ml. of chloroform. 
The culture supernatant containing the colicine was 
clarified by centrifugation and concentrated to 31. in vacuo 
at 1-2 mm pressure at 20° C in a modified glass circulating 
evaporator’, After thorough dialysis agdinst distilled 
water followed by reconcentration im vacuo and lyo- 
philization, 7 g of crude colicine A was recovered. 

Purification was accomplished by centrifugation of a 
1 per cent aqueous solution at 59,000g for 1 h in a Spinco 
model L preparative centrifuge. Three fractions were 
isolated: a precipitate, a clear supernatant and a lipid 
layer which overlays the latter. The supernatant which 
has most of the biological activity was separated and 
lyophilized. A recovery of 4:5 g was obtained. Further 
purification was accomplished by fractional precipitation 
at 0° © of a 0-5 per cent aqueous solution by addition of 
ethanol (90 per cent) acidified with 10 ml. 2 N hydrochloric 
acid. This was followed by two additional precipitations of 
the redissolved precipitate with ethanol (90 per cent). 
After dialysis and lyophilization a yield of 0-7 g was 
obtained. 

Purified colicine A is a white amorphous powder freely 
soluble in water at weakly alkaline pH to give clear, 
colourless solutions. It is less soluble in acidic media. 
Aqueous solutions are not viscous. Colicine A contains 
10-3 per cent of nitrogen and 1-1 per cent of phosphorus. 
In both the Perkin-Elmer electrophoresis and Spinco 
analytical ultracentrifuge apparatuses a single peak was 
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obtained in borate buffer at pH 9-2 and 0-1 ionic strength. 
The purified material contains 67 per cent of protein and is 
free of nucleic acid. In addition, 7-6 per cent of reducing 
sugars and 5-6 per cent of hexosamine are present. 
Pentoses, methyl pentoses and hexuronic acids are absent. 
Colicine A appears to be a macromolecular substance 
constituted of carbohydrate, protein and lipid. Cystine, 
arginine, histidine, glycine, threonine, serine, leucine, 
isoleucine, phenylalanine, valine, aspartic and glutamic 
acids were detected in hydrolysates of colicine A by paper 
chromatography. Glucose and galactose were detected in 
the polysaccharide moiety of colicine A by Dische’s. 
method!4. Colicine A is thermostable, for it withstands 
heating in aqueous solution for 5 min at 100° C. It is 
stable at room temperature between pH 2-4 and 10-5. 
Incubation of colicine A at 37° C with crystalline trypsin 
at pH 8-2 or exposure to 0-5 per cent formalin at room 
temperature for 1 h destroys its activity. Addition of 
trichloroacetic acid (10 per cent) or of saturated picric 
acid to aqueous solutions of colicine A precipitates the 
biological activity. Colicine A is both toxic and antigenic 
when injected into rabbits and also possesses potent anti- 
bacterial properties. Its activity is 1,000-fold greater than 
that of the crude. From calculations made from the 
bioassay!”, 1 ug of purified colicine A completely inhibits 
growth of 10° E. coli strain B cells. The biological activity 
of purified colicine A can be neutralized and precipitated 
by antisera prepared against the parent micro-organism 
or from the purified material. 

Verification of the identity of the colicine produced by 
strains 21 and 23 was made from a comparison of its 
biochemical and biological properties with those of 
colicine A. Each colicine is resistant to heating for 6 h at 
80° © and is non-dialysable. Their biological activity is 
inhibited in nutrient agar which contains 5-6 per cent 
sodium chloride. Papain, ficin and trypsin destroy their 
activity but prolase is without effect. H. colt B/A mutants 
resistant to colicine A are also resistant to the colicine 
produced by strains 21 and 23 and vice versa. Strains 21 
and 23 are resistant to colicine A, and C. freundii CA31, the 
known producer of A, is resistant to the colicine of strains 
21 and 23. A strain of C. freundit M-1 sensitive to colicine 
A and resistant to other prototype colicines described by 
Fredericq? is also sensitive to the colicine produced by 
strains 21 and 23. Addition of 0-2 ml. of antiserum 
prepared against purified colicine A on to chloroform- 
killed 48 h stab cultures of strains 21, 23 and C. freundi 
CA314A, prior to overlaying with the indicator H. coli 
strain B, showed neutralization of the colicine activity 
produced by all three strains'®. Moreover, colicine A 
antiserum is specific for colicine A as it does not neutralize 
the biological activity of other colicines described by 
Fredericq?. It is obvious that the colicine produced by 
strains 21 and 23 has a spectrum of biological activity, 
biochemical and serological properties identical with 
those of colicine A. 

Antibacterial antisera prepared against strains 21, 23 
and C. freundii CA31A gave agglutination titres of 1 : 
5,000 or more against the respective homologous strains. 
However, in heterologous agglutination tests with viable or 
boiled cells none of the strains showed agglutination even 
at a 1 : 10 dilution of the antisera. It is apparent, there- 
fore, that the three colicinogenic strains are serologically 
unrelated to one another. 

The results of the immunological studies clearly reveal 
that C. freundii CA31A, E. coli 06: H16 strain 23, and 
C. freundii strain 21 elaborate a similar-colicine A and that 
the principal type specific antigens present in each strain 
are unrelated to those of the other strains. However, the 
neutralization of the colicine A activity of all three 
strains with colicine A antiserum demonstrates that the 
three strains share a common antigen. The results also 
firmly establish that bacteria of different genera may- 


_ produce a similar colicine. It is apparent that the chemical 


composition of colicine A obtained from C. freundii CA31A. 
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is qualitatively similar to that found for colicines K and V 
obtained from strains of Æ. coli!-16 and of an uncharacter- 
ized colicine obtained from Æ. coli 710 (rəf. 17). However, 
colicine A contains considerably more protein and less 
carbohydrate than do these colicines. 

This work was supported by a grant from the U.S. 
Public Health Service and the National Science Founda- 
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Growth Factors for Selenomonas ruminantium 


Tue effect of volatile fatty acids as growth factors for 
rumen bacteria is well known, but in most cases so far 
reported the branched-chain fatty acids, sometimes in 
combination with straight chain acids, have been found to 
be most effective. In a recent paper, Bryant and Robinson! 
mentioned that their results showed the importance of 
acetate in the nutrition of many species of bovine rumen 
bacteria. However, their strains of S. ruminantium varied. 
in the response to volatile fatty acids, a mixture of such 
acids other than acetate, propionate and n-butyrate baing 
stimulatory or essential, while acetate was stimulatory 
to two strains, but only in the absence of casein hydro- 
lysate. Hobson and Mann? earlier reported that acetate 
stimulated the growth of isolates of sheep rumen S. 
ruminantium and some further observations are described 
in this communication. 

The organism examined in detail was strain 6 of the 
isolates described by Hobson and Mann and it was 
routinely grown in the casein hydrolysate- (Difco 
‘Casitone’), yeast extract-, ammonia-containing medium 
similar to medium 14 (ref. 2), but with 1 per cent glycerol 
as carbohydrate. Further tests showed that the organism 
did not utilize ammonia in this medium and would not 
grow in a medium containing ammonia as main nitrogen 
source with vitamins added, with or without the addition 
of acetate, and that more than 0-75 per cent ‘Casitone’ 
was needed for good growth, although the concentration 
of yeast extract used in the foregoing medium could be 
decreased in the presence of the normal 1-5 per cent 
‘Casitone’. For the following tests the routine medium 
(above) was used with volatile fatty acids added as 
sodium salts. The rate of growth and maximum growth 
were determined in arbitrary units from the optical densi- 
ties of the cultures. In the basal medium maximum growth 
was usually attained after about 26 h, but readings were 
continued to 50 h. Acetate alone increased both the rate 
of growth and the final density (maximum increase was 
from 13 to 19 units) at concentrations of from 0-03 to 
to 0-10 m.equiv./ml. Above this concentration stimulation 
was less and above 0:20 m.equiv./ml. maximum growth 
was depressed below that in the basal medium. 
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Propionate in similar concentrations slowed down 
growth, but did not greatly affect the maximum density 
(attained at 40-50 h). n-Butyrate in similar concentra- 
tions was slightly inhibitory, culture density never 
attaining that in the basal medium. iso-Butyrato and 
n- or iso-valerate were definitely inhibitory. Mixtures 
of straight-chain (higher than propionic), or straight- 
and branched-chain acids were also inhibitory. At the 
lowest concentrations equimolecular mixtures of acetic 
and propionic acids had much the same stimulatory effect 
as acetic alone at a concentration equivalent to that of 
the mixture; at higher concentrations the propionate 
depressed the stimulation of acetate and slowed down 
growth markedly. Similar mixtures of acetate and 
butyrate had the same effect, and mixtures of acetic and 
other higher acids were inhibitory or stimulated less than 
acetic alone. Pyruvate at a concentration of 0-06 
m.equiv./ml. in the medium without glycerol did not 
increase the slight growth always found in this mediun 
without carbohydrate. A similar concentration of 
pyruvate in the presence of glycerol caused a long lag 
(more than 24 h) before growth started, but growth was 
then rapid and the final culture density was about twice 
that of the medium with glycerol alone. 

This sheep rumen strain of S. ruminantium differs from 
many rumen bacteria and the bovine S. ruminantium 
strains of Bryant and Robinson in not utilizing ammonia 
and requiring amino-acids for growth. Also, acotate is 
stimulatory for growth even in the presenco of a casein 
hydrolysate, and none of the other volatile fatty acids is 
stimulatory, while some are inhibitory. It would semn 
that the lack of effect of acotate in the prosence of casoin 
hydrolysate found by Bryant and Robinson was due to 
acetate in their casein hydrolysate, as they suggested. and 
not to acetate-replacing factors. In our own experiments 
the basal medium contained no volatile acid. An effect 
of pyruvate similar to that noted here has been found with 
certain other bacteria, for example, Strep. salivarius®. 

P. N. Hopson 
S. O. MANN 
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Site of Gram Stain in Cells of Gram-positive 
Micro-organisms 


THE direct observation of the site of Gram stam in 
cells of micro-organisms could not be attempted before 
the ultra-thin section technique became available. How- 
ever, to obtain a suitable section, specimens have to be 
dehydrated either by alcohol or by a water-miscible rosin 
(for example, ‘Durcupan’), prior to the embedding. Both 
techniques in their normal applications remove suff- 
ciently the stain from Gram-positive organisms to make 
them unsuitable for topographic investigation of the sit: 
of Gram stain. 

The modified Gram stain technique! allows one to carry 
out the differentiation and dehydration in iodinated 
alcohol with little removal of the stain from Gram-positive 
organisms. A final bath of 30 min in absolute alcohol 
is enough to remove the residual iodine and the norma! 
embedding methods with epoxyl-resin can then be applied 
with only small further loss of the stain from the cell. 

Gram-positive cells during embedding were examined 
by light microscope and were found that they remain 
Gram-positive up to, and including, the final stage. 

Ultra-thin sections were then obtained by the normal 
sectioning method. The ribbon was picked up by the 
tip of a small broken piece of microscope coverglass and 
then mounted in water or in immersion oil. The examina- 
tion was made with light and phase microscope. 
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Using this method, cells of yeast and Bacillus showed a 
faintly uniformly stained blue-violet cytoplasm. With a 
Gram-negative organism (Azotobacter) the cytoplasm was 
practically invisible under light microscope though 
observable under the phase microscope. 

These results show that it is possible at present using 
ultra-thin sections to observe directly that the Gram 
stain is located in the cytoplasm of the microbial cell. 

I thank the Rural Credits Development Fund of the 
Reserve Bank of Australia for support of this work. 
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VETERINARY SCIENCE 


Specific Gravity of Live Sheep 

Durna the past two years three experiments were 
carried out to determine the feasibility of estimating the 
specific gravity of live sheep by water displacement. This 
work was stimulated by the reports of high correlations 
between carcass specific gravity and the chemical com- 
position of the carcass published by numerous authors and 
summarized in ref. 1. Moreover, recent work? emphasizes 
that subjective methods of estimating the proportion of 
fat in the carcasses of lambs are unsatisfactory. 

In the first experiment 30 Merino wethers underwent a 
starvation period of 40 h and were afterwards weighed in 
air and then weighed in water twice. The animals were 
killed and their carcasses weighed in air and water. From 
these readings the live and dead specific gravities for each 
animal were calculated, and the sample correlation 
coefficient for these two measurements was 0-52. How- 
ever, it was found from the repeated weighings in water 
that the live specific gravity of 6 sheep had probably been 
inaccurately estimated, and when these animals were 
omitted from the analysis, the correlation between live 
and dead specific gravities increased to 0-59. 

The purpose of the second experiment was to improve 
the general technique, and, in the process, to determine 
the correlation between repeated specific gravity determ- 
inations made on the same sheep during different 
starvation periods. Fifteen Merino wethers were anzsthe- 
tized and weighed in water to a greater accuracy than 
was possible on the previous occasion, and then returned 
to pasture. This procedure was repeated six days later and 
a correlation of 0-46 was obtained between repeated 
measurements of specific gravity. 

The aim of the final experiment was to determine 
whether or not the technique which had been developed 
was in fact sufficiently sensitive to pick up between sheep 
differences in specific gravity. Twenty-two wethers were 
starved for 40 h, weighed in air, anesthetized and then 
weighed in water. The sheep were returned to their pens 
overnight, and were not allowed access to food or water 
and a further determination of specific gravity was mado 
on the following day. The correlation between repeated 
determinations of specific gravity within the same starva- 
tion period was 0-66 and it was found that the specific 
gravity means of the 22 sheep for both days were exactly 
the same. 

The conclusion drawn from this work is that specific 
gravity can be determined for the live sheep by fluid 
displacement techniques. The correlations, which were all 
statistically significant with a one tail test, indicate reason- 
able repeatability between successive determinations and, 
also, that live and dead specific gravity values are related. 
Since the technique and equipment used during this series 
of experiments were fairly rough, it does not seem un- 
reasonable to postulate better results with improved 
methods. Certainly, air-displacement investigations, al- 


NATURE 


April 13, 1963 VoL, 198 


though costly, should give greater accuracy and ropeat- 
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CYTOLOGY 


Determination by Ammonium of the 
Manner of Yeast Nuclear Division 

ALTHOUGH it is questionable whother mitosis and 
meiosis in the classical sense occur in Saccharomyces 
cerevisiae, there is no doubt that the nuclear divisions 
observed are genetically equivalent to those of higher 
forms of life®*, In sporogenesis, spore walls enclose the 
haploid nuclei resulting from meiosis, and thus presence 
of spores in a cell demonstrates that meiosis has occurred. 
But absence of spores is inadequate evidence that meiosis 
has not occurred: following formation of the tetrad of 
haploid nuclei spore walls may conceivably fail to form. 
Thus although the proportion of sporulated cells in a 
population is easily determined without staining, a 
nuclear staining schedule must be utilized for reliable 
assessment of meiotic frequency. Environmental con- 
ditions favouring sporulation are known to differ in many 
respects from those that promote growth*. Comparison 
of the response of yeast sporulation and growth to nutri- 
tional and other factors may therefore help explain how 
the manner of division (mitosis or meiosis) is determined, 
provided that the treated cells are examined utilizing a 
nuclear staining technique. 

Cells of a bakers’ yeast isolate (77493) precultured two 
days in Wickerham’s' yeast nitrogen base (Difco) with 1 
per cent glucose as carbon source were added at a cell 
density of 4 million per ml. to 180-ml. pharmaceutical 
bottles containing 8 ml. volumes of liquid and incubated 
for three days at 27+ 1° C on their flat sides (to aid aera- 
tion). Fuller details of the culture procedure are given 
elsewhere*. The liquid in the bottles was 0-05 M pH 5 
phthalate buffer or buffer + 0-01 M ammonium sulphate or 
buffer + 0-02 M sodium acetate or buffer + salts-vitamins or 
various combinations of these. The salts-vitamins were 
as in yeast nitrogen base except that ammonium sulphate, 
amino-acids, folic acid, p-aminobenzoic acid, and ribo- 
flavin were omitted. The final concentration of salts- 
vitamins in the liquid was one-third of that recommended 
for yeast nitrogen base. Following incubation a sample of 
cells from each bottle was seeded on a piece of ultra-thin 
‘Millipore’ filter and Giemsa-stained by the method 
described elsewhere’. From each sample, 200 randomly 
selected cells were examined and classed in one of the five 
stages of sporogenesis illustrated by Pontefract and 
Miller: (see footnote to Table 1). 

The figures in Table 1 are the averages of the results of 
two experiments, each of which was done in duplicate. It 
is evident that few nuclei advanced even so far as the first 
stage of sporogenesis in the absence of the acetate carbon 
source; but in its presence more than half the cells 
sporulated and many of the remainder were in various 
stages of sporulation. Addition of salts-vitamins caused a 
small reduction of acetate-induced sporulation which may 
be unimportant, as in other experiments! it had no effect. 
Ammonium sulphate reduced acetate sporulation to 8-5 
per cent, and whereas 60 per cent remained in the vege- 
tative state, approximately one quarter entered stage 1. 
Apparently the later stages of meiosis are more sensitive 
to this substance. When all ingredients were present, 90 
per cent of the nuclei remained in the vegetative state and, 
as expected, the greatest cell increase occurred. 
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Table 1. SPORULATION AND GROWTH OF YEAST AFTER THREE DAYS UNDER 
SEVERAL NUTRITIONAL CONDITIONS 


Substances present Stage of sporogenesis Cell increase 
1 2 3 4 (millions per ml.) 

1. Buffer only 97-3 30 01 00 0-0 0-6 
2. Acetate 269 101 07 6&0 57:3 0-9 
3. Salts-vitamins 97-2 30 00 00 0-0 O5 
4. Acetate, salts- 

vitamins 825 126 09 70 474 1-6 
5. Ammonium 

sulphate 965 31 01 © Ot 0-2 
6. Acetate, am- 

monium 

sulphate 595 233 25 53 85 6:3 
7. Salts-vitaming, 

ammonium 

sulphate 96-5 3-4 0-0 O1 0-0 0-8 
8. Acetate, salts- 

vitamins, 

ammonium 

sulphate 90-3 66 06 69 14 10-5 


* These figures give the percentage of cells in successive stages of sporo- 
enesis. 0, Nucleus vegetative; 1, nucleus appearing enlarged, more or 
ess diffuse; 2, two nuclei in the cell, or else first nuclear division occurring; 

3, three or four nuclel per cell, or else second nuclear division occurring; 
4, spore walls formed around some or all of the nuclei. 


Comparing Nos. 4 and 8 in Table 1, the latter combina- 
tion provided a complete medium which supported active 
vegetative growth, and few cells sporulated. But omission 
of ammonium sulphate, as in No. 4; caused more than 
half the cells to undergo meiosis. Thus the presence or 
absence of a simple inorganic compound was a primary 
factor in determining whether the nuclei underwent 
equational or reductional division. 

The key role of assimilable nitrogen in this respect is 
shown. by the fact that ammonium carbonate and certain 
amino-acids also serve as nitrogen sources for growth (thus 
promoting mitosis) and inhibit meiosis’. It should be 
mentioned, however, that under conditions where yeast 
sporulation occurs in the absence of an exogenous carbon 
source, ammonium sulphate does not inhibit sporulation®, 
and this indicates that both carbon and nitrogen sources 
participate in the inhibition. 

This work was supported by a research grant from the 
Ontario Research Foundation. 
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A Large Chromosome in the Laminarian 
Nucleus 


A CYTOLOGICAL examination of female gametophytes of 
Laminaria digitata (Huds.) Lamour, L. saccharina (L) 
Lamour, L. hyperborea (Gunn.) Fosl., L. ochroleuca de la 
Pylaie., grown in culture has revealed a likely haploid 
chromosome number of 31. This agrees with earlier 
work! on Laminaria spp. and with work? on Nereocystis 
luetkeana (Mert.) Post and Rupr. 

The chromosomes vary considerably in size and range 
between approximately 0-4p and 1-7 across their greatest 
dimension. It is found that in any dividing female 
nucleus at metaphase there are at least two very small 
chromosomes (Fig. 1, b), and there is usually one chromo- 
some which is conspicuously larger than the others (Fig. 1, 
a) while the rest are intermediate but not uniform in size. 
As metaphase figures in young cultured sporophytes 
usually show only one larger chromosome it would not 
appear that the male gametophyte contributes a chromo- 
some of that size. However, work is being carried out to 
ascertain whether the much smaller dividing nuclei of the 
male gametophytes possess this larger chromosome, and 
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Fig. 1. Large chromosome (a) and small chromosomes (5) in Laminaria 
digitata 


also to find out how the larger chromosome from the 
female nucleus pairs at meiosis in the young sporangium. 

Work carried out so far on Alaria esculenta (L.) Grev. 
Chorda filum (L.) Stackh. and Saccorhiza polyschides 
(Lightf.) Batt., though not yet complete, indicates their 
haploid chromosome numbers to be in the region of 30 also. 
and observations on cultured female gametophytes of 
S. polyschides has shown the invariable presence of a very 
large chromosome which is absent in the male gamoto- 
phytes. It is interesting to note that Allen’, who has 
established similar chromosome differences correlated with 
sox differences in the moss Sphaerocarpos, foresaw the 
possibility that other plants likely to show this pheno- 
menon would perhaps include “some of the dioecious 
algae”. : 

Chromosome size differences were noted in Pterygophora 
californica’ Rupr. and Egregia menziesii® (Turn.) Aresch. 
and the investigators classified them into groups according 
to size. No other reference can be found to such grouping 
of chromosomes, or to the presence of a very large 
chromosome in the nuclei of members of the Laminariales. 

L. V. Evans 

Marine Science Laboratories, 

Menai Bridge, 
Anglesey. 
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5 Meyers, M. E., Univ. Calif. Pub. Bot., 14, 225 (1928). 


GENETICS 


Interaction of Insulin and Chlorpromazine 
in Teratogenesis ` 


Ir has been shown that treatment of chicken embryos 
with insulin will produce malformations of quite different 
kinds according to the developmental stage at which the 
hormone is administered. During the earliest period of 
incubation rumplessness is the typical insulin-induced 
defect, that is, a partial or complete suppression of the 
tail skeleton and itsrelated soft tissues!~*. When, however. 
insulin is injected after 4 or 5 days of incubation the tail 
structures remain intact, but the embryos are likely 
(incidence and severity always depending on dosage) to 
have disproportionately short legs (micromelia) and 
abnormalities of the facial skeleton, most commonly 
expressed as a shortening of the upper beak‘. During the 


216 


second period of response embryos can be effectively pro- 
tected against the teratogenic activity of insulin by 
supplying them with supplementary nicotinamide, whereas 
during early stages only a limited lowering of the 
teratogenic activity of insulin is achieved by nicotinamide 
supplementation® ®. 

The highly efficient protection which nicotinamide 
provides in 4- and 5-day embryos against insulin damage 
suggested that in these developmental stages disruption 
of oxidative phosphorylation may play an important part 
in the origin of malformations. This interpretation is 
supported by evidence suggesting that insulin has func- 
tions in common with compounds which uncouple oxidat- 
ive phosphorylation’. Following this lead, we decided 
to observe the effect of certain known uncoupling agents 
on the teratogenic activity of insulin. Among such agents 
chlorpromazine seemed of particular interest for the 
following reasons: (1) it has beon reported to increase the 
membrane permeability of cells’; (2) it is known to 
interfere with the activity of nicotinamide methylpher- 
ase'?; (3) it produces in phosphorylating systems an 
inhibition of electron transport between reduced diphos- 
phopyridine nucleotide and cytochrome c (ref. 12). 
Finally, it has been reported for certain uncouplers of 
oxidative phosphorylation that they stimulate the trans- 
port of those sugar isomers which are sensitive to insulin?, 
and this may well hold for all of them. 

The effect of 2-5 mg chlorpromazine on the teratogenic 
activity of 4 units insulin when injected into the yolk sac 
of embryos of White Leghorn fowl at 120 h of incubation 
is shown by the results in Table 1. It may be seen that, 
at the level of 2-5 mg/egg, chlorpromazine has relatively 
little immediate toxicity and no teratogenic effects. When 
the same amount of chlorpromazine was given in combina- 
tion with 4 units insulin, it produced an approximate 
doubling of the incidence of micromelia and of that of beak 
defects (P in both instances < 0:001). Embryo mortality 
was also increased so that selective mortality is excluded 
as a cause of the higher incidence of malformations among 
the survivors of the thirteenth day of incubation. When a 
similar experiment was performed at 24 h of incubation, 
using 1 unit insulin in combination with either 1-25 or 
2-5 mg/egg chlorpromazine, no significant changes occurred 
in the resulting incidence of rumplessness. 

We decided to make a second test at 120 h of incubation, 
using 2 units insulin and 2-5 mg chlorpromazine. The 
results of this new trial are given in Table 2. The rela- 
tively high teratogenic activity of 2 units insulin, as com- 
pared with 4 units in our first experiment, presumably 
reflects"a seasonal response difference or genetic dissimi- 


Table 1. INTERACTION OF INSULIN AND CHLORPROMAZINE 
(Tests in June 1962) 


Insulin-units 4 4 = 
Chlorpromazine (mg) — 25 2-5 
Treated 162 161 26 
Embryo mortality (per cent) 
to the end of the sixth day | 30-9 29-2 7-7 
7-13 25 23-6 3-8 
14-22 21-6 27°3 23-1 
Hatched (per cent) 46-1 19:9 65-4 
Survivors, thirteenth day 108 76 23 
Normal (per cent) 63-0 36-8 95-7 
Micromelia (per cent) 18-5 43-4 o 
Abnormal beak (per cent) 29-6 57:9 0 
Other defects (per cent) 28 1:3 4:3 


Table 2. INTERACTION OF 2 UNITS INSULIN AND 2:5 MG CHLORPROMAZINE 
AT 120 H OF INCUBATION. WHITE LEGHORN EMBRYOS 


(January 1963) 


Tnsulin-units 2 2 — 
Chlorpromazine (mg) — 25 2:5 
Treated 287 422 168 
Embryo mortality (per cent) 
to the end of the sixth day 16-7 28-9 5-4 
7-13 21 22-7 11-9 
14-22 29:3 31-0 32-1 
Hatched (per cont) 519 17:3 50-6 
Survivors, thirteenth day 233 204 139 
Normal {per cent) 70°8 471 98-6 
Micromelia (per cent) 23:2 36-8 0-7 
Abnormal beak (per cent) 18:5 41°7 — 


Other defects (per cent) 13 1-0 0-7 
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larities between the two stocks of White Leghorn fowl 
used, or a combination of these factors. The data com- 
pletely confirm, however, our earlier results: the incidence 
of micromelia and beak defects is greatly increased in the 
presence of chlorpromazine (P< 0-001) and the quantita- 
tive extent of this potentiating action of chlorpromazine 
on teratogenic activity of insulin is similar to that observed 
formerly. 

LeBlanc found that in rats and mice chlorpromazine- 
induced hypothermia was potentiated by insulin adminis- 
tration, but that the insulin-induced hypoglycamia was 
not affected by chlorpromazine'*. Our present results 
demonstrate a striking potentiation of teratogenic activity 
due to insulin at 120 h of incubation but no similar effect 
in early development. This is what one would expect if 
disturbances of phosphorylation produced by insulin are 
aggravated by chlorpromazine. In contrast, compounds 
producing less specific stress or a wider spectrum of meta- 
bolic competition, such as 2-deoxy-D-glucose on which we 
shall report elsewhere, may produce potentiation of the 
insulin effect in both teratogenic periods. Tests are in 
progress relating to the effect of other uncouplers of 
oxidative phosphorylation on the teratogenic activity of 
insulin. 

The chlorpromazine used in our tests was generously 
provided by Smith, Kline and French Laboratories, 
Philadelphia. Our work was supported by the Association 
for the Aid of Crippled Children. 
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SOIL SCIENCE 


A Simple Centrifugation Method for obtaining 
Small Samples of Soil Solution 


Dourine the course of some investigations of seasonal 
variations in the available cation content of soils in 
Denbighshire (North Wales), samples of the soil solution 
were needed. The soils are classed as loams and silty 
loams, and moisture contents ranged from 30 to 47 per 
cent. 

A survey of the literature indicated three types of 
method for obtaining samples of the soil solution: first, 
displacement by another liquid; secondly, extrusion 
under high pressure; thirdly, centrifugation. The first 
was rejected because of the possibility of undesirably 
altering soil and the second because of its unsuitability for 
routine work, so use of the centrifuge was considered. 

The main use of centrifugation appears to have been 
the determination of the moisture equivalent of soils 
apparently initiated by Briggs and McLane’. Chemical 
analysis of the water obtained seems to have been pre- 
cluded because of the then lack of analytical methods 
applicable to concentrations of no more than ten parts 
per million of cation in a volume of five millilitres. 

The method of centrifugation described in this com- 
munication needs only expendable apparatus commonly 
found in laboratories and yields a solution that can be 
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analysed directly by a flame spectrophotometer, or by 
an atomic absorption spectrophotometer. The solution 
could also be used in electrical conductivity measurements. 

Rigid ‘Perspex’ weighing bottles are used, 5-0 cm high, 
with a rim 1-0 cm from the open end where the external 
diameter is 2-6 cm. The more flexible polythene bottles 
warp and slide during use. 

Two bottles are required: in the bottom of one is bored 
a central hole of about 0-3 em diameter; the rim of the 
second bottle is removed by slicing off with a hot pin and 
the rough edges are smoothed off with fine sand paper. 

Both weighing bottles fit snugly into an ordinary poly- 
thene centrifuge tube of height 10-0 cm and internal 
diameter 27 em and having a rounded bottom which is 
packed with small pieces of filter paper. The unbored 
weighing bottle (bottle ‘a’, Fig. 3) is inserted first into the 
centrifuge tube and rests on the paper packing; the bored 
bottle (bottle ‘b’) is then slid in, being held there partly by 
its rim resting on the top of the containing centrifuge tube 
and partly by support from bottle ‘a’. Bottle ‘b’ is closed 
by a cap having two small holes bored in it. The whole 
assembly is then fitted into a standard metal centrifuge 
shield. 

Before use both bottles are soaked in dilute nitric acid 
and washed with distilled water and then dried; the 
bottle ‘b’ is padded, on the inside, on the bottom, with a 
small piece of clean glass wool and is filled with small 
crumbs of field condition soil, which soil is tamped down 
with a glass rod flattened at one end. Bottle ‘a’ is weighed; 
the apparatus is fitted together and balanced against 
another centrifuge tube containing water. 

The samples are centrifuged for at least 60 min at an 
indicated 3,000 r.p.m., giving @ relative centrifugal force 
at the centre of gravity of 1,200 g. 

After centrifuging, bottle ‘a’ is removed 
and weighed, and hence, if 1 ml. = 1 gm, 
the volume of collected solution is known. 
The soil solution is washed with very pure 
distilled water into a clean tube graduated 
at 5:0 ml. and made up to the mark with 
the wash water. Potassium and sodium 
can be determined using a flame photo- 
meter and magnesium using an atomic 
absorption spectrophotometer. In Fig. 
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Fig. 2. Volume of solution extruded versus soil moisture content. 
Low base status brown earth formed on Silurian shale till (Denbigh 
series, 


the moisture which was driven off from a similar sample 
dried at 105° O and was determined by stopping tho 
centrifuge at the respective times and weighing bottle ‘b’. 
In Fig. 2, the percentage moisture content of duplicate 
samples of soil from one of the experimental sites is plotted 
against the volume of soil solution extruded. 
Fig. 3 is a diagram of the apparatus. 


-—— Bottle 'b' 
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Fig. 1. Loss of moisture versus minutes of centrifugation 


Bangor, Caernarvonshire. 


* Present address: Messrs. J. W. Chafer, Ltd., Milethorne Lane, Doncaster, 
Yorkshire. 


* Briggs, L. J., and McLane, J. W., U.S. Dept. Agric. Bureau Soils, Bull. 
0. 45 (1907). 


A New Experimental Approach to the Humic 
Acid Problem 


Orcanico matter originating from the B» horizon 
of a podzol soil is of interest for two reasons. First. 
because of the presence of a large number of functional 
groups it reacts readily with metals, metallic oxides and 
possibly clays and can therefore serve as a modol for 
metallo-organic reactions in soils. Secondly, so far as 
organic chemists are concerned, its low molecular weight 
makes it a suitable starting material for the investigation 
of the chemical structure of soil humic acids. 

The soil sample originated from the Bh horizon of the 
Armadale soil, a podzol developed on sandy loam in 
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Table 1 
| % À: t A t | 
ppareni aren 
| Cc H o N OCH, molecular weight Mioleonat formula 
Methanol-soluble material 49-32 4-86 44-18% 0:50 trace 
Methylated 57-09 5°80 36-50* 0-31 27-42 1,161 CssHeaOue 
Fraction TI 69-26t 10-65 10-08 9 — 844, 2748, zoog CıeHa0s Í | 
Ti 56-93 98 37-00 trace 27-76 408, 391§, 363 1Ha» H 
59-47 6-60 33-93 0 35-83 524 asH 411 | 
IIb 59-89 6:85 33-26 0 24-82 516 asH sOy ‘ 
Ilc 60-92 6-75 3233 0 25-14 528 mHssO1n 
60-34 6-00 33-86 trace 47-86 918 eH atso l 
Iv 59-29 6°35 33-86 0-50 25-79 583 so H36033 | 
* Oxygen determined directly, otherwise by difference. 
f S, 0 per cent, 
Sublimate. 
§ By mass spectrometry on sublimates, otherwise by the ebullioscopic method in benzene. 
Prince Edward Island, Canada. Methods of extraction, Table 2 > 
purification and drying of organic matter were analogous 
to those described previously?. About 90 per cent of the RP 2e bution ot oxygen atoms eyes 
organic matter present in the original soil sample was Fraction | oxygen „| OF fas Ethereal : 
extracted. atoms | CO,H OMe)t | OHt ora 212 me 260 mu 
The extracted organic matter (ash content about 3 per i 5 Pi F m 3 so 7 abo j 
cont) was completely soluble in both dilute base and acid, Ie i 8 2 = 1 19,000 11,300 | 
90 per cent soluble in methanol, 60 per cent in acetone, but Ib 1 8 1 2 2 18,500 8,000 
insoluble i h sol b hlorof b Te 11 6 1 2 2 — — 
insoluble in such solvents as benzene, chloroform, carbon tl 20 14 8 0 0 36,200 19,300 | 
tetrachloride, etc. Its ultimate analysis, on a moisture- Iv 12 8 1 2 1 20,000 12,600 | 


and ash-free basis, was C, 50-92 per cent; H, 3-34 per 
cent; N, 0-74 per cent; S, 0-26 per cent and O (by differ- 
ence), 44:74 per cent. Its number-average molecular 
weight, measured by freezing point depression of sulph- 
olane and cyclohexanol, was 670 (ref. 1). In othanol this 
material had Amax at 215 mp (e = 40,800, log £ = 4-61), 
and an inflexion at 260 my (e€ = 28,050, log e = 4:45). 
Infra-red bands (potassium bromide pellet) appeared at 
3,380 (strong, hydrogen bonded OH), 2,910 (shoulder, 
aliphatic C~H), 1,720 (strong, carbonyl of carboxyl), 1,620 
(strong, aromatic C=C (7?) or carboxylate (7?)), 1,450 
(medium, CH, or CH;), 1200 om.-? (medium, carboxyl). 
Nitric acid oxidation of 100 g of this material yielded 5-5 g 
of picric acid, 1-5 g of benzene carboxylic and 0-7 g of 
aliphatic dicarboxylic acids. 

The first objective of the present investigation was to 
methylate the acids in order to make them soluble for 
chromatography in such solvents as benzene, chloroform, 
etc. Diazomethane was not suitable because it always 
increased the nitrogen content. The best procedure was 
as follows: The organic material (2-0 g) in methanol 
(75 ml.) was shaken for 6 h and filtered (10 per cent 
insoluble). The filtrate, diluted with acetone (25 ml.) and 
methyl iodide (30 ml.), was shaken with silver oxide? 
(40 g) for 48 h at room temperature. The product was 
then shaken with benzene (125 ml.) for 1 h and insoluble 
material remethylated as above. Three methylations 
gave a w/w yield of 73 per cent; four, 84 per cent; not 
increased significantly on further methylation. Chromato- 
graphy of the methylated product (threefold methyla- 
tion) (3-0 g) over alumina (150 g) gave on eluting with 
benzene and with ethyl acetate three main fractions 
(I (10 per cent); IL (15 per cent); IIT (5 per cent), and 
with ethyl acetate and methanol IV (20 per cent), thus 
accounting for 50 per cent by weight of material placed 
on the column. Refractionation of (II) by gradient 
elution gave the chromatographically homogeneous 
materials Ila, 116 and He. Analytical results on all these 
fractions are summarized in Table 1. Although these 
fractions were not homogeneous molecularly, they were 
of low molecular weight and the number of components, 
at least as judged by preliminary mass spectrometric 
measurements, was small. Table 2 summarizes the appa- 
rent distribution of oxygen in the fractions in terms of 
functional groups. . 

A. simple relationship was found between = 212 mu 
and mol. wt. in that the plot of one against the other 
gave a straight line. All fractions II-IV had very similar 
infra-red spectra. All fractions were devoid of optical 








ii * Determined by saponification with 1-0 N sodium hydroxide to comple- 
ion. 

Methylatable OH; determined by difference (non-saponifiable), 
3 Non-methyistable active hydrogen as determined by lithium aluminium 
ydride. 


activity. The nuclear magnetic resonance spectrum of 
each fraction was determined (see Table 3) and tentative 
interpretations have been made. The most remarkable 
fact about these spectra was the absence of aromatic and of 
olefinic hydrogen. The bands at 9:10 and 8-75 were due to 
aliphatic C-H. (methyl and methylene). The band at 6-3 
was due to O-Me and that at 6-1 to CO,Me. The total 
number of hydrogens at 6-1 and 6-3 was in good agree- 
ment with the values of mothoxyl analysis (Table 2) 
except in one case. The total number of hydrogens 
present as determined from the nuclear magnetic reso- 
nance measurements was also in good agreement with the 
analytical results (Table 1). 


Table 3 





No. of H at given values of + i 
Calculated value | 





Fraction 











9-10 8-75 6-6 63 + O-1 | fort = (63 + 6-1) 
n 2 6 2 12 12 
Ila 3 9 4 18 18 | 
Tb 6 18 2 12 12 
Ile 4 16 4 12 12 | 
TIL 6 10 0 42 39 : 
2 3 4 28 16 | 





This preliminary work clearly demonstrates that the 
humic acid problem can be approached by the methods 
of organic chemistry. Further results will be reported 
in due course from this College and from the Soil Research 
Institute, Central Experimental Farm, Ottawa. 

We thank Dr. R. I. Reed of the University of Glasgow 
for mass spectrometric measurements and Mr. R. G. Foster 
for collaboration in the nuclear magnetic resonance 
interpretations. 

D. H. R. Barron 
M. SCHNITZER * 


Department of Chemistry, 
Imperial College of Science and Technology, 
London, S.W.7. 
* On leave from the Soil Research Institute, Research Branch, Canada 


Goverment of Agriculture, Central Experimental Farm, Ottawa, Ontario, 
nada. 


7 Bennie M., and Desjardins, J. G., Soil Sci. Soe. Amer. Proc., 28, 362 
2 Purdie, T., and Irvine, J. C., J. Chem. Soc. Trans., 83, 1021 (1903). 
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PSYCHOLOGY 


Changes in Skin Temperature during the Heat 
Illusion Test ‘ 


Ir has been observed in the past that somatic changes 
such as blister formation can be induced in hypnotized 
subjects by means of appropriate suggestion!*. Me- 
Dougall" observed in several hypnotized subjects changes 
of surface temperature of 10° F (5-6° C) or more, produced 
after a few minutes of repeated suggestion of heat or 
coldness. It was thought, therefore, that skin temperature 
might rise following an illusory stimulus of heat in the heat 
illusion test? with non-hypnotized subjects. Accord- 
ingly, the following experiment was carried out. 

A. heat stimulus was produced by a modified Hardy— 
Wolff radiant-heat apparatus‘: by which the heat from a 
500-W bulb was concentrated by a lens through an 
aperture 2 cm in diameter. The distance between the 
apparatus and the subject’s head was one inch. Skin 
temperature was measured by means of copper and 
constantan thermocouples at two places on the forehead— 
one in the centre and the other 1} in. to the right. For 
each of thirty subjects (17 male and 13 female students) 
a ‘warmth perception point’ was first obtained by in- 
creasing applied heat from zero until the subject reported 
a feeling of warmth. (The term ‘warmth perception point’ 
was used because the use of the expression ‘warmth 
threshold’ is misleading when applied to a non-psycho- 
physical procedure.) The stimulus was applied on the 
left-hand side of the forehead. The mean ‘warmth per- 
ception point’ was 182-7 me/s/em?, and the range was 
59-400 me/s/em?. Seven of the subjects appeared to be 
unable to feel a sensation of ‘warmth’, and were able only 
to report the stimulus as ‘hot’. 

In the second part of the experiment, subjects were 
told that the procedure would be repeated, but on the 
centre of the forehead. This time, however, although the 
same procedure was simulated, no heat was actually ap- 
plied. Under these conditions the mean temperature of 
the centre of the forehead rose from 34-5° to 347° C.. This 
difference is statistically significant (P<0-01). In only 
one case was there an increase in skin temperature on the 
right-hand side of the forehead. This emphasizes the fact 
that the phenomenon was highly localized. 

Although the overall mean change in skin temperature 
following simulated application of heat was positive and 
statistically significant, only fifteen of the thirty subjects 
actually showed a measurable increase. The mean rise in 
akin temperature for these fifteen subjects was 0:45° C. 
Fourteen subjects showed no change of temperature, and 
one showed a decrease. 

Eleven subjects reported a sensation of warmth during 
the heat illusion test, and nineteen did not. The relation 
between changes in skin temperature and the reported 
sensation of warmth can be seen from Table 1. 


Table 1 
Reported sensa- No reported sensa- Total 
tion of warmth tion of warmth 
Rise in skin temperature 8 7 15 
Fall or no change in skin 
temperature 3 12 15 
‘Total 11 19 30 


A chi-square test applied to these results gave a value 
of y?=3-59 (D.F.=1), which indicated that the null 
hypothesis could only be rejected at approximately the 
0-0625 confidence level. 

It is interesting to note that of the eleven subjects who 
reported a feeling of warmth, nine were male and two were 
female. This relationship with the sex of the subject is 
statistically significant at the 5 per cent level of confidence 
(x? = 447, D.F.=1). When the incidence of skin tempera- 
ture changes was considered, y?=3-39 (D.F.=1). 

The subjects were assessed on the Maudsley personality 
inventory, and the group consisted of fifteen extroverts 
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and fifteen introverts. Scores were also obtained on the 
neuroticism scale of this inventory. Neither the illusory 
sensation of warmth nor a change in skin temperaturo, 
was found to be correlated with extroversion, introversion 
or neuroticism. 


DIANA. HASLAM 


Department of Psychology, 
University of Bristol. 
McDougall, W., Outline of Abnormal Psychology (Scribner's, New York, 
1926}. 
2 Weitzenhoffer, A. M., Hypnotism: An Objective Study in Suggestibitity 
(John Wiley and Sons, Inc., New York, 1953). 
3 Eysenck, H. J., Dimensions of Personality (Kegan Paul, London, 1947). 


4 Hardy, J. D., Wolff, H. G., and Goodell, H., J. Clin. Invest., 19, 649 
(1940). 


A Hypothalamic Mechanism causing Seminal 
Ejaculation 


On purely behavioural grounds, Beach and Jordan! have 
postulated that copulation is controlled by two separate 
systems: an arousal mechanism which initiates it, and 
a copulatory—ejaculatory mechanism which ends it. 
Vaughan and Fisher? have since reported a site in the 
pre-optic area of the rat which excites copulation when 
stimulated, while MacLean and Ploog® have listed more 
than 150 sites along the base of the monkey brain which 
yielded penile erection. But seminal ejaculation follow- 
ing hypothalamic stimulation was not seen, nor was it 
reported in any of the investigations of hypothalamic 
function pioneered by Hess. 

The work reported here began with the discovery of 
seminal plugs on the floor of a cage used in a ‘self-stimule- 
tion’ experiment in which rats operated a lever to deliver 
a rewarding shock to their own brains. Further observa- 
tion using a mirror tilted under the cage revealed that two 
rats, with identical posterior hypothalamic electrodes, 
regularly emitted semen within 2 or 3 min of the onset of 
self-stimulation. Similar electrodes were implanted in 12 
more rats; all learnt to self-stimulate, and in 10 this was 
accompanied by a penile discharge microscopically shown 
to contain motile sperm. 

The loss of semen was marked by some unusual features. 
Penile erection was never seen, and the emission usually 
took the form of a slow dribble rather than a frank 
ejaculate ; however, the spontaneous or imposed termina- 
tion of self-stimulation was sometimes followed by arching 
of the back, and one or two convulsive lurches with 
projectile ejaculation, after which the animal remained 
unresponsive for 2-3 min. Typical post-ejaculatory oral 
grooming of the genitalia was absent. 

This result was not confined to the self-stimulation 
procedure in which stimulation rate was under the rat’s 
control ; it could also be elicited by trains of 0-5-sece pulses 
delivered by an automatic stimulator. In the latter 
situation the rats were tested further by simultaneous 
exposure to other rats. Introduced males and non- 
cestrous females did not receive special attention, while 
estrous females provoked intermittent attempts at 
copulation which immediately subsided with the onset of 
stimulation. The failure to observe ejaculation in pre- 
vious studies may have been due to the use of general 
anzsthesia ; in the present experiment, light etherization 
completely blocked the ejaculatory response. 

Although testosterone administration (2-0 mg in oil) led 
to a significant elevation of the rate at which the rats 
would self-stimulate, the main findings confirm the hypo- 
thesis of Beach and Jordan that the central mechanism 
responsible for ejaculation is functionally separable from 
other sex mechanisms. 

De Groot stereotaxic co-ordinates for the electrode 
implantations were 1-5 mm posterior to bregma, 1-0 mm 
lateral, and 9-5 mm below the surface of the skull. Histo- 
logical preparations showed electrode tips located in the 
medial fibres of the medial forebrain bundle. Subsequent 
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implantations have shown that the active area extends 
anteriorly by at least another 2 mm, but implantations 
more than 1:25 mm lateral to the midline elicited eating or 
drinking without ejaculation. Effective current strengths 
wero 30-150 pamp root mean square, 50 c/s. Further 
details of this work will appear elsewhere‘. 

I thank Prof. R. C. Oldfield for laboratory facilities and 
the Medical Research Council for providing a stereotaxic 


instrument. 
L. J. HERBERG” 


Institute of Experimental Psychology, 
University of Oxford. 


* Loverhulme Mental Health Research Fund Fellow. Present address: 
Psychology Laboratory, Institute of Neurology, The National Hospital, 
Queen Square, London, W.C.1. 


1 Beach, F. A., and Jordan, L., Quart. J. Ezp. Psychol., 8, 121 (1956). 
2 Vaughan, E., and Fisher, A. E., Science, 137, 758 (1962). 

3 MacLean, P, D., and Ploog, D. W., J. Neurophysiol., 25, 29 (1962). 

t Herberg, L. J., J. Comp. Physiol. Psychol. (in the press). 


STATISTICS 


Approximate Solutions to the Pure Birth 
Process 


In the course of an investigation of polymerization 
kinetics, I developed some useful approximation formule 
by a technique which, while familiar to statisticians, is 
less so to physicists and chemists. As an illustrative 
calculation, the method is applied below to the pure birth 
process. 

In mathematica] statistics, the pure birth process is 
described by the infinite set of differential-difference 
equations: 


dfı/dt Sao Bifs 
dfa/dżt = Bilt — Bafe 
dfs/dt = Bafe = Bafs 


ee 


together with the condition that at time t = 0 


f,(0) = 1 

f,{0) = 03g > 1 
It is known! that an exact solution of these equations may 
be obtained by an iteration, starting with the first; but 
the resulting expressions rapidly become very awkward 
and for g large useless for computing purposes unless the 
B; happen to depend on g in some particularly regular way. 
To make the solution to the pure birth process accessible 
to rapid computation, it is convenient to search for 
alternative procedures which avoid the complexity of the 
iteration technique. ` 

In the case that the B, are time independent, one such 

procedure may be based on the determination of the 
temporal moments: 


pn(a) = F folt) a 


of each f, By transforming equations (1) with the 
Laplace transform and using the transform of each f,(¢) 
as a moment generating function, the temporal moments 
are easily derived. The result is a general property of 
convolution products? and is most compactly expressed in 
terms of the temporal cumulants: 


tW) = (wn — 1)! È py 
gal 


whence in particular the temporal mean and variance 
prove to be: 


(1) 


xa(g) = 7y = paleala) = È B7; 


xal9) = 0} = wslg)luala) — 73 = 287 (2) 
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To apply these results to the pure birth process, we 
note that once the un(g) are known, the integral over t of 
the product of f,(¢) with any polynomial P(t) may be writ- 
ten down as a function of the B, and that this fact permits 
us to calculate the coefficients of f (£) in an expansion in 
orthogonal polynomials. Two such expansions prove to 
be particularly useful and will bo demonstrated here. If 
J,{t) is expanded in a series of associated Laguerre poly- 
nomials, we have correct to three terms in the expansion: 


LD = Fr Sa ay 3) 


in which a = tg/o3; m = tło} — 1; and T(m + 1) is tho 


T function. If f,(¢) is expanded in a series of Hermite 
polynomials, then correct to three terms there results: 

Jolt) = Br (2707) exp[— (t — %)*/209] (4) 
Equation (4) is only asymptotically correct in the region é 
and g both large, the basic reason being the unsuitability 
of the Hermite polynomials in representing functions 
defined only over the positive, real taxis. The reader will 
recognize in (3) and (4) the leading terms of expansions of 
the Poisson—Charlier and Gram-Charlier* type. 


(at)me-at 


0-06 


0-04 





< 
0-02 
0 
0 2 4 6 
t . 
Fig. 1. The pure birth process for 8g = g. ——, Exact; ~~-, Poisson- 
Charlier approximation (equation 3); —-—, Gram-Charlier approx- 


imation (equation 4) 


To demonstrate the worth of these approximations, 
there is sketched in Fig. 1 the time dependence of f,(¢) in 
the particular case B, = g. The exact solution to the pure 
birth process is here known to bot: . 

Jat) = et(1 — e-tyo-t 

and this curve is compared in the figure with those caleu- 
lated from (3) and (4). The Poisson—Charlier approxima- 
tion (3) is seen to be superior, as was to be expected from 
the fundamental properties of the associated Laguerre 
polynomials; but the Gram—Charlier formula (4) is com- 
putationally more convenient, particularly when both g. 
and ¢ are Jarge. 

These results. can be extended to the birth and death 
process and in a forthcoming publication will be applied 
to some problems of particle growth in colloidal systems. 


F. O. Gooprice 
California Research Corporation, 
Richmond, California. 
1 Bharucha-Reid, A. T., Elements of the Theory of Markov Processes and 
Their Applications (McGraw-Hill Book Co., Inc., New York, 1960). 


? Hirschman, I. 1., and Widder, D. V., The Convolution Transform, 25 
(Princeton, 1955). 


® Kendall, M. G., The Advanced Theory of Statistics, 1, 34, 147 (C. Griffin 
and Co., London, 1948). 


t Bharucha-Reid, A. T., op. cit., 77. 
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FORTHCOMING EVENTS 


Tuesday, April |6—Wednesday, April 24 


THIRD INTERNATIONAL MEETING IN FORENSIO IMMUNOLOGY, MEDICINE, 
PaTHOLOGY AND TOXICOLOGY (First International Meeting in Forensic 
Immunology and Toxicology) (at the School of Pharmacy, London, W.C.1). 


Wednesday, April !7—-Thursday, Apri! 18 


Soorety oF CHEMICAL INDUSTRY, FooD GROUP (in collaboration with 
the DUBLIN, GLASGOW and NORTHERN IRELAND SECTIONS, at the National 
College of Food Technology, Weybridge, Surrey), at 9.80 a.m. daily— 
Conference on “Technical Training for the Food Industry”. 


Wednesday, April 17 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DYVISION (at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Mr. H. H. Gott and Mr. R. D, 
Trotter: ‘Control and Safety Requirements for the Electrical Engineering 
System of the C.E.G.B. Nuclear Power Stations”. 


Soorery OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College of Scienco and Technology, London, S.W.7), 
at 6 p.m.—Lecture on “Vibrator Rig Specification and Design”. 


Wednesday, April 17—Friday, April 19 


THE INSTITUTE OF PHYSICS and the PHYSICAL SOCIETY (in collaboration 
with the JOINT BriTisH COMMITTEE FOR VACUUM SOLENCE AND TECHNOLOGY, 
at the University, Liverpool)—Conference on “Sorption Properties of 
Vacuum Deposited Metal Films”. 


Thursday, April 18 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—General Meeting 
and Scientific Papers. 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Prof. L. Nachbin: 
“Approximation Theory for Continuous and Differentiable Real Functions”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION P.G.E5 
(Joint Meeting with the BRITISK INSTITUTION OF RADIO ENGINEERS, MEDIOAL 
ELECTRONICS GROUP (at Savoy Place, London, W.C.2), at 6 p.m.—Dis- 
cussion on Send ter of Television Techniques to Medicine and Biology” 
opened by Dr. G. H. Byford, 


Thursday, April !8—Friday, April 19 


Soctery oF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at Imperial College of Science and Technology, London, 8.W.7), at 
9.30 a.m. daily—Symposium on ‘The Analysis of Calcareous Materials”. 


Thursday, April 18—Saturday, April 20 
ROYAL INSTITUTE OF CHEMISTRY (at Leicester}—Annual Conference. 


Friday, April 19 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, S.W.1), at 5.30 p.m.—Captain A. 
Masta and Dr. Verploegh: “Navigation and the Operation of Merchant 

ps”. 


Monday, April 22 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 5 p.m.—Mr. J. B. Auden: “A United Nations Study of Land and Water 
Resources in Afghanistan”, 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION P.G.E2 
and SCIENCE AND GENERAL DIVISION P.Gs.S6 and S7 (at Savoy Place, 
London, W.C.2), at 5.30 p.m.—Discussion on Hybrid Digital-Analogne 
Computation” opened by Mr. D. Leighton-Davies. 


Socrety OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5.30 p.m.—Dr. J. E. Peachey: ‘“‘Chomical 


Control of Plant-parasitic Nematodes in the United Kingdom”. 


INSTITUTE OF METAL FINISHING (at the K ortliampton College of Techno- 
logy, St. John Strect, London, E.C.1), at 6.15 p.m.—Mr. P. Baeyens: “Some 
Aspects of Electroforming”. 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before 
the dates mentioned: 

ASSISTANT LECTURER IN THE DEPARTMENT OF PuysicS—The Registrar, 
The University, Leicester (April 20). 

SENIOR LECTURER IN PURE MATHEMATICS; LECTURER IN MATHEMATICS 
(2 posts); LECTURER IN PHysics—The College Registrar, Portsmouth 
College of Technology, 9 Burnaby Road, Portsmouth (April 22). 

PROFESSOR (with a good honours degree in electrical engineering, good 
practical training and previous teaching experience in a university or 
college) OF ELECTRICAL ENGINEERING—Department of Electrical Engincer- 
ing, Heriot-Watt College, Edinburgh (April 26). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF BIOCHEMISTRY AND 
NUTRITION in the School of Rural Science, to work on digestion and meta- 
bolism in cattle in relation to nutritional problems of drought feeding— 
The Registrar, University of New England, Armidale, New South Wales, 
Australia, and (if outside Australia and New Zealand) The Secretary, 
Assoclation of Universities of the British Commonwealth (Branch Office), 
Marlborough House, Pal] Mall, London, S.W.1 (Apri) 26). 

ASSISTANT LECTURER (preferably with an interest in cytology or em- 
bryology) Ny ZooLoGy—The Registrar, The University, Hull (April 27). 

UNIVERSITY ASSISTANT LECTURER IN PURE MaTHEMATIOS—The Secretary 
of the Appointments Committee of the Faculty of Mathematics, Arts School, 
Bene’t Street, Cambridge (April 28). 
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LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF ANATOMY — 
The Assistant Registrar, The Medical School, Birmingham 15 (April 30). 

LECTURER or ASSISTANT LECTURER IN BIOCHEMISTRY—The Registrar, 
The University, Sheffield (April 30). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PURE 
MATHEMATICS—The Deputy Registrar, The University, Edgbaston, Birm- 
ingham 15 (April 30). 

ECTURER IN ZOOLOGY—The Secretary, Department of Zoology, Quecn’s 
University, Belfast, Northern Ireland (April 30). 

RESEARCH ASSISTANT (either pre- or post-doctoral) IN THEORETICAL 
CHEMISTRY, to undertake research on the wave functions of molecules with 
a-bonds involving Si, P, S or Cl—Secretary of University Court, The Univer- 
sity, Glasgow (April 30). 

ASSISTANT LECTURER IN BIOcHEMISTRY—The Secretary, Royal Free 
Hospital School of Medicine, 8 Hunter Street, London, W.C.1 (May 3). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF CHEMICAL 
PaTHOLOGY——The Secretary, The University, Aberdeen (May 4). 

ASSISTANT LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY--The 
Deputy Registrar, The University, Birmingham 15 (May 6). 

LECTURER or ASSISTANT LECTURER IN ORGANIC CHEMISTRY; LECTURER 
or ASSISTANT LECTURER IN PHYSICAL CuEsusrry—tThe Registrar, Queen 
Mary College, Mile End Road, London, E.1 (May 10). i 

LECTURER or ASSISTANT LECTURER (with a special interest in inorganic. 
structural or theoretical chemistry) IN CHEMISTRY—The Secretary and 
Registrar, The University, Southampton (May 11). 

ECTURER or ASSISTANT LECTURER (men or women graduates, prefer- 
ably with an honours or special degree in physiology or postgraduate ex- 
perience in physiology) IN THE DEPARTMENT OF PHYSIOLOGY-——-The Secre- 
tary, Department of Physiology, Bedford College (University of London), 
Regent's Park, London, N.W.1 Gfay 18). i 

SENIOR LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY, University 
of Ibadan, Nigeria—The Secretary, Senate Committee on Colleges Overseas 
in ere Relation, University of London, Senate House, London, W.C.1 

ay 13). 

LECTURER (with research experience in physiology, ecology or experi- 
mental taxonomy) IN BOTANY IN THE DEPARTMENT OF BIOLOGICAL SCIENCES 
—The Secretary, Wye College, near Ashford, Kent (May 15). : , 

LECTURER (preferably with an honours degree in mechanical engineering 
from a recognized university, some industrial or design experience and 
previous teaching experience) IN MECHANICAL ENGINEERING, to conduct 
lectures, laboratory and drawing office work, principally in the fields of 
design and engineering drawing—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, §.W.1 (London and Brisbane, May 29). . 

LECTURER (with qualifications in metallurgy, chemistry or physics, and 
experience im the field of thermodynamics and/or kinetics of tho solid state) 
IN PHYSICAL METALLURGY—Prof. J. G. Ball, Department of Metallurgy, 
Imperial College of Science and Technology, London, S.W.7 (May 31). 

LECTURER or ASSISTANT LECTURER IN BACTERIOLOGY—The Registrar, 
The University, Sheffield (June 4). 

LECTURER (with interest in numerical analysis, the theory of logarithms. 
mathematical logic, or some other branch of mathematics relevant to com- 
puting) IN THE DEPARTMENT OF MATHEMATICS, with opportunities for 
research using the University’s Atlas Computer—Head of the Department 
of Mathematics, Imperial College of Science and Technology, London, 8.W.7. 

LECTURER, Grade IT (besides lecturing, demonstrating and some tutorial 
duties, capable of pursuing original work and directing the postgraduate 
work of others) IN THE DEPARTMENT OF ORGANIC CHEMISTRY-~The Regis- 
trar, The University, Bristol 8. g 

LECTURER or ASSISTANT LECTURER IN PHARMACOLOGY in the University 
of Singapore—The Seeretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, W.C.1, 

READER (with ability to pursue and direct research preferably in the 
field of machines) IN THE DEPARTMENT OF MECHANICAL ENGINEERING— 
Dr. G. C. Shipp, Department of Mechanical Enginecring, Brunel College. 
Woodlands Avenue, Acton, London, W.3. 

RESEARCH ASSISTANT (preferably with experience in autoradiography, 
embedding and section cutting for the electron microscope), for cytological 
york in algae—The Registrar, Queen Mary College, Mile End Road, London. 

1 


RESEARCH FELLOW (with Ph.D. or equivalent research degree and some 
experience in cryogenics) IN Low TEMPERATURE PHYSICS, to study nuclear 
and electronic interactions in magnetically ordered materials at very low 
temperatures using a Helium Three cryostat—The Secretary and Registrar, 
The University, Southampton. 
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National Institute of Industrial Psychology. Annual Report and State- 
ment of Accounts for the year ended 30th September, 1962. Pp. 12. (London: 
National Institute of Industrial Psychology, 1963.) [202 

The International Nickel Company (Mond), Ltd. Properties and Applica- 
tions of Ni-Resist Austenitic Irons. Pp. 64. (London: Tho International 
Nickel Company (Mond), Ltd., 1962.) {202 

Department of Scientific and Industrial Research: Building Research 
Station. National Building Studies—Research Paper No. 37: Studies on 
Bridge-Deck Systems. 3: Tests on Model Slab-and-Girder Bridge-Deck. 
By A. Short and Dr. F. G. Thomas. Pp. viii+70+11 plates. (London: 
H.M. Stationery Office, 1963.) 5s. 6d. net. 202 

Institute of Personnel Management. Trade Unions and the Individual 
in English Law: a Study of Recent Developments. By Cyril Grunfeld. 
Pp. 60. (London: Institute of Personnel Management, 1963.) 12s. 6d. [202 

The Royal College of Science and Technology, Glasgow: Courses of 
Postgraduate Study. Pp. 28. (Glasgow: The Royal College of Science 
and Technology, 1963.) 202 
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fon a Calendar Year 1962. Pp. 37. (Birmingham: The University, 
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Republic of ireland. Department of Lands: Fisheries Division. Report 
on the Sea and Inland Fisheries for the year 1961, incorporating Statistics 
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of the Capture of Salmon, Sea Trout and Eels, and certain scientific papers 


relating to fisheries, Pp. 115. (Dublin: Government Publications Sale 
Office, G.P.O. Arcade, 1962.) [202 
Philosophical Transactions of the Royal Society of London. Serles A: 


Mathematical and Physical Sciences. No. 1057, Vol. 255 (21 February 
1963): Wave Propagation Through Fields of Pack Ice. By G. de Q. Robin. 
Pp. 313-339. 12s. No. 1058, Vol. 255 (21 February.1963): High-Frequency 
Refraction and Diffraction in General Media. By D. S. Jones. Pp. 341-387. 
15s. (London: The Royal Society, 1963.) {202 
The Year Book of the Royal Society of London 1968. (No. 67.) Pp. 319. 
(London: The Royal Society, 1963.) 21s.; 3.15 dollars. 202 
_ Bulletin of the British Museum (Natural History). Geology. Vol. 7, 
No. 8: The Ordovician Trilobite Faunas of South Shropshire, III. By 
William Thornton. Pp. 218-254+plates 37-46. 30s. Vol. 8, No.1: The 
Structure and Relationships of the Jurassic Fish Ichthyokentema purbeckensis. 
By Dr. John Griffith and Dr. Colin Patterson. Pp. 1~43+4 plates. 23s. 
Historical Series. Vol. 2, No. 7: Darwin’s Ornithological Notes. Edited 
with an Introduction, Notes and Appendix by Nora Barlow. Pp. 201-278. 
26s. (London: British Museum (Natural History), 1963.) 02 
Islington Public Libraries. Physics Books, 1958-1961. Pp. 34. Chemistry 
Books, 1956-1961. Pp. 35. (Islington, London, N.7: Islington Public 
Libraries, 1968.) {202 
Past Climates of Central Africa. By Prof. G. Bond. (An Inaugural 
Lecture ‘given in the University College of Rhodesia and Nyasaland.) Pp. 
34. (London: Oxford University Press, 1962.) 4s. net. 202 
Horticultural Marketing Council. Report No. 10a: Housewives’ Attitudes 
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IN SEARCH OF A NEW SCIENTIFIC POLICY 


HE debate initiated by Lord Amulree in the House 

of Lords on March 7 on the Porritt Report on medical 
services in Great Britain, which drew a valuable speech 
from Lord Brain on mediéal research, in some respects 
supplemented the debate during the previous week on 
the report of the Advisory Council on Scientific Policy. 
In that earlier debate some attention had been directed, 
notably by Lord Adrian and Lord Fleck, to the structure 
of research in Britain generally, and the Earl of Halsbury 
had referred to the delays in obtaining research grants, 
for example, for apparatus as one factor disposing scientists 
to emigrate. Lord Adrian had expressed some concern 
as to whether the University Grants Committee, without 
some considerable reorganization and extension, would be 
able to deal competently with university problems. This 
was particularly so as the number of universities in- 
creased, and he stressed the necessity for some central 
body which still had time to visit research departments, 
had the scientific knowledge to encourage research, and 
at the same time possessed the confidence of the Govern- 
ment in matters of finance. 

Lord Adrian thought that the safeguarding of resources 
for university research was one of the most important 
functions of the Minister for Science, and clearly this 
should be a first consideration in determining the structure 
of Britain’s organization for the finance of research and 
development. Lord Fleck was concerned rather with the 
contribution of the Royal Society in this ficld and that the 
value of this widespread, but unobtrusive, contribution is 
not always recognized, There can be no doubt, however, 
that it plays a vital part in securing the flexibility that 
in the past has been one important characteristic of 
Britain’s organization for research, and one that is likely 
to prove of growing rather than diminishing importance. 

In this debate, Lord Taylor made some reference to 
medical research, particularly to the question of how best 
it could be financed, and this was the main theme of Lord 
Brain’s speech on March 7. The Porritt Committee, he 
pointed out, was not strictly concerned with the scientific 
aspect of medicine but had nevertheless emphasized that 
research was vital to the development of the nation’s 
medical services. From its study of existing arrangements 
for co-ordinating research the Committee concluded 
that they were working well within the financial limits 
imposed, but that it was impossible to judge how much 
research potential had been lost through lack of adequate 
funds. Lord Brain added, however, that there was much 
dissatisfaction with the state of medical research in 
Britain and especially among those with the greatest 
authority and experience in this field. Generally, he 
thought, the present organization fostered an élite and 
there was too little encouragement for promising young 
doctors to undertake a research career. 

Counci] to expend most of its resources on its own units 
and to be highly selective in its award of grants to other 
applications, Lord Brain pointed out that Britain should 
oxamine the consequences of a policy which left only 
some £100,000 a year—out of a budget of more than £5 
million—available for new research projects outside the 
Council’s own establishments. There was also the question 


of security for more than a few yoars ahead and, although 
the Clinical Research Board was devoting an increasing 
amount of money to clinical research, here also it was 
difficult for the young doctor to be assured a career in 
research. Lord Brain recognized that it was easy to waste 
public money on research projects, but claimed that some 
degree of risk had to be accepted. He also emphasized 
the invaluable and most important contribution to mevlical 
research made by the pharmaceutical industry, but he 
urged that universities should be playing an increasing 
part in medical research, both for itself and also because 
of its vital relation to medical education. 

Here, he insisted, the first need was for more facilities 
and for more money. The Porritt Committeo had con- 
cluded that the medical faculties of British universities 
now lagged considerably behind those of many comparable 
countries in respect of research facilities, accommodation 
and available teachers. Moreover, unless the Government 
provided the funds to facilitate research and expand 
accommodation in Britain’s medical schools, the univer- 
sities would be unable to recruit all the staff thoy needed. 
and it must be expected that many of Britain’s ablest 
doctors would be absorbed into other countries. That. 
said Lord Brain, was already happening and Britain 
would also cease to attract the cream of the postgraduate 
students from all over the world, who in the past had 
been drawn by Britain’s reputation for teachers and 
because of the outstanding contributions to rosearch. 

Lord Brain recognized that this was a matter of 
priorities and did not disguise the fact that adequate 
expenditure on research, including medical research. 
might mean reduction in expenditure in fields less essential 
to the national welfare. He was fully supported by Lord 
Taylor; but, in replying for the Government on tho 
debate, Lord Newton, Parliamentary Secretary to the 
Ministry of Health, did not deal with the question of 
medical research other than to point out that the Clinical 
Research Board had now forty-three research units and 
its annual expenditure on clinical research was more than 
£1-8 million, while the expenditure of the Medical Research 
Council was now nearly £6 million a year, and on an 
average about 85 per cent of applicants for research 
grants received an award. The total university expendi- 
ture on medical research appears to be unknown. but ıt 
is probable that it was affected adversely by tho Govern. 
ment’s rejection last year of the University Grants Com- 
mittee’s recommendations regarding recurrent grants in 
general. 

At least as important as the magnitude of expenditure 
on research, however, is the mechanism of distribution. 
and at the present moment there are two aspects of pur- 
ticular importance. One is the question of timing or speod 
of distribution, so as to ensure that when a promising 
opening is uncovered the resources to explore and develop 
it are available sufficiently promptly, as well as on e 
sufficient scale to avoid either frustration or waste of the 
most precious resource—manpower of the first quality 
This is a particular aspect of the problem of distribution. 
and although the second could also be described as a 
problem of distribution, its essence lies in the choice of 
projects. What are the criteria by which can best be 
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made the choices which ultimately determine the dis- 
tribution of any scientific effort ? This question, in one 
sense independent of the structure of the research organ- 
ization, can nevertheless be powerfully affected by that 
structure in so far ag structure hinders or facilitates the 
participation in such decisions of those most competent 
to choose wisely and imaginatively. 

Both these problems are discussed in two articles in a 
recent issue of Minerva (1, No. 2; Winter, 1963). In the 
first of these, Dr. A. M. Weinberg, director of the Oak 
Ridge National Laboratory, discusses criteria for scientific 
choice and more particularly how Government should 
decide on the distribution of resources between the very 
large basic fields of science, especially between different 
branches of basic science. Dr. Weinberg discusses the 
subject in the light of his experience in the United States, 
where he believes there is some evidence that the 
ratio of money to really competent workers in science is 
too high and that in some fields more resources have been 
devoted than the available talent can justify. Rejecting 
the idea that conflicting and biased claims can necessarily 
be adjudicated out of hand by a supreme tribunal, he 
believes choices should be centralized and reflect the 
concern for the larger interest, and that for this reason 
philosophical debate on the problems of scientific choice 
should lead*to a more rational allocation of resources. 

Dr. Weinberg looks favourably on the way the Presi- 
dent’s Science Advisory Committee, with its panels and 
its staff in the Office of Science and Technology, functions 
in the United States in this field, but the system has 
definite weaknesses. The panels are able to judge how 
competently a proposed piece of research is likely to be 
prosecuted: their members are all experts and likely to 
know the good research workers in their fields. The panels 
are much less likely to be able to place the proposal in a 
broader perspective and to say whether a proposal is of 
much interest to other fields of science. He suggests, 
therefore, that a panel should not be limited to repre- 
sentatives of the field being judged but should also include. 
representatives of neighbouring fields, so as to ensure 
that the panel’s advice is tempered by concern for 
larger issues, and in particular for the relevance of a 
project to the rest of science. 

Dr. Weinberg suggests that three criteria, external to 
science or to a given field of science, are available for 
considering the validity of a research project: techno- 
logical merit, scientific merit and social merit. He points 
out first, however, that because scientific literature in a 
given field tends to form a closed universe—quite apart 
from the effects of the immense increase in volurhe of such 
literature on the care with which it is read—its value and 
reliability as an arbiter of scientific taste and validity have 
diminished. Technological merit, however, offers little 
difficulty : once the desirability of a certain technological 
ond is established, the necessary research must {be sup- 
ported, though even here mistakes are sometimes made. 

Scientific merit, however, is more difficult, and Dr. 
Weinberg, extending to the empirical sciences von Neu- 
mann’s observation that, as a mathematical discipline 
travels from its empirical source it becomes only indirectly 
inspired by ideas coming from reality, and hence grave 
danger arises that the subject will become a | disorganized. 
mass of details and complexities, suggests that relevance to 
neighbouring fields of science is a valid measure of the 
scientific merit of a field of basic science. A field in which 
lack of knowledge is a bottleneck to the understanding of 
other fields deserves more support than a field which is 
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isolated from other fields, He claims that that field 
which contributes most heavily to and illuminates most 
brightly its neighbouring scientific disciplines has the most 
scientific merit. Much support can readily be found for 
this view, and if any changes made in the existing structure 
for the support of research are to facilitate the use of this 
criteria, it is important to remember that by and large 
the prevalent departmental organization of universities 
scarcely facilitates interdisciplinary co-operation or cross- 
fertilization. 

The third criterium of social morit or relevance to human 
welfare and the values of man is even more difficult to 
apply, both because of the inherent difficulty of defining 
human’ values and because of the trouble of deciding 
whether a particular project will further such values when 
defined. Nevertheless, examining the five fields of mole- 
cular biology, high-energy physics, nuclear energy, 
manned-space exploration and the behavioural sciences 
of psychology, sociology, anthropology and economics, 
Dr. Weinberg demonstrates that it can be reasonably 
argued that the most valid criteria for assessing scientific 
fields come from without rather than from within the 
scientific discipline that is boing rated. This is rather 
contrary to the attitude which the Minister for Science 
has usually seemed to adopt. However, Dr. Weinberg’s 
view that scientists would be wise to acquire the habit of 
scrutinizing their activities from a broader point of view 
than has been the custom is one to which all would do 
well to pay some regard. He is also right to give such a 
clear warning of the danger at this stage in human develop- 
ment of suggesting that science itself can be made the 
main business of humanity. 

Dr. Weinberg’s assessment of the five scientific fields 
is in itself of some interest. He gives a high rating to 
molecular biology as deserving the maximum public 
support in view of its bearing on the solution of such 
problems as cancer, birth defects and viral diseases. 
High-energy physics he rates poorly, except possibly as a 
vehicle for international co-operation, for example, in a 
joint enterprise between East and West to build the 
much-discussed intercontinental 1,000-BeV accelerator. 
Nuclear energy he rates high in technical and social merit 
but low in its relation to the rest of science; however, in 
his opinion, workers in this field are good and in its basic 
aspects nuclear energy has wide ramifications in other 
fields of science. On the behavioural sciences, he is 
doubtful whether scientists in this field can yet define 
the important problems clearly enough, but in other 
respects they desorve strong public support and the sum 
involved in such research is relatively small. On space- 
manned research he considers that the main objection is 
its remoteness from human affairs and the rest of science, 
nor does he believe that the hazards of radiation or of 
weightlessness have as yet been sufficiently explored to 
guarantee success in such ventures. 

In the second paper, Prof. C. F. Carter discusses the 
distribution of scientific effort more especially in relation 
to the determination of public policy, and he begins by 
rejecting the assumption that the question of distribution 
should be approached by asking what are the gaps in 
Britain’s national effort. In the international community 
of scientists there may be a certain advantage in special- 
ization, although this argument should not be pressed too 
far, for a reasonable spread of scientific interest in each 
national area may also be desirable from the point of 
view of receptivity to new ideas. The proper starting point 
is that of economic justification, and Prof. Carter does 
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not think that even from this point of view it would be 
easy to prove that the total scale of Britain’s effort in 
pure research exceeds what could be justified. The 
impression that Britain is disproportionately strong in 
pure science probably derives from the greater social 
prestige of pure science. 

The starting point in determining the distribution of 
the scientific effort then, he argues, must be an economic 
policy and without an economic policy it is unlikely to 
be possible to maintain a scientific policy at all. More- 
over, the relation to be sought in determining such a 
policy is that between the flow of wealth and the stock 
of knowledge created by the cumulative expenditures on 
research and development in past years and the cumula- 
tive inflow of ideas from elsewhere. The strategy for 
research and development thus needs to be decided not in 
relation to the present circumstances or even within the 
framework of a five-year plan, such as the National 
Economic Development Council could presumably pro- 
vide, but rather involves a look ahead for ten, fifteen or 
twenty years. Only in such a period can the use of 
scientific resources be altered and a significant number of 
projects brought to fruition. It is necessary to look, in 
fact, to seo what is, over the long run, likely to be most 
important in retarding economic growth. 

Accepting the view that Britain’s economic growth is 
held back mainly by the difficulty in exporting enough, 
and that a major factor in this situation is Britain’s 
inability to produce enough manufactured goods of 
advanced design, Prof. Carter stresses the importance of 
selling goods which embody the skills of the people. These 
skills and qualities of mind, which used to provide superior 
productive processes or superior products, are Britain’s 
greatest natural resources. Thus astarting point for scientific 
policy is theréfore the examination of what is known 
about the pattern of exports ten or twenty years ahead. 

Nor does Prof. Carter think this is necessarily a hopeless 
task. Certain types of export are almost certain to 
decline, because of known social trends, changes in 
income or political tendencies. These offer little chance 
of a technical lead because competitors have special 
advantages of situation or market structure. Many trades 
remain, however, in which exports could be given a 
rough ranking according to the urgency of technical 
development, and there are others to which attention 
should be given because they are losing ground in tho 
home market through increasing imports of superior 
goods from overseas, for the saving of imports is as desir- 
able as the promotion of exports. For the same reason, 
research directed to the production of new materials 
from largely British resources likely to be preferred 
on technical merits to imported materials would be 
desirable. 

By asking such questions about long-term prospects for 
British exports, and about substitution for imports, Prof. 
Carter believes it would be possible to reach some con- 
clusions, first about applied research and development, 
then about the fundamental research which feeds into 
development, and finally about the forms of training 
needed to support this research. “Moreover, he reminds 
us that awkward questions must be asked about the 
wisdom of using scarce scientific resources to achieve 
technical change in industries which, for reasons other 
than their scientific status, seem certain to decline. He 
does not overlook the use of scientists and technologists 
outside the fields of research, development and design. In 
fact, he emphasizes the importance not only of having 
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people with some understanding of the relevant science 
and technology at key posts for decision, as on boards of 
directors or senior administrators of Government depart- 
ments, but also of the supply of scientific and technological 
Manpower; the institutions which provide this manpower 
must be sufficient to meet that need. 

An assessment of the economic requirements for scionce 
and technology in relation to the most serious limiting 
factor of Britain’s economy, such as Prof. Carter suggests, 
is clearly one rational starting point for developing 
a scientific policy to which the Minister for Science 
should be giving attention. It is an act of long-term 
planning which should give an approximate idea of an 
appropriate distribution of scientific effort. First, for 
applied research and development, thence for fundamental 
research, and for the use of scientists in production, salos, 
management, administration and education. It is only a 
starting point, however, and will require to be checked in 
some such ways as Dr. Weinberg suggests when it comes 
especially to more fundamental research. It will also 
need to look at the adequacy of Britain’s scientific offort 
in providing receiving stations for ideas from the rest of 
the world, and at the general balance between pure and 
applied research. Any re-shaping of Britain’s organization 
for research must clearly take account of the need for 
such assessment and provide means for effective contacts 
and co-operation. Obviously the structure of that organ- 
ization must be determined dominantly in relation to the 
organization of Government in general and to the means 
by which expert advice is tendered. While, howevor, 
inquiries in that field are still in progress, the more con- 
structive thought that is devoted to such questions as 
Prof. Carter and Dr. Weinberg have discussed, the oasior 
it will be to decide exactly what functions any modifica- 
tions in the organization of Britain’s research and develop- 
ment have to meet. The Minister for Science should mako 
sure that he and his Ministry are equipped to meet this need 
and ready with the right answers. Although the discussion 
on science and Government which Sir Frederick Brundrett 
and Sir Owen Wansbrough-Jones opened before the 
Parliamentary and Scientific Committee last January 
took very different lines, the subject is one to which that 
Committee could well make invaluable contributions. 


AN INTRODUCTORY GEOLOGY 


Introduction to Geology 
By Prof. H. H. Read and Dr. Janet Watson. Vol. 1: 
Principles. Pp. x+693. (London: Macmillan and Co., 
Ltd.; New York: St. Martin’s Press, Inc., 1962.) 65s. 
net. 

HIS book, covering practically the whole field of 

geology, fills a large gap in the literature, and seems 
likely to become a standard university text-book for 
years to come. The content and treatment of the greater 
part of the subject are original and imaginative, and the 
student can scarcely fail to be stimulated. Topics dealt 
with include geophysics, mineralogy, surface processes, 
sedimentology, paleontology, vulcanicity, geological struc- 
tures, metamorphism, granites and migmatites, mineral 
deposits, orogeny, etc. (in that order), the only major 
omission being stratigraphy, which is perhaps reserved 
for Volume 2. 

Ono of the most worthwhile features of the book is 
the up-to-date account of geological structures not found 
in other books of similar scope. Stereographic pro jections 
are introduced not only in relation to structure but also 
in the chapters on mineralogy and sedimentology, and 
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my only criticism would be that perhaps there could be 
more explanation of the plotting and contouring. 

The order and treatment of Chapters 7, 9 and 10 
(vuleanicity, metamorphism, and granite and migmatites) 
are also excellently done, and will help to promote interest 
in processes and interrelations between rocks, rather than 
in purely factual details. It may be that some newcomers 
to geology will find this approach more difficult at first, 
and. not all geologists will be happy at the separation of 
rhyolites and other igneous rocks (under vulcanicity) 
from granites. My own mild criticism would be, first, 
that the account of modern voleanoes is too brief, and 
secondly, that for an introductory book more emphasis 
should be placed on hand specimens and field occurrence, 
and less on microscope work. 

Mineralogy is covered in a comprehensive way and all 
the needs of the elementary student are adequately catered 
for. Included are sections on atomic structure, crystallo- 
graphy, optical properties of minerals, crystal chemistry 
and the principal rock-forming minerals, while there is a 
separate chapter dealing with mineral deposits and a 
small section outlining geochemistry. 

The greatest weaknesses in this book, in my opinion, 
are to be found in the accounts of paleontology and surface 
processes. The former is unimaginative and contains 
inaccuracies especially in the text figures, most of which are 
extremely badly drawn. To cite a few examples only, the 
heterodont dentition (Fig. 189) is practically a blot, the 
Lithostrotion (Fig. 183) is crudely drawn, diagrammatic in, 
the extreme and really not Lithostrotion, and if Trinucleus 
had to be figured (Fig.. 187) could we not have had a 
species still remaining rather than what appears to be 
our old departed friend concentricus. The description of 
surface processes is for the most part a straightforward 
account, considerably more elementary than .the main 
part of the book, and it seems to me without the flashes 
of insight revealed elsewhere. I would prefer to have 
seen some attention given, for example, to modern ideas 
on pediplanation and to a fuller description of soils, a 
subject which is, alas, virtually ignored by geologists. 

The remaining parts of the book include an admirable 
introduction to geophysics in which applied geophysics is 
dealt with, a moderate account of the sedimentary rocks, 
and a good concluding section on orogeny and related 
processes. 

In spite of the criticisms which I level at certain chap- 
ters, I consider this book to have so many good attributes 
that I would not hesitate to recommend it to under- 
graduates. F. Moserzry 


THE .SENSITIVE SCIENTIST 


Science and Sensibility 

By James R. Newman. Vol. 1: Pp. xi+372. Vol. 2: 
Pp. ix+309. (New York: Simon and Schuster, Inc.; 
London: George Allen and Unwin, Ltd., 1961.) 75s. net 
the set. 


HERE are certain people, of whom Dr. Newman is 
one, who can tell a familiar story so well, and so 
distinctly, that it acquires new emphasis, and even new 
value, in the process. When to this characteristic is added 
a bland confession that the author is writing about 
something which interests him profoundly (and, moreover, 
that he wants his readers to share his pleasure), there is 
little to do but to go along with him and see what happens. 
These two volumes, contemporary in décor and well 
produced, comprise a series of essays about almost 
everything within the general ambit of science. Chapters 
deal with the evolution of thought, education, technology 
and so forth, not forgetting the implications for man’s 
higher development, let alone his safety. Such subjéets 
are not unusual in present-day literature, and these are 
good examples of their type. It also appears to what an 
extent the scientific habit of mind is influencing inter- 
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national relations. Nevertheless, by themselves, these 
contributions would scarcely hold our attention. It is 
when. we come to the biographies that it becomes possible 
to discern a certain quality all too unusual, and which 
fully justifies the title. 

Eddington, Ramanujan, Wittgenstein—their genius and 
their limitations (for they were but human, if abnormal in 
mental prowess)—they seem to live as if they were among 
us now. This is mainly because Dr. Newman has the 
sensibility to write about them, and not about himself or 
us. Of this trio, one was born and bred (scholastically) 
almost wholly within the walls of Trinity College, 
Cambridge. whereas the other two found asylum there, 
coupled with an understanding worthy of their gifts. 
Eddington, gentle, metaphysical, and sometimes deeply 
misunderstood, is depicted as the philosopher who pene- 
trated more epistemologically than anybody into the 
universe we know. Ramanujan, the discoverer of a host 
of theorems in pure mathematics, most of them new, some 
of them already. known, and a few of them wrong, is 
presented as the possessor of a degree of insight rarely 
equalled, and probably never excelled. Wittgenstein, an 
unusual, paradoxical character, ié portrayed as the author 
of the fabulous Tractatus, who received, and adorned, the 
highest honours that university and college could award, 
and yet hated it all, never finding peace with his environ- 
ment. More or less happy alone in his hut in Norway,-his 
refusal to dine at ‘High Table’ was adamant. 

All this, and a great deal more in similar style, is a true 
and lasting saga. Why it is so moving, and so impressive, 
is because the theme is played as it were by reverent 
fingere, touching the highlights with a deft comprehension. 

F. I. G. RAWLINS 
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DEEP SEA MICROBIOLOGY 


Marine Microbiology (Deep Sea) 

By Prof. A. E. Kriss. Translated by Dr. J. M. Shewan 
and Dr. Z. Kabata. Pp. xviii+ 536. (Edinburgh and 
London: Oliver and Boyd, Ltd., 1963.) 126s. 


LTHOUGH the earliest investigations of the micro- 
biology of the sea date from the closing decades of 
the nineteenth century, it is only in fairly recent years 
that marine scientists have come to realize the great 
importance of micro-organisms in the biology and chem- 
istry of the sea. Even now the amount of work devoted 
to this aspect of oceanography is comparatively small. 
Since the War, however, microbiologists from the U.S.S.R. 
have applied themselves increasingly to this subject, 
and have been able to investigate the micro-organisms of 
the deep oceanic waters to an extent that has never before 
been possible. Their recent work has been gathered 
together in Prof. Kriss’s book Marine Microbiology (Deep 
Sea), of which an English translation by Drs. Shewan and 
Kabata has now been published. 

An outstanding feature of the work of Prof. Kriss and 
his colleagues is that they have tried to discover how 
bacteria live and multiply in the sea, rather than how 
they react to artificial conditions in the laboratory. This 
approach is particularly evident in the sections of the book 
dealing with the abundance, distribution, reproduction 
rate and biomass of bacteria in the sea. Some effects of 
variousecological parameters such as river effluent, oxygen 
distribution, diurnal and seasonal changes on these 
phenomena are described particularly with reference to 
the Black Sea. Unfortunately much of this work is marred 
by the failure of the Russian workers to take a synoptic 
view of as many factors affecting microbial life as possible. 

Information such that a particular organism or a certain 
number of organisms were present at such a place and time 
is trivial unless it can be shown that these facts are not 
fortuitous but correlated to other facts describing the 
environment or indicating a relationship to other living 
beings. -In this book very few simultaneous physical, 
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chemical and biological observations are presented to 
demonstrate such correlations. Time and again chemical 
end physical investigations concurrent with the miero- 
biological work would have made the results of the 
experiments more significant. Even the chapters dealing 
with the role of bacteria in the chemistry and productivity 
of the sea are almost devoid of reference to chemical 
analyses. Where chemical work is mentioned, tho treat- 
ment is confined to results obtained by other workers some 
time previously. It is disturbing also to find that a book 
which reports the results of a very large number of 
bacterial counts nowhere includes the statistical analysis 
that such counts require. Neither is it shown that the 
sampling of the water was adequate to allow an accurate 
assessment of the flora to be made. 

A large number of microbial organisms, mostly hetero- 
trophic bacteria, are described, including some unusual 
ones which are known only from being observed adhering 
to glass slides. As might be expected, the bacterial 
isolates are identified by means of Krassilinikov’s scheme. 
It is rather strange that the Russian investigators failed 
to isolate any obligate anasrobic spore-formers which are 
known to exist in the sea. Yeasts were identified using 
Lodder’s Key. Some evidence is presented to show that 
yeasts are, in fact, part of the indigenous population of 
the sea and not accidental arrivals from the land or 
rivers. 

One very interesting chapter is concerned with the use 
of bacteria as hydrological indicators. By counting the 
number of heterotrophic bacteria across various sections 
of the ocean and at different depths, Prof. Kriss claims to 
have demonstrated many ocean currents and water 
movements. It is surely unlikely that non-conservative 
clements such as the autochthonous bacteria could be 
more reliable guides to water movement than more 
conservative ones, such as temperature and salinity. No 
allowance is made for the fact that the water movement 
indicators are biological entities, constantly undergoing 
change and slowly sinking at a rate dependent, among 
other things, on the density and velocity of the water 
through which they move. Again no physical or chemical 
measurements are recorded concurrent with the bacterial 
count. Since water for bacterial analysis was collected in 
Nansen reversing bottles (which are called ‘‘bathometers”’ 
throughout the book), presumably the water temperature 
was measured in order to calculate the-depth at which the 
samples were taken. Yet Prof. Kriss does not indicate 
whether these temperature values confirm the bacterial 
findings or not. 

Also included is a useful account of the techniques used 
by the Russian workers. Most of these are developments 
of established methods. More details of the composition 
of media would have been welcome and especially the 
reason for the use of fish peptone instead of meat peptone. 

Despite some disappointing features, this book is a 
notable addition to the literature of marine microbiology 
and will be constantly consulted by anyone interested in 
microbiology and the sea for some years to come. 

G. D. FLOODGATE 


HYDROGEN IN STEEL 


Hydrogen in Steel 

Effect of Hydrogen on Iron and Steel during Production, 
Fabrication and Use. By Dr. Michael Smialowski. 
Pp. xvi+452. (Oxford and London: Pergamon Press; 
Warsaw: Wydawnictwa Naukowo-Tecbniczne, 1962.) 70s. 


ECAUSE he was able to read Western and Russian 
literature, and had made contributions to the subject, 

Dr. Smialowski was well qualified to attempt a mono- 
graph on hydrogen in steel. His book is written in exeel- 
lent English, and is well printed and bound. Its nineteen 
chapters follow a common plan, each ending with an 
attempt to produce a general summary, conclusions and 
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an indication of the need for further work. Each chapter 
is followed by a bibliography in which the subject-mutter 
or title of each reference is given. In all, thero aro about 
2,400 such entries, but many are repeated for different 
chapters, and space could have been saved by presenting 
them once only at the end of the book. The bibliographies 
occupy nearly a quarter of the book, but even so are by 
no means complete, and only about one-third is discussed 
in the text. They stop short at 1960; this leaves portions 
of the book already out of date or misleading in some 
aspects of a vigorously growing subject. A partial check 
for accuracy has revealed a few mis-spelt names but no 
sorious errors in the list of references. 

There are nearly 150 diagrams, which. in the mam, 
have been copied from original papers. In some cases 
units have been changed to the Continental system, and 
this has been done accurately, but it is inconvenient for 
English readers to have to re-convert, for example, tensile 
strengths quoted in kilograms per square millimetre. 
Unit conversion has also been carried out for some of the 
forty tables, and a partial check showed that at loast two 
have significant errors. 

The book jacket claims that “tho results and conclusions 
of research work . . . is critically reviewed”; Dr. Smialow- 
ski is more modest, acknowledging that in many cases 
definite conclusions could not be drawn. The main 
criticism of the subject-matter of the book is that. its 
author has failed to be critical where it was in fact possible. 
usually quoting literature for and against a theory or a 
measurement but making no decision. For example. 
the bibliographies to Chapters 2 and 3 include most of the 
references to the measurement of tho solubility, permesil- 
ity and diffusivity of hydrogen in iron and steel. In a 
monograph one would expect to find an attempt to com- 
pare all this material either by original tables or graphs; 
it would certainly be of more help to a novice or specialist 
in the field than extensive bibliographies, which transfer 
the work back to the reader. ; 

There are several places in which co-ordination between 
chapters should have produced a more critical text. For 
example, the differing solubilities of hydrogen and deuter- 
ium are noted in Chapter 3, and should have produced a 
critical comment in appraising the spectral-isotopic mothod 
of hydrogen determination in Chapter 19. 

Any author must have difficulty in deciding when to 
finalize his text for printing, but the choice of late 1959 
to early 1960 has produced occasional unfortunate results. 
For example, work published in 1957 (summarized on p. 
290) suggests that hydrogen has a strong effect on the 
martensitic transformation of alloy steels; this opinion 
was revoked by its authors in 1962, but it will be per- 
petuated by the book until it can be revised. There are 
also some important omissions, a typical one being the 
statement that no studies of the behaviour of tritium 
could be found ; there is a Russian paper in 1957 by Chizhi- 
kov, also available in English translation. 

The chapter on the determination of hydrogen is the 
least satisfactory in the book, containing statements 
which are quite inaccurate; for example, that the gascs 
evolved in vacuum fusion contain 90 per cent carbon 
monoxide. The author fails to discuss the recent attempts 
to use simplified vacuum techniques though some of the 
references are included, and here also the choice of terminal 
date has been unfortunate, the carrier gas-katharomcter 
and gas chromatograph techniques being omitted. One 
might also reasonably expect the chapter on hydrogen in 
steelmaking to have devoted more than twelve lines to the 
application in the past decade of a number of commerci- 
ally important vacuum processes aiming at gas removal. 

It is to be hoped that Dr. Smialowski will soon be able 
to remove these and similar blemishes from a useful book 
in a field where an authoritative account of the vast 
literature is much needed. In the meantime, for me at 
least, the book was rather disappointing. 

J. D. Hoxsson 
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RADIO EMISSION FROM FLARE STARS 


By Sr BERNARD LOVELL, O.B.E., F.R.S. 
Nuffield Radio Astronomy Laboratories, Jodrell Bank 


AND 


Pror, FRED L. WHIPPLE and LEONARD H. SOLOMON 
Smithsonian Astrophysical Observatory, Cambridge, Mass. 


PART from the Sun, radio emission has not yet been 
detected from stars lying in- or near the main 
sequence. However, the possibility that, with modern 
radio telescopes, radio emission might be detectable from 
red dwarfs of the UV Ceti type which exhibit flare 
characteristics has been mentioned occasionally (for 
example, Shklovsky!, Schatzman? and Struve). The 
‘practical difficulty in searching for such emission arises 
because of the infrequency of the flares—for example in 
the work of Roques‘ and Petit5 significant flares seem to 
occur at the rate of only one per 30 or 40 h. When the 
Mark 1 250-f radio telescope at Jodrell Bank came into 
use it was possible to investigate this problem by following 
the star continuously. The investigation began on 
September 28, 1958, and was continued at intervals until 
April 14, 1960. 474 h of observation were made, mainly 
on UV Coti and Ross 882, and during this work a technique 
was developed whereby "the radio emission was recorded 
simultaneously from a comparison area of sky adjacent 
to that containing the flare star, so that spurious bursts 
of noise arising from terrestrial sources would appear on 
both records. When all such spurious effects had been 
eliminated there were 13 cases of radio emission with 
durations of several minutes apparently emanating from 
the star; moreover, the rate of occurrencé on UV Ceti was 
1 in 35 h (ref. 6). 

It seomed unlikely that further purely radio observations 
of the stars could produce a decisive answer, and hence in 
September 1960 we began a co-operative programme in 
which various flare stars were observed simultaneously 
by the radio telescope at Jodrell Bank, and by the Baker- 


Nunn satellite cameras operated by the Smithsonian 


Astrophysical Observatory for the United States National 
Aeronautics and Space Administration. : The radio 
telescope received on a frequency of 240 Mc/s with one 
aerial at the focus of the telescope and ‘another displaced 
to cover an adjacent region of the sky. The receiver was 
switched between the star and comparison channel and 
the records of the emission from the- two regions were 
obtained separately and were also combined electronically 
to show the difference. On each night of operation the 
system was first calibrated by observing a radio source of 
known intensity, and the telescope was then set in motion 
to follow the flare star continuously. 

The photographic observations were obtained at 5 
stations of the Smithsonian’s Satellite Tracking network’ 
spread about the longitude of Jodrell Bank. The 20-in. 
aperture f/l cameras were exposed for less than 15 sec 
at a rate first of one frame every 3 min and later every 2 
min. (Flares observed photoelectrically by Roques‘ 
show a time-scale of the order of 5 min or longer for 
Am?0-3m.) Magnitudes were measured by a visual- 
comparison method with a standard deviation slightly 
over 0-l1m for good-quality film, and about 0-2m for the 
poorest quality. Hence Am>0-3m was adopted as a 
minimum for a significant event, although this criterion 
probably includes a few spurious events. 

In this combined work we have so far carried out 14 
series of observations, but only the first 6 series to October 
1961 have been analysed. The photographic observations 


at tho international co-operative stations were as follows 
(including 6 h 37 min overlapping coverage): 


h 
Shiraz, 99 
Otamo, South Africa 82 
San Fernando, Spain 65 
Curacao, N.A. 20 
Villa’ Dolores, Argentina 7 


The details of the combined observations are given in 
Table 1. 


Table 1 





Good 
overlap 
of radio 


Photo- 
graphic 
coverage 


Radio- 
coverage 


UV Ceti | Sept. 28-Oct, 21, 
1960 
Nov. 4-27, 1960 
Jan. 3-24, 1961 
Feb. 9-28, 1961 
-| Aug. 3-20, 1961 
UV Ceti | Oct. 1-18, 1961 


Totals 


PI 
PH 
PIHI 
PIV 
PY 
PYVI 





Although no major photographic flare has occurred 


during these observations there have been 23 cases of < 


minor flares during the period of overlap of the photo- 
graphic and radic coverage. In the case of the largest 
flare of 0-9m there was a coincident sharp burst on the 
radio record of 92 flux units (1 flux unit = 10-** W/m?2/c.p.s.) 
with duration of 1 min. Although this burst was not 
correlated on the comparison channel, its characteristics 
were such that we cannot exclude the possibility that its 
origin was terrestrial. Since this was the only immediately 
obvious characteristic of the radio records during these 
23 events we have integrated the series by superimposing 
the radio records aligned on the époch of the peak of the 
photographic event. The result of this analysis from 30 
min before the photographic epoch to 30 min after the 
epoch is shown in Fig. 1b with the burst coincident with 
the 0-9m flare shown in broken line. Even if this burst is 
neglected the increase in radio emission in the interval 
from —2 min to +8 min about the epoch of the flares is 
clearly shown. ‘In order to exclude the possibility that 
this feature has been introduced spuriously by the method 
of analysing the records we have carried out a precisely 
similar analysis assuming the zero of the epoch on each 
chart to be 1 h later than the real epoch. The result is 
shown in Fig. lc. Figs. 16 and Ic are, of course, contiguous 


r . Table 2 





No. of standard deviations o above 
the mean level for the epoch 








—2 to +8 min 
With burst Without burst 
included included 
All 23 flares T3864 67a 
For 10 flares with 4m > 0-4 m 51 o 420 
For 13 flares with 4m < 04 m — $ 250 


A 
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and the record can be treated as an 
entity extending from ~—30 min to 
+90 min beyond the flare epoch. 

The significance of the increase 
in signal strength in the 1l-min 
interval from —2 min to +8 min 
has been estimated by evaluating 
the mean levels in successive ll- 
min intervals along the whole 
record. This is shown in Table 2 
together with the result of a similar 
computation for the 10 cases where 
the change in magnitude, Am, of 
the photographic flare was > 0-4m, 
and the 13 cases for which Am 
<0-4m. 

The decrease in significance for 
the 13 cases with Am<0-4m is 
consistent with the probability 
that some of these small flares are 
spurious. Itis seen that even if the 
burst-like event is neglected then 
the chance that the increase in 
radio emission at the flare opoch 
is spurious and not associated with 
the flare is less than 1 in 10% It 
may therefore be concluded that 
Fig. 1b represents the integrated 
radio emission from the flares, and 
indeed the general shape of this 
curve is clearly shown in the single 
record of the 0:9m flare, apart from 
the short-lived burst coincident 
with this event. 

The magnitudes of the mean 
radio output associated with these 
flares over the 11-min interval are 
given in Table 3. 

The small differences in this table may be caused by the 


changein — 
photographic 
magnitude 

o 9 
o A 


—26 
Min 


10 


A O 


— 26 


Radio emission in flux units 
(x 10- W/m?/e.p.8.) 


+34 


Fig. 1. 


maximum of the flare. 


flare. 


inclusion of a number of events in the Am < 0-4m category | 


which are not real, or may indicate anon-linear relationship 
between flare magnitude and radio output. The com- 
parison of the integrated photographic and radio curves 
in Fig. la and 16 indicates that, at least, in these cases, 
the radio output follows the shape of the photographic 
flare in the initial stages but reaches a second peak as the 
photographic flare is diminishing to zero. It is significant 
that although this form of light curve is not evident in the 
present photographs the double hump form is evident in 
many of the photoelectric records of flares of several 
magnitudes’, 

Tt is of interest to consider the strength of this flare 
emission relative to the radio emission associated with 
solar flares, and an order of magnitude can be readily 
obtained by considering the effect of UV Ceti at tho 
distance of the Sun from the Earth. The distance of UV 
Coti is 5-44 x 108 a.u. and hence at 1 4.v. the strength of 
the radio emission observed on Earth would be increased 
by 2:96x 10". Taking the mean of the 10 cases with 
Am>0-4 in Table 3 we seo that the strength of the 
radio emission observed from a 0:55m flare on UV Ceti if 
it was at the solar distance would be 8-3 x 10-15 W/m2/c.p.s. 
In the case of the Sun this flux would correspond to an 
apparent disk temperature of 103° K which is reached 
oceasionally during violent outbursts. In other words if 
the Sun were at the distance of UV Ceti we would expect 


Table 3 


Mean increase in radio 


Mean peak change | emission over 11 min 





in photographio interval (in units of 
magnitude 10-°* W/mĉje.p.s.) 
All 23 cases 0-38 m 1-8 flux units 
10 cases with 4m > 0-4 0-55 m 28 4, y 
m < 0-4 0-25 m 062 4, 5, 


18 cases with 4 
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-18 
Min before epoch 


(a) 23 cases of 


(b) The 23 radio records superimposed taking 
Ordinates, change in flux units (10-° 
records superimposed taking zero time as the epoch of maximum of the photographic flare : 


u 


10 18 26 


Min after epoch 


—18 —10 
before epoch 


-20 +2 


pipt 


A 


— Mean level 
(excluding interval 
-—2to + guun 


10 18 
Min after epoch 


-10 -20 +2 


= mean level 


WMS 


58 62 78 86 


Min after epoch 


42 50 70 


minor photographie flares superimposed taking zero tine as the epoch «: 
Ordinates, change in photographic magnitude Am; _ abscisse, time in min. 
zero time 28 the epoch of maximum of the photographic 
Wim?/c.p.s.); abscisse,timein mir. (e) The 2: adin 
min. Ordinates and abscissæ as for (b) 

to be able to record the phenomenon described here, but 
only occasionally during its most violent outbursts. On 
the other hand, in the case of UV Ceti there is evidence 
that the flares are associated with the fainter component 
of the binary for which the diameter can bo estimated ta 
be 0-088 © and hence this flux would correspond to nn 
apparent disk temperature of more then 101° K. It secins 
likely, therefore, that even in the case of these minor 
flares the processes taking place in the star are of a far 
more violent nature than those associated with the 
greatest flare events observed on the Sun. 

This discovery of true radio stars in the Galaxy reopens 
the question of the origin of the galactic component of 
radio waves. Indeed since 1946 there have been various 
suggestions that the galactic radio emission resulted from 
the aggregate radiation of separate stars and this concept 
appeared to be supported when the discrete sources of 
radio emission were discovered. In various forms the idea 
was developed by Unséld?®, and by Westerhout and Oort’, 
but the failure to identify the discrete sources with stars 
in the Galaxy led to the abandonment of the ideas in 
favour of the synchrotron and free—free transition 
hypothesis. In view of the preponderance of red dwarfs 
in the Galaxy it now becomes necessary to consider to 
what extent the discovery of their radio emission may 
resuscitate the radio star hypothesis. 

At this stage it is possible only to make a rough estimate 
of this effect and to do this we will calculate the brightness 
temperature T’ arising from the integrated flare star radio 
emission for comparison with the observed values of Te 
from the Galaxy on 240 Mejs. If 9(AZ) is the number of 
stars per cubic parsec with absolute magnitude between 
M+4 and M—4 then the number between r and r tdr 
willbe 9(M) 4rr*dr. Iffis the mean flux of radio emission 
from a flare star at distance r,, and y a factor which takes 
into account the duration of the individual emission and 
rate of occurrence, then the flux in the aerial beam of solid 
angle Q steradians will be: 
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where p is the fraction of these stars which can be assumed 
to be flare stars. Then the integrated brightness tempera- 
ture from the flare stars to distance R parsecs will be: 


R ' 
ps 2? 
b = ag PXI" | E(o(M))dr 
0 


where & is Boltzmann’s constant and à the wave-length. 

For f we take tho mean radio emission for all 23 cases 
of 1-8 x 10-8 W/m?/c.p.s. The duration of this emission 
was 11 min and the average rate of occurrence per star 
was once in 5-5 h. (In addition to the 23 cases there were 
7 other minor photographic flares during the period of 
overlap for which the radio records were unsuitable for 
analysis.) Hence y=1/30. The solid angle of the beam 
of the telescope at 240 Mc/s was 1:38 sq. deg. so that 


Q= 4-2 x 10-* steradians. We take o(M) to be 0-18 stars . 


per cubic parsec! and in order to obtain an approximate 
value for the brightness temperature we assume that 
ọ(M) does not depend on r. The mean value taken for f 
depends largely on the UV Ceti observations and so we 
take 7r,=2-6 parsecs. 

With these values the above equation gives Ts = 0-049 °K 
for the stars out to 1 kiloparsec. The minimum brightness 
temperature observed by Davies and Hazard!* on this 
frequency in the anticentre region was 20° K. Thus even 
if p is taken as unity the flare star contribution is less than 
0:5 per cent. If the integration is taken to a distance 
of 20 kiloparsees with the same assumptions regarding 
the constancy of 9(M), then T;=0-8p °K. The brightness 
temperature at longitude 20° at zero latitude arising from 
non-thermal emission is about 800° K on this frequency, 
„and thus if, as suggested by Parenago, the M stars are 
mostly red emission dwarfs with flare characteristics so 
that p is close to unity, then the flere star contribution is 
0-1 per cent. 
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These estimates are necessarily provisional and inexact 
and it is possible that further observations might increase 
the value to be assigned to yfr, in the equation. By 
comparison with previous photoelectric and photographic 
observations of flare stars it is clear, for example, that the 
period of 166 h covered in this present work has been 
unusually deficient in bright flares. Further, the value 
derived for T; is directly dependent on e o(M) which 
probably inereases sharply as we move away from the 
solar neighbourhood to the central regions. The possi- 
bility that the flare star contribution to the non-thermal 
radio emission might be a few per cent in certain directions 
of the Galaxy cannot be excluded at this stage and it does 
at least seem that the total abandonment of the radio 
star hypothesis in respect of the galactic radio emission 
mey have been premature. 

The photographic programming and analysis was the 
responsibility of one of us (L. H. §.), who wishes 
to express appreciation to Mr. John J. Grady for fruitful 
discussions and aid in the observational programmo. 
The photographic work was supported in part by grant 
NSG 87-60 of the National Aeronautics and Space 
Administration, and the radio observations at Jodrell 
Bank were supported in part by grant N 62558-2096 of 
the U.S. Office of Naval Research. 
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FIELD ALIGNED STRATA IN THE IONIZATION ABOVE THE 
IONOSPHERIC F, LAYER 


By Pror. J. SAYERS, Miss P. ROTHWELL and J. H. WAGER 


Department of Electron Physics, University of Birmingham 


N a previous article! we reported the results of prelim- 
inary analysis of the electron density data from the 
satellite Ariel 1. This analysis indicated that in the 
topside ionosphere, in the geocentric altitude range from 
400 to 1,200 km, the electron density does not everywhere 
decrease exponentially with altitude ina manner consis- 
tent with diffusive equilibrium along vertical profiles. The 
data strongly indicated the existence of further strati- 
fication above the F, layer. Ledges were observed on 
oblique electron density profiles over a wide range of 
latitude and longitude on each of approximately 60 orbits 
distributed fairly randomly through the period April 30- 
July 1, 1962. 

We have now been able to make a more detailed analysis 
of the electron density distribution in the region scanned 
by the orbit of Ariel 1, and the nature of the ‘ledges’ 
reported earlier is now much clearer. Records of electron 
density over a wide range of latitude and longitude for 
the period July 8-12 have now been analysed in detail and 
there are strong indications that the ledges are due to 
magnetic field aligned ionization strata. 

In the period July 8-12, apogee and perigee of Ariel 1 
were both near the equatorial crossing, apogee being by 


day and perigee by night, local time. These data therefore 
provide information on near horizontal profiles for tropical 
latitudes near 400 km and 1,200 km altitude. 

On July 9 a high-altitude nuclear explosion occurred 
near Johnston Island at 0900 v.r. We have already 
reported? the effects of this explosion on the ionosphere, 
which were highly localized and lasted only a few hours. 

Fig. 1 shows a selection of three nearly horizontal 
profiles of electron density as a function of geographic 
latitude for day conditions near apogee (1,200 km): (a) is 
for longitudes in the intermediate zone; (b) for the eastern 
zone; (c) for the western zone. 

It will be seen from Fig. la that at intermediate 
longitudes enhancement of ionization is encountered at 
latitudes of approximatély 12° S. of the magnetic equator, 
while in the eastern zone (about 100° E.) two peaks 
occur at latitudes of 22° N. and 22°S. of the magnetic 
equator, with a further small peak on the equator. In the 
western zone only one peak near the magnetic equator 
is observed. Further profiles throughout the full range of 
longitudes show that the width apart in latitude of the 
twin peaks of Fig. 1 is a function of longitude and that they 
merge together into a single peak on the magnetic equator 
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(a) Intermediate zone 
July 9, 00:00-00:28 
157° W.-102° W. 
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(b) Eastern zone 
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(c) Western zone 
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Fig. 2. Magnetic dip angles for equatorial peaks near apogee. 


near 30° W. longitude. This relationship is illustrated in 
Fig. 2, which shows the subsatellite magnetic dip latitudes 
of the peaks near apogee as 2 function of longitude for a 
complete scen. This relationship clearly indicates magnetic 
control of the enhancement of the ionization. The most 
obvious type of control to consider is one in which enhance- 
ment follows a particular magnetic shell defined by a 
constant ‘L’ value, using the McIlwain notation’. In fact, 
pointsshownin Fig. 2 all lie closetothe shell L= 1-27 + 0-05. 
The variation of dip angle with longitude at which the 
satellite orbit intersects the shell during a 24-h period 
arises because the centre of the equivalent magnetic 
dipole of the Earth’s field lies approximately 400 km off 
the geographic axis in the direction of the eastern 
zone. 

N 


Circles, July 8; squares, July 9; triangles, July 10 


Further nearly horizontal profiles are provided by 
perigee passes (400 km), and these occur near local midnight 
in the early July period. Three such profiles, illustrated 
in Fig. 3, also show peaks corresponding to enhancemont 
of ionization in the L=1-27+0-05 shell and in addition 
show further peaks on a lower shell (0=1-09+0-05). It 
has been found that stratification of ionization within 
these two magnetic shells will account for all the recorded 
profiles in tropical latitudes in the period July 8-12. 
Sections of these two shells for three longitude ranges 
corresponding to the off-axis position of the magnetic 
dipole noted here are shown on Fig. 4, together with the 
apogee and perigee altitudes of the satellite on the same 
scale. “The apogee intersections with the enhancod 
L=1-27 shell are indicated A,-A;, corresponding to the 
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Fig. 3.. Perigee profiles, 


ı (c) Western zone 


(b) Eastern zone 
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Sectional diagram of enhanced magnetic shells 


Fig. 4. 


no. 4877 April 20, 1963 


identification of Figs. 1 and 4. The peak on the eastern 
zone profile, indicated as Xs, in Fig. 1b can be seen to 
belong to the inner enhanced shell. The perigee inter- 
sections with the enhanced magnetic shells are identified 
as B,-B, and Y-Y., also shown on Fig. 4. It can be seen 
that the sections of both enhanced shells which lie between 
perigee and apogee of the satellite vary from horizontal 
to a tilt of approximately 30° and it follows that a vertical 
profile through any of these shells should show a marked 
departure of ionization density from diffusive equilibrium 
in the Earth’s gravitational field. There is, however, no 
evidence to show that diffusive equilibrium does not occur 
along individual magnetic field lines at a particular longi- 
tude. The shell showing maximum ionization varies from 
pass to pass of the satellite within the range indicated: 
for example, in Fig. 3a the equatorial peak Y,,, lies on the 
shell L=1-06; in Fig. 3b Y, and Y, lio on D=1-08 and 
in Fig. 3c Y, and Y, lieon L=1:14. Passes within similar 
longitude ranges on July 11 show equatorial peaks at 
L=1-10, 1:06 and 1-12 respectively. i 

A further feature of the present results is that at night 
tho ionization density in the LD=1-09+0-05 shell is 
gonerally two to three times more intense in the western 
zone, where the Harth’s magnetic field strength is low. This 
suggests that trapped radiation plays an important part 
in the ionization of the upper ionosphere. In this connexion 
Freeman‘ has recently measured very intense fluxes of 
low-energy protons (50 ergs/em/sec at energies of 1 MeV) 
at about 1,000 km altitude over South America. 

Further analysis of the data at high latitudes, which is 
now being carried out, indicates that there is another 
enhanced shell at [= 1-75 approximatoly. Since this shell 
will cross the magnetic equator in the altitude range 
4,000-5,000 km most of this shell is above the range of 
the Artel 1 orbit. Ariel does, however, cross this shell at 
magnetic latitudes in the range 30° to 40° N. and S., and 
it is just at these latitudes that further enhanced ionization 
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is encountered. Details of the analysis of the data relating 
to the [= 1-75 shell will be published later. 

In the high magnetic shells having L greater than 3. 
which are intersected by Ariel over Canada and south of 
Australia, localized regions of highly enhanced and variable 
ionization have been encountered even during very quet 
magnetic periods. This ionization at high latitudes may 
be produced by low-velocity particles similar to those 
which are responsible for aurore. Thisis being investigated 
further. 

In our earlier article, which was based on the analysis 
of a limited amount of data and interpreted in terms of a 
single ledge above F, there appeared to be a diurnal 
variation of the altitude of this ledge. We now recognizo 
the existence of several regions.of enhanced ionization 
above F, and it is found that the region whero L is 
approximately 1-75 is, relative to the lower L shells, 
stronger by night than by day. This effect, combined with 
a limited orbital scan, gave the appearance of a diurnal 
altitude variation. 

Whatever the mechanisms which aro responsible for 
the production of the enhanced ionization in the various 
L shells it seems likely that the ion production takes place 
in the lowest parts of the altitude range and diffuses 
upwards substantially within the magnotic shell in which 
it was generated. 

We thank the U.S. National Aeronautics and Space 
Administration for providing the satellite, its power 
supplies, sequence timing, telemetry, data encoding and 
launching into orbit. In particular, we also thank the two 
project managers, Mr. R. C. Baumann of U.S. National 
Aeronautics and Space Administration and Mr. M. O. 
Robins of the United Kingdom. 
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HIGHER EDUCATION IN TECHNOLOGY* 
, By Dr J. ROSE 


Vice-Principal, Coventry Technical College 


(II) 


HEN we consider British univ ersities in the context 

of higher education in the Western World, two 
features stand out: the small number of universities and 
the relatively small numbers of students in them. Britain 
has the smallest number of universities in proportion to 
its population in Europe, except Turkey, while in student 
enrolments Britain occupies nearly the bottom place in 
the European ‘league’. While other countries have made 
tremendous progress in the development of university 
facilities, Britain has just about managed to hold on 
to the same place it occupied fifty years ago. Thus 
Poland—a country ravaged by war and spoliation—has 
about 150,000 students in its universities, more than twice 
as many per million of population than Britain. Poland 
has not only managed to make up for war-time losses but 
has also increased the proportion of people with higher 
education in relation to the pre-War years and established 
now universities. 

In the “fifties the total expenditure on the British 
universities and the Department of Scientific and Indus- 
trial Research was smaller than the egg subsidy, and 
formed about 12 per cent of the expenditure on advertising 
and less than 5 per cent of the tobacco bill. 

John Vaizey of the University of London stated in 
1961 that the number of newly qualified scientists and 
technologists per million of the population is no bigger in 

* Continued from p. 133. 


Britain—even taking into account the different educa- 
tional levels—than in the under-developed Yugoslavia; 
it is half that of Canada, a third that of the U.S.S.R., 
and about a seventh that of the United States. In this 
connexion one must also consider the reluctance of nost 
British universities to depart from the pattern of training 
pure scientists and to afford facilities to technologists. 
Thus a leading article in Nature (190, 113; 1961), of which 
the starting-point was Prof. Edgeworth Johnstone’s 
survey of chemical engineering education and practice, 
declared tongue in cheek that technology and research 
into technology were out of place in universities and that 
engineers should be trained to industry’s specifications 
in “technical institutes’, the syllabus dealing with usefid 
techniques. The British universities contributed. but little 
to the industrial revolution and technological develop- 
ment. Strangely enough, the evening classes of the so- 
called Mechanics’ Institutes, which have developed ino 
technical colleges of various descriptions, bore the brunt 
of educating engineers. With a few honourable exceptions. 
the departments of engineering at the universities aro in 
the doldrums, while in other countries large specialized 
engineering institutes have been established to cope 
with the problem of rapid industrialization, for oxampl-. 
the Technical University at Aachen, which is nearly as 
big as Oxford and Cambridge put together, and which has 
a staff of fully fledged professors presiding over splendidly 
equipped institutes of various faculties. 


234 NATURE April 20, 1963 von. 198 


In a paper in the Journal of the Royal Society of Arts technology. There seems to be a suspicion abroad that ` 
(99, 579; 1961) Sir Andrew MeCance remarked that engineering and the applied sciences are narrow special- 
British. educationists have long thought that training in ized subjécts and not quite acceptable socially, so that the 
theoretical science was adequate for those who direct and majority of the country’s engineers are even trained by 
develop technical industries, while other countries have part-time study. The present system of secondary 
centres of independent university status devoted to education tends to channel able pupils into purely 
technological studies of the application of science to academic courses in the arts or sciences, rather than into 
industry. It is believed by many that part of the reason those concerned with applied science or technology. 
for the lack of Britain’s national progress and the slow The prestige which universities enjoy and the prospect 
rate of production was that too many of the bright of pure research diverts suitable students from. technical 
graduates were going into pure science instead of tech- colleges, even those of advanced technology, into more 
nology and engineering; this is completely at variance academic institutions. 
with the Continental practice. The status of a university education is such that a 

This neglect of technological education goes down even considerable majority of sixth-form pupils with good 
deeper into the reaches of secondary education. Only passes at the General Certificate of Education, Advanced 
some 40 per cent of Britain’s secondary schools have Level, who are able to attend full-time courses, choose 
minimum laboratory facilities, while less than 10 per universities rather than technical colleges, and select an 
cent have adequate room and equipment for practical academic degree in preference to a diploma in technology, 
work (the corresponding figure for the large public schools though in the field of technology and science the univer- 

‘ -not to be confused with the public schools in the sities cover a much more limited field in Britain than 
United States—is 20 per cent). Table 1 shows some of abroad; and in Britain most courses in applied science, 
the results achieved in the General Certificate of Educa- “commerce and technology are done at technical colleges. 
tion examinations’ in the session 1960-61, by pupils of The fact that technology has no place in the school 
various schools (Statistics in Hducation—1961, Suppl. to curriculum generates a suspicion that it is a bad starter 
Part 2, H.M.S.O.): ; elsewhere, especially in view of our downgrading of 

technical studies as something connected with crude 


Table 1 z ‘ 
G.0.E. ʻO’ passes in G.C.E. ‘A’ passes in mechanicals. A change of heart on the part of the public 
6 subjects or more 2 or more subjects is urgently needed, as regards the value of the diploma 
ae Per cont Per cent in technology, the status of the technical colleges staff, and 
choo. of pupils Per cent of pupils Per cent iti i i 
whe Daye... Jof pupile” whe ee oF Pis the recognition that the highest forms of learning can also 
attempted the who have attemptedthe who have be vocational. Some of these ideas are beginning to 
examination passed © examination passed penetrate into the consciousness of the public at large 
Diréot-grant 94 85 50 41 and the leaders of the secondary education. As the head- 
ndependent 90 59 39 26 . "i 
Maintained grammar 89 53 33 24 master of the High Pavement School, Nottingham 
omprehensive 2 . A 
Secondary Muierii H : E 2 (Mr. H. Davies), pointed out, the careers masters and 


$ grammar school teachers ought to enlighten: the boys 
These figures speak for themselves. It was pointed and girls about the importance and status of applied 
out at the Conference on Technology and the Grammar science and change some.of the teaching methods in 
Schools at Oxford in 1961 that in most grammar schools science in the sixth forms.’ Moreover, some lecturers in 
there is a profound ignorance of the range of studies technical colleges now claim that certain industrialists 
required by engineers and a too-early specialization at the express a preference for the diploma in technology rather 
“expense of sound training in basic scientific principles; than a university degree. Perhaps the establishment of 
in addition there is a snobbish bias towards pure science seven new universities (Sussex, York, Norwich, Canter- 
and—as the president of the Science Masters’ Association, bury, Colchester, Warwick and Lancaster), which is 
Dr. B. V. Bowden, pointed out—the application of scienti- expected to provide 9 per cent of the total university 
fic knowledge is thought to be ‘sordid’. This unsatisfac- places, will break the stranglehold of tradition by con- 
tory situation, coupled with a chronic shortage of com- : centrating on the link between the pure and applied 
petent .science teachers, especially in mathematics, is sciences, and on the emphasis on teaching. 
one of the main reasons for stagnation, and constitutes a Another hindrance to the acquisition of social respect- 
vital link in the vicious spiral of decreasing output of ability by technological training is the apparent reluctance 
suitable recruits for the engineering and allied disciplines, to recognize that engineering offers as much scope in 
and also for the teaching profession, with a consequent research as pure science. Thus, British universities have 
worsening of the situation. As it is, the best of the com- never been responsible for most of the technological 
paratively few scientists and mathematicians Britain research in Britain and have not the equipment to do it. 
produces are at once swallowed by industry, so that there There are some exceptions, for example, the assistance 
is a diminishing supply of good men left to teach. The rendered by the Department of Metallurgy of University 
gravest shortage is in the field of good mathematicians. of Manchester by means of extramural contracts. In 
This is partly attributed to the recognition that mathe- their turn, some large firms sponsor postgraduate students 
matics has become a powerful industrial tool. The drastic up to and beyond the Ph.D. degree; the Department is 
reduction in the number of competent mathematics also prepared to assist small firms in the field of scientific 
teachers has already given rise to the notion that British consultation. Compared with foreign practice the assist- 
mathematics has already passed the ‘point of no return’. ance rendered to firms by the British universities is rather- 
This was brought out in a recent House of Commons meagre. 
debate when the whole system of higher education came Another unfortunate feature is the lack of a close link 
- under fire. The debate, by the way, took place in a nearly between the universities and the Government laboratories, 
empty chamber. This is not surprising since the Govern- though the latter do a great deal of research work of a 
ment offices are not overburdened with scientists and calibre similar in many ways to that done at academic 
technologists. For example, there is not a single scientist, institutions. One has only to look at the splendid work 
except some mathematicians, at the Treasury. done at the National Physical Laboratory, Teddington, 
The vicious circle of the supply and demand of com- the National Engineering Laboratory, East Kilbride, or 
petent science and mathematics teachers does not appear most of the research associations. Their discoveries are 
to show any sign of being converted into a ‘virtuous’ seldom noticed by university dons, and comparatively 
circle—as it is called—with a resulting increase in suitable few of the graduates go there to work on postgraduate 
teachers for British secondary schools. This is coupled projects, though some of these institutions have the best 
with the traditional attitude of grammar schools towards equipment in Britain. 
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The dichotomy between the pure and applied sciences 
pervades the whole educational system, and Britain’s 
slender resources are being wasted on the perpetuation of 
an inefficient system. The situation is further complicated 
by the various pronouncements of the Government 
Statistical personnel about the demand for technologists. 
For example, the Statistics Committee of the Advisory 
Council on Scientific Policy reported in 1962 that there 
may be a surplus of scientific manpower in 1965. It 
is interesting to note that the Committee on Scientific 
Manpower pointed out that in the educational profession 
and in the disciplines which involve a high degree of 
mathematical skill, the shortage will continue for a long 
time yet. The estimates of a possible excessive supply of 
technologists are probably as dubious as those of another 
committee which reported in the early ’fifties on the 
alleged surplus in the medical profession and which: has 
proved to have been completely wrong. In fact, the 
statistical predictions have achieved a calamitous result 
in persuading the medical schools to restrict their entry 
to such an extent that there is now a shortage of doctors. 
One must also remember that the supply of manpower 
does not appear to be able to reach the targets on which 
the report is based. The figures of 147,300 technologists 
and 107,700 scientists at the beginning of 1965-69 period, 
and of 196,000 technologists and 149,300 scientists at 
the beginning of the 1970-74 period, as well as the estim- 
ates of 170,000 university students in 1971, are much in 
doubt; the same applies to the estimated demand for 
scientific manpower. Thus Prof. M. Stacey of the Univer- 
sity of Birmingham believes that the demand for chemists 
will remain high for a long time yet, though the Appoint- 
ments Board of the University is rather dubious in its 
report for 1961 about the real shortage of chemists and 
chemical engineers; there is, however, a demand for scient- 
ists willing to enter a commercial career. This view is 
not, however, shared by other universities. For example, 
the Appointments Board of the University of Glasgow 
reported that 1961 has seen no falling-off in the number of 
vacancies notified, especially in the engineering field. 
It appears that, in general, there is a need for some 
adjustments in the direction of broader education for 
scientists and technologists and some managerial training. 
It is possible that the expected surplus, if it occurs, will 
encourage flexibility and more efficient use of manpower. 
On the other hand, the Appointments Board of the 
University of Durham has reported for several years now 
that the demand for mathematicians and physicists con- 
tinued to mount faster than the supply (1962 report) 
in 1960-61, and the demand for chemists and chemical 
engineers has eased; there is, however, a grave shortage 
of engineers and teachers, while the demand for arts 
graduates is good, the emphasis being on able manpower. 
Tho Association of Teachers in Technical Institutions, in 
its memorandum to the Robbins Committee, asserts that 
the demand for scientists and technologists will increase 


rapidly, and skilled personnel in science, technology and. 


commerce will create a demand for themselves, since they 
cause advances in technical developments, which in turn 
create a demand for more manpower. A two-fold or 
threo-fold increase in the number of full-time students 
would not-——in the opinion of the Association of Teachers 
in Technical Institutions—exaggerate the need. 


Technical Colleges 


It is clear from the foregoing that the technical colleges 
appear to bear the brunt of training technologists and 
applied scientists, as well—as will be seen later—of 
potential industrial managers and leaders of commerce in 
Britain. Courses have been developed at these colleges 
on largely empirical lines and are mainly dictated by 
outside professional bodies. There is also some measure 
of co-ordination by means of regional advisory councils. 
At first these councils were formed voluntarily by local 
education authorities. In 1945 the Percy Committee for 
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Higher Technological Education recommended their 
formation throughout the country. In theory these 
councils have to approve college courses, but in practice 
large local authorities dominate the region and the 
regional advisory councils writ does not run on the peri- 
phery. Some of these councils do not plan enough nor 
keep colleges informed of long-term plans, while colleges 
of advanced technology—which are free from local 
education authorities—are at liberty to inform the regional 
bodies of their schemes and to consider their comments. 
Thus a bewildering variety of courses has. developed in 
colleges all over Britain, and there is considerable over- 
lap and rivalry between neighbouring establishments. 
‘The courses range from degree courses (44 per cent of 
London external degrees in science and technology are 
taken by technical college students) to those dealing with 
studies for the examinations of the General Certificate of 
Education, City and Guilds of London Institute and other 
regional examining bodies, and various professional 
institutions; there is also a profusion of non-vocational 
courses, ranging from languages to speech and drama. 
Despite this diversity of courses and the academic level 
attained by some classes, the educational pursuits at tho 
colleges do not markedly affect the curricula of secondary 
schools, and the grammar schools particularly are not 
familiar with the opportunities available at technical 
colleges, since the sixth forms are dominated by the 
regulations governing entry into universities and tho 
emphasis on pure science. 

At first sight, the appearance of the structure of the 
technical colleges system is that of a well-ordered three- 
tiered pyramid. The baso is occupied by hundreds of 
the so-called colleges of further education and area 
colleges; the next level involves regional colleges of 
technology—25 in number so far—and the apex of the 
pyramid is occupied by 10 colleges of advanced technology. 
The further education and area colleges are supposed to 
deal with subjects up to the Ordinary National Certificate 
Level (there are many exceptions) and some Genoral 
Certificate of Education (Advanced Level) studies, feeding 
a proportion of their students into regional colleges of 
technology for more advanced work, part-time, full-time 
or sandwich-type courses; the students at the regional 
colleges are then prepared for the higher national certifi- 
cates, higher national diplomas or diplomas in technology. 
The demarcation here between the regional technical 
colleges and the colleges-of advanced technology is rather 
hazy, so far as the scope and level of studies are concerned, 
though the colleges of advanced technology aro not 

` supported financially. by the local education authority 
and have the unique privilege of appointing readers to 
their staff. : 

In both types of college there is also some emphasis on 
research and consultative practice. It is interesting to 
note that universities have, in general, tended to soloct 
staff and students on their potentialities for research and 

_to neglect the teaching aspect, prospects for promotion 
being governed by the ‘publish or perish’ principle. 
On the other hand, the accent in technical colleges is on 
teaching, though it is realized more and more that research 
provides a stimulus to students and staff; it imparts a 
questioning attitude of mind and an empirical approach ; 
and the prestige of an aspiring institution is governed by 
its research programme. Some expansion in research has 
taken place in the colleges in the past decade. especially 
in the regional technical colleges and colleges of advanced, 
technology, and many colleges have obtained contracts 
from Government institutions, nationalized industries 
and private sectors of the economy to carry out research 
and development work. This is facilitated by the close 
liaison between the colleges and industry, which has 
developed as a result of the technical training afforded to 
industrial employees at technical colleges. f f 

Co-operation between industry and colleges is achieved 
in a number of ways: by frequent meetings betwcon 
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staffs, by open days at colleges, by visits of teachers to 
‘firms and consultative activities, and by many other 
means. A notable experiment in this field is that by 
Gloucestershire, Worcestershire and Herefordshire, which 
formed the Three Counties, Industrial Education Associa- 
tion, in order to build up a close link between industry and 
educational services. It organizes group apprenticeship 
schemes for small firms, it runs conferences for schools of 
all kinds on opportunities in industry, and it has agreed 
to appoint a liaison officer whose task is to visit the firms, 
find out their requiroéments, and then make recommenda- 
tions to technical colleges. : 

The White Paper on industrial training published in 
1962 adopts the ideas of co-operation between industry 
and the colleges much farther by advocating boards 
which would be responsible for all aspects of training in- 
individual industries. The scope of their functions 
includes the establishing of training policies, standards 
of training and syllabuses, qualifications and tests for 
instructors and own training centres; in addition, the 
problem ofa financial levy on firms and provisions for 
various types of training will also be considered. This 
collaboration fosters, by the way, a senso of purpose 
among students and staff, since technical education is 
designed to train skilled personnel for industry. Students 
from the age of 16-21 work in industry for the greater 
part of their time and acquire their professional qualifica- 
tions by part-time study. The apex of this relationship 
is the sandwich-type course in which the student spends 
alternate periods at the college and at his work. This 
idea is not of recent origin, for Alfred Marshall (author of 
Principles of Economics) introduced sandwich courses in 
business studies at university standard in the newly 
founded University College, Bristol, in the late 1870’s. 
There is also increasing support for full-time study at 
colleges up and down the country. This type of study is 
fundamentally different from that at the university, 
since there the students usually enter without previous 
industrial experience straight from school, and it is only 
after graduation that they acquire practical experience. 
It must also be noted that the colleges have a wide measure 
of control in educational matters, and there is an increasing 
tendency to lace vocational training with a general 
education and a development of initiative and adaptation 
to new skills and ideas. 

Following the. publication of the 1956 White Paper, 
which set in motion the division of colleges into advanced, 
regional, area and local colleges, attempts have been made 
to double the numbers of students who receive day-release. 
The aim was to increase the number from 355,000 (at all 
ages) in 1955 to 700,000 at a rate of 40,000 per year. 
Unfortunately, the increase in the period 1955-59 was 
only 85,000, while at the same time there was an actual 
decrease from 245,000 to 240,000 between 1956 and 1958 
of those released under 18, so that the total increase was 
entirely due to the rising numbers of people over 18. 
Although in Scotland there was an increase of 26 per cent 
in the period 1955-60, the number of boys under 18 on 
day-release is only one-tenth of those in insured employ- 
ment. Since 1956 the output of students from advanced 
courses has grown considerably; it was 9,500 in 1955 
(including 1,500 degrees in science and technology), half 
of whom were technologists, while in 1959 the output has 
risen to 12,500. This increase was mainly due to the 
increasing number in higher national certificate courses 
on a part-time basis; the number of higher national 
diploma students has increased in the period 1955-59 
from 1,373 to 3,417. So far as the diploma in technology 
courses are concerned, there was considerable expansion 
from 510 in 1956 to 4,969 in 1961. The aim of the 1956 
White Paper was to increase the numbers in advanced 
courses to 15,000 (mainly in sandwich and full-time 
courses); the 1/59 Ministry of Education circular raised 
this target to 17,000 by 1970. 
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The problem of the colleges of advanced, technology 
is attracting a great deal of attention in view of their 
possible development as technological universities. They 
were established more than six years ago with the object 
of expanding advanced courses in technology and applied 
science and of being “nurseries of the men who will develop ` 
the inventions of the scientists’—as Lord Eccles has 
called them. Of the ten colleges so far designated, four _ 
(Battersea, Brunel, Chelsea and Northampton) are’ in 
London, four (Bradford, Birmingham, Bristol and Salford) 
are in the provinces in addition to a fifth at Loughborough, 
the latter being a fully residential college, with a diploma 
of its own of honours degree standard; the last is at Car- 
diff. The designation of the Rutherford College of Tech- 
nology, Newcastle, is in prospect. Students at the London 
colleges can read for the diploma in technology award or 
professional qualifications, or work towards University 
of London internal degrees (other London colleges offer 
the same facilities for degree study as the colleges of 
advanced technology), while at the other colleges of 
advanced technology students can either take their 
diploma in technology qualifications, or study for profes- 
sional awards, or work towards University of London 
external degrees. The comparative numbers (in round 


figures) for 1960-61 for the distribution of this work among 


the various colleges are shown in Table 2. 


Table 2 
Full-time Part-time day 
Colleges and sandwich study and evening study 
Dip. Other Other 
Degree tech. awards Degree awards 
Advanced technology 1,900 3,600 3,100 1,000 7,600 
Others 3,100 1,300 12,700 8,500 60,100 


It is seon that in 1960-61, 97,900 students pursued a 
course of studies at an advanced level at the colleges; 
at tho colloges for advanced technology there were nearly 
9,000 students taking courses of a university standard, 
the corresponding figure of students at the ‘technological’ 
faculties of the universities being 15,000. Great progress 
has thus been made in the building up of the colleges for 
advanced technology, and attempts are being made to 
implement the recommendations of the 1956 White Paper 
regarding the study of advanced aspects of various tech- 
nologies and research. The colleges of advanced tech- 
nology are supposed to have a function which differs from 
that of the regional colleges of technology, for they are 
institutions established for the advancement of technology 
on a broad front and at the highest levels; they are assumed 
to be the centres of postgraduate teaching and research 
as well as colleges for teaching science and technology at 
the level of the diploma in technology. 

According to the memorandum submitted by the 
Committee of Principals of the Colleges of Advanced 
Technology to the Robbins Committee in 1961 these 
colleges should be expanded but not exclusively as 
institutions of higher professional education for industry 
and commerce, with a minimum of five faculties in pure 
science, applied sciences, engineering and social sciences. 
It is proposed to devote no less than 20 per cent of the 
colleges’ work to postgraduate studies, while liberal 
studies ought to occupy a prominent place in teaching. 
As Dr. P. R. F. Venables of the Birmingham College of 
Advanced Technology stated some time ago, such colleges 
must be clearly seen to work towards ‘education’ of the 
whole man and not just towards ‘training’ and supplying 
Britain with specialists; otherwise, the colleges will 
be cut off from the main stream of higher education. 
Hence the emphasis on liberal studies and the continual 
experimentation with techniques of teaching and sylla- 
buses. A frequent combination is English and social 
studies; and the tendency is to draw on well-known 
lecturers for additional courses. At Brunel the English 
and technological teacher together examine students 
on a written essay. In addition, there is a course on 
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‘fundamentals of science’ designed to show that science 
and technology are a sufficient liberal education in them- 
selves. Othor colleges adopt a more general attitude in 
this field and embark on a large-scale programme of social 
studies embracing a wide variety of subjects. At the same 
time the general methods of education and the types of 
courses are under review, and a controversy is still raging 
about the relative merits of different types of sandwich 
courses and postgraduate studies. 

The idea of converting the colleges of advanced. tech- 
nology into technological universities is perhaps modelled 
on similar efforts made years ago by the Manchester and 
Glasgow Colleges of Science and Technology. The former 
is now a Faculty of Technology of the University of Man- 
chester, the latter—quite surprisingly—has parted company 
with the University of Glasgow and has acquired the status 
of a ‘technological university’. The trend in the college 
of technology towards obtaining university charters and 
academic privileges is gaining momentum, though the 
ultimate status of the colleges will depend on the use they 
make of their autonomy. It is significant that the terms 
of the Robbins Committee make no distinction between 
the various forms of higher education, but treat it as one 
whole. The industrial and the commercial worlds also 
are beginning to take notice of the value of a college of 
technology as a distinct academic body. An interesting 
item of recent news was the offer of three travelling 
fellowships by the Goldsmith’s Company to enable men 
or women or the staff of the ten colleges of technology to 
travel in Europe (including the U.S.S.R.) and to examine 
some aspect of higher technical education. This is by 
no means an isolated example of generosity and support 
by industry. Both the Science Masters’ Association and 
the British Council of Churches show increasing concern 
at the neglect, inter alia, of our advanced colleges. 

This appearance of a tidy, purposeful and inspiring 
edifice of technical education is, however, marred by 
many grave shortcomings. First, the quality of students 
in many courses leaves much to be desired. and the resulting 
‘wastage’ (this term refers, of course, to the inability of 
students to complete their courses and obtain the relevant 
qualifications) is staggering. In the 1950’s only one out 
of ten students entering on a national certificate course 
managed to reach the goal in the form of a higher national 
certificate after five years of study. The causes of this 
disastrous performance were poor living conditions, long 
journeys to work and college, conflicting claims between 
employment, studies and social life, a faulty examination 
system, vagaries of employment, and perhaps the greatest 
factor of them all—inadequate selection procedures. The 
Government White Paper on further opportunities in 
technical education issued in 1961 attempts to deal 
with this problem in the engineering field by diverting 
some of the candidates for the ordinary national certificate 
course into technicians’ and craft courses. The results so 
far are quite promising though greater co-operation 
between schools, colleges and industry might help even 
more, 

Another defect concerns the availability of courses. 
Universities can nearly always set up courses which are 
available at nearby colleges; but technical colleges find it 
difficult to obtain permission from regional advisory 
councils, the Ministry of Education or the local education 
authorities to run courses similar to those available at 
neighbouring universities. Furthermore, the colleges 
have been restricted by the National Council for Tech- 
nological Awards, the City and Guilds of London Institute, 
various professional bodies and local authorities in the 
endeavour to expand their facilities for higher education; 
in most colleges no representative of the teaching staff 
serves on the governing body, and the development of 
courses and acquisition of suitable equipment are governed. 
by considerations other than education. As regards the 
available courses at technical colleges, in most cases there 
is a strong vocational bias with a slight sprinkling of liberal 
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studies. It is important, however, thd 

not be restricted to narrow specializat 

include basic theory, potentialities of ] 

developments and history of ideas. 4 

with respect to grammar schools is: 

British Council of Churches and the Science 
Association. The object could be summarized by quoting 
Wordsworth’s dictum “to make the gift of life more 
valuable and the man more worthy of the gift”. 

In addition to the foregoing shortcomings there is a 
number of other factors which make the system of technical 
education, shaky in design and content. Thus the colleges 
of further education and the area colleges are training 
students to the highest levels, such as the associateship 
of the various professional institutions, and it still remains 
to be seen what difference there is between say a graduate 
or associate membership of the Royal Institute of Chemis- 
try or of the Institution of Mechanical Engineers and a 
diploma, in technology in a corresponding field. The 
usual arguments trotted out to exalt the value of the 
diploma in technology, for example, the large numbers of 
students taking the diploma, the postulated equivalence 
with an honours degree, or the industrial support do not 
fully justify the proliferation of awards, especially since 
the colleges of advanced technology are exhibiting a 
marked tendency to award degrees instead (memorandum 
of the Committee of Principals of Colleges of Advanced 
Technology to the Robbins Committee, 1961). Tho 
proposed breakaway of the colleges of advanced tech- 
nology in this connexion may jeopardize the whole future 
of the diploma in technology scheme. Similar considera- 
tions apply to the higher qualification, the Membership of 
the College of Technologists, which was launched as the 
equivalent of the university Ph.D. It has been claimed 
time and again by members of the staff of colleges of 
advanced technology that the diploma in technology can- 
not be of equal status to the degree unless these colleges 
achieve university status. Sir John Cockcroft, Sir Geoffrey 
Crowther and others have suggested that the diploma in 
technology should be renamed and made into a degree 
with corresponding master’s and doctor’s degrees. 

In the field of full-time and sandwich courses the regional 
technological colleges and even the colleges of advanced 
technology do not enjoy a monopoly. Indeed, in some 
areas an area college may actually abstract students 
from a neighbouring college of advanced technology 
and form a full-time or sandwich group for the purpose of 
obtaining an associateship of a professional institution 
(I am myself personally acquainted with two such 
cases). Furthermore, the diploma in technology pro- 
gramme at the regional technical colleges and colleges 
of advanced technology suffers from a fundamental 
defect in that large numbers of students in the sandwich 
courses are not industry-based, and college emissarics 
are continuously on the move all over the country to secure 
industrial training for the college-based students; this 
leads to some unsavoury competition between the colloges 
and wasted effort. 

Moreover, numbers in some full-time and sandwich 
higher national diploma and diploma in technology classes 
are small, and to justify their existence they have to lean 
on the need to build up courses, dubious prospects for 
the future and some quiet empire-building. In certain 
colleges the expenditure involved in training a student to 
a diploma in technology level is out of proportion to the 
value of the end-product; in some areas local industry 
insists on sending promising students to distant colleges 
instead of patronizing the same type of course in their 
own. district. There is also some doubt about the research 
and consultative performance, and in some cases the 
quality and quantity of the work bears no relation to the 
scope envisaged by the*Government in establishing the 
colleges of advanced technology. Viscount Hailsham’s 
claim that the colleges of advanced technology have the 
same status and do the same work as the Massachusetts 
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„stitute of Technology or the Aachen Technical Univer- 
sity does not bear close scrutiny. The public image of 
even the college of advanced technology is still that of a 
glorified ‘night school’, and this attitude is nourished 
by the prevalent social and academic snobbism inherent 
in the organization. of our secondary and higher education. 

There is a real difficulty in filling senior posts at the 
colleges of advanced technology, and most of the colleges 
are finding it difficult to get enough research students and 
assistants, partly because they are restricted in awarding 
higher degrees to which able research workers aspire. 
In addition, some senior men in colleges of advanced 
technology are not of university calibre (T. Raison, 
New Scientist, 11, 18; 1961). (It may be noted in the 
matter of teaching personnel that in 1957 about a half 
of the teachers in technical colleges had no degree or its 
equivalent.) Another example of academic snobbishness 
is the claim that at the moment there is not a single 
Fellow of the Royal Society in a college of advanced 
technology, though it is true that there is a Fellow who 
is a part-time member of the staff of the Battersea 
College of Advanced Technology. 

On the other hand, the integration of technical institu- 
tions and industry is still a long way off. The Government“ 
and industry are moving very slowly, and everyone expects 
with awed anticipation another of the Whitehall reports, 
that of Lord Robbins of the Committee on Higher Educa- 
tion, which is overdue—according to some authorities— 
by about thirty years. As the Red Queen in Alice in 
Wonderland put it: “It takes all the running you-can do 
to keep in the same place”. 

At arecent conference of the Science Masters’ Association 
and the Association of Women Science Teachers, Dr. B. V. 
Bowden, principal of the Manchester College of Science 
and Technology, directed the attention of the 1,000 
assembled delogates to the poor state of technical educa- 
tion in Britain. The result of this is felt throughout 
the British economy. Thus British machine tools, the king- 
pin of modern industry, have partly been replaced in the 
world markets by the products of other nations; Britain 
imported four times as many tools from Western Germany 
as she sold there. Three out of every five of the 1,200,000 
machine tools in Britain are more than ten years old, the 
age generally accepted as the international standard for 
obsolescence. 

The managerial and technological revolution has yet 
to reach the building industry; some of our builders still 
carry bricks on their heads up ladders, while Britain has 
only three universities with building departments. Paper- 
making is the seventh largest British industry, and yet 
there is only one college course for paper-making available 
in Britain (at Manchester). In a paper published in 
Progress, the journal of the Unilever Group, Mr. D. Burn, 
who has just been appointed to look into long-term plan- 
ning of the heavy electrical companies, makes out a 
convincing case for the thesis that British industry is 
far too dependent on foreign research and development 
for innovations in process, or plant or product. Another 
obstacle to change is the perennial choice of civil servants, 
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retired politicians or accountants as chairmen of firms; 
they have an “untechnical and unscientific background” 
and they belong to the ‘‘non-creative side of business”. 
There seems little doubt that British industry, business 
and Government are short of able scientists, administra- 
tors, managers, social workers and teachers. Other 
nations, such as Sweden, Japan or the United States, 
which have invested in education over the years, appear 
to have prospered in an economic sense more than 
Britain has done. Britain appears to offer fewer oppor- 
tunities to young people. The proportion of children 
over 15 at school in Norway is twico what it is here; 
in the United States it is two and a half times the enrol- 
ment in Britain, while in France it is 50 per cent higher, 
though Britain is spending more than £1,000 million per 
annum on education, that is, 4 per cent of the annual 
income, which is proportionately greater than many 
other countries spend (J. Vaizey, The Observer, January 6, 
1963). 

There is a suspicion among members of Parliament 
and others that Britain is heading towards a technocracy 
and a paradisial plethora of technologists without cultural 
sensibility or human emotions. The well-worn argument 
of two cultures—the' literate and numerate—has been 
somewhat transposed into the realm of the university 
versus technical college controversy, and there is fear 
that the university education, which equips a man with 
a ‘certain background’ will be replaced by indoctrination 
with certain limited forms of knowledge. Instead of a 
bold approach to the reorganization of higher education 
in Britain in line with practices elsewhere and the future 
needs of Britain as an industrial power, there is a cautious 
approach by a timid few and a multitude of secret com- 
mittees. A considerable amount of research into technical 
education is urgently needed. Unfortunately, calculations 
made recently by Sir Cyril Burt showed that in 1959 only 
0-008 per cent of the total expenditure of education was 
spent on educational research, that is, it is leas than a 
tenth of the worst percentage of the most backward of 
British industries. The whole subject of education ought 
to be re-examined in the light of modern needs, and the 
status of education raised. As Sir Lionel Russell stated 
recently in his presidential address to the North of England 
Education Conference at Nottingham: “The Minister of 
Education should be recognized as a senior Secretary of 
State, who might well, like some Cabinet Minister, require 
the assistance and support of two Ministers of State”. 
He advocates a new Education Act, which would envisage 
a suitable education for every youth between 16 and 18 
years of age. In addition, colleges of advanced technology 
must be as attractive to students as the universities were, 
that is, they should enjoy the same academic freedoms as 
universities, including the freedom to determine their 
syllabuses and standards of studies in respect of their 
own. degrees. These reforms, and many others, are of 
great urgency, for the power of Western democracies 
depends no longer on imposing their will militarily, but 
on their technical skill. In this context a wholesome 
and sensible educational system is essential. 


RESEARCH INTO THE ACCEPTANCE OF TECHNICAL CHANGE 
By G. H. McLAUGHLIN 


Department of Management and Social Sciences, Northampton College of Advanced Technology, London, E.C.! 


MMEDIATE usefulness is sometimes the least important 
criterion by which research work should be judged. 
‘But when the support available for a certain field of 
research is exceptionally limited, the strategy with the 
bost pay-off in all respects may well be that of concentrat- 
ing on investigations which iproinise the most immediate 
benefits to mankind. 


There can be no argument that support for research in 
the social sciences is utterly inadequate in relation to the 
number of investigations which need to be made in this 
field; even in the United States, where the social sciencos 
are highly regarded, they receive only a fiftieth as much 
money as is being spent on the development of the physical 
and life sciences. 
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Therefore, those who are able to influence the order of 
priorities given to social science investigations should at 
least consider concentrating on studies directly aimed at 
relieving human problems. One problem which daily 
becomes more acute is that of introducing technical 
change without destroying cherished beliefs and patterns 
of life. 

Technical innovation frequently arouses unrest in the 
most industrialized countries, but in under-developed 
areas it may cause conflicts of especial severity. Not 
unnaturally, therefore, this problem attracted considerable 
attention at the United Nations Conference on the 
Application of Science and Technology for the Benefit of 
the Less Developed Areas, held in Geneva during February. 
Discussion in the session on methods of stimulating tech- 
nological change showed that, despite the already con- 
siderable fund of sociological data and practical experi- 
ence, there remains an urgent need for more research into 
the acceptance of change. 

An informal meeting to specify the lines of investigation 
required was therefore held during the Conference at my 
roquest (I was a U.K. delegate); I had earlier stressed 
the importance of helping people to understand new 
ideas. To promote a person’s understanding of a tech- 
nical change and its implications, the innovator had 
to help him to set up an appropriate conceptual scheme— 
meaning a set of notions including all relevant knowledge 
and standards of reasoning, morality and taste, which 
would enable that person to fit the new idea to his previous 
concepts. The innovator could do this by ensuring that 
he obtained a match between his own conceptual scheme 
and that of the person to whom he was communicating. 
The process of matching concoptual schemes was carried 
out intuitively in conversation. Greater readiness to 
accept technical change following private conversations 
showed the effectiveness of this mode of communication, 
but it was slow. Before the process of matching conceptual 
schemes could be accelerated and formalized efficiently 
for publicity and educational purposes, more basic 
research would have to be carried out on problems of 
comprehension. Such research might also lead to the 
development of a theoretical system more adequate 
for the expression of semantic problems than mathematical 
information theory, on which students of human communi- 
cation tended at present to rely heavily. There was a need, 
too, for the evaluation of techniques of training in com- 
munication skills, and for the compilation of case studies. 

Dr. Sri Luxman de Silva (Ceylon) suggested to the 
informal meeting that there was a danger that the intro- 
duction of new technologies by people from other societies 
might lead to conflicts of cultures. He asked if research 
could be conducted into the goals of people who engin- 
eered technical change. Prof. J. van Baal (Netherlands) 
replied that there was not merely a danger of conflicts 
between cultures, there was also the threat that the 
introduction of the techniques of developed countries 
would lead to the acceptance of their basic culture, 
which had an underlying aggressiveness manifested in 
two World Wars, and in preparations for a third. If 
this culture wore introduced, it would not be possible to 
do away with the aggression; this would have to be canal- 
ized, and the problem was how this could be effected. 
In any event, educational systems would have to assist 
people to ‘unlearn’ habits appropriate to cultures of the 
past and to learn habits more suitable to their new 
circumstances. In other words, personalities must be 
changed to fit the times. But wo were under-informed on 
the effects of cultural change and educational methods on 
personality. Rational pedagogical methods could be 
instituted only if the effects of various kinds of education 
had been evaluated in terms of the later behaviour of 
students. Such assessments should be made from field 
studies in which sociologists, educationists and econom- 
ists collaborated. Then it would be possible to ensure 
that programmes of training caused the least disruption 
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to personality patterns and introduced t 
sirable traits. 

Mr. St. George Cooper (Trinidad and 7 
more research into techniques of increas 
also suggested that accelerated teaching vu~- 
be developed further and that studies should be w.. 
taken to adapt them to the specific requirements of undor- 
developed countries. Prof. L. J. Mostertman (Nether- 
lands) commented that a science curriculum often con- 
tained much superfluous material which had only historical 
interest. Other people should not bear the cultural burden 
of Western science, for, if this superfluity were extractcd. 
the remaining, useful material could be rapidly taught. The 
problem for the research worker in education was to find 
ways of reducing the curriculum to simplicity and order. 

Mr. S. O. Awokoya (Scientific Secretariat) remarked 
that people educated in the sciences were very keon that 
others should live mentally and socially in the contem- 
porary technological world. But people with such a 
scientific background were impatient. They tended to 
look on the educational system simply as a means for the 
rapid introduction of new ideas. They thereby tended to 
promote’ the rapid destruction of basic beliefs. The 
introduction of scientific teaching made for a scientific 
attitude which, within weeks, might lead to the question- 
ing of a whole range of matters. Careful study was 
needed to show how the driving force essential to revital- 
ization movements could be used to promote new ideas 
without needlessly destroying the old. 

Dr. H. W. Peter (United States) emphasized that 
resistance to change was a function of the degree of 
conflict between new ideas and traditional, deeply held 
beliefs. He therefore suggested that attempts should he 
made to apply the findings of conflict resolution rosearch 
to the introduction of technological change. Programmes 
of innovation themselves required an action-research 
approach, so that feedback of information on their 
progress could be given to those who must deal with any 
problems which arose. Dr. Peter also remarked that tho 
introduction of a goal or challenge above tho initial 
capability of a group unites that group; however. a 
greater knowledge of the factors involved was needed 
before it could be predicted whether the group would 
attack the challenge or another group! There was also 
a large number of studies on influence patterns in the 
social communication of ideas: these and similar studies 
should be replicated in various societies. 

Dr. J. Burton (World Health Organization) remarked. 
that the passionate enthusiasm required for the advancr- 
ment of less-developed countries was not porhaps tho 
best atmosphere for research, which required a detached 
mind, so an outsider might be the best person to undertake 
the necessary studies. 

Speaking as an engineer, Mr. R. B. Koating (United 
States) said that an interdisciplinary approach was 
needed to problems of communication—even though it 
was difficult for members of different disciplines to com. 
municate among themselves. 

This last point was well taken, for the United Nations 
Conference on the Application of Science and Technology 
for the Benefit of the Less Developed Areas as a whole 
was a failure in communication. The vastness of the 
agenda and the formality of the sessions militated against 
the free exchange of ideas for which the Conference had 
been set up. It showed the need for the investigations of 
conference dynamics which are being made on both sides 
of the Atlantic. But several recently published studies of 
conferences have warned against precisely those dofects 
of size and inflexibility which characterized this Confer- 
ence. The moral is, surely, that research not only needs 
to be done, it must also be brought to the attention of 
those who should heed its findings. Moreover, the means 
by which this may be achieved is, of course, a subjoct for 
investigation in itself. (See also p. 250 of this issue of 
Nature.) 


0 NATURE ` 


April 20, 1963 VoL. 198 


AXIOMS AND THEOREMS IN BIOLOGY* 
P By Dr. H. KALMUS 


Galton Laboratory, University College, London 


Ta article is not an attempt at formulating a general 
and consistent system of biology to be compared 
with Euclid’s geometry; nor is it a documented historical 
study. It is merely meant to be a description of the part 
a few fundamental axioms and theorems have played and 
play at the present time in the research and ideas of 
biologists. 

The words ‘axiom’ and ‘theorem’ have sometimes been 
used synonymously, but now have a distinct meaning. 
In Roget’s Thesaurus (fourteenth edition, 1863) both are 
listed together with ‘aphorism’, ‘motto’, ‘sentiment’, 
‘thought’, ‘truism’ and several others: and it might be 
useful to remember the implications of this list. In Dr. 
Johnson’s Dictionary (fourth edition, ` 1775) , theorem 
(French theoréme, Greek Sed eyp.«) is defined as “a position 
laid down as an acknowledged truth”, a definition which 
I would rather apply to the word axiom. Johnson’s 
definitions for axiom are: (1) a proposition evident at 
first sight, that cannot be made plainer by demonstration; 
(2) = established principle to be granted without new 
proof. 

In the new English Dictionary (Oxford, 1888) these two 
definitions are accepted though somewhat paraphrased. 
But significantly, another and quite different definition 
is offered for the meaning of ‘axiom’ in logic, where it is 
simply described as: “A proposition whether false or true”. 
The same Dictionary defines theorem as “‘spectacle, specu- 
lation, theory (in Euclid), or proposition to be proved”, 
or “A universal or general proposition or statement not 
self evident (thus distinguished from Axiom) but demon- 
strable by argument or . . . necessary reasoning’. A 
theorem is also distinguished from a problem in so far as 
it has only to be proved, whereas something has to be 
done to solve a problem. These and similar definitions 
can be found in the larger modern encyclopedias of 
many languages; but it is perhaps significant that while 
individual theorems and axioms are discussed, general, 
definitions of axiom and theorem could not be found in 
several contemporary dictionaries of science, technology 
and applied mathematics. 

For the purpose of the following discussion I shall 
adopt rather modest and descriptive definitions and call 
more goneral and qualitatively plausible propositions 
axioms and more specific detailed deductions from axioms 
theorems. An untested theorem may be described as a 
working hypothesis and it may or may not survive 
experiential test.. 

Scientific inquiry proceeds from the belief that there 
exists some order in the phenomena, which is accessible 
to our thinking. In the light of what has already been 
stated, it scarcely needs to be stressed, that the generality 
of such a proposition cannot possibly be tested. Nor can 
it be proved that all biological phenomena are explicable 
in human concepts. Nevertheless, we usually proceed 
from such a creed: I shall now proceed further by describ- 
ing some more specific axiomatic and theoremic proposi- 
tions which have been made about the subject-matter 
of biology and about the procedures of biologists. 


Origin of Life 
Nobody knows when, where, how or even whether life 
originated. If it was on our planet and if one accepts 
_ some of the data at present offered for the age of the Earth 


* Substance of a Lunch-Hour Lecture, delivered at University College, 
London, on January 29. 


one may assume that life started in some rather warm 
broth containing organic substances, many hundreds and 
perhaps even thousands of millions of years ago. If, on 
the other hand, one accepts the minority opinion, that 
certain structures found in meteorites are of organismic 
origin, life may not have originated on Earth and may in 
fact be as old or as ageless as the physical universe. 

There is thus no “proposition at first sight” no axiom 
dealing with the origin of life; but there are theorems 
derived from a number of alternative assumptions con- 
cerning biogenesis, which can be confronted with observa- 
tional facts or at least may some day be so confronted. If 
life on Earth is of extra-terrestrial origin, organisms 
should occur at other places in our galaxy, possibly in a 
variety of circumstances. But if life arose on our planet, 
we may perhaps more profitably inquire into the special 
sequence of circumstances of its origin, look whether 
biogenesis is not occurring all the time and perhaps try 
to create new life-—which in a fashion is being attempted 
just now. 


Spontaneous generation. Aristotle’s assertion that 


` frogs and fish could originate from dead mud was com- 


monly believed until the times of the early microscopists ; 
and only since Spallanzani! (1729-99) showed that in- 
fusoria do not originate spontaneously, and Pasteur? 
(1822-95) showed that bacteria do not, did it become an 
“established principle to be granted without new proof”’— 
an axiom, that life cannot arise de novo. How then did it 
arise? While modern biologists realized that animals 
may perhaps not form with the ease or velocity of an ice 
crystal (spontaneous generation), there were always a 
few who tried to create life more elaborately and with 
ever more precise methods. Great strides have recently 
been made in the synthesis—or one should perhaps more 
modestly say re-assembling—of such biomolecules as 
nucleic acids and proteins and we cannot say what further 
advances lie in store and whether self-reproducing entities 
composed of the usual constituents of living matter will 
not be soon in existence. But even if such a stupendous 
step were achieved, it would not necessarily indicate how 
natural life originated and it could certainly not be called 
spontaneous generation. Indeed, what I shall later discuss 
in respect of machines would apply to these as to any 
other artefacts also; their ‘working’ can be explained in 
purely physical terms, but their construction is part of 
human history. Perhaps an analogy will make this clear. We 
may compare an artificial organism to the ‘Chinese copy’ 
of a machine. This may work equally well and in some 
ways even better than the original; but while it may have 
been copied with very little understanding for the prin- 
ciples underlying it, it could not have been made without 
the original inventor’s efforts. If this analogy is accepted 
the—possibly imminent—production of a ‘synthetic’ 
virus may have little bearing on the problems of biogenesis. 

The machine theory of life. Most contemporary biologists 
believe that: (1) the battle of mechanism versus vitalism 
has been definitely decided in favour of the former and 
also assert (2) that all biology can and will ultimately be 
reduced to chemistry and physics. These biologists also 
consider these two propositions to be identical. The 
vitalists, on the other hand, think that life is not just 
physics and chemistry and that organisms can do more 
than machines. They also think these assertions to be 
identical. Now mechanists usually brush aside as 
‘epiphenomena”’ such stubborn facts as cognition or the 
biologist’s mind, which are not obviously chemical or 
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physical in nature while vitalists tend to emphasize them. 
However, instead of joining in this sterile battle it might 
be more revealing to follow Kapp? and to evaluate the 
logical relations of this sort of mechanism and vitalism 
to the machine theory of life on purely objective criteria. 
Let us first examine the prospects of a fully physical 
chemical biology. Detailed comparisons of biochemical 
processes and of biophysical structures with processes 
and structures in inanimate Nature—excepting labora- 
tories or factories—have so far been of little explanatory 
or predictive value and are in fact rarely seriously 
attempted. Biochemists and biophysicists occupy them- 
selves predominantly with analysing various components 
of living systems by more or less destructive methods; 
even so they would agree that the methods they use are 
mostly special and different from those of other chemists 
or physicists. 

There is thus little hope of explaining life in terms of 
ordinary physics or chemistry, that is in the theory of 
nineteenth-century mechanism. On the other hand, 
comparisons of organisms with machines which first were 
explicitly made by Descartes* (1596-1650) have been of 
continuing heuristic value in the investigation of such 
biological properties as control or regulation and are of 
continuing usefulness. This has benefited not only 
biologists but also engineers. The word ‘bionics’, which 
has been coined in the United States to describe the uses 
engineers make of biological examples, is but a new name 
for an old procedure. 

Living machinery differs from mechanical, electrical 
or even chemical machinery in many ways, mainly in that 
its components are made of different materials and that 
it is of greater complexity. Whole organisms are also 
more difficult to understand than man-made machines, 
because their purpose is not evident; and even if we 
accept Aristotle’s’ evredéyesa* and propose—as an 
axiom—that the purpose of life is its own continuation 
and that—as a theorem derived from this axiom—the 
organs are there to serve this end, some considerable 
difficulties arise. One of these is the ability of organisms 
to reproduce, which I have no time to discuss here; 
another similar one is the faculty of perpetual re-design 
quite unparalleled in a piece of machinery—though not 
in a sequence of designs, let us say, of models of a motor- 
car. Ina mechanical machine we can easily and absolutely 
distinguish between frame, moving parts and fuel, but 
not so in an organism. A walking man, for example, is 
mechanically a different machine at every instant, and 
frame and moving parts change roles all the time. Fur- 
thermore, some of its muscle substance is constantly 
being consumed as fuel. It is as if the chassis and the 
pistons in a motor-car would perpetually change roles 
and would in addition be used as petrol. A very remark- 

- able machine indeed. 

The changes which result in this re-design also produce 
perpetual maintenance and repairs not found to the same 
extent in machinery. The inside of a massive crank- 
shaft is not being rebuilt all the time and when it breaks 
it is gone; but a bone is all the time being rebuilt and can 
heal after fracture. 

These and similar peculiarities of life—which apply at 
all levels of organization—add up to the great and un- 
paralleled complexity of living machinery which is mainly 
characterized by the internal, mutual or hierarchical 
control of its parts. 

Let us now consider the role of control in non-living 
machinery. Internal control may be missing as, for 
example, in a pulley or a lever, but any such device is 
always controlled, or at least started, from the outside— 
in general by man. We do not know whether an entirely 
uncontrolled automatic machine is a physical possibility 
but in all existing machinery one can point to some 
external control. 


* Aristotle means by this word realization . . . whereas Leibniz* and later 
Driesch used it somewhat differently, denoting some self-directing entity. 
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This situation creates a curl 
theory of life would require that 
lifeless machinery, must require externa: 
vitalists ought to believe that life—umlif 
machinery—may perhaps run without human participa- 
tion be it external—though, of course, not without 
external energy or material. It will be noticed that these 
propositions are a reversal of the usual more superficial 
attitudes; traditionally mechanists say that life runs 
‘quite by itself like a machine’, whereas vitalists assert 
that organisms are directed by something separate or 
additional: thus the theorems of both vitalists and 
mechanists are scarcely deductions from their cherished 
axioms. 


Evolution and Selection 


Present-day evolutionary theory is a huge doctrinal 
system of theorems all of which are supposed to derive from 
the Darwinian axiom of the ‘survival of the fittest’. (This 
formulation originated with Herbert Spencer and scems 
to have been approved by Darwin’.) Moreover, evolution 
and selection are sometimes used almost synonymously. 
But stability as well as slow or rapid change can be 
explained by selection, while selection alone sometimes 
appears inadequate to explain evolutionary procosses 
such as are, for example, involved in the traditions of the 
higher animals and in particular the history of man. 
Confining ourselves to gene selection, we may observe 
that very sanguine expectations of human betterment by 
eugenic measures but also gloomy predictions of decline. 
for example, the collapse of ‘national intelligence’, are 
both theorematic derivatives from the solection axiom. 

It is, of course, quite impossible even to enumerate 
all selection theorems in a few minutes and even less to 
concern oneself much with their truth. But one can 
attempt to discuss some aspects of the basic axiom and the 
reasoning applied in arriving at some of the theorems. 

At first glance ‘survival of the fittest’ seems an un- 
assailable generalization ‘immediately obvious’ and 
exemplified by many observations. Nevertholess, it is 
necessary to be rather more specific—as, in fact, Darwin 
tried to be—before one starts making deductions. Liter- 
ally ‘survival of the fittest’ describes a situation where 
some individuals die later than others and where one 
believes that this difference is due to different properties 
of these individuals. As such a situation ends with the 
death of all concerned it cannot very well serve as a model 
for evolution. Obviously, then the word ‘survival’ in our 
proposition cannot pertain just to individuals. What 
survives—or, better expressed, persists—are properties 
or differences of properties pertaining to individuals, 
sexual unions or other groupings which stay invariant 
through the generations—a greatly different proposition. 
Now it is well known that Darwin believed in blending 
inheritance and that such a process—like mixing water 
with wine—is irreversible as well as destructive of parental 
differences and of any inheritable variation on which 
selection might act. The persistence through the genera- 
tions of just such differences was, however, demonstrated 
by Mendel’, and his concept of particulate inheritance 
forms the basis of modern selection theory. We now 
know that two organisms may differ by the alternative 
possession of one gene or many genes (one or many 
alleles) and—to bring the story up to date—we consider 
selection as mostly operating on alternative models or 
groups of models of a species, differing by virtue of 
differences in the DNA codes, according to which they 
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some kind of physical toughness operating between 
individuals in competitive situations or even in mutual 
combat. It is now realized that actual fight is rather 
exceptional, and that survival depends on a multiplicity 
of properties such as food utilization, growth-rate, fertility, 
resistance to disease, and so on. For the mathematician 
dealing with gene frequencies it is largely irrelevant which 
particular physical property confers a greater fitness on a 
biological entity, such as a gamete, zygote or social 
group. His definition is purely tautological, and he con- 
siders a class of such entities as fitter than another com- 
parable class if it produces a greater number—usually— 
of its kind. 

Now this tautology that ‘fitter is what is fitter’ probably 
provides the most persuasive aspect of the Darwinian 
axiom and is as such scarcely in need of proof. But it is 
the task of empirical science to find and measure in any 
particular case the physical constituents of the mathe- 
matical factor the fitness and as I have said before to 
determine the kind, number and interaction of the com- 
peting entities. The difficulty of these tasks is, as I 
shall later show, the main obstacle in the formulation of 
special theorems from the Darwinian axiom. 


Time and Probability of Selective Processes 


Evolutionary changes may be very slow or very fast; 
the brachiopods of the genus Lingula have not much 
changed since palzolithic times; the replacement of light 
mutants by dark ones in a number of moth species (indus- 
trial melanism) can be measured in decades or centuries; 
while clonal (periodic) selection may transform a bacterial 
colony within days and virus populations may change 
even faster. 

The mathematical theory of gene frequencies and their 
changes can be easily fitted to these and similar events, 
so long as they can be understood as changes mainly in 
one or & few gene loci. But when it comes to more 
extensive and complex changes new, and to many people 
unexpected, difficulties are encountered. The first is the 
emergence of irreversibility. In a system where the 
frequencies of two alleles are maintained by balaricing 
mutational and selective forces different equilibria may 
be stabilized by changes in selection and these changes 
are obviously reversible. But if we consider—and that 
is the orthodox view—that mutations in different loci 
are fairly independently selected it is difficult to see how, 
for example, consecutive changes in five loci can be easily 
reversed. Taking again the orthodox view that evolution 
is purely opportunist in so far as selection operates without 
any foresight, it would take five consecutive changes in 
the selective forces to establish mutant genes in the five 
loci and it would again require five similar changes in the 
opposite direction, and preferably in reverse order, to 
restore the original situation. Such and similar sequences 
of events are most improbable, and this alone may 
explain why organic evolution is largely unidirectional 
and unique’. 

If we consider large numbers of gene loci, other addi- 
tional considerations on the operation of selection and new 
theorems appear. Let us assume that the haploid set of 
the human autosomes consists of 1,000 ‘functional genes’ 
(cistrons) and that each of those may occur in one of two 
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allelic forms—both assumptions probably being gross 
under-estimates—it follows that the possible number of 
different haploid sets is 210%% or about 10°. The number 
of people at present alive is about 3,000 million or 3 x 10° 
and they could at most accommodate 6 x 10° of these 
different sets. This is a minute fraction of the possible 
number. In fact, because of repetition the actual number 
of different gene combinations is, of course, very much 
smaller. For this and several additional reasons the 
scope of selection is severely restricted, as in any particular 
selective situation the gene combination theoretically 
best suited to it will invariably be absent. The circum- 
stance that evolution cannot proceed by selecting the 
theoretically fittest types but only by selecting the fittest 
of those available at a particular place and time may 
account for many of the so-called imperfections of life; 
it also provides the scope for genetical improvement 
through human manipulation. 

The extreme improbability of any gene combination 
optimally fitted to a particular situation ever coinciding 
with this situation can also be demonstrated by the 
following rather crude and absurd consideration. Let us 
assume that a complete succession of the 10%% combina- 
tions already mentioned could somehow be rapidly 
produced and also rapidly selected. How many could 
have been scrutinized, since man evolved or even since 
life began on Earth? The fastest atomic events known 
have a duration of about 10-*4 sec and thus in a million 
years 3 x 1057 such events could follow each other and in 
2,000 million years 6 x 104° such events. Now if we 
assume that an agency could select gene combinations 
at the rate of 10%/sec, only 6/1074! of all possible combina- 
tions could have been scrutinized since biogenesis and 
3/10284 since arthropogenesis. If 3,000 million people, 
that is if every living human being, had been occupied 
in this rapid screening of such combinations since the 
Earth began to cool, the inroads on the numbers theoretic- 
ally available would still be quite insignificant. Selection 
of the fittest from all possible genetical recombinations is 
not a theorem but a myth. 

Other spurious conclusions-may arise not from a lack 
of numerical considerations but from insufficient informa- 
tion concerning a situation or simply by logical confusion. 


Balanced Polymorphism 


I shall now discuss a type of situation where continuous 
selection does not produce any evolutionary change but 
on the contrary appears to stabilize genetical equilibria. 
In many populations of plants and animals several types 
of individuals are found—none of them very rare—which 
differ in respect of one or a few genes as manifested by 
directly visible characters, or by properties revealed by 
special tests. Examples of the first kind are the pin- 
eyed and thrum-eyed forms of primroses or the colour 
and pattern variants of various ladybirds; among the 
‘hidden polymorphism’ the best known are probably 
the various blood-group systems of man. 

The question of how the various “morphs” (Huxley?) 
of a species co-exist in a population has been differently 
answered and the mechanisms may in fact vary. A pos- 
sibility is that a given population is the result of a mixture 
of genetically different parent populations and that 
selection has had no time, or is too weak, to eliminate or 
greatly reduce the frequency of one of the alleles. This 
sort of situation is not usually stable. Another possibility— 
producing a stable gene equilibrium—is that mutation 
from an originally prevalent gene to an initially rare 
allele has proceeded for a very long time, unchecked by 
selection, and is counterbalanced solely by ‘back muta- 
tion’, which may be more or less frequent than the first- 
mentioned mutation. The trouble with such an interpreta- 
tion is that mutation rates tend to be very low, for 
example, of the order of 1 : 100,000 in man, and that 
populations would have to.stay undisturbed for very 
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many generations, before such an equilibrium could be 
established. 

Therefore, explanations using more rapidly acting 
agents are more likely to be correct and that is where 
various modes of selection come in. Of these the most 
plausible is a system of ‘heterozygote advantage’. In a 
diploid organism two autosomal alleles can be combined 
in three kinds of individuals, two different homozygotes 
and one heterozygote. As a rule the fitness of these three 
genotypes—as measured by the number of their offspring 
—will be different and it is easy to deduce what must 
happen in the course of successive generations, when 
either one of the homozygotes or the heterozygote is the 
fittest. In the first case the favoured allele will steadily 
increase at the expense of the less-favoured one and the 
rate of this change will depend on the numerical values 
of the three fitnesses. But if the heterozygote is fitter 
than either of the homozygotes a stable equilibrium 
of gene frequencies will be approached and maintained. 
The argument is, of course, best made numerically, but 
for our purpose the following qualitative explanation 
may suffice. 

In an extreme case both homozygotes may be inviable, 
usually for different reasons, and only the heterozygotes 
ever propagate. This happens in certain laboratory stocks 
of Drosophila. A permanent balance of deaths seems to be 
approached in some African villages, where most of the 
babies homozygous for the sickling gene die of the com- 
plications of an anemia, while many others, homozygous 
for the normal allele, are killed by tropical malaria. 
This situation first emphasized by Allison results in the 
maintenance in these areas of the sickling gene in fre- 
quencies sometimes approaching 40 per cent. The clinical 
details of this system are still controversial, but on the 
whole it has been accepted as real. 

A similar system could explain the persistence of the 

. genes responsible for high intelligence in industrial 
nations in spite of the fact of different social fertility, 
which is supposed to imply a greater contribution by the 
less-gifted in every succeeding generation. It appears 
that in school surveys in Scotland and in California 
a slight increase of intelligence quotient was found 
after some lapse of time, and not a decrease. There is 
little doubt that at the time and places concerned differ- 
ential fertility operated. Penrose’! has shown in a 
simplified model how this apparent contradiction can be 
resolved. It is well known that people at both extremes 
of the intelligence-scale are relatively infertile, and if one 
- sumed that both geniuses and defectives represent 
homozygotes for one or more genes, the people in the 
middle ranges, who do not appear very intelligent, are the 
heterozygotes. They do not only propagate their own kind 
but also ‘throw off’ a more or less constant proportion of 
the extremes in every generation. : 

The question of a decline in national intelligence thus 
can be resolved by a decision between two theorems both 
derived from the Darwinian axiom. Selection may on 
one hand result in a stable situation like that already 
described; but, on the other hand, the selection may be 
unidirectional. It might perhaps be mentioned that 
whatever the real situation may be at present, it is in 
terms of generations so transient that it should not cause 
too much alarm. 


New Biological Principles 


The discussion of the machine theory of life may have 
shown that some age-old biological axioms may not be 
very profitable and one may ask oneself whether some 
different new axioms or principles may not be of greater 
heuristic value. Such developments seem afoot, and two 
related ones can be mentioned. One can briefly describe 
them as the principle of the conservation of information 
and the principle of equivalences. As mentioned else- 
where living systems are capable of transforming informa- 


NATURE 2. 


tion and in particular of serial transcoding. This appia 
from the nuclear level, where DNA codes can replicate 
and at other times can control protein synthesis—right 
up to the psychological and social level, where information 
is contained in the spoken, written and printed word in a 
multiplicity of languages, and the many “exosomatic’ 
means of telecommunication are to a large oxtont 
exchangeable. At all these levels and in all these trans- 
formations there must exist equivalences and something 
invariant must be preserved in the transition from ono 
carrier medium to another. The persistence of these 
invariants may be called ‘conservation of information’. 
and though this is as yet a rather imprecise concept it 
ean be applied to many situations and many theorems 
can be derived from it. (It should perhaps be mentioned 
that the idea of information in its more general sense is of 
a similar difficulty to the idea of energy. Both concepts 
test on equivalences between apparently quite different 
properties. Energy performs work, information controls 
it.) 


Principles of Research 


A particular rule greatly beloved by many biologists 
must be briefly mentioned. It goes under various names 
such as “economy of explanations” or “Ockham’s (e. 1290- 
1349) razor”, though the historical justification for this 
latter name may be dubious. It has two slightly different 
aspects. The first, dealing with specific issues, is, of course. 
very reasonable especially when applied to analytical 
thought; but the second aspect, namely, that this approach 
exhausts a biological situation, has been a great hindrance 
to unbiased and relevant observation. To put a crude 
example, one may think that the free fall of a cat, like 
that of a stone, is adequately described by the motion of 
its centre of mass. But such economy of approach misses 
the complex processes which result in the cat landing on 
its feet. More seriously a purist reflex theory of behaviour 
which neglects memory and other internal aspects of the 
central nervous system can produce but a very inadequate 
description of reality. One might well ask whether 
Ockham’s razor in the hands of biologists has not changed 
from a reasonable tool into a pointless toy. 


Conclusions 


At the end of this brief survey of biological axioms and 
theorems one can—according to one’s temperament or 
momentary mood-—draw two quite different conclusions. 
One might indulge in a tired and pessimistic feeling that 
nothing can ever be proved and that to paraphrase the 
end of Goethe’s Faust “all things perishable” and among 
them are axioms and theorems—‘‘are but metaphors” 
and that only “the inadequate ever materialises”. This 
agrees with the modern logicians’ attitude which states 
that though a hypothesis may be disproved none can 
ever be proven. On the other hand, one might turn one’s 
scepticism to the solution of specific issues in one’s working 
day, think out one’s intuitively conceived hypotheses, 
derive special theorems from them and test them against 
reality. This seems to offer the only hope to enlarge, and 
perhaps even to make confluent, some areas of understand- 
ing of the overwhelming complexity which we call lifo. 
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OBITUARIES 


Prof. W. B. R. King, O.B.E., F.R.S. 


Pror. Kine died on January 23, 1963, when he appeared 
to be recovering from an operation which had not been 
regarded as serious. All who knew his mental agility and 
physical energy at the age of seventy-three were shocked 
by his premature death. 

Prof. King was a notable figure in British geology, 
through a combination of several circumstances. His 
researches were characterized by variety, for he was no 
narrow specialist, but throughout his life the stratigraphy 
of the Lower Paleozoic and the Ordovician in particular 
were a major interest and gave rise to some of his most 
important papers. For this he was always ready to 
acknowledge the inspiration of his old teacher, Prof. J. E. 
Marr, and it was from the same source that ho was given 
his introduction to the Pleistocene. He was deeply 
interested in the development and modification of drain- 
age patterns, particularly in his native Yorkshire dales, 
and since the First World War had been recognized as an 
authority on hydrological geology. After the Second 
World War, following his participation in Pluto, the 
cross-channel oil pipeline project, he became deeply inter- 
ested in submarine geology and published notable pioneer 
papers on the interpretation of the floor of the English 
Channel. 

With such a research record, together with his out- 
standing ability as a teacher whether in the lecture room 
or in the field, it is not surprising that King achieved high 
academic honours. After graduating at Cambridge in 
1912, he was on the Geological Survey, in part nominally, 
until 1920, and then returned to Cambridge under Marr. 
From 1931 until 1943 he was Yates-Goldsmid professor 
at University College, London, and then succeeded Prof. 
O. T. Jones in the Woodwardian chair at Cambridge, 
from which he retired in 1955. 

In the eyes of the geological world, Prof. King was 
linked, as no other man was, with the two World Wars. 
He served through the whole of the First World War, 
rendering notable service with the Royal Engineers in 
problems of water supply, mine-driving and the provision 
of constructional materials, and he was awarded the 
O.B.E. and twice mentioned in despatches. When the 
Second World War broke out, he was called up immedi- 
ately and remained in uniform until 1943. Not only was 
he involved in the Dunkirk evacuation, when he was 
awarded the M.C. for gallantry, but he also played an 
important part in the early planning of the Normandy 
invasion. As geological adviser to the Army Council for 
several years after the War, he was responsible for estab- 
lishing a pool of geologists within the Reserve of Officers. 

King was president of the Yorkshire Geological Society 
during 1949-50, of Section C (Geology) of the British 
Association in 1951, and of the Geological Society of 
London during 1953-55. For five years he acted as 
secretary of the latter body and he also served on the 
Council of the Royal Society. Scientific honours were 
bestowed abundantly on him, and it must suffice merely 
to list them. He was a foreign correspondent of the 
Paleontological Society of India, the Geological Society 
of America and the Geological Society of France; hə 
received the Gosselet Medal from the Societé Geologique 
du Nord, the Prestwich Medal from the Geological Society 
of France and the Murchison Medal from the Geological 
Society of London; and the Universities of Lille and 
Rennes conferred honorary doctorates on him. 

King was deeply attached to his native Wensleydale. 
He was born there on November 12, 1889, with two and 
a half centuries of family association with the dale behind 
him, and throughout his professional life he retained a 


dwelling there. When he retired from the Woodwardian 
chair, he and his wife went to live permanently at Worton, 
in Wensleydale. To Mrs. King as much as to him should 
be credited the reputation for quiet, warm-hearted hos- 
pitality and generous help to students and friends which 
characterized him at Cambridge, London or his cottage 
at Worton. His wife and two daughters survive him. 
F. W. SHOTTON 


Dr. F. M. Brewer, C.B.E. 


Dr. FREDERICK Mason BREWER, who died suddenly 
in Oxford on February 11, was born in London on 
September 12, 1902. He was educated at Owen’s School, 
and in 1920 won an Open Scholarship in Natural Science 
at Lincoln College, Oxford. His tutor there was Sidgwick 
and in 1924 he obtained a ‘First’. In 1925 he went as a 
Commonwealth Fund Fellow to Cornell University, where 
he worked under Prof. Dennis. This was an experience 
which he greatly enjoyed, and many of his chemical 
interests, such as that in the element germanium, stemmed 
from this period. It was there that he met his wife, who 
was also working in the United States. On returning to 
England in 1927 he became a lecturer at Reading, but 
he returned to Oxford in 1928 as a University demon- 
strator in chemistry. He joined the staff of the Old 
Chemistry Department, now the Inorganic Chemistry 
Laboratory, under Prof. Soddy. He remained in that 
Department for the next thirty-five years, being for the 
last fifteen years in charge of the laboratory. F. M. 
Brewer was a great champion of inorganic chemistry and 
of the laboratory in which he worked. In his early days 
he took a very active part in the practical teaching, and 
when, in 1934, he was appointed to be an examiner in 
the Final Honour School he startled the candidates by 
setting papers more genuinely inorganic than any for 
some years. He had a strong belief that chemists, whether 
graduates or undergraduates, should know how sub- 
stances behaved and what they were like. Because of 
this he carried out many experiments in his lectures 
showing the properties of the less-common elements. 
Only a few weeks before his death he gave a Christmas 


Lecture for children on ‘‘Colour” and delighted his your; 


audience by performing a large number of colourful 
experiments. 

Dr. Brewer had a keen interest in geochemical problems 
and conducted a number of spectrographic studies of 
trace elements in rocks and minerals. Before the War, 
he carried out some investigations of divalent germanium 
compounds and in recent years he extended his interests 
to include the chemistry of gallium and indium in their 
lower oxidation states. His research group has made a 
number of contributions to our knowledge of gallium (I) 
compounds, including co-ordination compounds of gal- 
lium (I) tetrahalogallates and their behaviour in non- 
aqueous solvents. 

When F. M. Brewer took charge of the Inorganic 
Chemistry Laboratory, plans had already been proposed 
for the building of a new department, but it was during 
the period he was in charge that the new building was 
erected. He made great contributions to the planning of 
this and was responsible for holding the department 
together when its research activities were scattered over 
a wide area. During this time the number of students 
engaged on research in the department increased many- 
fold. This increase was achieved smoothly, thanks to 
the guiding hand of F. M. Brewer. He led a department 
which grew in stature while he was there and all who 
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served under him are grateful for the happy atmosphere 
he provided and growth he encouraged. He was, for 
many years, tutor in chemistry at St. Catherine’s Society, 
and when St. Catherine’s College was formed he became 
one of the first Fellows. He showed great pride in the 
successes achieved by former students of the Society. He 
also contributed his knowledge and experience to the 
University as a member of the Hebdomadal Council and 
of the Board of Faculty of Physical Sciences. 

His interest in past and present members of the Oxford 
Chemistry School was shown by the large amount of time 
he devoted to the Alembie Club and by the surprising 
knowledge he possessed of old members who revisited 
Oxford. During the years before his death, the annual 
dinner of the Alembic Club became, thanks to his efforts, 
an oceasion attended by large numbers of old members, 
and it is to be hoped that it will continue to be a thriving 
occasion as & tribute to the efforts F. M. Brewer made. 
He was also the senior treasurer of the Oxford Univorsity 
Scientific Society and of the University Swimming Club. 
He had himself represented the University at swimming 
as an undergraduate. 

During 1939-45, F. M. Brewer was chief warden of the 
City of Oxford. In 1944 he became city councillor and 
in 1959-60 was Mayor of Oxford. For the past two years 
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he had been an alderman. He devoted a gre 

time to the city and was active in many of 

mittees of the Council. On several of these hí 

chairman. He also devoted much time to ed 

all levels. He was chairman of the Southern Region 
Council for Further Education and also of the governors 
of the Oxford College of Technology. In addition, he was 
actively engaged and concerned with the examining of 
boys and girls for the General Certificate of Education. 
For his many public services he was promoted from 
M.B.E., to which he had been appointed in 1944, to 
C.B.E. in the latest New Year’s Honours List. He was 
invested at Buckingham Palace only a few days before 
he died. 

F. M. Brewer gave too generously of his time and 
energy to a wide variety of university, civic and educa- 
tional causes. As a result, we have lost too soon a most 
unselfish person whose willingness to take on the many 
unrewarding jobs, in addition to the more interesting 
ones, made such @ great contribution to the many com- 
munities which he served. Many hands will be required 
to carry on the services which he rendered to so many 
organizations and societies and he will be missed by a 
wide circle of friends, both young and old. 

J. W. Lisnerr 


NEWS and VIEWS 


Electronic Engineering at Nottingham : 
Prof. R. L. Beurle 


Dr. Raymond Louis BruriE has been elected to be 
the first holder of the new chair of electronic engineering 
in the Department of Electrical Engineering in the 
University of Nottingham. Dr. Beurle is at present 
manager of the Camera Tube and Image Tube Research 
Department of the English Electric Valve Co., Ltd., a 
post which he has held since 1957. After gaining honours 
in engineering, he was employed during the Second World 
War on exporimental work for the Royal Navy. At the 
end of the War he was in charge of research into the 
application of new tachniques and devices for the benefit 
of blind people, and for his thesis on “Electronic Aids for 
Blind People” he was awarded the degree of Ph.D. He 
then transferred to the Royal Radar Establishment at 
Malvern for research in computing techniques but left in 
1955 to take up a post in the Imperial College of Science 
and Technology as a Research Fellow and lecturer in 
physics. He resigned in 1957 to take up his present post. 


Airborne Radar Group, Royal Radar Establishment: 
Mr. S, B. Marsh 


Mr. S. B. Marsa has been promoted to deputy chief 
scientific officer and has been appointed head of the Air- 
borne Radar Group at the Royal Radar Establishment, 
Malvern, in succession to Dr. BE. V. D. Glazier. Mr. 
Marsh started his career in the Civil Service as a trainee 
at the G.P.O. Research Station at Dollis Hill in 1940. 
He gained an honours degree in engineering at the 
University of London in 1945 and remained with the 
G.P.O. at Dollis Hill until 1949, when he joined the Radar 
Research and Development Establishment, which was 
amalgamated with the Telecommunications Research 
Establishment to form the Royal Radar Establishment 
in 1953. For the past few years he has been a super- 
intendent in the Guided Weapons Department of the 
Royal Radar Establishment. 


Director, Guided Weapons (Explosives), Ministry of 
Aviation: Mr. A. Brewin 
Mr. ALBERT Brewin, formerly assistant director, 

materials and explosives, Ministry of Aviation, has been 

promoted to deputy chief scientific officer to fill a new 


post of director, guided weapons (explosives). Mr. Brewin 
was educated at Wyggeston Grammar School. Leicostor. 
He was a Draper scholar at East London (now Queen 
Mary) College, University of London, whero he graduated 
with honours in chemistry. After spending two vears in 
research in organic chemistry at the University and 
taking his M.Sc., he entered Government servico in 1928. 
He joined the Research Department, Woolwich. whero 
he remained until his transfer in 1946 to the Explosivos 
Research and Development Establishmont, Waltham 
Abbey, where he was for a time the acting director. Mr. 
Brewin’s interests have remained in tho field of high 
explosives and propellants, where he has mado suh- 
stantial contributions both in the laboratory and in th» 
development of manufacturing processes. Since 1959 hv 
has held posts at Headquarters. 


The Joint Mathematical Council of the United Kingdom 


A JOINT MATHEMATICAL Councr has beon formed in 
order to meet the growing need for joint consultation 
between mathematical societies themselves and provide a 
central organization for consultation by Government. 
industry and others in relation to questions of national! 
concern, such as the supply of teachers of mathematics. 
Its chairman is Sir William Hodge, Master of Pembroke 
College, Cambridge, and its secretary is Prof. J. G. Semple 
of King’s College, London. The Council will not take over 
the functions of any of the existing mathematical socictios. 
Its function will be to ensure that matters of national 
importance are considered by the most suitable groups. 
and that the efforts of different bodies to solve thoso 
problems are properly co-ordinated. The societios ai 
present represented on the Council and the names of 
their representatives are: the British National Committeo 
for Mathematics of the Royal Society (Prof. M. H. A. 
Newman); the London Mathematical Society (Dr. J. A. 
Todd); the Conference of Professors of Matheinatics 
(Sir William Hodge); the Mathematical Association 
(Mr. J. T. Combridge); the Royal Statistical Society 
(Prof. M. S. Bartlett); the Edinburgh Mathematical 
Society (Prof. E. T. Copson); the Glasgow Mathematical 
Society (Mr. A. G. Sillitoe); the Association of Teachers 
of Mathematics (Mr. D. H. Wheeler); the Mathomatical 
Section of the Association of Teachers in Colleges and 
Departments of Education (Mr. D. Paling). A limited 
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number of individual mathematicians are being invited 
to join. 
Science in Parliament 


In a written answer in the House of Commons on March 
15, the Civil Lord of the Admiralty, Mr. C. Orr-Ewing, 
stated that the grant of £715,000 to the National Institute of 
Oceanography for 1962-63 included a final payment of 
£450,000 for the building of the new oceanographical 
survey ship, R.R.8. Discovery. The grant for the activities 
of the Institute had been increased from £265,000 in 
1962-63 to £360,000 in 1963-64. In an answer on March 
19 the Parliamentary Secretary for Scionce, Mr. D. Freeth, 
said that five establishments under the Agricultural 
Research Council and two in the Department of Scientific 
and Industrial Research were engaged on food research 
and development, and there were five research associa- 
tions established by food-processing industries and sup- 
ported by Government grant. Of the five establishments 
of the Medical Research Council concerned with human 
nutrition, two were engaged in research related to food. 
A Meat Research Institute was being established by the 
Agricultural Research Council in association with the 
University of Bristol, and-the Council was also planning 
the establishment of a Food Research Institute in associa- 
tion with the University of East Anglia. The Research 
Councils also made grants to universities for scientific 
research related to food problems, and the results of 
research in this sphere were published in scientific and 
technical journals and disseminated through liaison and 
information services, including those of the research 
associations. In another answer on March 19, Mr. Freeth 
said the estimated expenditure in 1962-63 on fundamental 
nuclear physics of the Department of Scientific and Indus- 
trial Research, and by the Atomic Energy Authority, 
excluding the Authority’s expenditure on applied and 
objective basic research, mainly through the National 
Institute for Research in Nuclear Science, was about 
10 per cent of the total Civil expenditure (capital and 
current) of the Authority and the Research Councils. On 
March 19 also, in a written answer, the Chief Secretary 
to the Treasury, Mr. J. Boyd-Carpenter, announced that 
he had authorized an increase in the value of the university 
building programme for 1964 to £33-5 million and had 
authorized the University. Grants Committee to plan on 
the basis that work to the same value would be started 
in 1965. These increases provide for increased costs in 
the building scheme for the Imperial College of Science 
and Technology but exclude the cost of sites, professional 
fees and equipment, and in allocating these programmos 
the University Grants Committee had had special regard 
to student expansion. 

When the House of Commons considered Supply in 
Committee on March 18, the question of research and 
development and other scientific services was raisod in 
discussing the Navy Estimates. The Civil Lord of the 
Admiralty said in reply that in the past five years expendi, 
ture under research and development at the universities 
had increased from £100,000 to £200,000 a year, with 
benefit both to the universities and to the liaison between 
the universities and the Services. Recruiting for the 
naval scientific services was proceeding well and the 
whole question of the scientific service was under con- 
sideration by a committee. A much tighter control was 
already exercised over research and development and he 
thought that considerable improvements had been made 
in the modern techniques now used. On March 19 in the 
debate on the further £13-75 million for research and 
development in the Supplementary Estimates (making a 
total of £245,650,000), while speakers fully admitted the 
vital importance of research and development and that 
this could seldom represent a complete loss, they were 
anxious as to the effectiveness of existing co-ordination 
in research between the research establishments under 
the Ministry of Defence and the universities. In replying 
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on the debate, the Parliamentary Secretary to the 
Ministry of Aviation, Mr. N. Marten, explained that of the 
£8-5 million increase in the cost of research and develop- 
ment by industry, £2-3 million was due to wage awards 
and £2 million to prompter payments. The difference of 
£4-2 million represented an increase of less than 2'5 per 
cent on £168-7 million. Mr. Marten pointed out that no one 
could estimate with complete accuracy individual costs 
on research and development projects, and the programme 
must be kept flexible to allow changes in requirements. 
The European Launcher Development Organization, 
arising from a convention, signed by Ausiralia, Belgium, 
France, Germany, Italy, the Netherlands and the United 
Kingdom in March 1962, was estimated to involve about 
£79 million over five years from November 196], on a 
first programme for a three-stage launcher, of which the 
first flight-test firing of the Blue Streak first stage was 
expected to take place in Australia in the spring of 1964. 
A successful series of static firings had been conducted of 
both the engines and of the complete Blue Streak. 


Research at the National Bureau of Standards, Boulder, 
Colorado 


Entrritep 1962 Research Highlights of the National 
Bureau of Standards, the annual report of the Bureau for 
the fiscal year 1962 is devoted mainly to brief summaries 
of the Bureau’s most notable research achievements 
during the year in the course of its activities in developing, 
maintaining and extending national standards of physical 
measurement and in investigating the physical constants 
and basic properties of materials (Pp. viii+ 217. Washing- 
ton, D.C.: Government Printing Office, 1962. 70 cents). 
These range over such varied fields as radio propagation, 
cryogenics, building research, and data processing, and the 
report also describes the co-operative activities of the 
Bureau with industry and at the international level. A 
complete list of publications during the year is included. 
Features of the year’s work mentioned in the general 
review included design of a highly stable, shielded 100-MQ 
resistor; an inexpensive analogue computing device for 
measuring temperatures up to 36,000° F by spectro- 
scopic means; determination of a new value for the 
atomic weight of chlorine; development of a preparative- 
scale chromatograph which permits fully automatic puri- 
fication of liquids by gas-liquid chromatography; and a 
rapid, reproducible method for predicting the durability 
of roofing asphalts. The fundamental chemistry of fluoro- 
carbon compounds was investigated and spectroscopic 
studies of hydrogen plasmas made in a well-stabilized 
high-current arc chamber at 11,000°-27,000° F. Experi- 
mental and theoretical studies of the special properties of 
perturbed spectral lines led to a new approach to the 
determination of the radiative and collisional life-times of 
molecules, and with the University of Colorado the 
Bureau established the Joint Institute for Astrophysics. 
By treating very short radiowaves as light waves, a 
cavity resonator technique was developed for probing 
‘millimetre waves’ and determining their lengths with 
great accuracy, and an analysis was made of factors 
affecting point-to-point radio communication on the 
Moon. A computer programme developed during the 
year made possible automatic composition of the exten- 
sive tables of atomic transition probabilities, and a 
chromium—nickel alloy and microcrystalline glass have 
been adopted as reproducible standards of thermal con- 
ductivity. New standards issued included extremely pure 
(99-97 per cent) plutonium and cobalt-57, sodium-22 and 
zine-65 radioactivity standards. 


The International Commission on Zoological Nomen- 
clature 
Norros is hereby given of the possible use by the Inter- 
national Commission on Zoological Nomenclature of its 
plenary powers in connexion with the following cases. 
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full details of which will be found in Bulletin of Zoologi- 
cal Nomenclature (20, Part 3, to be published on April 26, 
1963). (1) Validation of Pemphigus Hartig, 1838 (Insecta, 
Hemiptera). Z.N.(S.) 431. (2) Validation of Bironella 
gracilis Theobald, 1905 (Insecta, Diptera). Z.N.(S.) 
1244. (3) Validation of Pseudotriton duryi Weller, 1930 
(Amphibia). 2Z.N.(S.) 1516. (4) Designation of a type- 
species for Pisania Bivona, 1832 (Gastropoda). 2Z.N.(S.) 
1521. (5) Designation of a type-species for Ctenophthal- 
mus Kolenati, 1856 (Insecta, Siphonaptera). Z.N.(S.) 
1523. (6) Designation of a type-species for Ceratomya 
Sandberger, 1864 (Bivalvia). Z.N.(S.) 1526. (7) Valida- 
tion of Xylocopa Latreille [1802-1803] (Insecta, Hymen- 
optera). Z.N.(S.) 1527. (8) Validation of Ablabes 
chinensis Günther, 1889 (Reptilia). Z.NAS.) 1532. 
(9) Validation of Dryadophis Stuart, 1939 (Reptilia). 
Z.N.(S.) 1533. (10) Validation of Coluber subocularis 
Brown, 1901 (Reptilia). Z.N.(S.) 1534. (11) Validation 
of Spilotes melanurus Duméril, Bibron and Dumeril, 1854 
(Reptilia). Z.N.(S.) 1535. (12) Validation of emenda- 
tion to Rhynchium of Rygchium Spinola, 1806 (Insecta, 
Hymenoptera). Z.N.(S.) 1540. (13) Suppression of 
Hulachnus Del Guercio, 1909 (Insecta, Hemiptera). 
Z.N.(S.) 1541. Any zoologist who wishes. to comment 
on any of the above cases should do so in writing to the 
Secretary, International Commission on Zoological Nomen- 
clature, c/o British Museum (Natural History), Cromwell 
Road, London, S.W.7. 


Food Preservation Quarterly 


Food Preservation Quarterly was first published in 
March 1941 by the Division of Food Preservation of the 
Commonwealth Council for Scientific and Industrial 
Research, Australia (later re-named tho Commonwealth 
Scientific and Industrial Research Organization). A 
recent issue (22 (3), 80; September 1962) comments that 
the journal now has to cater for a different class of reader 
from that of 21 years ago, as the present-day food tech- 
nologist is far better trained and informed than his pre- 
war counterpart. This number contains the usual quota 
of interesting and useful articles largely relating to the 
biochemistry and processing of fruits, vegetables and their 
products. Sections on “Aspects of Senescence in Plant 
Materials’, by J. B. Biale, and “Chilling Injury in Stored 
Fruits and Vegetables”, by F. E. Huelin, both direct 
attention to the desirability of carrying out further work 
in these fields. In a review entitled “Ripening of 
Bananas”, E. G. Hall comments that it is inadvisable to 
use the town gas supply as the source of ethylene (required. 
to accelorate the ripening), as its explosive nature has 
resulted in some fatal accidents. In the same issue, 
D. McG. McBean compares the various processes for 
manufacturing “Instant Mashed Potatoes” and some 
experiments relating to “Packaging Prunes in Flexible 
Film Pouches” are described by E. G. Davis. The 
Division intends to demonstrate to the industry the 
commercial possibilities of using the technique known as 
spin processing, in which the rate of heat transfer into a 
canned product is improved due to agitation of the con- 
tents during cooking. 


The Smithsonian Institution 


TEE annual report of the Board of Regents of the 
Smithsonian Institution is, as always, far more than the 
usual type of publication, for it includes several original 
papers (Pp. x+579+80 plates. Washington, D.C.: 
Government Printing Office, 1962. 4.25 dollars). By 
means of research and popular publications, museum 
activities and lectures, the Institution has effectively 
diffused knowledge in the year under review. Much pro- 
gress has been made with tho new buildings for additional 
space for the Institution in the fields of history and 
technology and also on the long-needed east wing of tho 
Natural History Department. An exceedingly useful 
Author—Subject Index to Articles in the Smithsonian Annual 
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Reports, 1849-1961, compiled by Ruth M. St 
been issued as a separate volume (Publication 
Pp. v+200. Washington, D.C.: Smithsonian : 
1963). 


The Manchester Museum 


THe modernization of the exhibition galleries was the 
chief task undertaken by the staff of the Manchestor 
Museum during the year 1961-62 (Pp. 20. Manchester: 
Manchester Museum, The University, 1963). This included 
new lighting, and modern methods of display. The 
Egyptian collections are very important and under the 
new scheme it has been possible to illuminate each case 
separately by strip lighting. New exhibition casos have 
been provided in the Japanese Gallery to houso the loan 
collection of arms, armour and costume. The Bryophyte 
collection of the Herbarium has been provided with first- 
class storage cupboards. An anonymous gift has enabled 
the Numismatic Department to purchase furniture and 
equipment for the Raby Coin Room. 


Equipment for Microtext Reading and Microreproduc- 

tion 

THe Council for Microphotography and Document 
Reproduction has issued a 1962 Review of Equipment for 
Microtext (Pp. 146. London: The Council for Micro- 
photography and Document Reproduction, 1963. Mem- 
bers, 10s.; Non-Members, 14s.). Prepared by Mr. G. H. 
Davison, it represents a summary of replics received to 
several hundred inquiries. The information is arranged 
in seven sections, a general section being followed by 
sections dealing with cameras, readers, onlargors, contact 
printers and film processing equipment in that order, and 
finally a miscellaneous section. In subsequent years it is 
proposed to cover only new instruments appearing in 
Britain or on the Continent, as tabulated details of 
American equipment are now available from tho Guide 
to Microreproduction Equipment, published by the National 
Microfilm Association. 


Strontium-90 in the Soils of the New York City Area 


Tue question of an increase of radioactivity through 
nuclear explosions is of great importance and concern, 
and has been the subject of investigation by many bodies 
in different countries. Suitable techniques of sampling 
and measurement havo had to be doveloped and checked 
in ordor to obtain data sufficiently reliable for comparison 
of different localities at different times, and determinations 
of strontium-90 have attracted a good doal of attention. 
It is presumed that strontium-90 is produced in an 
atomic cloud as the oxida and that after an oxplosion 
over water or carbonate rock or at a high altitud» tho 
oxids would be converted in the atmosphere to tho 
carbonate. At the low concentrations concerned this 
means that the fall-out would be largely water-soluble. 
On the other hand, dstonations over silicate-soil, as in 
the Nevado tests, would lead to a fraction of the stron- 
tium-90 being incorporated as insoluble silicatos in tho 
cloud. Both rain and soil samples have been studied. In 
the New York City area, there has been about ton times 
as much soluble as insoluble strontium-90. The amount 
of strontium-90 held by the soil will obviously d»pend on 
such factors as vegetation, rainfall. run-off and soil 
characteristics because most of the fission-product d bris 
is brought down in rain or snow rather than as dry fall- 
out. The soil colloids havo cation exchango properties. 
so that the strontium-90 is absorbed in the surface layors 
and vertical movement is slow; on average. more than 
90 per cent is held in the top six inches. As a result of the 
nuclear tests in 1958, the d2posit in tho Now York City 
area reached a maximum of about 70 me./mi.? in 1961. 
This study, from the Lamont Geological Observatory, is 
described in the Annals of the New York Academy of 
Sciences (93, Art. 8: “Strontium-90 in the Soils of tho New 
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York City Area”. By J. L. Kulp, A. Kaufman, R. Slakter 
Hirshman and A. R. Schulert. Pp. 761-774. New York: 
New York Acedomy of Sciences, 1962). 


The Calouste Gulbenkian Foundation Grants 


Tux Trustees of the Calouste Gulbenkian Foundation 
of Lisbon have announced the grants made during the 
first half of 1962, which total £1,983,316 and, of which, 
grants in the United Kingdom and British Common- 
wealth total £168,677. As in previous years, grant-aid 
from the Foundation continued to be devoted to a wide 
range of artistic, educational, scientific: and charitable 
projects in various parts of the world. Grants made to 
the United Kingdom in aid of education totalled £22,050, 
including £5,000 to the Department of Education, 
University of Oxford, to enable the Department to make 
a comparative study of the requirements for entry into 
higher education in various European countries; £2,500 
to the Institute of Community Studies to enable the 
Institute to carry out an investigation into the existing 
facilities for educational] research in the United Kingdom; 
- £1,500 to the College of the Venerable Bede, University 
of Durham, to provide equipment for training teachers 
in the uso of film, radio and television, for the purpose of 
developing children’s discrimination, and for providing 
direct teaching; £1,000 to the Council for Visual Educa- 
tion, to enable the compilation of a classified index of the 
main collections of slides in the United Kingdom which 
illustrate the subjects of architecture, town and country 
planning, the fine arts and art in industry. Grants made 
in aid of science included £1,500 over two years to the 
Institute of Agrarian Affairs, University of Oxford. 


Graduate Programme in Space Physics 


A NEw graduate programme in space physics has been 
established by Columbia University in co-operation with 
the Institute for Space Studies of the National Aero- 
nautics and Space Administration. The programme, 
offered by the Departments of Astronomy, Geology and 
Physics at the University, will provide for training and 
research in the field of space physics leading to the Ph.D. 
degree in one of the three Departments of Astronomy, 
Geology or Physics, and to which the applicant must first 
apply for entrance. Students entering the new programme 
will be eligible to compete for twelve predoctoral trainee- 
ships newly offered at Columbia by the National Aero- 
nautics and Space Administration for support of work in 
fields related to the space programme. These grants, 
included in a three-year programme, will carry stipends 
ranging from 2,400 dollars to 3,400 dollars for a full year, 
as well as remission of all costs of tuition and fees. Students 
in the new graduate programme will have the opportunity 
of taking the following courses with a special bearing on 
the problems of space physics: geology—geophysics, 
circulation of planetary atmospheres, and physics of the 
atmosphere; physics—selected topics in astrophysics and 
geophysics, and stellar physics; and astronomy—inter- 
stellar matter, galactic radio astronomy, and dynamics 
and statistics of stellar systems. Persons desiring to enter 
the graduate programme in space physics should apply 
to the Director of Admissions of Columbia University for 
admission to the Graduate Faculties in one of the Depart- 
ments of Astronomy, Geology or Physics, indicating their 
reasons for wishing to enter the programme. Further 
information regarding the programme, fellowships and 
research assistantships can be obtained from Prof. R. 
Jastrow, Department of Geology, Columbia University, 
New York 27, N.Y. 


The Night Sky in May 


FULL moon occurs on May 8d. 17h. 24m. V.T. and new 
moon on May 23d. 04h. 00m. The following conjunctions 
with the Moon take place: May ld. 02h., Mars 0-2° N.; 
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May 16d. 09h., Saturn 2° N.; May 19d. 16h., Jupiter 
4° N.; May 29d. 08b., Mars 2° 8. Mercury is an evening 
star, visible low in the west after sunset during the first 
few days of the month. Venus is too close to the Sun 
for easy observation. Mars sets at 2h. 25m., Ih. 35m. 
and Oh. 45m. on May 1, 15 and 31, respectively. It is at 
a distance of 125 million miles on May 15, when its stellar 
magnitude is +1-0; it passes from Cancer into Leo on 
May 5 and is near Regulus at the end of the month. 
Jupiter is too close to the Sun for observation. Saturn 
rises at 2h. 20m., 1h. 15m. and 0h. 25m. at the beginning. 
middle and end of the month, respectively. Ib is in 
Capricornus, its stellar magnitude is + 1:0 and its distance 
from the Earth on May 15 is 910 million miles. There is 
one occultation of a star brighter than magnitude 6 
visible at Greenwich: May 3d. Oh. 06-7m., 53 Leo. (dis- 
appearance). 


Announcements 


Dr. J. ROBERT OPPENHEIMER, For.Mem. R.S., director 
of, and professor of physics in, the Institute for Advanced 
Study, Princeton, has been nominated to receive the 
Enrico Fermi Award, valued at 50,000 dollars, for his 
contribution to theoretical physics and his leadership in 
science. He was recommended for the award by the 
U.S. Atomic Energy Commission, and this has been 
approved by President Kennedy. 


Tue Yorkshire meeting of the Institution of Chemical 
Engineers on “Catalysis in Practice” will be held in 
Harrogate during June 20-21. Further information can 
be obtained from the Institution of Chemical Engineers, 
16 Belgrave Square, London, S.W.1. 


Tax sixty-eighth annual congress of the South-eastern 
Union of Scientific Societies will be held in Tunbridge 
Wells during May 9-12. Further information can be 
obtained from Mr. F. Edwards, 53 the Drive, Shoreham- 
by-Sea, Sussex. 


Tae forty-sixth conference and exhibition of the 
Chemical Institute of Canada, on ““Chemistry——Furthering 
Canada’s Future”, will be held in Toronto during June 
6-8. Further information can be obtained from the 
Chemical Institute of Canada, 48 Rideau Street, Ottawa, 2. 


A symposium on “Meristems and Differentiation”, 
sponsored by the Biology Department of Brookhaven 
National Laboratory, will be held at the Laboratory 
during June 3-5. Further information can be obtained 
from J. P. Miksche, Brookhaven National Laboratory, 
Upton, Long Island, New York. 


A symposium on “Molecular Structure and Spectro- 
scopy” will be held in the Ohio State University during 
June 10-14. Further information can be obtained from 
Prof. H. H. Nielsen, Department of Physics and Astro- 
nomy, Ohio State University, 174 West 18th Avenue, 
Columbus 10, Ohio. 


A symrostum on “Aluminium in Structural Engineer- 
ing”, organized jointly by the Institution of Structural 
Engineers and the Aluminium Development Association, 
will be held in London during June 11-12. The pro- 
gramme will include sessions on: research; comparison 
of codes of praetice and future trends; applications. 
Further information can be obtained from the Secretary, 
Institution of Structural Engineers, 11 Upper Belgrave 
Street, London, S.W.1. 


A MEETING of the Society of Acoustic Technology 
will be held at the Associated Rediffusion Television 
Studios, Wembley, and the Technical College, Hendon, on 
May 10. Problems associated with studio acoustics and 
the design of lightweight partitions for high noise reduction 
will be discussed. Further information can be obtained 
from Dr. P. Lord, Department of Pure and Applied 
Physics, Royal College of Advanced Technology, Salford. 
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CHEMICAL PLANT MANAGEMENT 


A’ a contribution to National Productivity Year, the 
North-Western Branch of the Institution of Chemical 
Engineers and the Manchester Section of Chemical Indus- 
try arranged a symposium in Manchester on December 11. 
The theme of the symposium was the utilization of 
resources in relation to chemical plant management. The 
chairman was R. J. Kingsley, joint managing director of 
Lankro Chemicals, Ltd. 

Introducing the function of plant management, V. 
Murtagh, of Joseph Crosfield, Ltd., reviewed some of the 
changes which have occurred in the chemical industry 
and indicated the kind of structure which has emerged 
and which has indirectly led to these changes. In 1935 
the net output figure (the value added to purchased 
materials) was recorded at £35 million. By 1946 this had 
reached £95 million. By 1960 net output was £736 
million. Total turnover in the industry practically doubled 
between the years 1955 and 1960 alone. A considerable 
portion of this growth is due to new products developed 
and introduced within the past twenty years. The growth 
of the petro-chemicals industry, which doubled in size 
between 1955 and 1958, and the growth of the man-made 
fibres industry provide two examples. 

This is as it should be. The chemical industry is a 
science-based industry. Its existence depends on the 
application of scientific techniques and it employs 
managers who are capable of recognizing and creating 
opportunities for profitable and speedy commercial 
development of these techniques. , Parallel with the 
growth of the industry has been the growth of research 
and development activities. Although no accurate figures 
are available for the pre-war, say 1935, era, it is doubtful 
if expenditure exceeded £1 million per annum. By 1946 
the industry was spending at the rate of £8-5 million per 
annum. This had doubled by 1955. By 1955 expenditure 
rose to £35 million and present estimates for 1962 are in 
the region of £45 million per annum. These figures exclude 
capital spending and depreciation charges. Nor is this 
growth confined to the large firm. While there are now 
twice as many firms with research and development 
establishments as before the Second World War, much 
of the expansion is in the medium- and small-sized firms. 
There is an interesting relationship between research and 
development expenditure and growth. The five fastest 
growing chemical firms either in terms of fixed assets or 
in terms of profits were those firms with the highest 
research and development ratios. The five slowest growing 
firms were those with the lowest ratios. 

Of the 1960 research and development expenditure of 
£36 million, £12-5 million was devoted to basic research. 
This is a much higher proportion than for industry in 
general, and is slightly higher than the proportion of 
1l per cont now quoted for the American chemical 
industry. Twenty-nine per cent of the total research and 
development expenditure is spent in applied research 
and development of new products and new processes. The 
biggest amount (37 per cent, or nearly £15 million) is 
devoted to the development of existing processes, either 
to improve the process or the product, or to utilize 
different raw materials. Practically two-thirds of this 
expenditure is devoted to minor rather than major 
improvements. This reflects the high significance of the 
processing cost in chemical operations on profit margins. 
Twenty-one per cent of research and development ex- 
penditure is the provision of technical services. The plant 
manager of bygone years, with the help, perhaps, of the 
chief chemist, probably provided most of the technical 


service that the sales department required. 
is an activity in its own right. 

Other changes in the industry are significant. Plants 
are generally larger. The processes are generally con- 
tinuous rather than batch. In corrosion-resistant inatorials 
they cost many times their pre-war equivalent to build 
and maintain. This aggravates the problem of doterm- 
ining the right size of plant for new products. It extends 
the semi-works scale of the experimental period in the 
development of new products and it tends to delay im 
approving capital expenditure for major projects. Plants 
are much more highly instrumented. New skills aro 
required on the part of managers, suporvisors and opot- 
ators. Training of operators is much more essential than 
it was in the past, and this training has to bo provided 
and guided by the industry itself. Against this background 
of change, the plant management function is subject to 
two real pressures: (1) With existing products the pres- 
sure is to improve quality, or service, or cost, and sinco the 
ex works cost of most chemicals has by far the biggest single 
effect on profit margins, this will always remain. (2) With 
new products, the pressure on development will apply to 
the work to be done in filling the gap between the pilot- 
plant scale and eventual full-scale production. To meot 
these pressures, the plant manager is charged with man- 
aging people, with manipulating, controlling, methods, 
processes, plant and machinery. ‘Road blocks’ in the way 
of more efficient operation can be found just as often in 
the various levels of management as they can on the 
shop floor. However, Murtagh emphasized that, in the 
National Productivity Year, in utilizing human resources 
it would be a mistake to become excessively preoccupied 
with thé problem of motivating the man on the shop floor. 

This theme was taken up by A. F. Shaw, of Associated 
Industrial Consultants, who indicated, however, that the 
best return from middle management and staff will not 
be obtained by consideration of motivation, but by pro- 
vision of direction, leadership, encouragement and con- 
trol. F. J. Neale, of Urwick, Orr and Partners. did 
examine the motivation of shop-floor workers and sug- 
gested the need for radical reform in attitudes towards 
wage payments. At present, many shop-floor jobs aro 
considered on either a daily or weekly basis, and if bonus 
is paid they are linked to this period. Where physical 
work is concerned this may be sufficient, but with morc 
mechanization and automation, this time-scale is too 
short. Jobs should be viewed in longer terms. say, onc 
month, three months, six months, twelve months and 
two years. The worth of the jobs should be calculated 
in relation to this time span and the person paid accord 
ingly, that is, a twelve-month job would have guarantced 
wages for that period of time at a set rate por week. A 
review would take place every twelve months and thc 
worth of that job evaluated either up or down for the 
next twelve months. This would apply to other time- 
scales. This type of approach has certain advantages 
and disadvantages. Tho disadvantages are that those 
jobs with a longer time-span may change considerably 
before they are reviewed, and, if the job disappears carly 
in the period, the employer is out of pocket through his 
guarantee of wages for the period. The advantagus are 
easier wage calculations and easier measurement of the 
jobs. Wages remain constant and do not have violent 
fluctuations. 

C. McDermott, of Coalite and Chemical Products, Lid., 
suggested that, in addition to a sound basic pay systom, 
greater effectiveness can only be secured from work- 
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people where there is stability of employment, good 
communications and working conditions and effective 
education and training. The training and re-training of 
operators was discussed by C. V. Kettle, of Lankro 
Chemicals, Ltd., who emphasized the trend towards less 
operators and more supervising, the supervision of plant 
rather than men. Among operators, although new and 
increased skills are necessary, ‘knowledge’ is becoming 
relatively more important than traditional ‘skills’. There 
is a need for knowing ‘why’ as well as ‘how’. Decision- 
meking is increasing in importance at operative level. 
It is necessary for early recognition of faults and ability 
to determine the cause. Operators now need to be more 
adaptable and, at the same time, to move out of the ‘arts’ 
class of ‘sniffing’, ‘tasting’ and ‘feeling’ to the use of more 
sophisticated controls. No longer can he afford to have 
men ‘picking up’ the job by working alongside experi- 
enced operators who may be unwilling or incapable of 
teaching, and who may show the newcomer short cuts 
without warning of the hazards. 

Training of new employees and re-training of present- 
day operatives can help to overcome such problems. To 
match the pace of change, operators may need re-training 
four or five times in their working life as opposed to the 
‘once for all’ training. The basic approach should be a 
methodical analysis of the job to discover: (1) its purpose; 
(2) the qualities, quantities and uses of the product; (3) 
knowledge of the plant, equipment and raw materials; 
(4) any special techniques involved; (5) safety factors 
concerned and attitudes required; (6) faults which may 
occur at infrequent intervals. From such an analysis an 
instruction manual can be prepared, the tasks being 
divided into suitable portions and consideration given to 
methods of presentation. In presenting training, interest 
and a sense of worth-whileness must be created at the 
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earliest stage. Instruction should be varied, that is, inter- 
woven practical activities with classroom instruction and 
discussion. The pace of instruction should be adjusted to 
the capacity of the learner and must be given in reason- 
ably sized portions which can be practised and shown to 
be understood before the next portion is tackled. Portions 
are then combined until eventually the whole job is being 
performed at the required standard. 

There should be a@ specific person responsible for 
instructing. Such a person could be selected and developed 
for this specialist function. In-training of operators can 
often be effectively supported by external courses organ- 
ized by technical colleges, industrial safety training 
centres, manufacturers of equipment, employers’ associa- 
tions, and the Ministry of Labour. In the next 5-10 
years ‘automated teaching’ will be playing a substantial 
part in the training of operators. 

Three other papers dealt with the optimum utiliza- 
tion of physical resources in chemical plant. G. W. 
Sears, of Shell Chemical Co., Ltd., discussed the role of 
linear programming and its significance in planning the 
production of large-scale continuous processes. The use 
of linear programming was also described by A. Battersby, 
of the Work Study School at Cranfield, who, by means of 
a case study, indicated how a linear programming matrix 
of the plant could yield information which could be 
useful in planning not only the manufacturing process 
but also the plant and its products. Finally, J. Roughley, 
of Peter Spence and Sons, Ltd., considered the role of 
maintenance planning in relation to production and 
indicated that objective maintenance study is a major 
factor in total manufacturing economy. 

The value of the symposium was reflected by the large 
size of the audience .and the worth-whileness of the 
discussions. T. H. Hawxrs 


APPLICATION OF SCIENCE AND TECHNOLOGY FOR THE BENEFIT OF THE 
© LESS-DEVELOPED AREAS 


HE papers prepared by the United States for the 
United Nations Conference on the Application of 
Science and Technology for the Benefit of the Less- 
. developed Areas in February 1963 have now been pub- 
lished by the United States Agency for International 
Development in a series of twelve volumes*. Theso 
represent an impressive contribution to the growing body 
of literature in the. United States on the problems and 
processes of development, and on the experience and 
techniques which could assist those engaged in planning 
and executing development. The various sections are 
generally well supplied with references, and there are 
cross-references from one volume to another when par- 
ticular papers are of interest in more than one context, 
while the Agency has issued as a companion volume to 
the series a Selected Reading List which briefly describes 
some 1,200 books and articles dealing with this field 
recently published in the United States. Some of the 
* Science, Technology and Development: United States Papers prepared 


for the United Nations Conference on the Application of Science and Tech- 
nology for the Benefit of the Less Developed Areas. Vol. 1: Natural Re- 


sources—Energy, Water and River Basin Development. Pp. ix+378. 1.25 
dollars. Vol. 2: Natural Resources—Mineral and Mining; Mapping and 


Geodetic Control, Pp. viit+355. 1 dollar. Vol. 3: Agriculture. Pp. x+262. 
75 cents. Vol. 4: Industrial Development. Pp. ix+90. 55 cents. Vol. 5: 
Transportation. Pp. ix+155. 50 cents. Vol. 6: Health-and Nutrition. Pp 
vi+196. 60 cents. Vol. 7: Social Problems of Development and Urbanisation. 
Pp. ix+89. 85 cents. Vol. 8: Organisation, Planning and Programming for 
Economic Development. Pp. x+144, 45 cents. Vol. 9: Scentifie and Tech- 
nological Policy, Planning and Organisation. Pp. xi+60. 30 cents. Vol. 10: 
International Co-operation and Problems of Transfer and Adaptation. Pp. 
vili+ 63. 30 cents. Vol. 11: Human Resources—Training of Scientific and 
Technical Personnel. Pp. xii+204. 60 cents. Vol. 12: Communications. 
Pp. Ar 50 cents. (Washington, D.C.: Government Printing Office, 
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articles represent collaboration between American special- 
ists and their professional colleagues in other countries: 
all the authors were chosen as recognized experts and 
scholars in their fields and they include, for example, such 
well-known names as those of Dr. J. R. Killian, Dr. A. V. 
Astin and Prof. H. D. Lasswell. 

It is impossible here to do more than indicate the 
scope of the whole series by noting some of the sections 
in the various volumes. Vol. 1, dealing with energy, 
water and river basin development, has sections on: 
problems of electrification; mining and efficiency in use 
of coal; achieving productive capacity of oil; nuclear 
energy; economics of choice among alternative energy 
sources; water and river basin development, including 
low-cost waste treatment and desalination. Vol. 2, on 
minerals and mining, has sections on: the role of govern- 
ment; the co-operative approach; planning and staffing 
for mineral development; exploration techniques; ex- 
tracting and processing the ore; and on mapping and 
geodetic control. Vol. 3, on agriculture, includes sections 
on institutional and social aspects of agricultural develop- 
ment; improvements in levels of nutrition; development 
of land and water resources; crop production and pro- 
tection; animal health and breeding; forestry and 
fishery resources and production. Vol. 4, on industrial 
development, includes sections on: approaches to indus- 
trial development; essential programmes and key in- 
stitutes; industrial analyses; and product analyses. 

The papers presented in Vol. 5 deal with transportation, 
covering transport by road, rail and water, the movement 


no.4e77 April 20, 1963 


of commodities by pipeline, new techniques of the tem- 
perature control of perishable goods in transport and 
storage applicable to the less-developed areas, and the 
implications of present scientific research for transport in 
the future. Papers in Vol. 6, which tackles health and 
nutrition, are arranged under: planning for health services; 
the control of diseases; and research and planning 
(including papers on the provision of facilities for medical 
research and its future organization and on the role of 
medical research in less-developed areas. Those in Vol. 7 
on social problems of development and urbanization 
include one on patterns of world-wide cultural change in 
the 1960’s and others on a theory of community develop- 
ment, the implications of urbanization and the role of the 
family in industrialization. Papers in Vol. 8, on organiza- 
tion, planning and programming for economic develop- 
ment, are grouped under: the methodology of develop- 
ment planning; techniques used; and implementation of 
development planning. 

Vol. 9, covering scientific and technological policy, 
planning and organization, is of rather more general 
scientific interest and includes three papers (one by Dr. 
J. R. Killian, jun.) on issues of policy and plenning 
(including one on the loss of scientists from less- to more- 
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developed countries), followed by three on instrumoni 

scientific and technological policies, such as the role of a 
research institute, of the national laboratory, and on 
agricultural and industrial extension services to diffuse 
technological knowledge. The eight papers comprising 
Vol. 10 deal with international co-operation and problems 
of transfer and adaptation, and range from international 
culture, technical assistance, voluntary association and 
development to co-operation programmes for strengthen- 
ing engineering education. Vol. 11, on human resources. 
is in two parts, the first covering human resources gener- 
ally, including public manegement, management and 
skilled supervision and occupational safety. The socond, 
dealing with training of scientific and technical personnol, 
has three papers in a section on planning policies for 
development of scientific and technological porsonnel. 
one of which discusses the programming of scienco and 
technology within the educational system, and seven in 
a section on programmes for educational development. 
Vol. 12, on communications, is arranged in four sections: 
unification and expansion through telecommunications; 
broadcasting and television in less-developed areas; devel- 
opment of national and-international telecommunication 
networks; and telecommunications in specialized fields. 


ELECTRON MICROSCOPY 


HE electron microscope, since its first crude proto- 

type thirty years ago, has transformed our notions 
of cytoplasm from that of a homogeneous colloidal system 
to that of an intricacy of precisely organized structures— 
mitochondria, plastids, ergastoplasm, Golgi bodies, neuro- 
filaments, synaptic vesicles, and so on—each distinguished 
by a characteristic sub-microscopical architecture which 
has proved to be quite remarkably uniform throughout 
the animal and plant kingdoms. The Medical Department 
of the British Council recently issued an excellent collec- 
tion of fourteen short thematic essays intended to provide, 
according to Dr. V. E. Cosslett in the introduction, “an 
interim assessment of the contribution the electron 
microscope is making in medical research” *. 

Three excellent papers, respectively by M. A. Epstein, 
by A. F. Howatson and (jointly) by R. W. Horne and 
P. Wildy, survey and illustrate the ultra-structure of 
viruses, the last paper reviewing the use of negative- 
staining techniques in the elucidation of the molecular 
structure of viruses and phages. Valuable as these three 
papers on viruses are as special instances, they give an 
inadequate impression of the contribution being made 
by the electron microscope to what might be called the 
biology of virus infection—the sites of virus multiplication 
within cells, the time and manner of their release, and 
so on. Then the short review by Audrey Glauert on the 
fino structure of bacteria, and that by A. V. Grimstone 
on the ultra-structure of cilia and flagella, show how a new 
dimension, both scientific and esthetic, is now being added 
to descriptive bacteriology, and the paper by R. C. 
Valentine shows how tho electron microscope has been 
applied to estimate the viability of that most baffling of 
all pathogenic micro-organisms, the loprosy bacillus. 

The study of tissue structure is exemplified in reviews 
by J. A. Chapman on collagen and fibrogenesis, on melano- 
cytes by M. 8. C. Birbeck, on the fine structure of endo- 
crine cells by J. D. Lever, on the cytology of the organ 
of Corti in the inner ear by I. Friedmann, on testis structure 
and function by D. Lacy and on the cancer cell by E. H. 
Mercer. The nervous system is represented by an excel- 
lent paper by V. P. Whittaker and E. G. Gray on the 
synapse: their successful isolation of nerve endings in 


* Electron Microscopy, British Medical Bulletin, 18, No. 3. September 
1062. Pp. 71 + ix. (London: The British Council, 65 Davies Street.) 35s. 


good state of preservation, using the methods of sub- 
cellular fractionation, opens up exciting possibilities for 
the identification of hitherto unknown transmitter sub- 
stances. The gains in the aforementioned fields of 
‘straight’ morphology have been tremendous, and although 
much awaits us—particularly in the study of tho patho- 
logical cell and cellular products—by such straightforward. 
ultra-structural study, there are already intimations of 
new fields opening up by the use of specific electron stains 
for enzyme localization at the subcellular level, as exempli- 
fied in the paper here by S. J. Holt and R. M. Hicks. 

This is a compilation of special themes by oxperts. 
mostly electron microscopists or oytologists, on their 
own subjects and is in no sense a text-book or monograph 
on electron microscopy in medical research. Theroforc. 
in assessing the contribution of the electron microscope 
to medicine, we must supplement these papers in our 
own minds with the now almost innumerable details of 
normal and abnormal structure and function which thc 
high resolution of the microscope has clarified—tho 
nature of the ‘blood-brain-barrier’, the process of myolin 
sheath formation, the structure of the motor ond-plate. 
the muscle fibre fine structure, the fine structure of the 
plasma, cell and other cells involved in immunological 
processes, etc.; and, not least, its important rolo as 
monitor of cell fractionating methods used by the coll 
chemist. 

Finally, as Dr. V. E. Cosslett says in the introduction. 
the chief remaining technical or physical problem of 
electron microscopy is that of examining living matter. 
The difficulty is that, to protect the living coll from 
exposure to vacuum, it must be exposed in a chamber 
with walls thick enough to prevent evaporation but thin 
enough to be penetrated by the electron beam. Even 
with a small bacterium the total thickness of the prepara- 
tion can scarcely be less than 1 micron; a beam voltage of 
at least 500 kV is needed to penetrate this distance and 
still yield a reasonably clear electron picture. Such a 
high-voltage electron microscope has now been built 
at the University of Toulouse and the first inicrographs 
of living bacteria have been published (Dupouy et al., 
C.R. Acad. Sci. (Paris), 251, 2836; 1960). We may be 
within sight of electron-beam time-lapse studies of colis 
in tissue culture. C. E. LUMSDEN 
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DIRECT OBSERVATION OF POLYMER MOLECULES 


By Dr. M. J. RICHARDSON* 


Physics and Chemistry of Solids, Cavendish Laboratory, Cambridge 


ELL-DEFINED molecules of amorphous polymers 

have been produced by spraying dilute (about 10-* 
per cent) solutions of the polymer in a solvent/non-solvent 
mixture. Very fine droplets are essential. Ideally, each 
droplet should contain only one, or no, polymer molecule. 
This is difficult to achieve with certainty, but is not a 
restrictive condition if the substrate is wetted by the 
solvent mixture; polymer molecules are then immediately 
well dispersed over the substrate. 

Solutions were sprayed on to a mica-backed film of 
evaporated carbon. After metal shadowing, specimens 
were floated off on to copper grids and examined in an 
Elmiskop I electron microscope. The appearance of 
polymer sprayed from a good solvent reflected the ex- 
panded nature of the polymer chain in such a solution. 
It collapsed on to the substrate to give flat disks (Fig. 1) 
or a shapeless mass, depending on the concentration. In 
poor solvents large spherical aggregates were rapidly 
formed (Fig. 2). Aggregation even occurred at polymer 
concentrations of 10-* per cent. Further dilution was not 
practicable as the number of polymer particles appearing 
on each micrograph was too small to give meaningful 
results. Many polystyrene/solvent/precipitant’ systems 
were examined and all were found to have ranges of 
composition that gave results similar to those of Figs. 1 
and 2. However, polymer sprayed from some systems 
showed an additional type of behaviour. Here a decrease 
in solvent power resulted in the appearance of small, 
spherical particles (Fig. 3) from solutions having com- 
positions intermediate between those leading to the filmy 
or aggregated polymer of Figs. 1 and 2, respectively. It 
will be shown that these particles were, in fact, polymer 
molecules. They were only found when the solvent was 
appreciably more volatile than the precipitant. It appears 
that the particles of Fig. 3 did not exist thus in the 
original solution, where they were still in an environment 
which favoured polymer-solvent interactions relative to 
those between two polymer segments; aggregation would 
therefore not be expected. 

Preferential evaporation of solvent from the well-dis- 
persed droplet on the substrate itself gave the poor 
solvent conditions necessary for the formation of tightly 
coiled macromolecules. Since each droplet spread over a 
large area on hitting the substrate several polymer mole- 
cules could be accommodated in each droplet with little 
fear of aggregation in the final drying stage. This mech- 
anism was confirmed by the behaviour of polystyrene 
sprayed from a single solvent, cyclohexane, at a series of 
decreasing temperatures through the theta point (34° C 
for polystyrene/cyclohexane). A decrease of temperature 
parallels rather closely the addition of non-solvent at a 
fixed temperature. In spite of the most careful search, 
and in contrast with earlier results’, no temperature range 
was ever found in which single molecules occurred even 
when the polymer concentration was as low as 10-5 per 
cent. Instead, the polymer morphology typical of a good 
solvent changed immediately to the spherical aggregates 
characteristic of a poor solvent at temperatures below 
30° C. 

High concentrations of polymer in solvent mixtures 
known to give small particles also gave a few larger 


* Present address : Basic Physies Division, National Physical Laboratory, 
Teddington, Middlesex. 





spheres. However, as the polymer concentration was 
decreased the number of larger particles observed rapidly 
decreased, the sizo of the smaller ones remaining con- 
stant, although naturally they appeared less often. Quali- 
tatively, it seems reasonable to suggest that particles seen 
at low (less than about 5x 10-4 per cent) concentrations 
where their size was independent of polymer concentra- 
tion were single molecules of polymer. Quantitative proof 
of this was obtained by comparing the molecular weight 
of a fractionated anionic polystyrene calculated from the 
observed particle volumes with the viscosimetric-average 
molecular weight of 1,500,000; before fractionation the 
weight- to number-average molecular weight ratio was 
1:02. A density equal to that of bulk polystyrene was 





Fig. 1. Polystyrene sprayed from 10-* per cent solution in benzene(90 
per cent)/n-butanol 


Aone 


Fig. 2. Polystyrene sprayed from 10+ per cent solution in benzene(40 
per cent)/n-butanol 


no.4a77_ April 20, 1963 





Fig. 3. Polystyrene moleculesformed by spraying a 10~ per cent solution 
in benzene(68 per cent)/isobutanol. Shadowed at 1 1/67 


assumed. It has been shown?? that small, metal-shadowed 
spheres of the order of a few hundred A in diameter may 
be much distorted by shadowing material so that their 
observed widths are considerably greater than the actual 
value. The shadow length, however, still gives an accurate 
measure of the particle diameter. 

Observations here on some viruses and hemoglobins 
confirmed these results. The volume of the polystyrene 
particles was thus calculated from, the shadow length 
alone, a spherical configuration being assumed. In this 
way number- and weight-average molecular weights were 
found to be 1,250,000 and 1,340,000. These are in good 
agreement with the viscosimetric value and fully justify 
the assumption concerning the particle density. The 
difference in molecular weight is probably not significant 
as viscometry alone does not give absolute values and 
errors in calibration at these high molecular weights are 
large enough to account for the difference. This provides 
clear evidence that single polymer molecules are produced 
by the spray technique described. Obviously this is 
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Fig. 4. Polyacrylamide sprayed from 10 per cent solution in water 
(20 per cent)/n-propanol 
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potentially of considerable importance as a method of 
determining molecular weights, and their distributions in 
polymers, when these are of the order of a million or more. 
A lower limit of about a million is set by the finite grain 
size of the shadowing material which makes quantitative 
work on smaller molecules difficult. Conventional methods 
of polymer characterization cannot be satisfactorily 
applied at these high molecular weights‘. 

The technique described was found to be suitable for 
glassy amorphous polymers in general, although in cases 
where the polymer was soluble only in involatile solvents 
(for example, polyacrylonitrile/dimethyl formamide/pre- 
cipitant) the substrate had to be heated to increase the 
tate of evaporation. Otherwise drying artefacts pro- 
dominated. Fig. 4 shows the typical stranded appearance 
of polyacrylamide sprayed from water(20 per cent)/ 
n-propanol (a poor solvent) on to a carbon film at room 
temperature. On heating the substrate to 60° C all fine 
structure of this type vanished and aggregates similar to 
those of Fig. 2 occurred instead. 

Polymers in the rubbery state invariably collapsed on 
drying to give flattened particles similar to those of Fig. 1, 
irrespective of the non-solvent concentration. In such 
cases the substrate had to be cooled well below the glass 
transition temperature of the polymer, solvent and. pro- 
cipitant being chosen so that the mixture remained liquid 
at the lowest temperatures reached. Fig. 5 shows a 
spherical aggregate of polyvinyl acetate (glass transition 
temperature = 30° C) produced by spraying a solution of 
the polymer in benzene(20 per cent)/n-butanol in a 
— 20° C cold room. After examination in the microscope 
such aggregates were always found to have collapsed, 
even when very low electron beam intensities were used, 
as is shown by the shorter, broad shadow in Fig. 5. 





Fig. 5. Polyvinyl acetate sprayed at —20° C from 10 per cent solution 

in benzene(20 per cent)/n-butanol. [Longer shadow, specimen im- 

mediately after preparation; Shorter shadow, specimen after examina- 
tion in electron beam 


A simple spray method can thus be used to produce 
compact, spherical molecules of amorphous polymers in a 
form suitable for examination in the electron microscope. 
Molecular weights of the order of a million and above, and 
their distribution, can be accurately determined by this 
technique. 

I thank Dr. F. P. Bowden for his advice, the Natural 
Rubber Producers’ Research Association for a research 
fellowship and the Department of Scientific and Industrial 
Research for a grant to the laboratory. 


1 Siegel, B. M., Johnson, D. H., and Mark, H., J. Polymer Sei., 5, 111 (1950). 

* Hall, C. E., J. Biophys. Biochem. Cytol., 7, 613 (1960). 

3 Misra, D. N., Das Dupta, N. N., and Sadhukhan, P., paper P14, Volume 
fl Intern. Cong. Electron Microscopy (Academic Press, New York, 

g Melntyre, D.,in Unsolved Problems in Polymer Science, Nat, Acad, Sci.-Nat, 
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INFRA-RED SPECTRUM OF RESINITE IN BITUMINOUS COAL 


By Dr. D. G. MURCHISON 
Department of Geology, King’s College, University of Durham, Newcastle upon Tyne ~- 


BENT and J. K. Brown! recently published a series 
» of infra-red spectra of exinites which were concen- 
trated from bituminous coals of different rank by G. W. 
Fenton. ¢ al. at the Coal Survey Laboratory, National 
Coal Board, Sheffield. The term ‘exinite’ describes a 
group of four distinct coal constituents or macerals— 
sporinite, resinite, cutinite and alginite—derived respec- 
tively from spore exines (megaspores, microspores and 
isospores), resins, cuticles and algae. Of these macerals, 
the first three are found in normally deposited coals. 
Because sporinite is usually present in much higher 
proportions than resinite and cutinite, which occur as 
minor constituents, Fenton’s method of very fine grinding 
of the coals, followed by fractionation in liquids of differing 
specific gravity, resulted in exinite fractions rich in sporin- 
ite. Bent and Brown’s spectra thus refer’ essentially to 
this maceral. 

It has proved possible to isolate concentrates of resinite 
from bituminous coals on a micro- to semi-micro-scale by 
mechanical methods*?. The spectrum of a resinite from a 
low-rank Northumberland coal (Fig. 1) possesses closely 
similar features to those shown by sporinite from a coal 
of equivalent rank. Bent and Brown noted that an 
absorption band at about 1,700 cm-}, attributed to a 
carbonyl group, and an increase in non-aromatic C—H 
absorption, were the only significant differences between 
the spectra of lower rank sporinites and the dominant 
maceral of normal coals, vitrinite. The same differences 
éxist between the spectra of resinite and vitrinite. A 
decrease in the 1,700 cm~! absorption of the sporinites 
with rising coal rank was also observed by Bent and 
Brown, but owing to lack of information, and because 
the absorption did not appear in the spectrum of exinite 
published by D. W. van Krevelen and J. Schuyer®, they 
could, only say that the band might have arisen because 
the sporinites had oxidized during separation. 

Preliminary studies of the infra-red spectra of resinites 
suggest that the carbonyl absorption is more likely to be 
an inherent property of the maceral rather than a result of 
oxidation during preparation. The isolation of sufficient 
resinite and its subsequent preparation in a potassium 
bromide disk for infra-red investigation can be achieved in 
less than 20 min. This compares with much longer 
periods, of up to 24 h, that have been used for preparing 
sporinite concentrates by grinding and flotation methods. 
The opportunity for oxidation would certainly be presented 
during this time. In the case of the resinites the possibility 
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Fig. 2. Resinite globule in low-rank bituminous coal showing marginal 
alteration; Sire eee surface, oil immersion, incident light. Top 
Busty Seam, Netherton Colliery, Northumberland 


of oxidation is much reduced, being most likely when the 
resinite is finely ground for 2 or 3 min prior to making 
the potassium bromide disk. However, even when this 
grinding period is extended to half an hour, with a stream of 
oxygen passing on to the sample, no increase in the relative 
intensity of the 1,700 cm-t absorption can be observed. 
If a number of disks are prepared from a larger starting 
sample and subjected to the same conditions of prepara- 
tion, the relative intensity of the carbonyl absorption 
varies, but is never strong, the intensity shown in Fig. 1 
being a maximum for ẹ resinite of this rank. 

The presence of a carbonyl absorption in the resinite 
spectrum and its variation in relative intensity between 
samples from the same concentrate can probably be 
explained by heterogeneity of chemical composition of the 
resinite that has existed since the biochemical stage of 
coal formation. The occurrence of margins and larger 
areas of higher reflectance than the main mass of resinite 
globules has frequently been observed on polished surfaces 
of coal examined under oil immersion in incident light 
(Fig. 2). These more highly reflecting regions have been 
attributed by E. Stach‘ to the effects of oxidation on the 
resin before it was finally incorporated in the peat in a 
reducing environment. If this is the true explanation, 
and there is little or no evidence to suggest that it is not, 
then concentrates of resinite will almost certainly contain 

small but varying proportions of this 
oxidized material. This would account 


4,000 8,600 3,200 2,800 1,800 F 1,400 1,000 800 for the carbonyl absorption.. In my 
100 rria own experiments, it would also explain 
the variation in intensity of-this absorp- 
Z 80 tion between samples from the same 
8 concentrate. Because the total amount 
5 60 of resinite available for all experiments 
Pa . . 
A may often be less than 1 g, it is unecon- 
Si omic to subject the whole concentrate 
e to fine grinding before sampling for 
ž infra-red examination. Samples are ex- 
< 20 tracted from the concentrate before grind- 
ing and, because those resinite globules 
0 showing alteration have been affected 
26 8 355 6 7 8 9 0 1H 2% 13 I4 15 to varying degrees, it is inevitable that 
Wave-length (4) _ some variation in relative intensity of 
Fig, 1. Infra-red absorption sporum of ene pord Seam, Red House Opencast the carbonyl absorption. should 
Per cent dry ash free : carbon, 81-1; hydrogen, 9-2 occur. 
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It would also seem likely on general grounds that the 
- resinite would oxidize more readily during the biochemical 
stage. of coal formation, rather than later, when it has 
been affected by diagenetic processes that have raised 
its rank. It is generally true that coal constituents 
oxidize more easily the lower is their rank and so the 
carbonyl group in sporinite spectra could also have 
developed as a result of variable oxidation of the spores 
before their enclosure in the coal-forming ‘peat. Under 
the microscope spore exines do not display the kind of 


“NATURE 


255 


alteration shown by resinite, but the early depositional 
history of spores must have been similar to that of many 
resin globules. Spores are small in size and weight, easily 
transportable by wind and water and many are likely to 
have remained under atmospheric influence for consider- 
able periods of time. 

1 Bent, R., and Brown, J. K., Fuel, 40, 47 (1961). 

2 Murchison, D. G., and Jones, J. M. (in the press). 

? van Krevelen, D. W., and Schuyer, J., Coal Science, (Elsevier, Amsterdam, 


t Stach, E., Brennst Chemie, 43, 71 (1962). 


INTERFERENCE FRINGES PRODUCED BY SUPERPOSITION OF TWO 
INDEPENDENT MASER LIGHT BEAMS 


By G. MAGYAR and Dr. L. MANDEL 


Department of Physics, Imperial College of Science and Technology, London 


PTICAL interference effects are normally only 

observed with photons in coherent superposition 
states. Such states can be brought about with the help 
of beam splitters or induced optical transitions. It has 
been said that “each photon then interferes only with 
itself. Interference between different photons never 
occurs’!. However, transient interference effects havo 
been demonstrated with two completely independent 
microwave beams?. Such effects, which are analogous to 
optical beats from incoherent sources?-5, are immediately 
understandable in classical terms, for the amplitude and 
phase of each beam remains constant for a time short 
compared with the reciprocal frequency spread, 1/Av (the 
coherence time). While it is true that in this case the 
ensemble average of the radiation intensity at different 
space points gives no indication of interference, the 
ensemble average is not relevant to any one short-time 
observation. 

Interference effects ought to be observable also with 
two independent light beams, provided: (a) the photons 
in the two beams are not in orthogonal spin states; (b) the 
observation is made in a time shorter than the reciprocal 
total frequency spread, 1/ Av, of the two beams, so that all 
the received photons may be regarded as falling into the 
same cell of phase space; (c) the mean number of photons 
received on a coherence area in a coheronce time’, that 
is, the mean occupation number of each cell of phase 
space—or the photon degeneracy parameter, 5—is much 
greater than 1. ‘ 

As has been shown’, for light from typical thermal 
sources ò is always much less than unity and reaches 


Twin Optical Maser Mirrors Photadetectors Coincidence Unit Pulse Generalor 





Fig. 1. Outline of the apparatus for recording transient interference fringes 


Trigger Tube Camera 


the value 1 only when the source temperature approaches 
10° °K. On the other hand, 8 is usually very large for 
optical maser beams’, and this suggests the use of masors 
for the experiment®. We wish to report observation of 
interference fringes produced by the superposition of two 
independent beams of ruby maser light. 

The experimental arrangement is shown in Fig. 1. Two 
light beams from two independent ruby masers aro 
aligned with the help of two adjustable 45° mirrors and 
superposed on the photocathode of an electronically 
gated image tubet”. The tube is magnetically focusod 
and the image produced on the output fluoroscont 


“screen is photographed. ‘The effective separation, d, of 


the two virtual (incoherent) sources is defined by two 
slits and the expected fringe spacing, 2, is, as usual, 
given by 


æ = Did (3) 


where is the wave-length and D the slit-to-cathodo 
distance. The two rubies are rotated until the polarization 
planes of the two beams are parallel and a linear polarizer 
is introduced as a further precaution. A narrow-band 
optical filter attenuates most of the pumping radia- 
tion. 

The flash tubes exciting the two masers aro triggorod 
simultaneously; but, as the maser emission from ruby is 
in the form of a series of random ‘spikes’ of approximately 
$ usec duration, two light beams are only occasionally 
emitted in coincidence. The image tube is thoroforo 
normally gated-off by a negative bias voltage applied to 
the grid. Two monitor photodotectors 
feeding into a coincidence circuit determine 
when two maser beams emerge in coinci- 
dence, and then cause the image tube to bo 
gated-on by a positive pulse of selocted 
duration (30-500 nsec) applied to the grid. 

The two rubies used in the exporiment 
are 5-7 cm long, of diameter 6 mm (0-02 per 
cent Cr, 60° orientation) and have silver- 
coated plane ends. They are surrounded by 
four straight xenon flash tubes in a con- 
figuration of the type described by Miles 
and Edgerton". Under excitation of a fow 
per cent above the threshold for maser action 
(approx. 200 joules) the rubies deliver about 
20-40 ‘spikes’, which lead to an avorago 
spike coincidence rate of about ono per 
xenon flash. Provision is made for provont- 
ing double exposures resulting from doublo 
coincidences by paralysing the electronic 
gate for some hundreds of usec after each 
exposure. 
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Fig, 2. An example of fringes recorded: (a) photograph; (b) microphoto- 
meter tracing 


Fig. 2 shows a photograph of interference fringes 
obtained in a 40-nsec exposure, together with a micro- 
photometer tracing across the negative. The measured 
fringe spacing is 2:77 + 0-03 mm, while the corresponding 
value calculated from equation (1) with D = 180 + 
0-5 em, d = 4-5] + 0-03 mm, à = 6943 A, is 2-77 + 
0-03 mm. The number of distinguishable fringes is about 
23, which is rather less than the number expected from 
the ratio of slit spacing (4:51 mm) to slit width (about 
0-3 mm). However, the high granularity of the film 
makes small variations of photographic density difficult 
to detect. 

The maximum measured fringe visibility of the pattern 
is about 15 per cent. As in conventional interference 
experiments with coherent light beams, the visibility is 
partly determined by the ratio of the two light intensities, 
but in this case it is strongly dependent on the exposure 
time. 

The approximate relation is easily calculated classically. 
Let us represent the two beams at some point in the 
superposition plane by the complex analytic random 
functions" V,(t— $+) and V,(¢+4+), where ct represents an 
optical path differenee varying systematically from point 
to point. Then the resultant wave amplitude at any point 
of superposition is: 


V(t) = Vilt—4t) + Valtr) (2) 


and, if I(t) = | V(t)? and I(t) = |V,(t)l? are the in- 
stantaneous intensitios, the resultant intensity is: 


T(t) = T,¢— br) H(t +t) +2RI V, *(t— $4) Vi(t+4+)] (3) 
Now V(t) and V(t) can be expressed in the form?*: 


Vit) = 4/148) [2rivyt + ipt 
V(t) = Ming expl2nivet + ey (4) 


where v, and vs are the mid-frequencies of the two light 
beams and ọ,(f) and 9,(t) are random phase functions 
which, like I,(t) and J,(t), vary only slowly. In particular, 
they change by an insignificant amount in a time T short 
compared with the coherence time &. From (3) and (4), 
assuming that t <Á č, we have: 
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T(t) = Ty) + T(t) + 2y El) 
X cos [2n(ve—v,)t + x(ve+vi)t + pelt) pH] (8) 


If the observation time T is also shorter than &, then the 
signal S(t,7’) recorded in time T is given by: 


S(t, T) 1 tr 
t, meS $ è 
am S z| Atta 


t 
sin 1(vg—v,) 2 


I6) + Tot) + 2V) niva — v) 


cos[2r(va—y:) (+47) + x(vetva)t + pet) — p6] (6) 


It 


Since S(t,T)/T is a cosine function of +, the recorded 
signal shows a positional modulation in the plane of 
superposition which we interpret as interference fringes. 
The fringe visibility is: 


Y= 2 sin. t(vg—v,) 7" 
~ VEG + VELO a=) 


and has a maximum value of unity when J,(¢) = J,(t) and 
T €ijlv, — yıl. Since p(t) and ,(t) are random phases, 
the positions of the fringe maxima and minima are unpre- 
dictable. 

This simple calculation ignores the possible presence of 
several axial modes in each maser beam. There is some 
evidence!!! that, close to threshold, the number of 
modes in a single maser ‘spike’ may be as low as unity, 
but if it is not the fringe visibility will be less than that 
given by (7). 

Recent measurements® 44-1’ of the coherence time of 
the maser radiation from ruby have shown that this time 
is of the order of the spike duration, so that the con- 
ditions T <& and + <§& under which equation (6) holds 
appear to have been satisfied in our experiment. But 
because the frequencies v, and v, refer to separate masers 
they may differ appreciably, and the requirement T < 
llv; — vı] for high fringe visibility is normally the most 
difficult to satisfy. Not only are the optical lengths of 
the two rubies likely to differ, but also these lengths are 
subject to significant thermal variation. At worst, 
lve—v,| may be as great as the natural fluorescence line 
width, which would make Y extremely small. In practice, 
it is to be expected that thermal fluctuations will cause 
v and v, to vary from pulse to pulse, and that observable 
interference fringes will only occasionally be obtained, 
and this is confirmed in our observations. 

It seems, therefore, that, as with microwaves, these 
interference effects are describable in completely classical 
terms. 

We thank Prof. J. D. McGee and Dr. W. L. Wilcock 
for helpful suggestions. The work was supported financially 
by a grant from the Department of Scientific and Indus- 
trial Research. 
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QUANTUM EFFECTS IN DILUTE SOLUTIONS 


By IAN H. HILLIER and Dr. JOHN, “WALKLEY 


Department of Chemistry, Imperial College of Science and Technology, 
London, S.W.7 


MHE possibility that quantum effects are observed in 

the thermodynamic solubility properties of hydrogen 
and deuterium is suggested. by two recent investigations. 
The first of these! is the examination of the saturation 
solubility properties of the two gases in a wide range of 
non-polar solvents. The second* is the measurement of 
their partial molar volumes, but in a more restricted 
solvent range. The data pertinent to these investigations 
are given in Table 1, and it may be seen that even at 
room temperatures a measurable difference in properties 
is found for the two gases in a given solvent. 


Table 1. MOLS Fraction SATURATION SOLUBILITY (@) AND PARTIAL 
: MOLAR VOLUME (FV, 0.C./MOLE) 
Hydrogen Deuterium 
Solvent 2, x 108 Va Ta x 104 Vs 
CLF yg 14:007 54-4 14:427 52-9 
CC 3-193 — 3-280 — 
CH 2:578 3853 2-655 32-7 


In the fluorocarbon solvent the two solutes exhibit a 
relatively high solubility and a large partial molar volume 
whereas in benzene solvent the lower saturation solubility 
is accompanied by a smaller partial molar volume. Such 
differences are in accord with the concept that the gas 
molecule sits in a ‘cavity’ in solution, such a model having 
been exploited recently in the application of a classical 
free volume? or cell theory to the prediction of the 
solubility properties of a wide range of solutes in non- 
polar solvents. The theories were necessarily restricted 
to classical systems as the prediction of the properties of 
a solute molecule of sufficiently small mass as to exhibit 
quantum behaviour awaits the evaluation of a cell model 
for a system -obeying quantum statistical .mechanics. 
The evaluation of the approximate uniform potential 
model for a single component quantum system shows 
this to be possible’ and the extension to the full Lennard- 
Jones cell model is now in hand. It is useful, however, 
to investigate the theoretical likelihood of quantum 
behaviour in dilute solutions, and the recent investigation 
of the cell model for a system of quantum hard spheres! 
allows this to be done. 

In a recent paper, Smith and Walkley’ have con- 
sidered the mixing process for a dilute solution to take 
place through the formation of a hypothetical solute 
liquid of internal pressure identical to that of the solvent. 
The analogy to the Hildebrand regular solution process? 
for dilute solutions is obvious and will be discussed in a 
subsequent paper. The advantage of the proposed 
‘equivalent internal pressure’ theory is that the formation 
of the solution, the mixing of the hypothetical liquid 
solute with the solvent, requires no further volume 
change of the system. It follows, then, that the molal 
volume of the solute in the hypothetical liquid state must 
be identical with that of the partial molar volume of the 
solute in the final solution, and this equivalence acts as a 
good criterion for the validity of the model. An excep- 
tionally good agreement between the theoretical molal 
volume and the experimentally measured partial molar 
volume was observed for a wide range of (classical) 
solute -solvent system’. 


The equation of state for this hypothetical ‘equivalent 
internal pressure’ liquid solute was developed from a 
uniform potential model and may be written: 


p = NkT(AnV;/dv)p — [T (@pfoT)o — p] 
where the internal pressure of the solvent is defined as: 
(E3 V)r = [T(Ap/eT)» — p] 


The full derivation of the classical equation of state is 
discussed elsewhere’, the free volume integral ( F) reducos 
to that for a system of molecules of hard sphere diameter 
o confined to a cell by neighbouring molecules equi- 
librium distance a apart: 


{a — o) 


V; = f 4rr2dr = 4r(a — o)?/3 


The final equation of state may be written: 


-3 


(PIa) = [1 — F Opra] 


where the definitions V, = No? and V = Na are used. 
It is obvious that as V, and (@p/0T’)» are uniquely defined 
by the chosen solute-solvent system then the molal 
volume (V) may be caleulated. 

The foregoing equation of state may be obtained by 
balancing T'(@p/éT)» against the pressure generated by a 
system of hard sphere molecules’. If this is done for a 
system of hard spheres behaving quantum mechanically 
the free volume integral must be replaced by the Slater 
sum: 


Qou = È gi exp [ — HijkT] 
4 
where Hi; = Hebi, Hi being the total Hamiltonian for the 
given molecule confined to its cell, and F; the total energy 


of the molecule in the ith eigen-state. The equation of 
state for the system becomes’: 


[v(@p/0T)»/Nk] = 
| EAn T(V *t — 1)] (V *)}t [oxp — An? /T(V *t — 1)*) 


E oxp — Am T(V" — I} ) 
2 





The derivation of this equation of state was given in a 
recent paper, where it was shown that it was a valid 
approximation to replace the spherical cell by a cubical 
cell of equivalent free volume, that is, of side-length L 
where: 


= (47/3) (Vt — Voi)? 
allowing the quantum partition function to be written: 
Qau = [= exp [ — Aye): 
t 


where A = (k?/8 mk) and m = 1, 2,3... ©. 

The equation of state given here for a hypothetical 
liquid (quantum) solute may be solved for V, (V* = 
V/V,), for given values of (0p/0f), and V, at any required 
temperature. Assuming the hard sphere diameter of 
hydrogen and deuterium to be o = 2-92 A the classical 
equation of state may be solved to give the molal volume 
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(Vor) at 25° C as 39-7 c.c./mole in the fluorocarbon and 
30-5 c.c./mole in benzene solvent. It is possible to regard 
V, as the volume of the solid at a low temperature, given 
as 23 c.c./mole for hydrogen and 20 ¢.c./mole for deu- 
terium. From the classical equation of state using these 
values of V, that is to introduce a quantum difference 
through V,, the molal volume values (Vv) for hydrogen 
and deuterium are predicted as 5l and 48 c.c./mole, 
in the fluorocarbon and 40 and 37 c.c./moles in benzene, 
respectively. From the quantum equation. of state, 
assuming V, = No? = 15:11 ¢.c./mole for both hydrogen 
and deuterium, the molal volumes are 45-7 and 44:3 
c.c./mole in the fluorocarbon and 35-8 and 33-4 c.c./mole 
in benzene solvent. The foregoing results are given in 
Table 2 together with the experimental partial molar 
volume data. 


Table 2, MOLAL VOLUME AND PARTIAL MOLAR VOLUME DATA FOR HYDRO- 
GEN AND DEUTERIUM AT 256° O 


System Vo Poo Vou Vs (exp) 
HyCF ie 39:7 61 45°7 54-4 
aE as 39-7 48 44-3 52-9 
rOHe 305 40 85-8 35-3 
He 305 87 83-4 32-7 


The good agreement between the predicted molal 
volume (Vc) and the experimental partial molar volume 
(V,) for solutes behaving according to classical statistics? 
contrasts sharply with the complete lack of agreement 
between Vc: and V, (exp) for the solutes hydrogen and 
deuterium. The possibility of quantum behaviour is 
emphasized by the comparison of both Vvo and Vay with 
Y.. The agreement of You with the experimental partial 
molar volume for the two gases in benzene solvent lies 
within the experimental error and in the fluorocarbon 
solvent the somewhat lower VQu values reflect a tendency 
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noted for classical systems that in this solvent the pre- 
dicted molal volume is observed to be somewhat smaller 
than the experimental partial molar volume. 

It is to be expected that quantum effects of this nature 
are more likely to occur at lower temperatures, and in 
investigation of the thermodynamic properties of hydro- 
gen and deuterium in liquid argon, Halsey has again 
showed possible quantum differences to exist’. 
accurate value of the internal pressure of liquid argon is 
not available, but an estimate of this may be obtained 
from the energy of vaporization®. Assuming the energy 
of vaporization to be 1:39 kcal at 87° K a value for 
T(ðp/ðT) of 49 cal/c.c. is obtained at this temperature. 
Using the quantum equation of state, the predicted molal 
volumes of the hypothetical liquid solute are 31-2 c.c./mole 
for hydrogen and 29-4 ¢.c./mole for deuterium. These 
values compare most favourably with the reported 
experimental partial molar volume value of 30 c.c./mole 
for both hydrogen and deuterium, as it is unlikely that 
the difficulties of the experimental measurement at these 
low temperatures would allow the predicted quantum 
differences to be observed. 

We thank the University of London Computer Unit 
for the use of the Ferranti Mercury Computer on which 
the quantum equation of state calculations were made. 
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RELATION BETWEEN TUMOURICIDAL AND PROPHAGE-INDUCING 
ACTION 


By Pror. HIDEYA ENDO, MINORU ISHIZAWA, Dr. TOMOYA KAMIYA 
and SHUNRO SONODA 


Division of Chemistry, Institute for Cancer Research, Kyushu University, Fukuoka, Japan 


N some lysogenic bacterial systems, the phage pro- 

duction leading to cell lysis can be induced by exposing 
the cultures to the action of various agents such as ultra- 
violet!, ionizing radiation®, nitrogen mustard’, mito- 
mycin C (ref. 4), etc. This phenomenon, though well known 
since the pioneer works of Lwoff et al.1, has scarcely 
been utilized in the field of screening of antitumour 
agents. . 

The investigation. reported hore established the strict 
relationship between the tumouricidal action and pro- 
phage-inducing ability of some groups of agents and 
indicated that induction of lysogenic bacteria is applic- 
able to the primary screening of so-called radiomimetic 
substances. Other agents such as antimetabolites and 
substances with different mode of action could not be 
detected by this method. However, this procedure is 
most suitable for detecting antitumour agents, especially 
antitumour antibiotics, because of inexpensiveness, the 
necessity of minute amount of test materials, simplicity 
and, in particular, rapidity, the whole procedure requiring 
only 2-3 h. 

The inducing action of various compounds was first 
determined by the plaque counting method; E. coli 
K12(d) in logarithmic phase was washed and resus- 
pended in A-broth (about 2 x 10° cells per ml.) containing 
various concentrations of test chemicals and incubated 
for the time indicated in Table 1 while shaking at 37°. 


Then the cells were appropriately diluted and the incuba- 
tion was continued. Aliquots of the cell suspension were 
taken 120 min after the addition of the test chemicals 
and plated with tho indicator strain, E. colt C-600 on to 
the agar plate. After incubation overnight, the number 
of the infective centres was counted. 


Table 1. INDUCING ABILITY AND CAROINOSTATIC ACTIVITY OF ‘MITOMYCIN C° 
AND RELATED COMPOUNDS (EXPOSED FOR 10 MIN) 





Induced phage Carcino- 
Inducing static 

No. Compound 5x10-°M 10“ M 2x10-°M ability activity 

1 Mitomycin Ç 825 213 40 + + 

2 N-methyl mitomycin 525 113 24 + + 

3 N-ethyl » 140 22 5-6 + + 

4 ar propyl ” 113 23 8 + + 

5 N- no ji 33 10 2:5 + + 

6 Acaty! ” 153 27 9-3 + + 

7 Propionyl a 100 22 9-3 + * 

8 utyryl n 100 19 8 + * 

9 Isovaleryl n 93 20 5-2 + + 
10 Acetyliso » 11 0-9 11 - - 
11 ‘Mitomycinon’ 0-8 1-2 1-1 ~ = 

* Not yet examined. ‘ 

‘Induced phage’ means the relative number of infective centres at 120 . 


min after the addition of the test chemicals to that of spontaneous induction. 

‘Inducing ability’ is a tentative expression of inducing effect determined 
by the relative number of induced phage at 120 min and at the concentration 
giving highest value; + denotes induced phage of more than 10; +, 9:9 to 
2-0; —, less than 1-9. 

The compounds in Table 1 and the unpublished results on their carcino- 
static activities, as determined using Ehrlich ascites tumour, were kindly 
supplied by Dr. S. Wakaki of the Kyowa-Hakko Co., Ltd. 
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Table 2. INDUOING ABILITY AND CARCINOSTATIC ACTIVITY OF NITROGEN MUSTARD AND ITS DERIVATIVES (EXPOSED FOR 5 MIN) 


Induced phage Carcino- 
i — x Inducing static 
No. Compound 10°M 2x10°M 4x10¢M ability activity 
1 CH,N(CH,CH,CL 88-6 63 5-6 + + 
2 HOOO(CHs)N(CH,CH,C)), 0-01 230 3-0 + + 
3 HOOCOH,CH.N(CH,CH,C), 0-01 48 0-9 + + 
4 B,N.CO.CH,CH.N(CH,CH,Cl), 16-7 4-4 1-6 + + 
5 (CH, N(CH) N(CH CHC), 4-0 0-9 1-0 $ + 
6 Cx >—xcomoncn, 3-7 490 110 + + 
FR 'H,CH,Cl : 
7 € Som, oo is op - - 
\(cHy),COOCH; 
H,CH,C] 
s ¢ =. ae 0-01 11 1-3 = - 
NCH.) COOH 5 
9 (CsE): N.CH,CH,Cl 07 , 19 1 - = 
H 
as 
. 10 < — . f = 
: Š wn i 0-6 1-0 
11 CHSN(CHACB™ 0-7 10 - + 
0 


The meanings of ‘Induced phage’ and ‘Inducing ability’ appeared in the legend of Table 1. 


Nitrogen mustard derivatives were kindly provided by Dr. ¥. Sakura: 


i of the Iatrochemical Institute of Pharmacological Research Foundation and the 


data on their tumouricidal effect against Yoshida sarcoma were quoted from the series of papers of Drs. Ishidate and Sakurai which appeared in Chem. Pharm. 


Bull.. 1, 297 (1953); 2, 275 (1954); 8, 732 (1960); 8, 343, 996 (1961). 


The relation between the inducing ability of phage 
formation and carcinostatic activity of mitomycin © 
and related compounds as well as nitrogen mustard and its 
derivatives is shown in Tables 1 and 2. Of mitomycin 
C and seven related compounds, six including mitomycin 
C showed both activities, while two showed neither. 
Compounds Nos. 7, 8 and 9 showed inducing ability; 
but their carcinostatic activity have not yet been exam- 
ined. The inducing ability of mitomycin derivatives is 
altered by introducing alkyl groups at the nitrogen of 
mitomycin; the longer the chain-length, the less their 
activity. Among twelve derivatives of nitrogen mustard, 
four showed both, and three failed to show both activities. 
Compounds 3 and 5, which were carcinostatic, showed 
ambiguous inducibilities being as + in Table 2. Two 
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Fig. 1. One-step growth curve of 4-phage induction by ‘Carcinophilin’ 
and resultant turbidity change of the culture 


A growing culture of Æ. colt K12(4) containing 4x10% bacteria per ml, 
was contacted with 1,000 units per ml. of ‘Carcinophilin’ for 30 min. 
After the interaction, appropriate dilutions were made and aliquots 
were plated on Æ. colt C-600 at the times indicated on the abscissa. 
The left ordinate Pek the ratio between the number of the infective 
centre at the different times and the average number of infective 
centres before the onset of lysis. The right ordinate indicates the optical 
density af 660 mu 


z 


compounds, cyclophosphoramide and nitrogen-mustard 
N-oxide, which are known to be carcinostatic agents, 
showed negative action, suggesting that the so-called 
masking compound possesses no inducing ability. 

The experiment already described suggests that tho 
representative substances showing carcinostatic activity 
also show at the same time the inducing ability of phage 
development in the lysogenic bacteria, while the com- 
pounds which Jack such activity also simultaneously lack 
inducibility. There have been few cases tested, so far, in 
which only one of the two activities was observed. The 
parallel relation between the inducing ability and the 
tumouricidal action in one tumour strain however might 
not hold for other strains of tumour. Even so, the value 
of this phenomenon to the rapid assay for antitumour 
agents is not lost. 

An attempt was made to shorten further the time needed 
for the assay of the inducing action of various substances 
with turbidity measurement, since the plaque-counting 
method, in spite of its availability for quantitative anal- 
ysis on the induction phenomenon, is still complicated 
and’ time-consuming. The turbidity was measured at 
optical density 660 my, using a turbidimeter. Fig. 1 
shows the change of the turbidity of E. coli K12(4) after 
the addition of an antitumour antibiotic, ‘Carcinophilin’, 
which was developed in 1954 by Hata eż al.5. Cell density 
increases apparently at the same rate as control for 
about 80 min, then decreases rapidly and reaches the 
base-line within 2-3 h. The simultaneous determination 
of phage titre showed rapid lysis of the cell population 
and release of the phage when the optical density began 
to drop. Non-inducing cytotoxic compounds such as 
chloramphenicol failed to show such a typical drop in 
optical density (Fig. 1). 

Thus the rate of the linear change of the turbidity do- 
creased in accordance with concentration of the drug. 
but even if a large amount of the substances is added the 
turbidity does not decrease beyond that at zero time. 

Using the turbidity method, various compounds, in- 
cluding the so-called antitumour agents, that is, anti- 
biotics, antimetabolites, alkylating agents and others, 
were tested and in each case the results were checked 
with the plaque-counting method. Of these agents, be- 
sides the substances already described, 3-amino-6-[2(5- 
nitro-2-2-furyl)vinyl]-1,2,4-triazine hydrochloride showed 
inducing ability, the details of which will be presented in 
another paper. The following substances failed to show 
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inducing action with both of the methods; ‘Chromo- 
mycin A,’ (ref. 6), ‘Carcinostatin’’?, ‘Vincaleucoblastin’, 
‘Lampterol’*, ‘Fulammulin’’, aminopterin, 6-mercap- 
topurin, 8-azaguanine, 6-azauracil, 5-bromodeoxyuridine, 
5-fluorouracil, ‘Thio-TEPA’, ‘Myleran’, ‘RC-4’ (ref. 9), 
‘H-39’, etc. These results indicate that at least within our 
experimental conditions the plaque-counting method 
can be replaced by the turbidimetric one for the purpose 
of the rapid assay of radiomimetric antitumour agents. 
A recent report?® on the inducing action of aminopterin 
indicates that further work along the lines reported in 
this article may broaden this method of screening of 
anticancer antimetabolites. i 

Independently, Lein et al.“ have recently reported 
the utilization of the induction as a method of detecting 
antitumour antibiotics. The introduction of the know- 
ledge of this phenomenon into the screening of carcinocidal 
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substances may contribute the development of new anti- 
tumour agents. 
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RELATIONSHIP BETWEEN CHROMOSOME NUMBER AND RADIOSENSITIVITY 
OF TUMOUR CELLS 


By LASZLO REVESZ, ULLA GLAS and GORAN HILDING 


Department of Tumour Biology, Karolinska Institute Medical School, Stockholm 


‘HE chromosome numbers of cells in human and other 

animal neoplasms frequently show a large variation?. 
Considering the dominant role of damage to the genetic 
material in determining the cytocidal effect of radiation’, 
it is reasonable to assume that chromosomal variation 
may be associated with an intercellular variation of radio- 
sensitivity. An experimental approach to examine this 
possibility can be made by comparing the radiosensitivity 
of cell lines which have been derived from a common, 
original cell population, but differ in the chromosome 
distribution. Possible differences in the radiosensitivity 
of such lines can be directly related to their chromosomal 
differences. This may not be the case when unrelated 
cell lines are used’ which, besides differing in chromosome 
number, may differ also in many other, not necessarily 
relevant, respects. 

In previous investigations’, the HED mouse ascites 
tumour, with a modal chromosome number 46, and a 
sub-line of this neoplasm, ELT with a modal chromosome 
number 92, were used for radiosensitivity tests. When 
the reproductive ability of cells was taken as the para- 
meter, the results indicated a direct relationship between 
chromosome content and radiosensitivity, ELD being 
more sensitive than ELT. In recent publications, con- 
cerned with quantitative investigations of the radiation 
survival of closely related mammalian cell lines with dis- 
similar chromosome distribution, observations were 
reported on a multiplicity of relationships between chromo- 
some content and radiosensitivity. Thus, in conformity 
with results obtained with HDD and HLT, chromosome 
number and sensitivity were found to be directly related 
in investigations of a hyperdiploid and hypotetraploid 
Ehrlich ascites tumour’, and with near diploid and 
near tetraploid lymphoma cells of the DBA mouse‘. 
In contrast to this, the sensitivity of strain L mouse cells 
was found to be independent of chromosome number in 
three cell lines with modal chromosome values of 53, 60 
and 109, respectively’. On the other hand, three sub- 
cultures of HeLa S3 cells with a modal chromosome 
number 70, 71 and 78, respectively, differed with regard 
to sensitivity, though without systematic relationship 
to the numerical value of the mode’. In contradistinction 
to all these observations, the radiosensitivity was found 
to be inversely related to the chromosome content when 
an L strain cell line with a modal chromosome number 63, 


and its radioresistanb sub-lines with modal numbers 60 
and 61 were investigated’. 

A comprehensive interpretation of these findings is 
complicated by the diversity of the cell lines, hetero- 
geneity of cell populations, and the variety of methods 
used by the different authors. In an attempt to collect 
additional results with a reduction of these variables and, 
furthermore, to find the relationship between chromosome 
content and sensitivity in closely related lines with 
identical, as well as with different chromosome numbers, 
a series of tumour cell clones of common origin was 
studied under uniform experimental conditions. 

A serially irradiated line of the HLD ascites tumour, 
denoted SELD, was the source of the clones. This line was 
developed by fortnightly serial intraperitoneal transfers 
in mice of 2 x 10° ELD cells, irradiated with a series of 
sublethal X-ray doses of 2,000 r. in vitro between the 
passages. After 23 transfers, highly diluted cell suspen- 
sions were prepared in Eagle’s tissue culture medium, 
and single cells were isolated with a glass capillary con- 
trolled under a preparative microscope. Each isolated 
cell was injected intraperitoneally into a one-day-old 
mouse. After a period, varying between 3 and 5 weeks, 
ascites tumours, representing a series of clonal populations, 
developed in about 20 per cent of the inoculated 
animals. Samples of these clones were stored frozen 
in a tumour bank’ for varying periods. Ascites cell 
populations which arose in adult mice after the inocula- 
tion of about 20 x 10° cells of the thawed material 
were examined with respect to chromosome contents and 
radiosensitivity. Chromosomes were counted in aceto- 
orcein squash preparations of 30-50 metaphase plates of 
each clone after colchicin treatment. Radiosensitivity 
was estimated in duplicate tests by determining the 
multiplication of eight million cells in diffusion chambers 
in vivo during 20 or 26 days after X-ray treatment in 
vitro under aerobic and anaerobic conditions, respectively. 
Diffusion chambers of 0-4 ml. volume, with walls of mem- 
brane filters with 0-5 pore size, were used, inserted into 
the peritoneal cavity of mice. This technique, described 
together with the radiation procedure in detail pre- 
viously!!12, allows the examination of the proliferation 
of the irradiated graft in the absence of various cell- 
mediated host influences which may stimulate or inhibit 
growth and, as has been discussed*, may lead to a spurious 
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DERIVED BY ISOLATION OF SINGLE CELLS FROM THE LATTER 
The population size reached by the respective lines in diffusion chambers during 26 days after the inoculation of 8 x 10° cells, irradiated with 2,000 r. in 
anoxia, is shown relative to the size attained by ELD during an equal time period and a similar X-ray treatment 














| SELD clone 
Cell line : + ELD ELT | SELD ; E A TE n SN 
i o| e al e| fsi eg k Iim] 
Modal chromosome t | f 
No. 46 92 45 44 45 45 45 45 45 45 45 45 46 48 | 90 | 
Population size 
relative to ELD 76x10%=1 | 252 2:85 1-03 1-05 3-24 3-22 3-40 1-0 3-74 1-05 3-84 3-5 246 | 246 | 





impressions of an increased resistance or sensitivity to 
radiation. 

A total of 12 clones (clones a~m) has been studied. The 
modal chromosome number, that is, the chromosome 
content of the stemline cells, commonly regarded as ‘‘the 
principal contributors to the growth of the tumour’, 
varied between 44 and 90 in the different clones (Table 1). 
In the majority of cases, it was 45, like the modal number 
of SHLD, indicating the high frequency of isolation of 
the most common cell type of the parental population. 

In diffusion chambers, the growth pattern of tho 
clones was closely similar to that of the original HZD line 
described previously’ 2. The population size, reached 
by the respective clones in chambers during 26 days after 
irradiation with 2,000 r. under anoxic conditions, is shown 
relative to the size attained by HLD during an equal time 
period and after similar X-ray treatment (Table 1). The 
size of the population of 4 clones (a, b, f and h) was closely 
similar to that of ELD, while the other clones appeared 
to be relatively more radioresistant, their population 
reaching about three times the sizes. Three clones, one (%4) 
about equally sensitive, and two (g and J) more resistant 
than ELD were, furthermore, tested after irradiation 
with 300 and 450 r. respectively, under aerobic conditions. 
Twenty days after such treatment, the population size 
of these clones and those of ELD and HLT differed only 
slightly, -and their ratio was close to unity in all cases 
(Table 2). 

Table 2. POPULATION SIZE OF ELT, SELD AND 3 CLONAL LINES (CLONES 
g, h AND l), DERIVED FROM THE LATTER, RELATIVE TO THE SIZE OF ELD 20 


DAYS AFTER THE INOCULATION OF 8 x 10° CELLS, IRRADIATED WITH 300 
AND 450 R., RESPECTIVELY, UNDER AEROBIO CONDITIONS 





SELD clone 














Cell line ELD ELT | SELD ; i 
Population 84:3 x 10° 
size, relative | 300 r. = 1 1-02 | 0-97 | 1-0 1-07 | 0-81 
to ELD 23-9 x 10° 
50 r. =] 1-05 | 0-97 | 0-84 | 0-89 


0-98 





The occurrence of radioresistant clones, as shown by 
the tests after irradiation under anoxic conditions, is 
consistent with observations on the development of 
resistance in serially irradiated tumours’. Several 
of the resistant clones had a modal chromosome number 
identical to that of some of the sensitive clones, derived 
from the common, parental population which was, appar- 
ently, heterogeneous with respect to cellular radio- 
sensitivity. On the other hand, clones also did occur which 
differed in modal chromosome number, but were of closely 
similar sensitivity to radiation. This situation was found 
in a few cases after the anoxic radiation tests (Table 1), 
but appeared to be the rule after aerobic tests (Table 2). 
This latter may be due to the radiosensitizing effect of 
oxygen, which is capable of masking sensitivity differ- 
ences, that appear after irradiation in anoxia, to some 
extent!?45, 

A common characteristic of the cells in the clones as 
well as in the various lines used in the investigations 
to which reference has already been made*-* is that 
none of them falls within the euploid series of chromo- 
some numbers. It is conceivable that, as a result of chro- 


mosomal rearrangements, the aneuploid genome is mono- 
somic with regard to certain chromosome(s) which 
are critical in determining radiosensitivity. It may be 
relevant that, in many cases, morphologically altered. 
‘marker’ chromosomes can be distinguished which are, 
in fact, monosomic (compare, for example, in ELD, 
described in ref. 4). Whatever the dosage of a particular 
gene in an aneuploid chromosome set, it may be doubled 
in cells undergoing endoreduplication'’. Frequently, 
such cells show a doubling of chromosome number, and 
this includes the marker chromosomes‘. If radiation is 
assumed to act at the genetic level, such cells may require 
the inactivation of a larger number of homologous, sensi- 
tive sites, and may, therefore, be more resistant than 
the original cell type. The direct relationship between 
sensitivity and chromosome number in the case of the sole 
hypertetraploid clone (clone m), as well as in the case of the 
pairs of different cell lines, referred to here*-*, is consis- 
tent with this argument, although a duplicated karyotype 
was only seen in one case‘. In the other cases, there is 
only an indirect suggestion by the nearly 1: 2 ratio of the 
amount of genetic material. 

In integrating the results of our experiments and those of 
others, quoted here, it would seem that there is no 
consistent relationship between chromosome number and 
radiosensitivity, and any correlation may be fortuitous. 
unless the chromosome sets compared are exact multiples 
of each other, in which case increased chromosome 
numbers are associated with an increased radioresistance ; 
or, unless the oxygen effect eventually masks sensitivity 
differences between cell lines completely, in which case 
radiosensitivity may appear wholly independent of any 
variation in chromosome number. These conclusions 
may be relevant for the interpretation of shifts in the DNA 
distribution in tumours in the course of radiation treat- 
ment, or the variation of DNA content in the cell popu- 
lation of radioresistant local recurrences after radio- 
therapy’. 

We thank Dr. I. Hellström for her aid in single-cell 
isolations. This work was supported by grants from the 
Swedish Cancer Society, tho National Cancer Institute, 
U.S. Public Health Service (grant C-6633), and the 
Swedish Atomic Research Council. 
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INDEPENDENTLY SEGREGATING GENETIC LOC] CONCERNED WITH 
NITRATE REDUCTASE ACTIVITY IN ASPERGILLUS NIDULANS 


By D. J. COVE and Dr. J. A. PATEMAN 


Department of Genetics, University of Cambridge 


N this communication & report is made of biochemical 
and genetical investigations into the enzymatic 
reduction of nitrate to nitrite in the fungus Aspergillus 
nidulans (Eidam) Winter. The conversion of nitrate to 
nitrite has been examined by other workers in a number 
of organisms and it is usually attributed to a single 
enzyme termed nitrate reductase. Although it is by no 
means certain that a single enzyme protein is responsible 
for the reduction of nitrate to nitrite in Aspergillus, 
it is convenient to refer to the agent which mediates this 
reaction as nitrate reductase. Aspergillus nitrate reduc- 
tase is an inducible enzyme, and is only synthesized when 
a competent strain is grown under appropriate conditions. 
It is assumed that such a regulation of enzyme synthesis 
is under genetic control, by analogy with the inducible 
enzyme systems in bacteria where genetic regulation has 
been demonstrated?. A point of particular interest in 
this work is that nitrate reductase synthesis cannot be 
controlled by a single regulator gene—single operon 
system similar to those already known in bacteria. 

A prototrophic strain of Aspergillus nidulans was 
subjected to ultra-violet irradiation. Colonies which 
developed on complete medium were tested for growth 
on minimal medium, which contains sodium nitrate 
as the sole nitrogen source. Of the 30,000 colonies 
tested, about 1,200 would not grow on minimal medium; 
138 were able to grow when the sodium nitrate was 
replaced by ammonium chloride and forty of these 
wero able to use sodium nitrite as a sole nitrogen source. 

When the 40 mutants which could use nitrite but not 
nitrate were combined in pairs in heterckaryons, some 
combinations were found to be able to use nitrate. This 
growth complementation is represented diagrammatically 
in Table 1. Complementation occurs between any two 
strains in non-overlapping groups. 


Table 1 
Group No. of mutants 
in group 
A — 4 
B —— 9 
g — 2 
D ——— 9 
E — 7 
F — 4 
& _ 1 
H — 2 


Total mutants 38 


It has not yet been possible to classify the remaining 
two mutants. One is able to grow on nitrate after a delay 
and the other appears to form heterokaryons only with 
difficulty. 

The enzyme nitrate reductase is thought to catalyse 
the reaction: 


NO; + NADPH, —> NO; + NADP + H,O 


Enzyme activity may be assayed in cell-free extracts by 
following the oxidation of reduced nicotinamide adenine 
dinucleotide phosphate (NADPH,) (TPNH) by optical 
density measurements at 340 mu, and/or by estimating 
nitrite produced colorimetrically. In this way two 
independent measurements of enzyme activity are possible 
and close agreement is found between them. All the 
mutants have been grown under conditions inducing 
appreciable nitrate reductase activity in the wild-type 
and have been shown to be abnormal with respect to this 
activity. Nitrate reductase activity was not detected 
in thirty-eight of the mutants. The two remaining 
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Fig. 1. The percentage of wild-types mong the progeny of crosses 
between members of different complementation groups. (Percentage 
wild types = $+ recombination fraction + viability factor) 


mutants, one in group H, and the other unplaced in the 
complementation diagram, are both capable of leaky 
growth on nitrate, and possess about 10-20 per cent 
of the wild-type enzyme activity. 

Linkage studies have been started. Fig. 1 shows tho 
number of wild-types among the progeny of those crosses 
between representatives of each group that have so far 
been successful. 

It will be seen that groups A and B have so far not 
recombined (165 progeny tested), and bear similar linkage 
relationships (about 10 per cent recombination) to group 
D, and that groups #, F, G and H all readily recombine 
with these groups and one another. Thus at least six 
loci are involved, none of which is closely linked. 
Furthermore, all the loci so far detected have come from 
a sample of forty mutants and one of these loci is re- 
presented by only one strain. It is likely that six loci 
having been detected in a sample of forty mutants, 
further loci concerned with nitrate reductase may remain 
to be discovered. 

The most remarkable feature of this group of mutants 
is that mutation in at least 6 separate loci, of which at 
least 4 segregate independently, can prevent the produc- 
tion of detectable nitrate reductase. There are several 
possible explanations of this situation. The most obvious 
is that there are a number of enzymes, each one responsible 
for a separate intermediate step in the overall reduction of 
nitrate to nitrite. This would mean that a number of the 
loci would be structural genes each determining a separate 
enzyme protein. In support of this hypothesis is the 
free energy change of approximately — 38,00 calories for 
the nitrate reductase reaction? which is very large for a 
single oxidation-reduction step and suggests a number of 
intermediate reactions. Against the multi-enzyme hypo- 
thesis is the fact that Neurospora nitrate reductase specific 
activity has been increased some 70-fold by purification?, 
which implies a single enzyme protein. There is, however, 
always the possibility that purification isolates only the 
enzyme protein responsible for the final reaction in the 
conversion of nitrate to nitrite. If such an enzyme could 
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use nitrate as a substrate in addition to its normal un- 
known substrate it would account for all the experimental 
observations. In a preliminary purification of the Asper- 
gilus nitrate reductase we have increased the specific 
activity about 20-fold. It is hoped that further purifica- 
tion, combined with an immunological investigation, will 
show whether one or more independent enzymes are 
involved in this reaction. 

Another possibility is that Aspergillus nitrate reductase 
is a complex molecule made up of a number of different 
polypeptide sub-units. Some or all of the known loci 
could be structural genes each determining a separate 
polypeptide. The situation would be analogous to that 
in hæmoglobin where the «- and §-chains are possibly each 
determined by separate structural genes*. A large complex 
molecule of this type might possess a number of catalytic 
activities, each specific for an intermediate reaction, 
and yet behave during purification as a single entity with 
respect to nitrate reductase activity. 

The previous discussion has been chiefly concerned with 
the possibility that all the loci affecting nitrate reductase 
are genes determining its structure. There is of course the 
additional possibility that one or more of these loci are 
concerned with regulating the synthesis of nitrate reduc- 
tase rather than with determining the structure of the 
enzyme protein. By analogy with the @-galactosidase 
system in E. coli, one or more of the loci may be regulator 
or operator genes which by interaction with an inducer 
such as nitrate determine the level of synthesis of the 
enzyme. It is also possible that the uptake of nitrate by 
the cells and consequent induction of nitrate reductase 
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is dependent on the presence of a specific permease. 
Mutation in the structural gene which determined tho 
permease could prevent the synthesis of nitrate reduc- 
tase. 

The various possible gene-enzyme relationships which 
have been mentioned are not all mutually exclusive and 
the actual situation may involve combination of several 
of them. Ii is already clear at this stage of the investi- 
gation that the genetic regulation of nitrate reductase 
synthesis cannot be of the single regulator, single operon 
type already demonstrated for some enzymes in bacteria. 
The nitrate reductase loci already known determine either 
a single enzyme or a series of enzymes with very closely 
related functions yet they are scattered around the 
genome in complete contrast to the ‘operon’ situation in 
bacteria. 

In addition to the mutants already mentioned it should 
also prove technically possible to detect ‘constitutive’ 
nitrate reductase mutants if they can be induced. There- 
fore it seems that the nitrate reductase system in Asper- 
gillus provides favourable material for the investigation 
of the genetic regulation of enzyme synthesis in an 
organism with a genetic apparatus more akin to that of 
higher plants and animals than to that of bactoria. 

One of us (D, J. C.) acknowledges a Department of 
Scientific and Industrial Research/NATO research 
studentship. 
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ANTIBIOTIC ACTION IN ADAPTATION 


By Pror. T. 


D. LUCKEY 


Department of Biochemistry, University of Missouri Medical Center, Columbia 


EVIEW of the stimulatory action of antibiotics! 
indicates that many compounds are active for a 
large number of parameters. Antibiotics have been shown 
to be stimulatory for growth in humans and active in 
cattle for feed efficiency. Antibiotics have decreased 
apparent vitamin requirements and increased the utiliza- 
tion of protein; they increased egg production in chickens 
and survival in pigs. These actions were more pronounced 
when the individuals involved were under stress. The 
remarkable stimulatory action of antibiotics in numerous 
conditions for numerous species led to the formation of a 
general hypothesis in which the phenomenon of interest 
was named ‘hormoligosis’ (from the Greek hormo meaning 
to excite and oligo meaning small amounts). In its most 
general form the hypothesis suggests that minute quanti- 
ties of any stressing agent (chemical, physical, psychologi- 
eal or social) would be stimulatory to an organism under 
a wide variety of conditions, whereas larger quantities 
of stressing agent would be harmful to the same organism. 
This article concerns an attempt to test the hypothesis 
in a previously unknown system. The system chosen was 
survival under heat stress of vinegar eels in the presence of 
different concentrations of antibiotics. 

Turbatriz aceti have recently been found to react to 
antibiotics?. Although the mechanism of this action is 
not known, the work provides another species with which 
“the hypothesis can be tested, Although hormoligosis 
in heat stress had not been examined, the hypothesis 
predicts that addition of low levels of antibiotics would 
increase survival. 

Turbatria aceti, the free-living nematode from unpro- 
cessed vinegar, was obtained from a vinegar factory 
(Establishments Lourtie at Theux, Belgium). The 
animals were maintained in vinegar adjusted to pH of 


5-0 at 37° C. Procaine pencillin, oxytetracycline, strepto- 
mycin, chloramphenicol and staphylomycin were dissolved 
in vinegar at pH 5. The staphylomycin was rendered 
soluble with a small amount of methanol before being 
placed in vinegar. In each experiment antibiotics were 
added in graded levels to a series of flasks containing 
vinegar at pH 5:0. Then equal quantities of the suspen- 
sion of vinegar eels were added and the flasks were incu- 
bated at 30°C. Duplicate flasks were used for each experi- 
ment, and 2-4 aliquots of 1 ml. each were taken from each 
flask for each experiment. The l-ml. tubes were placed 
under three-fold magnification in a bright light at such 
an angle that the Tyndall effect made individual living 
animals easily observed by their most characteristic 
feature of constant motion. The number of individuals 
in 1 ml. of vinegar were counted and recorded. Next, the 
tubes were placed in a serological bath at 42-5° C for 5 min. 
This temperature was chosen as giving the time and tem- 
perature relationship which would kill approximately 
one-half of the animals by the excess heat at this pH. 
After 5 min the tubes were removed and placed at room 
temperature, where they were allowed to cool. After a 
convenient recovery period (3-15 h) the survivors were 
counted and the proportion of survivors for each tube 
was calculated. In this way each tube was its own control 
and the same animals were counted before and after the 
heat treatment. The combined results from individual 
experiments were used to obtain the Student ¢ test 
from which the probability was derived. 

The time of incubation of the Turbatrix aceti in the 
antibiotic before heat treatment was found to be an 
important variable. Very little effect was seen from the 
antibiotics when the stress was applied immediately after 
antibiotics had been added. Marked reactions were seen 
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Fig. 1, Effect ot staphylomycin, on the survival of Turbatris aceti 
subjected to heat stress. The vertical line=25.D. The probability for 
the comparison of experimental with control is indicated by the com- 
pleteness of the circle about the point representing the mean of the 
experimental group: O P= <0:001; C P=0:001-0:01; ^ P=0-011~ 
0:02; n P=0-021-0:05 


1-5 days following the addition of antibiotics to the 
flasks, but after one week of contact with antibiotics the 
results were less reproducible. The results from two 
separate experiments are summarized in graph form. The 
patterns of response were similar on each repetition to a 
preliminary experiment which is not included because the 
first technique did not include the use of each tube as its 
own control. 

The results with staphylomycin (Fig. 1) were most 
interesting although only one experiment was run with 
this compound. Low levels of staphylomycin were 
inhibitory to heat survival of animals while peaks of 
stimulation were obtained at 2 and 10 p.p.m. Between 
these two peaks definite inhibition of survival was noted 
at 5p.p.m. Staphylomycin appears to be one of the most 
effective compounds to exhibit hormoligosis since many 
tubes in this experiment showed 100 per cent survival. 
Staphylomycin also appeared to be the most toxic of the 
compounds used since very few survivors were found at. 
100 and 200 p.p.m. It is interesting to note that staphylo- 
mycin has been reported to be one of the most active 
compounds in promoting chick growth by Eyssen, De- 
Prins and DeSomers‘. 

The pattern of results with chloramphenicol (Fig. 2) 
resembles those obtained with staphylomycin. A depres- 
sion was noted at the lower concentrations and stimulation 
was seen at two different concentrations. Concentrations 
above 100 p.p.m. gave only depression in the percentage 
survival. Thus 500 p.p.m. gave a statistically significant 
depression in survival as did 0-1 p.p.m. 

The data obtained with penicillin (Fig. 3) showed a 
significant increase in survival was obtained with 0:5, 
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Fig. 2. Effect of chloramphenicol on the survival of Turbatrix aceti 
subjected to heat stress. See Fig. 1 for explanation of symbols 
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Fig. 3. Effect of procaine penicillin on the survival of Turbatria aceti 


subjected to heat stress. See Fig. 1 for explanation of symbols 


5 and 20 p.p.m. of procaine penicillin in the vinegar. It was 
also noted that procaine penicillin up to 500-1,000 p.p.m. 
was not harmful during the course of these experiments. - 
The results at 2 p.p.m. might have been significant 
excepting for variability which arose in the comparison 
of different experiments wherein a peak of stimulation 
was highest at one concentration in the first experiment 
and was displaced slightly on the concentration scale for 
the second experiment. In all three experiments with. 
penicillin two peaks of stimulation were noted. 

The results with streptomycin (Fig. 4) were somewhat 
different from the other compounds since only one peak 
of stimulation was obtained, that being at 0:5 p.p.m. 
Since only one experiment was run with streptomycin, 
these results are less significant than those with the other 
compounds. However, the fact that stimulation was 
obtained with statistical significance at about the same 
concentration as had been obtained with procaine penicil- 
lin makes this compound of interest. 

The results with oxytetracycline (Fig. 5) resembled 
those with streptomycin. The main peak of stimulation 
was noted at 1 p.p.m. and a second stimulation was noted 
at 0-1 and 0-2 p.p.m. The increased survival in one experi- 
ment at 10 p.p.m. was not found in the first and third 
experiments; therefore, this point is not significant. No 
inhibition was noted until 50 p.p.m. were used; a contrast 
to the results with staphylomycin and chloramphenicol. 
The oxytetracycline caused discoloration in the vinegar 
when it was present in more than 200 p.p.m. but it did 
not seem to be particularly harmful, since many survivors 
were seen in all concentrations up to 1,000 p.p.m. 

When the results from all five antibiotics are compared 
it is'noted that there is a family of curves which vary from 
generally the extreme (Fig. 1) wherein a large area of 
depression in heat survival was noted at low concentration 
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Fig. 4. Effect of streptomycin on the survival of Turbatriz aceli sub- 


jected to heat stress. See Fig, 1 for explanation of symbols ’ 
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Fig. 5. Effect of oxytetracycline on the survival of Turbatriz aceti 


subjected to heat stress, Symbols as in Fig. 1 

with very active alleviation of heat stress at higher con- 
centration up to 50 p.p.m. This result is simulated by 
chloramphenicol with less dramatic depression, while 
with penicillin no depression in the low concentrations 
was obtained and the stimulatory effect at medium levels 
was less striking although still statistically significant. 
The results with oxytetracycline brings the undulation of 
these activity curves toward the lower level where stimula- 
tion was seen at low levels and no stimulation was seen 
above levels of 1 p.p.m. From this view streptomycin 
and oxytetracycline were very similar. Thus it appears 
that the results from a medium concentration (0-2-1 
p.p-m.) were generally a high point and provided protec- 
tion against heat stress while the results on either side of 
this concentration could not be predicted and must depend 
on different structures involved. 

Now that the main areas of stimulation have been 
noted, confirmatory experiments can be run with more 
concentrations in the area of expected activity. In this 
preliminary work a very broad range of concentration 
was desired to be studied, therefore, the points were not 
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taken close together. As it turns out, most of the com- 

pounds were active at one or more concentrations between 

0-1 p.p.m. and 50 p.p.m. Perhaps it is not unexpected 

but this is approximately the same range that is most 

active for many antibiotics in stimulating growth in 
germ-free vertebrates. 

The mode of action is open to question. There is a 
possibility that antibacterial action of the antibiotics 
do have some effect. The cultures were clear by visual 
observation although microbiological activity was not 
studied. Since antibiotics are known to stimulate the 
growth rates of germ-free vertebrates? and plants’ it 
would be desirable to repeat this work using axenic 
nematodes. 

The fact that the results came out much as predicted is 
itself evidence in suppcrt of the hypothesis. If the 
hypothesis can be used for predicting results in several 
previously untried systems, then the hypothesis can bo 
seriously used for interpreting the effect of compounds 
and physical agents on biological systems. The fact that 
more than one peak of stimulation was obtained has been 
predicted by the proposed mechanism of action, and 
therefore is not disconcerting. 

This work was done while I was on Sabbatical leave as 
visiting professor in the Biochemistry Laboratory, 
University of Liège, with a fellowship from the Common- 
wealth Fund. 

I acknowledge with thanks the gifts of staphylomycin® 
from its discoverer, Dr. P. de Somers, professor of virology, 
University of Louvain, and the oxytetracycline (terra- 
mycin chloride) from Pfizer, S. A. Brussels, and the 
hospitality of Dr. M. Florkin and his staff at the University 
of Liège. Š 
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RADIUM-226 IN BONE AND SOFT TISSUES OF MAN 
By Pror. JOHN B, HURSH and ARVIN LOVAAS 


University of Rochester School of Medicine and Dentistry, Rochester, New York 


T has commonly been supposed that the radium ac- 
quired by man from his natural environment localizes 
almost completely in his skeleton. (For example, the 
International Commission on Radiobiological Protection, 
Committee II Report on Permissible Dose for Internal 
Radiation, 1959, lists the skeleton as containing 99 per 
cent of the radium-226 body burden.) This belief depends 


on rather scanty analytical data for man supported by ` 


abundant data on experimental animals. The associated 
radium-226 doses were, in general, large and administered 
as a single dose or during a relatively short time period. 
Recent measurements! have suggested that, for the 
low-level chronic ingestion of radium-226 contained in the 
food and water taken in by man, the skeleton may con- 
tain only 27 per cent rather than substantially all the 
body radium burden. Because of the present interest 
in the biological effects of natural background radiation 
and because the radium-226 in the body accounts for an 
appreciable fraction of the dose from natural sources, it 
seemed important to attempt confirmation of this result. 
The findings reported here are more compatible with the 
earlier view and yield the interpretation that 80 per cent 
a the body burden of radium is contained in the skeleton 
of man. 


Chemical Procedure 


Confronted with the condition that autopsy soft tissue 
samples are of limited size, the experimenter may analyse 
each of the samples separately and accept a relatively 
large error because of the small amount of activity in a 
single sample, or he may pool all tissue of the samo 
kind with the chance of unknowingly including a subject 
contaminated by occupational or medical contact with 
radium. Our investigations included both means of 
approach. Because different chemical treatments wero 
used, the two procedures are described separately. 

(1) Individual sample analysis. The tissues analysed 
and other pertinent data are listed in Table 1. The 
samples were stored at —14° C in polyethylene bags until 
used. Wet weights were recorded; the samples were 
dried, ashed at 500° C in a muffle furnace and reweighed. 
The soft tissue ash was wet ashed with 24 ml. 6 N hydro- 
chloric acid and twice with 10 ml. of concentrated nitric 
acid. The ashed sample was dissolved in 200 ml. 0-1 M 
nitric acid. Radium was precipitated as the sulphate 
using lead carrier, dissolved in concentrated hydrochloric 
acid ether and reprecipitated as the chloride with barium 
carrier. The chloride was dissolved in a small amount of 
distilled water, precipitated as the sulphate and trans- 
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Table 1. SuBJEOT DATA AND SAMPLE WEIGHTS 
| 
; Wet sample weight (g) * 
Patient Sex Age at Poa = i= ee 
No. death Vertebræ Clavicle Skeletal muscle Liver Kidney | Spleen Heart 
1 — — — 7-0 123 121 112 92 117 
(3-6)* (1-05) (2:0) (14) (0:75) 
2 F 74 ~ 12-7 129 08 8i — 84 
(2-40) (1-30) 4-0) (0°75) (0-70) 
3 M 89 63 25 208 61 180 164 — 
(84) (10-7) 
4 F 47 63 23 182 — 99 87 95 
(7-4) (12-4) 
5 M 77 112 308 192 357 84 100 89 
(10-6) (11-1) (2-12) (4°31) (0-99) (1-32) (0°85) 
6 F 86 77 6-9 171 — 123 — 90 
a. ae ee Me (66) a (0-88) (1-38) (0-98) (088) m 
8 M 73 117 13:3 197 2 97 112 90 
(18-0) (6-6) (1-73) (4:58) (0°85) (1-29) (1-29) 
g = s bon (663) (1-08) (1:28) dio dio) (080) 
vi 56: -06 a . * s; 
10 M 71 90-1 23-7 151 105 38 95 69 
(8°48) (104) (2-50) (1:18) (1-14) (1-14) (0°48) 
11 F 74 108 16-2 113 184 100 108 76 
(9°39) (6-21) (0-99) (2-06) (0°84) (1:04) (0°54) 




















* Ashed weight when available is given in parentheses. 


ferred to a stainless steel planchet. Details of the chemical 
treatment are described elsewhere*. The bone samples 
received preliminary treatment to remove calcium which 
interfered with the separation process. Accordingly, 
the ash was dissolved. in 150 ml. conc. nitric acid in a 
centrifuge bottle, and 100 mg lead (as lead nitrate) was 
added dropwise to the cooled, vigorously stirred solution. 
The bottles were ice-packed-and stirred for 3-4 h. The 
lead-radium nitrate precipitate was separated by centri- 
fuging and dissolved in 200 ml. of 0-1 M nitric acid. To 


the stirred, cooled solution, 3:0 ml. of cone. sulphuric . 


acid was added dropwise. From this point on the separa- 
tion follows that for the soft tissue samples. 

(2) Pooled sample analysis. Autopsy samples were 
collected from 2 female and 8 male subjects ranging 
in age from 20 to 61 years (average, 49 years). The total 
wet and ash weights respectively of the sample material 
in grammes were claviclo 218, 68-1; vertebrae 825, 116; 
skeletal muscle 1,327, 9-22; liver 1,335, 16-72; testis 136, 
1-18; intestine 1,196, 9-02; skin 437, 0-86; adipose tissue 
1,261, 2-06. The individual samples were placed in 
‘Pyrex’ beakers, dried, gently charred on a hot-plate, 
and finally muffled at 500° C. The ashed samples of the 
same tissue were pooled and mixed. Either the entire 
sample or an aliquot was taken up in: conc. nitric acid. 
Lead and barium carriers were added and a radium— 
barium-lead nitrate precipitate was formed by stirring 
in an ice bath for 1-5 h. This step was particularly useful 
in reducing calcium in the bone samples, but was routinely 
applied to the soft tissue samples as well. 





The precipitate was dissolved in 5-20 ml. of dilute 
nitric ‘acid and treated with EDTA-TEA according to 
the method of Ebersole and others’, except that only a 
single rather than multiple cycling was used. Ten ml. 
of a 10 per cent EDTA-1-5 per cent TEA solution was 
added to the radium—barium—lead solution:in a 50-ml. 
centrifuge tube. The solution was made alkaline with 4 M 
sodium hydroxide to the basic endpoint of m-cresol purple. 
Lead and barium carriers, radium and radium daughters, 
as well as thorium, are soluble in the alkaline EDTA- 
TEA solution. One ml. of a 20 per cent sodium sulphate 
solution was added to ensure the presence of sulphate 
for the subsequent precipitation. Glacial acetic acid was 
added dropwise until the acid endpoint of methyl purple 
was reached, and then to 1 ml. in excess. Tke barium— 
radium sulphate is precipitated under these conditions 
while carrier lead, radium daughters and thorium remain 
in, solution. Centrifuging to separate barium-radium 
sulphate from the ecetic acid solution, followed by a 
distilled water wash of the precipitate, completed the 
separation. The washed precipitate was suspended in 
2-3 ml. of distilled water and transferred to a 2-in. 
stainless steel planchet. 


Counting Procedure 


The planchets containing the dried radium—barium 
sulphate were laid aside until the radium daughters, 
Rn, Rad, and RaC, grew to equilibrium, and then counted 
in either a low background gas-flow «-counter or a scintilla- 
tion counter used as an auxiliary detector. No less than 


Table 2, RADIUM CONTENT IN.UNITS oF 10-5 g/g WET WEIGHT 





















































Separate sample analysis f 
Subject No. Clavicle Vertebræ Liver Skeletal muscle Spleen Kidney Heart 
` {+ marrow} á 
“4 40 — 0-91 0-24 O10 013 0-089 
E 4-4 — 0-066 0-053 — 0-22 — 0-032 
3 24 2-9 28 0-016 0-084 — 0-028 rais 
4 ‘22 11 — 0-088 —0-072 0-17 0-12 
5 45 1-0 0-076 0-042 0-039 0-30 0-12 
6 22 11 _ 0-086 — 0-029 0-043 
7 — 0-54 0-045 —0-048 0-098 0-028 — 
8 4-8 Lt 0-084 0-083 0-150 0:059 0-11 
9 _ a — 0-066 0-013 — 0:012 0:053 0-11 
10 4:3 0-46 0-006 — 0-020 0-40 — 0-009 0-009 
11 3 18 - 0-36 0-20 —0-005 0-13 0-15 0-039 
Average + S.E. 3-4 + O4 11 + 0-3 0-18 + 0-10 0-05 + 9-02 0-10 + 0-04 0-12 + 0-03 0:07 + 0-02 
Pooled sampie analysis 
Testis Clavicle Vertebraa Liver Skeletal muscle Intestine . Skin Adipose tissue 
0-12 + 0-06 33 + 0-4 22 £ 02 017 + 0-01 0:05 + 0-01 0-24 + 0-03 0-12 + 0-02 0-07 + 0:03 
3-4 + 0-6 3-6 + 0-3 0-26 + 0-02 < 0-05 + 0-01 0-22 + 0-02 0-10 + 0-03. 
3-2 +-0-4 23 + 0-3 : Pa * 
7 2:6 + 0-3 j 
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two separate counts were made on each sample and each 
counting period was for twelve hours or more. 

The counters were routinely tested for sensitivity with 
& Bureau of Standards Ra D + E (with polonium-210 in 
equilibrium) source. The background of the counters 
was 3 counts per hour or less. If the background exceeded 
this value, the counting chamber was decontaminated. 


Experimental Errors 


(A) Sources of Contamination. In the handling of 
soft tissue samples particular care must be taken to avoid 
contamination. In the experiments reported new (or 
previously known, low-level history) ‘Pyrex’ glassware 
was used throughout. Reagent blanks were performed 
for each chemical procedure: for the separate sample 
examination, 13 analyses, 0-05 + 0-01 c.p.m.; for the 
pooled sample examination 12 analyses, 0-03 + 0-01 
¢.p.m. Blank recoveries from individual reagents indi- 
cated that the analytical grade lead and barium carriers 
both contained small amounts of radium and that because 
of the larger quantities used, tho lead was the major 
contributor. The question of inclusion of a subject with 
previous exceptional exposure to radium in the pool was 
explored by examining available hospital records. The 
results were negative. The bone radium values are 
sufficiently in agreement with other laboratories as to 
make g serious error of this kind unlikely. The error from 
inclusion of natural alpha emitters other than radium-226, 
that is, radium isotopes of thorium, on the counting 
plaque is controlled by the time lapse from preparation to 
counting during which the unsupported radium-224 
daughter of thorium would decay to a non-contributory 
level. The use of ceramic dishes for the muffling process 
is inadvisable in handling samples at this very low radium 
level. It is quite plausible that amounts of radium which 
do not contribute appreciably to bone values would 
constitute major sources of contamination for the lower 
radium-content soft tissues. If the muffling temperature 
is maintained at no higher than 500° ©, ‘Pyrex’ beakers 
do not appear to release amounts of radium significant to 
soft tissue analysis in terms of the precision with which 
our measurements are made. Thus, in the individual 
sample estimates listed in Table 2, there is an appreciable 
scattering of negative values. 

(B) Reference Standards. The accuracy of the conver- 
sion from counting rate to pe. depends on comparison 
with sub-dilutions of a 1 yg radium standard from the 
Bureau of Standards. Direct evaporation of the sub- 
diluted standard on a counting planchet gave 40 per cent 
geometry for the scintillation detector and 47 per cent 
geometry for the gas-flow proportional counter which 
seemed reasonable in terms of the physical dimensions in- 
volved. The continued performance of the counters 
at this sensitivity was monitored by routine counting 
of the radium D + E source. 

(C) Chemical Recovery Determinations. Samples of 
tissue ash spiked with known amounts of the sub-diluted 
standard radium solution yielded an average chemical 
recovery of 82 per cent for the method used for individual 
samples and 72 per cent for the pooled sample procedure. 

(D) Loss by Absorption. The barium--radium sulphate 
layer on the counting plaque contains 5 mg of barium 
= 8-5 mg of barium sulphate spread on a surface of 
approximately 8 em?. The detector geometry, in so far 
as it determines the average effective path length through 
the layer, and the degree of uniformity which can be 
achieved in spreading the barium sulphate will affect the 
absorption. In use of the proportional counter no absorp- 
tion correction was necessary. However, because of the 
discrimination against pulses of lower amplitude in the 
scintillation detector method, the counting-rate was 
reduced to 86 per cent of that expected on the basis of 
detector geometry measurements. 

(E) Error due to Counting Statistics. The averages 
listed in Table 2 for the separate sample study present a 
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standard error based on the differences of the individual] 
samples from the mean, and therefore include all sources 
of experimental error except those associated with the 
factors for conversion from counting rate to absolute 
values. 

For the pooled sample study, the standard errors listed 
have been calculated to include the error in gross vount 
and in background, based on total number of counts 
taken, plus the error in blank determination, counter 
efficiency factor and chemical recovery factor, based on 
the differences between repeated determinations of the 
latter three factors. For the low-level soft tissue samples, 
the counting statistics and uncertainty in the blank 
constitute the major sources of error. Examination 
of the limited number of repeat samples listed shows that. 
with the exception of one vertebre sample and one liver 
sample, the error estimate appears plausible. 


Results 


The results are listed in Table 2. Consideration of tho 
average results on the four tissues duplicated in the two 
sets shows agreement for the clavicle, skeletal muscle, 
and liver, whereas the correspondence of the vertebra 
samples is less satisfactory. In the caso of tho pooled 
vertebrae samples, the marrow pockets were scraped and 
this somewhat reduced the ratio of wet to ash weight. 
However, 2 calculation on the basis of ash weights yields 
average values of 1:0 x 10°“ and 1:7 x 10% g 
radium-226/g ash for the separate and the pooled sainple 
study, respectively. (The single high value of 3-6 x 10 & 
is not included in the average.) Walton et al.‘ find 1-2 x 
10-4 and 1-0 x 10-“ g radium-226/g ash for vertebre 
and femur samples, respectively, Muth et al.) report 
tibia and femur values of 1-2 x 10-4 and 1-1 x 10-4 g 
radium-226/g ash. 

In general, the soft tissue radium-levels rango from about 
7 per cent (liver and intestine) to 1-5 per cent (muselo) 
of that found in the clavicle. The ratio of tho average 
values in Table 2 to the average values roported by 
Muth et al. for the same tissue are: liver 0-11, small 
intestine 0-33, skin 0:17, spleen 0:06, kidney 0:13, testis 
0-40, and muscle 0-02. Although the values reported 
here are all somewhat lower, the most important diifcr- 
ence in terms of a calculated whole-body radium content 
arises from the differences in the estimate of the musclo 
content of radium. 


Discussion 


If the radium concentrations reported hero are assigned 
to the various organs and tissues with the assumptions: 
(1) that red marrow, brain and lung have the sume 
radium content as liver (taken as 0-22 x 10-18 g/g wut): 
(2) that the yellow marrow has the same radiwn content 
as the adipose tissue; (3) that the intestine is representa- 
tive of the gastro-intestinal track; (4) that the blood and 
other unanalysed organs have a radium concentration 
equal to muscle, a whole-body content may be calculated 
using the organ and tissue weights specified for the 
standard man‘. If this is done, the whole-body content 
is equal to 2-64 x 10-41 g radium-226 of which 2-1 x 10-1 
g or 80 per cent is found in the skeleton. Muyneord® 
reports total a-activity of human tissuos obtained by 
means of a large ionization chamber detector’. He 
estimates that the soft tissues may contain 30 per cent 
of the total burden. (A personal communication’ from 
Prof. Muth to one of the authors (J. B. H.) states that in 
a study of total «-activity of human soft tissues and bone 
he finds about 75 per cent of the activity in bone and 
25 per cent in tissues.) The principal sources of x-emitiers 
naturally acquired by ingestion are radium-226. radium- 
228 and lead-210. It would be expected that the pattern 
of distribution of the two radium isotopes would be 
identical and that lJead-210 would not depart greatly 
from this pattern. The extent to which the 1-9 year half- 
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life thorium-228 daughter of radium-228 or the 139-day 
polonium-210 daughter of lead-210 would assume a 
different pattern of distribution is uncertain. With these 
reservations it might be presumed that the total «-distri- 
bution and the radium-226 distribution would be similar. 
If so, a reasonable measure of agreement exists between 
the results reported by Mayneord and our measurements. 
One exception is his finding that muscle ash is, with the 
exception of lung and thyroid, the soft tissue of highest 
«radioactivity. In a later section of Mayneord’s 
paper describing results on foods, the value for ‘meat’ is 
found to be one-thirtieth that for ‘liver and kidney’, 
and by reference to the human tissue «-activity table, 
only about 1 per cent of the value for muscle. 

Wo are somewhat reluctant to accept this species differ- 
ence, particularly since our human muscle radium-levels 
conform closely to the ‘meat’ from the English cow 
(or sheep). Lucas? reports measurements of radium-226 
content of human muscle as 0-070 x 10-15 and 0-075 x 10-18 
g radium-266/g wet tissue in reasonably good agreement 
with our values. 

It is perhaps reasonable to suppose that for the steady- 
state daily ingestion of radium a consistently greater 
proportion should be present in the soft tissues than 
when radium is being slowly mobilized from a skeletal 
burden laid down many months or years past. Were 
data available on soft tissue radium content following 
single high-level exposure in man at a succession of times 
within the first week, some attempt might be made to 
predict whether 80 per cent or 27 per cent should be found 
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in the skeleton. These data are not available and are not 
likely to be developed. Calculations based on rat experi- 
ments in which they are killed at early times after intra- 
venous injection of radium! suggest that 80 per cent is 
nearer the mark, but such experiments must be inter- 
preted with reservation because of the known difference 
in the radium excretion pattern of rats and dogs as com- 
pared with man’. 

It appears then that the fraction of the radium in the 
body which should properly be assigned to the skeleton 
in the calculation of natural background radiation dose 
to man must continue to depend on analytical measure- 
ments made on human autopsy material. 

This work was performed under contract with the U.S. 
Atomic Energy Commission at the University of Rochester 


“Atomic Energy Project, Rochester, New York. 
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EFFECT OF OXYGEN IN MAMMALIAN CELLS SENSITIZED TO RADIATION 
BY INCORPORATION OF 5-BROMODEOXYURIDINE INTO THE DNA 


By Dr. R. M. HUMPHREY, Dr. W. C. DEWEY and Miss A. CORK 


Department of Physics, University of Texas, M. D. Anderson Hospital and Tumor Institute, Texas Medical Center, Houston 


N oxygen effect (greater radiation sensitivity when 
irradiated in the presence of oxygen) has been 
obtained for mammalian cells in vivo and in vitro?. Also 
following the incorporation of 6-bromodeoxyuridine 
(BUDR) into the deoxyribonucleic acid (DNA) of mam- 
malian cells, a sensitizing effect is obtained for both 
ultra-violet? and ionizing radiations’. A more recent 
report by Kaplan et al. has shown that an oxygen effect 
is obtained in bacterial cells (Æ. coli) in which base 
analogues such as 5-bromo- or 5-iodo-uracil are incor- 
porated into the DNA. These workers found that when 
the halogenated pyrimidines sensitized the bacterial cells 
to ionizing radiation, the sensitizing effect was present in 
both oxygenated and anoxic conditions; whereas, in 
conditions of purine analogue incorporation, the sensitizing 
effect disappeared when the cells were irradiated in 
anoxic condition. The experiments reported here are an 
extension of these investigations to mammalian cells 
sensitized by the pyrimidine analogue, BUDR. 

The cell line used was the mouse fibroblast strain, 
L-P59, described by Hsu‘. Cells growing at a logarithmic 
rate in T-flasks were treated with 2 ug/ml. of BUDR for 
3-cell generations (72h). At this time, control and BUDR- 
treated, cells were removed from the glass by 0-2 per cent 
trypsin in medium, washed and re-suspended in phosphate 
buffer (pH 7-0) at a concentration of 1 x 10° cells per ml. 
A 5-0 ml. volume of cell suspension was placed in a ‘Pyrex’ 
glass irradiation vessel having gas input and outlet fitting 
similar to those described by Deschner and Gray’. The 
gas flow (20-30 ¢.c./sec of either oxygen or nitrogen) over 
the surface of the suspension was started 10 min before 
and was continued during the irradiation. 

The cells were irradiated at room temperature with 
220-keV X-rays from a constant potential Westinghouse 


unit operated at 15 m.amp and filtered by 0-5 mm copper, 
l mm aluminium yielding a half-value layer of 1:4 mm 
copper. The dose-rate, which was checked by the ferrous 
sulphate dosimeter®, was about 480 rads/min. 

Samples (0-1 ml.) were withdrawn before and after 
irradiation, and were diluted and plated into Petri dishes 
containing McCoy’s ‘Sa medium’ (ref. 9) supplemented 
with 10 per cent calf serum. A feeder layer of L-P59 
cells which had been irradiated with 4,000 rads was 
established 24 h previously. The plates were incubated at 
37° C in a carbon dioxide incubator to maintain a pH 
of 7-0-7-2. After 10-12 days of incubation, the plates 
were stained with 0-5 per cent crystal violet in 95 per cent 
alcohol, and the colonies were counted. The plating 
efficiency of untreated cells averaged 55 per cent; whereas. 
the plating efficiency of the BUDR-treated cells averaged 
38 per cent, thereby indicating some loss of viability with 
the BUDR treatment. 

The survival curves in oxygen and nitrogen for control 
and BUDR-treated cells are illustrated in Figs. 1 and 2. 
The points are averages obtained from five separate 
experiments. The mean lethal dose (D, in rads) and 
hy? — y?n 

nin — 1) 
détermined by averaging the values of D, and n obtained 
from the exponential portion of the curve in each indi- 
vidual experiment. For each experiment the curve of 
best fit was drawn through the points. The D, of cells 
irradiated in the presence of oxygen was 126 + 2 rads for 
contro] cells and 89 + 3 rads for analogue-treated cells; 
in the anoxic condition, the control cells had a D, of 
350 + 34 rads and analogue-treated cells had a D, of 254 + 
ll rads. Thus, the ratio of the D, for the control cells 
to the D, for the BUDR-treated cells was approximately 


extrapolation number (r) (s.z. = was 
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the same for the two gases—1-42 for oxygen and 1-38 for 
nitrogen. Also, the oxygen effect (D, in nitrogen/D, in 
oxygen) for the control cells was 2°78 and for BUDR- 
treated cells was 2-85. Another interesting feature of these 
survival curves is the change in extrapolation number. 
With oxygen, n is reduced in BUDR-treated cells by a 
factor of 3-4; for the controls n =12 + 2, and for the 
BUDR-treated cells n = 3:5 + 03. However, with 
nitrogen, the shoulder was less pronounced and there 
was very little difference in n for the controls (n = 3 + 
0:7) and the BUDR-treated cells (n = 2-1 + 0-2). 


Table 1. COMPARISON OF SENSITIVITY BETWEEN CONTROL AND BUDE- 
TREATED CELLS AT VARIOUS LEVELS OF SURVIVAL FOLLOWING X-IRRADIA- 
TION IN THE PRESENCH OR ABSENCE OF OXYGEN 


Oxygen Nitrogen 
Survival O86- Dose- 
(per cent) | Control BUDR reduction | Control BUDR reduction 

(rads) (rads) factor rads) (rads) factor 

50-0 300 150 2 475 325 1:46 

10-0 590 350 1-69 1,250 850 1-47 

5:0 875 420 1:61 1,625 1,050 1-45 

1:0 875 580 1-61 2,150 1,500 1-43 

0-5 960 650 1-48 +400 1,700 1-41 

01 1,160 810 143 _ — — 


In Table 1 the doses required to obtain various levels of 
survival have been used to obtain a dose-reduction factor 
between control and BUDR-treated cells. The dose- 
reduction factor is simply the ratio of the dose required to 
obtain a certain level of survival in control cells divided by 
the dose required to reach the same level of survival in 
treated cells. These data show that for cells irradiated in 
oxygen the greatest dose-reduction factor (2-0) was found 
to be at the 50 per cent survival-level and decreased to 
1-43 as lower survival-levels (0-1 per cent) are’ chosen 
for comparison. However, for cells irradiated under 
nitrogen the dose-reduction factor (1:41-1:47) is inde- 
pendent of the survival value and is almost identical to 
the dose-reduction factor obtained under oxygen at 
survival values less than 5 per cent. Also, when the 
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Fig. 1. The survival of L-P59 cells in the presence of oxygen. The 

slopes (Do) and extrapolation numbers (n) with the standard errors of 

the means, as determined from five experiments, are indicated. The 

Tatio of the slope for control cells to the slope for BUDR-treated cells 
is 1-42 and the ratio of n’s is 3-4 
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Fig. 2. The survival of L-P59 cells irradiated in the absence of oxygen 

Speeeies of nitrogen). See Fig. 1 for further details. The ratio of the 

slope for control cells to the slope for BUDR-treated cells is 1-38, and 

the ratio of n’s is 1-4. From a comparison of Figs. 1 and 2 the ratio 

of the slope for anoxic cells to the slope for oxygenated cells is 2-8, and 
the ratio of n’s is 0-25 


controls are compared at the different survival values, an 
oxygen effect (dose in nitrogen divided by dose in oxygen) 
of 1-6 at 5 per cent survival to 2:5 at 0-5 per cent is 
obtained. 

The oxygen effect for control and BUDR-treated 
mammalian cells is essentially the same as has been 
reported by other authors!?1%11, and BUDR treatment 
of L cells growing in vitro sensitizes to about the same 
extent those cells irradiated under either oxygen or 
nitrogen. When cells are irradiated under oxygen, the 
greatest sensitizing effect is evident in the reduction of 
the shoulder. At survival values less than 5 per cent, 
however, there is no difference in sensitization between 
oxygenated and anoxic cells. These results are similar 
to those reported for BUDR-treated bacterial cells®. 
It is also of interest that Erickson and Szybalski‘ found 
that human cells protected against radiation by means 
of glycerol showed the same BUDR sensitization as 
control cells. Thus, it may be concluded that for both 
bacterial and mammalian cells the same mechanism of 
BUDR sensitization is operative in both normal cells and 
in cells protected by either anoxia or glycerol. 

This work was supported in part by grant C-4484 from 
the National Cancer Institute, U.S. National Institutes 
of Health. 
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FACTORS INHIBITING THE INTERFERENCE OF WESTERN EQUINE 
ENCEPHALITIS VIRUS BY RABIES VIRUS IN CHICK EMBRYO 
TISSUE CULTURES 


By Pror. D. COHEN*, Dr. S. MAZZURY, Dr. M. M. KAPLANE and Dr. H. KOPROWSKI 


Wistar Institute, Philadelphia 


OLLOWING the report of Kaplan et al.1 on inter- 

ference of western equine encephalitis (WEE) 
plaque formation in chick embryo fibroblast tissue 
cultures by rabies virus, attempts wore made to utilize 
this system in investigations of adsorption and penetration 
of rabies virus as well as in other problems related in 
interference. In the course of such work, irregularities 
in reproducibility of the system became apparent. The 
nature and probable sources of some of these irregularities 
are the subject of this article. 

Monolayers of chick embryo tissue cultures were prepared 
and infected with fixed rabies virus (CVS) and 24 h later 
with western equine encephalitis virus (WEE) according 
to the methods of Kaplan et alt. In this system CVS 
interferes with WEE plaque formation. 

WEE inocula were derived from chick embryo tissue 
culture sources. CVS inocula and normal mouse brain 
material were obtained in the following way: A 20 per 
cent homogenate (w/v) of frozen mouse brain was pre- 
pared and diluted to give a 10 per cent concentration and 
centrifuged at 500g for 15 min at 4° O. The supernatants 
were collected and served as sources of CVS and normal 
mouse brain material. Heat-inactivated virus was ob- 
tained by taking CVS inoculum and placing it in an 
incubator at 37°C for 24 h. Heat-inactivated normal 
brain was obtained by placing 10 per cent normal mouse 
brain supernatant into a boiling water bath for 10 min 
and then freezing until ready for use. 

In 41 trials of the interference system, 22 (53-7 per cent) 
were successful, 9 (22 per cent) were unsuccessful, and 
10 (24-4 per cent) were only partially successful. Table 1 
illustrates typical positive, negative and partially positive 
results obtained from actual experiments. This variation 
was noted in tissue cultures derived from different batches 
of eggs obtained from the same flock over a long period 
of time. Examination of possible factors contributing 
to this variation was undertaken. 


Table 1. INTERFERENOE PRODUCED BY FIXED RABIES Virus (CVS) To 
WESTERN EQUINE ENCEPHALITIS (WEE) PLAQUE FORMATION IN CHIOK 
EMBRYO TISSUE CULTURE 


Interference effect noted 
Partial 


Inoculum Positive Negative 
CVS and WEE* 0,0, 0f 18, 14, 8 32, 44, 56 
WEE controls 45, 56, 56 44, 47, 40 8, 56, 7 
Number of experiments 22 (587%) 10 (24-4%) z (22: oe) 


* WEE inoculated 24 h after CVS. 
+ WEE plaques per 60-mm Petri dish, 


Embryonated eggs from many flocks were obtained 
from two dealers and tested. Typical results are shown 
in Table 2. Three experiments, each performed on separ- 
ate days, illustrate three types of observations. Exp. 1: 
a variation in the interference effect produced by rabies 
virus but no variation in the response of the controls. 
Exp. 2: some variation both in the interference effect 
(fock ZT—VC) and in the WEE controls (flock S—B). 
Exp. 3: little or no variation in interference but some 
variation in the number of plaques produced by WEE 
controls (flock 7-VC). The response of individual eggs 
from the same flock were examined (Table 3). An egg-to- 
egg variation with respect to WEE plaquing efficiency and 
CVS interference is evident. 


* Present address: Veterinary School, Untversity of Pennsylvania, 
Philadelphia. 


+ Present address: Children’s Hospital, Philadelphia. 
$ Present address: World Health Organization, Genya, Switzerland. 


Table 2. EFFECT OF SOURCE OF EGGS ON WESTERN EQUINE ENOEPHALITIS 
E) PLAQUE FORMATION AND ON INTERFRRENOE BY FIXED RABIES 
VIRUS WITH THIS PLAQUE FORMATION 


Erparimént Source of eggs No. of plaques per plate 
0. 


Supplier Flock Rabies* and WEE controls 
1 S 0 4, 6 (microplaques) 39, 47 
T D 39, 60 
T L 10, 9 (microplaques) 49, 76 
2 S B 0, 0, 0, 0, 0, 12, 12,16 
S Br 2 0, 9, 0, 1 29; 30, 32 
P. yo 26, 30, 24, 26 30, 33, 32 
3 S B 1, 6, 0; 0,0 28, 21, 18, 14, 24 
Ss Br 0, 0,6, 0,0 25, 14, 24, 20° 
T HC 0, 0, 0,0,0 24, 24, 28, 10, 30 
m L 0, 0,0,0,1 36, 35, 28, 18, 19 
T DaR 0, 0, 0, 0, 2 18, 15, 2L 20; 15 
T yC 0, 0, 6, 0, 0 8, 3, 9, 
T HH 0, 0,0,0,0 20, 14, 20, 9, 27 
t 105-2105 mouse LDs’8 per 


* Rabies virus inoculum contained abou 
0-2 mi, 


The influence of rabies virus titre on the production of 
interference was previously shown by Kaplan et al.. 
This work indicated that one could get a partial inter- 
ference effect with about 105 mouse LDsọs of rabies 
virus in 0-2 ml. inoculum and that it would require 
greater than 10*® mouse LDgo's of virus in 0-2 ml. inoculum 
to obtain a complete interference effect in primary 
cultures of chick embryo fibroblasts. Subsequent work 
in this laboratory has confirmed this observation. 

Zable 3. EFFECT OF SOURCE OF INDIVIDUAL EGGS ON THE INTERFERENCE 


Y FIXED RABIES VIRUS WITH WESTERN EQUINE ENCEPHALITIS (WEE) 
PLAQUE FORMATION 


No. of plaques per r plate 


Supplier Flock Egg No. Rabies* and WEE E controls 
s B 1 1, 4,0 32, 39 
2 acd 34 
3 12, 13, 18 29, 30 
Ss w 1 1,0,0 33, 33 
2 15, 13, 25 25, 32 
3 6,5,2 27, 15 


* Rabies virus inoculum contained 10%! mouse LDs0’s per 0.2 ml. 


The importance of the presence of heat-inactivated 
rabies virus particles and brain material in the active 
rabies inoculum was examined. In this experiment 
normal mouse brain, inactivated rabies virus, or tissue 
culture media was added in 0-2 ml. amounts either 1 h 
before, 1 h after, or simultaneously with active CVS 
inoculation (0-2 ml.). The procedure used was as follows: 
The media was discarded from the tissue culture plate and 
the first 0-2-ml. inoculum was added. After an incubation 
for 1 h at 37° C the second inoculum was added without 


Table 4, EFFEOT oF NORMAL BRAIN (NB) AND HEAT-INACTIVATED RABIES 
VIRUS (IR) ON THE INTERFERENCE OF RABIES VIRUS (CVS) WITH WESTERN 
EQUINE ENCEPHALITIS. (WEE) PLAQUE FORMATION 


Inoculations of 0-2 ml. 
Variation ist Inoc. 2nd Inoc. 3rd Inoc. No. of plaques per plate 
LThlater 25h later 
A Media Media WEE 126, 115, 118, 111 
Media Ovs* WEE 0, 0, 0, 0 
CVS ~ Media WEE 0, 0, 0, 0 
B NB Media WEE 187, 190, 184 
NB NB WEE 137, 154) 147 
NB cys WEE 85, 114, 123 
cvs NB WEE 94, 78, 73 
— NB and i 
CVSt WEE 79, 75, 74, 56 
C IR Media WEE 150 
IR IR WEE 103, 109, 127 
IR cvs WEE 2, 4,0, 3 
cvs IR WEE 23, 9, 15 
— IE and 
cvs WEE 6, 26, 20 


* Rabies virus inoculum contained about 10°! mouse LDso's per 0-2 mi. 
Inoculated simultaneously in 0-2-ml, amounts each for a total of 0-4 ml. 
Inactivated virus obtained from a pool containing 107° mouse DDs0's 

per 0-2 ml. and inactivated in 24 h at 87° C to a titre of less than 10° 
mouse BDs0’s per 0-2 ml. 
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removing or washing off the first inoculum. The plate was 
incubated for the second h and then 5 ml. of media was 
added. The rest of the procedure involving the WEE 
challenge follows the method described by Kaplan et al.. 

Table 4 illustrates the results. In variation A the 
system as it should function is seen. WEE plaques 
are completely inhibited by the presence of CVS. In 
variation B normal brain material does not inhibit WEE 
plaque formation but does reduce the ability of CVS to 
interfere with WEE plaque formation. In variation C 
inactivated virus behaves in a similar manner but to a 
lesser degree. Controls of CVS, normal brain material 
and inactivated CVS were found to be incapable of plaque 
formation. 

The blocking effect of normal brain could be overcome by 
severely heating this material or by the presence of an 
excess of active CVS (Table 5). At the 1:10 dilution- 
level of virus, normal brain did not inhibit the interference 
effect. However, as the virus inoculum was diluted further 
the inhibiting effect of the brain material emerged. 

Table 5, Erect OF NORMAL BRAIN (NB) AND HEATED NORMAL BRAIN 


(HNB) ON THE INTERFERENCE OF FIXED RABIES Virus (CVS) WITA 
WESTERN EQUINE ENORPHALITIS (WEE) PLAQUE FORMATION 


Inoculations of 0-2 ml, 
ist Inoc. 2nd Inoc. 8rd Inoc. Plaques per plate per dilution of CVS* 
lhiater 24hlater 1:10 1:50 1:100 No CYS 
Media cvs WEE 0,0,0 0,0,0 0,0,0 
NB cvs WEE 6,1,1 23,6,5 30,16, 40 
HNB Cvs WEE 0,0,1 ; 0,1, 
Media Media WEE 52, 54, 31 


*Rabies virus inoculum undiluted contained 107> mouse LDso's per 0-2 ml. 
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The results indicate several variables which must be 
eliminated before CVS interference with WEE plaque 
formation on chick embryo tissue cultures can be routinely 
used for quantitative research or diagnostic purposes. The 
source of chick embryos is critical. Variations of the 
response of tissue cultures with respect to WEE plaque 
formation as well as the interference phenomenon pro- 
duced by CVS have been observed. These variations in 
response were observed using: (1) eggs derived from 
different flocks; (2) eggs derived at different times from 
the same flock; (3) individual eggs derived from one 
flock at one time. The situation is reminiscent of Rubin’s 
experience with Rous sarcoma’. 

The necessity for a high titre of virus under our experi- 
mental conditions may be due to the presence of some 
agent or substance in mouse brain materialintheinoculum. 
Such material has an inhibitory effect on interference 
produced by CVS. The inhibition noted for inactivated 
OVS is attributed to the brain material in the inoculum. 
It seems important to identify this heat-labile inhibiting 
factor in normal mouse brain material and to determine 
whether it plays a part in the spread of rabies virus in the 
intact animal. 

This work was supported by grant H-2954 of the U.S. 
Public Health Service. We thank Dr. Eberhard Wecker 
for helpful discussions. 


1 Kaplan, M. M., Wecker. E., Forsek, Z., and Koprowski, H., Nature, 186, 
821 (1960). 
* Rubin, H., Proc. U.S. Nat. Acad. Sci., 48, 1105 (1960). 


STEREOCHEMICAL THEORY OF OLFACTION 
By Dr. J. E. AMOORE 


Department of Zoology, University of California, Berkeley 


ECENT correspondence in Nature on the subject of 
the chemical mechanism of the sense of smell has 
tended to centre about the ‘vibrational theory’ of odour?-*. 
As proposed by Wright‘, this theory seeks to correlate 
odour with the pattern of molecular vibrations in the 
frequency-range below 1,000 cm-+. However, this theory, 
like the earlier ‘radiation theory’’, has been subjected to 
unfavourable criticism?.*. Bearing this situation in mind, 
it may be considered timely to direct attention to the 
existence of an alternative theory, the ‘stereochemical 
theory’ of olfaction. Originally proposed by me’, this 
theory postulates that the odour of a chemical is in fact 
determined by the structure of the molecule, in particular 
by its size and shape. This theory represents a consider- 
able refinement, both qualitatively and quantitatively, of 
an idea favoured by Moncrieff!*. It has received indirect 
support from experiments on the selective adsorption of 
odorants" and on the hemolytic accelerating power of 
odorants!?. Numerous recent publications have lent 
further support to the theory. 

The success of this theory may perhaps best be illus- 
trated by taking as a starting-point the well-known 
conundrum of olfaction, that chemicals with utterly 
unrelated empirical or structural formule may yet 
exhibit very similar odours. Consider d-camphor, hexa- 
chloroethane and trinitroacetonitrile; all three have a 
eamphoraceous odour, but they appear to have little 
more in common, apart from the presence of at least two 
carbon atoms inthe molecule. Yet stereochemical formule 
or models of these three molecules (Fig. 1) show that they 
are very closely similar in shape (spherical) and size 
{7 A diam.). Inspection of the stereochemical formule 
of more than 100 chemicals with a camphoraceous odour 
shows that practically without exception they conform to 
this shape and size, within remarkably narrow limits. 
Hence it may be supposed that the olfactory epithelium 
contains ‘receptor sites’, to which it now becomes 


possible® to ascribe definite shapes and dimensions. If a 
chemical is volatile, and its molecules have the appropriate 
configuration to fit closely into the receptor site’, then a 
nervous impulse will be initiated, possibly through a 
mechanism involving disorientation and hence depolar- 
ization of the receptor cell membrane. (Timmermans’* 
had directed. attention to the spherical shape of camphor- 
smelling molecules, but he failed to perceive that ua 
definite size was also a necessary factor.) 

The original theory® has now been presented in an 
amplified form, together with full supporting arguments. 
lists of like-smelling chemicals, and numerous illustrations 
of the site-filling concept, in two papers by mett. Evidence 
from considerations of molecular rigidity, and the fre- 
quency of occurrence of odour names, was utilized tu 
reach the conclusion that for man there are only seven 
primary odours, or modalities of the sense of smell. The 
following seem to be primary odours: ethereal, cam- 
phoraceous, musky, floral, pepperminty, pungent and 
putrid. Furthermore, it was shown that certain definite 
molecular properties characterize all the compounds with 
the same primary odour, and distinguish them from all 
compounds with different primary odours. Thus the 
camphoraceous odour is exhibited by spherical molecules 
about 7 A in diameter, the musky odour by disk-shaped 
molecules about 10 A across, the floral odour by kito- 
shaped molecules, the pepperminty odour by wedge- 
shaped molecules with a polar group near the point of the 
wedge, ethereal odours by very small or thin molecules. 
pungent odours by electrophilic molecules and putrid 
odours by nucleophilic molecules. The essential features 
of the receptor sites corresponding with these primary 
odours are shown in Fig. 2, which is reproduced from 
ref. 9. 

According to this stereochemical theory, all othor 
characteristic odours, including the almond odour specific- 
ally considered by Wright'-*, are supposed to be complex 
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Fig. i. Empirical, structural and stereochemical formule of d-camphor, 
hexachloroethane and trinitroacetonitrile (reproduced by permission of 
the Toilet Goods Association) 


odours, caused by the molecules fitting two or more 
different primary odour receptor sites. The almond 
‘odour is considered to be a complex odour, with cam- 
phoraceous, floral and pepperminty components. To 
meet the requirements of three different sites, the mole- 
cular size and shape must be even more strictly defined 
than to meet the requirements of one site only. Hence 
the almond-smelling chemicals must have a very close 
structural similarity among themselves. Now Wright 
and Serenius?! pointed out that in the region of frequencies 
less than 1,000 cm- the infra-red or Raman spectra depend 
more on the overall configuration of the molecule than on 
the constituent atoms or bonds. The stereochemical 
theory states that the odour does depend more on the 
overall configuration of the molecule. Hence there may 
well be an empirical correlation between spectrum and 
odour; but it does not follow that odour depends on 
radiation or molecular vibration. 

The stereochemical theory explains the odours of known 
chemicals on a far larger scale than has previously been 
achieved. More than 600 odorants have been considered, 
and apparent exceptions are very rare. In fact, an 
expert perfumer was unable to find a single example of a 
primary odorant that contradicts the theory’®. The lists 
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Fig. 2. The human olfactory receptor sites, corresponding with the 

seven primary odours. A, ethereal; B, camphoraceous; C, musky; 

D, foral; E, pepperminty; F, pungent; G, putrid poroduna by 
permission of the Perfumery and Essential Oil Record) 
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of odorants constitute a challenging mass of data which 
it is believed no other theory can possibly accommodate. 

A fundamental theory of olfaction should permit 
predictions of the expected odours of new chemicals to 
be made, and these should be verifiable by experiment. 
A programme of this kind, to test the stereochemical 
theory, has been in progress for eight years. Dr. M. 
Rubin of the Department of Biochemistry, Georgetown 
University Medical School, Washington, D.C., intended 
to synthesize a number of new compounds related to 
terpin. The structural formule were sent to me, and in 
1955 I applied the stereochemical theory to predict the 
anticipated odours of the new compounds. As the 
syntheses!” were completed, the compounds were tested 
by Dr. J. W. Johnston, jun. of the Department of Physiol- 
ogy and Biophysics, Georgetown University, using 
advanced olfactometric techniques, for intensity and 
quality of odour. The experimental results!* so far 
obtained have largely confirmed the theoretical predic- 
tions. This gives strong support to the theory, suggesting 
that it is fundamentally sound, and also indicating that it 
may have important practical applications as a means of . 
predicting the odours of new chemicals. 

Another test of the theory is that it should be possible 
to reproduce a given complex odour, for example, cedar- 
wood, by appropriate mixture of those primary odours 
(camphoraceous, musky, floral and pepperminty) which 
were postulated? to be its components. Some success in 
this direction has been achieved by Johnston, who has 
produced a woody odour by mixing only camphoraceous 
and musky primaries?®, 

Detailed olfactometric studies of the musk-smelling 
group of chemicals by Johnston and Sandoval have failed 
to reveal any evidence for the existence of different 
receptors corresponding with the several quite unrelated 
chemical families of musky odorants!®. Instead, the 
concept of the stereochemical theory is strongly supported 
that muskiness is a single valid primary category organ- 
oleptically and semantically. It is the overall configura- 
tion of the molecules, rather than the chemical details, 
which determines the musky quality?*. 

The theory has also found promising application in 
providing’ the seven primary odour standards, into which 
complex odours are resolved by the panel of odour judges 
trained by Johnston1»19, 

The stereochemical theory of olfaction is simple in 
principle, wide in application, free from exceptions, and 
confirmed by tested predictions. Hence it may be 
strongly recommended to the attention of those inves- 
tigators who have felt dissatisfied with other theories of 
odour. 

The original work was completed in 1951-52, while I 
was a Neale Scholar at Queen’s College, Oxford. 
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ACCELERATION OF BACTERIAL DEATH BY GROWTH SUBSTRATES 
By JOHN R. POSTGATE and J. R. HUNTER 


Microbiological Research Establishment, Porton Down, Wiltshire 


EGETATIVE bacteria starved in buffer solutions at 

their growth temperature and pH value die at rates 
determined by their nutritional status?*, biological 
history’? and the population density’. Certain reports 
in the literature state that growth substrates such as 
glucose or glycerol accelerate death by starvation!?; 
others suggest that exogenous energy sources enable the 
bacteria to ‘maintain’ themselves for long periods*. 
We present here a preliminary report of the conditions 
governing acceleration of bacterial death by growth 
substrates. 

Aerobacter aerogenes (NCTC 418) was grown for many 
months in continuous culture at a doubling time of 2-7 h 
in a glycerol-salts medium at pH 7 and 40°; the cell yield 
was determined by the glycerol concentration. The 
survival characteristics of this culture, together with the 
methods used to maintain it, to starve populations and to 
assess their viability, have beén described in detail by 
ourselves*. For present purposes we recall that washed 
populations from this culture equivalent to 20 pg dry wt. 
organisms/ml. died linearly when aerated at pH 7 and 40° 
in ‘physiological’ saline-tris buffer containing a trace of 
ethylenediamine tetraacetic acid. Ammonium, phosphate 
or sulphate ions at the concentration used in the culture 
medium did not influence their death rate; Mg?+ prolonged 
survival. Glycerol (10-? M), the growth-limiting substrate, 
accelerated death and equimolar intermediates from its 
metabolic pathway (for example, pyruvate, succinate, 
citrate) acted similarly’. 

Further work with this population of A. aerogenes 
showed that glycerol-accelerated death was more pro- 
nounced in ‘physiological’ saline buffered with phosphate 
at pH 6-5, the optimal pH value for survival. It was 
uninfluenced by the washing procedure used to prepare 
organisms for starvation and was observed, with a 20 ug 

wt./ml. population, at glycerol concentrations from 
10-2 M to 5 x 10-5 M. Like ‘spontaneous’ death, it was 
subject to a population effect?*: glycerol-accelerated 
death was slower the denser the population. Glucose or 
ribose, which the population metabolized readily when 
tested with methylene blue, did not accelerate death of 
the glycerol-limited population. Populations from con- 
tinuous cultures seb up with glucose or ribose limiting 
growth instead of glycerol showed glucose- and ribose- 
accelerated death respectively. Populations grown on 
the glycerol-salts medium modified so that the nitrogen 
source (NH,*) limited growth (nitrogen-limited organisms) 
showed accelerated death with ammonium; glycerol was 
slightly protective. Phosphate-limited organisms showed 
considerably accelerated death with phosphate and slightly 
accelerated death with glycerol. Sulphate-limited organ- 
isms did not follow this pattern: they showed glycerol- 
accelerated death and sulphate did not influence the death 
rate. Magnesium-limited organisms were also aberrant: 
Mg? prolonged their survival and glycerol did so some- 
times. All the foregoing findings refer to populations 
from céntinuous cultures; stationary phase A. aerogenes 
from batch culture in a mannitol—salts medium! provided 
by Mr. R. E. Strange and his colleagues showed accelerated 
death with mannitol or glucose. Stationary phase 
Escherichia coli (Jepp) grown at 37° in a lactate-salts 
medium in which lactate limited growth showed acceler- 
ated death with sodium lactate or pyruvate; stationary 
phase Serratia marcescens (14148) grown in a glucose-salts 
medium, which had ceased growth owing to exhaustion 


Table 1. SUBSTRATE-ACCELERATED DEATH OF BACTERIA 
Starvation Starvation Viability 
Organism Growth conditions conditions period (h) (per cent) 

A. aerogenes OCC, glycerol limiting ST, pH 7 4 57 
ST + glycerol 4 vy 

A. aerogenes CC, glycerol limiting SP, pH 65 1 83 
SP+ Felycerol 1 21 

A. aerogenes CC, NH,-limiting ST, P. 53 68 
ST+ PNH,Cl 54 81 

ST + glycerol 5t 73 

A. aerogenes CC, PO,-limiting A 7 2 85 
ST + KH,PO, 2 28 

ST + glycerol 2 65 

A. aerogenes CO, glucose limiting SP, pH 6:3 4 77 
SP + glucose 4 36 

A. aerogenes BC, mannitol limiting SP, pH 63 43 82 
SP + mannitol 43 85 

SP+ glucose 43 63 

Esch. coli BC, lactate limiting SP, pH 7 22 72 
SP+ PN g Tantate 22 59 

SP + pyruvate 22 81 

S. marcescens BC, glucose limiting SP, pH 7 24 71 
SP+ aoet 24 50 


Organisms were gathered from liquid media, washed and aerated at about 
20 ug/dry wt./ml, in physiological saline-tris (ST) or saline- phosphate (8D) 
buffers at their growth j emporatures: 40° for continuous cultures (CC), 37 
for batch cultures (B Substrates: 107 M; all populations 96 -99:5 per 
cent viable at ola Oa by slide culture (ref. 8). 


of glucose, showed glucose-accelerated death. The 
phenomenon was less pronounced with stationary phase 
populations, perhaps because cryptic growth?-* masked 
it. Results illustrating some of these statemonts are 
given in Table 1. 

Hence, in a majority of instances, the substances which 
had limited the growth of our populations accelerated 
their death when they were starved in non-nutrient buffer. 
We call this phenomenon ‘substrate-accelerated death’; 
it contrasts with the ‘suicidal’ behaviour of certain 
microbial mutants which show accelerated death when 
deprived of their growth-limiting substrate in otherwise 
nutrient environments®’. 

Substrate-accelerated death may be a fairly general 
property of starved microbes; it was shown by growing 
or resting populations and by organisms other than A. 
aerogenes; carbon- nitrogen- or phosphorus-limited 
populations showed it. Sulphur-limited populations 
provide a partial exception unless one assumes that 
sulphate exerted its growth-limiting effect by way of 
some step in the utilization of glycerol. Magnesium- 
limited populations did not show substrate-accelerated 
death, but the Mg** ion protects A. aerogenes populations 
from death by starvation irrespective of their nutritional 
status?. Our own experiments refer exclusively to bacteria 
grown in synthetic media; but the report of Strange 
et al. that glucose accelerated death of organisms obtained 
from a tryptic meat broth shows that substrate-acceler- 
ated death may occur with populations collected from 
complex media, in which one may not know which sub- 
strate limited growth. The existence of substrate- 
accelerated death is of importance in the design of experi- 
ments in which living microbes are incubated with sub- 
strates in buffer solutions (for example, in respirometry): 
its dependence on nutritional status may reconcile the 
conflicting reports in the literature. 


1 Strange, R. E., Dark, F. A., and Ness, A. G., J, Gen. Microbiol., 25, KI 
(1961). 


* Postgate, J. R., and Hunter, J. R., J. Gen. Mierobiol., 29, 233 (1962). 

3 Harrison, jun., A. P., Bact. Proc., A, 10, 58 (1961). 

4 Harrison, jun., A. P., Proc. Roy. Soc., B, 162, 418 (1960). 

5 McGrew, S. B., and Mallette, M. F., J. Bact., 88, 844 (1962). 

ê Ryan, F. J., J. Gen. Microbiol., 21, 530 (1959). 

? Cohen, S. C., and Barner, H. D., Proc. U.S. Nat, Acad. Ser., 40, 835 (1954). 


€ Postgate, J. R., Crumpton, J. E., and Hunter, J. R., J. Gen. Miuobiol., 
24, 15 (1961). 
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LETTERS TO THE EDITOR 


RADIO ASTRONOMY 


Linear Polarization of 2l-cm' Wave-length 
Radiation from Radio Sources 


A systematic search for linear polarization of radio 
sources has been carried out at this Observatory at three 
frequencies and several antenna separations. A detailed 
discussion. of the results obtained awaits further analysis 
and will be published elsewhere. However, the measure- 
ments made during September 1962 at a wave-length 
of 21 cm have been completely analysed. The preliminary 
results have been reported previously’. 

The measurements were made using the two 90-ft. 
antennæ as an interference polarimeter. The antenna 
separation was 200 ft. (~ 300A) on an east—west base-line. 
At the focus of each antenna was a linearly polarized feed 
horn the position angle of which could be set to within 
+0-05°. The feed horns were mounted so that rotation 
produced a maximum beam wobble of <0-5’ and a 
maximum change in beam-width of <5 per cent. A 
super-heterodyne receiver was used? operating at a local- 
oscillator frequency of 1,420 Mc/s. The intermediate 
frequency was 10 Mc/s, and both side-bands were accepted. 
The band-width was 5 Mejs and a time constant of 5 sec 
was used. 

The measurement technique has been described by 
Morris and Radhakrishnan’. One feed horn is set at a 
series of six fixed angles spaced at 15° intervals throughout 
a range of 75°. For each position of this feed horn, the 
feed horn on the other antenna is moved until the inter- 
ferometer response is a minimum. The angle between 
the two horns which produces this minimum signal is 
calibrated as a function of declination by observing a 


number of sources assumed to be unpolarized. All observa- 
tions are confined to within 15 of meridian transit, so that 
hour-angle effects can be neglected. For the sources 
investigated, the deviations from these calibrated horn 
null positions. are fitted by a least-squares analysis to a 
sinusoid, the amplitude of which in radians is then the 
fractional polarization and the phase of which gives the 
position angle of the plane of polarization. 

For the results reported here the calibrators used were 
M17, Orion A, Cygnus A, Cassiopeia A, Virgo A, and 
Hydra A. The polarization of the first four is known to be 
<0-2 per cent (ref. 3). The same authors have put a 
limit of 0-35 per cent on Virgo A. By a similar measure- 
ment we have established an upper limit of 0-5 per cent 
for Hydra A. 

The results of our observations are presented in Table 1. 
The errors listed are standard deviations. In the first 
column are listed the radio sources studied, and in the 
second their visibility amplitudes (Vis. amp.) at 300 as 
determined at 960 Mc/s by Moffett. The third and fourth 
columns list the percentage of linear polarization and the 
position angle (P.A.) of the plane of polarization. For the 


. sake of comparison we have included columns presenting 


those results of Davies and Verschuur® and of Gardner 
and Whiteoak® which are in common with the present 
observations. The ninth column presents the known 
identifications. The structure of the sources, listed in the 
last column, is that found by Maltby and Moffet’. 

If the brightness distributions of the polarized and 
unpolarized components of a radio source differ, both the 
percentage polarization and the position angle may 
depend upon the resolution. With the possible exceptions 
of 3C 327, 3C 353, and 30 452, however, we consider this 
effect to be masked by the other uncertaintiés present. 


Table 1. RADIO SOURCE LINEAR POLARIZATION MEASUREMENTS 





CLT. 























Davies and Verschuur 
21cm 21 cm 

Vis. P.A. P.A. 
Source amp Per cent (deg.) Per cent (deg.) 
30-20 1-0 1-8+1- 126415 
30-33 0-9 TEOT 6243 
30-48 1 0-7 +06 162 +25 101-0 70+10 
30-84 0:95 0:8 0-6 87421 501-0 36+10 

Per A ” 1 
30-98 461-0 6246 
30-111 0-8 22406 9249 
8-123 1-0 05 +04 68 +24 45415 8+10 
30-144 0-8 1640-4 8547 1-0402 8248 
Tau A 

80-147 1-0 0240-5 138 + 57 
30-161 1-0 58£0-5 2943 — 
30-196 10 0440-6 155 +38 1009+05 4942 
30-273 1-0 1940-4 171+6 
3C-286 1-0 9340-5 3242 12-0415 3142 
30-295 1-0 05 +05 160 + 27 6010 16244 
30-327 0-8 37416 7414 
30-348 0-85 1440-4 59+8 20405 6+5 
Her 4 € 
3C-358 0-75 29+ 0-4 Oxr4 6040-5 7410 
86-880 1-0 1440-7 72tl 
3C-433 1-0 4-7 + 0'86 15044 
30-444 1-0 0-9+0-7 169 + 28 

0-65 55+0-9 2345 

















Gardner and Whiteoak 
20 om 
P.A. 
Per cent (deg.) Identification Structure 
<07' 
7940-2 60+2 17" galaxy 2 components of unequal 
. intensities separated by 
8-8’ along axis at »=20° 
Nebula <0-4’ 
NGO 1275 ~0-7' core with 4-5’ halo 
6040-5 744 16" galaxy 2 components of unequal 
intensities separated by 
3-4’ along axis at p=25° 
2 components of equal 
intensities and equal diam- 
eters separated by 25 
along axis at p=60° 
<04 x 0-5’ 
1-9+40-2 91243 Crab nebula 3:3" x 3-7’ 
Nebula <04 
5405 2645 <0-4' x 0:5" 
Nebula <0-4’ 
25405 142410 Nebula <04 
Nebula <04 
20-9" galaxy <04 
6020-9 245 17™ galaxy 2 components of unequal 
intensities or diameters 
separated by 3-5’ at p = 00°. 
2040-5 604 18" galaxy 2 components of unequal 
intensities and equal diam- 
eters separated by 1-95’ 
along axis at p=100° 
3640-6 17145 16" galaxy 2 components of unequal 
intensities and egual diam- 
tors Separated y 25 at 
p= 90° 
< 0-4’ 
2-17" galaxies! <0:5’ x 0-6’ 
18-5" galaxy 0-6’ x 2-0 
19” galaxy 4:0" x 1-2’ ` 
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It will be noted that, with the exception of the position 
angles for 3C 98 and 3C 273, the values of the polarization 
parameters obtained by us and by Gardner and Whiteoak 
agree to within the errors quoted by both sets of observers. 
However, comparison of the nine polarized sources in 
common with Davies and Verschuur reveals only a single 
ease, that of Taurus A, in which reasonable agreement 
can be claimed. The possibility existed that the discrepan- 
cies could be explained by a differential Faraday rotation 
effect within the band-width of our receiver. Consequently 
in January 1963 we modified our receiver to reject one 
side-band, and reduced the band-width to ~700 ke/s. 
Using Orion A, Cygnus A, and Cassiopeia A as calibrators, 
the following six sources were observed: 30 84 (NGC 
1275), 3C 123, 3C 196, 3C 295, 3C 348 (Hercules A), and 
3C 353. The record for 30 84 was unexpectedly noisy and 
therefore inconclusive. In none of the other cases was a 
significant change from our previous results detected. 

In view of the large discrepancies noted here, we feel 
that the conclusions drawn by Davies and Verschuur, 
based. on their observations and those of other observers 
at other frequencies, should be viewed with considerable 
caution. While it is very probable that a correlation 
exists between the polarization parameters of radio 
sources and their other physical parameters, it can by no 
means be assumed to have been established. 

This work was supported by the U.S. Office of Naval 
Research under contract Nonr 220(19). 


G. A. SEIELSTAD 
R. W. Witson 

Owens Valley Radio Observatory, 

California Institute of Technology, 

Pasadena. 
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RADIOPHYSICS 


Decametric Radio Emissions of Jupiter 


Ir has recently been proposed that the very-low- 
frequency radiations from the Earth’s exosphere and the 
decametric wave-length radiations from Jupiter both 
result from cyclotron emission by bunches of electrons 
travelling through their respective exospheres)*. There 
are sufficient experimental results available to support 
strongly this hypothesis of the very-low-frequency 
radiation and hence by implication the validity of the 
cyclotron process in an exospheric situation. 

Applied to Jupiter, the theory shows that the radiation 
is limited to a cone surrounding the magnetic field direction 
at the point of emission and predicts that its intensity 
may Vary cyclically with rotation of the planet if the 
magnetic dipole axis is inclined to the rotation-axis. 
If the probability that bunches of electrons occur in all 
longitudes is uniform and the magnetic field is regular 
then the variation is sinusoidal with two maxima per 
rotation. As the wave-frequency is increased the radia- 
tion is cut off geometrically from the direction of the 
Earth first at the rotational minima and then completely. 

If the occurrence probability is not uniform or the 
magnetic field is irregular the total power received may 
show an asymmetric variation with rotation. 


Most of the published observations of the occurrence of - 


bursts for frequencies near 20 Mc/s do show such asym- 
metry with a single pronounced peak in the vicinity of 
270° longitude system III?:4. On the other hand, recent 
observations at 4:8 Mc/s* have shown almost uniform 
probability of occurrence combined with a quasi-sinusoidal 
variation in the intensity with rotation. 
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To test the cyclotron hypothesis it is clearly necessary 
to eliminate so far as possible effects due to variations 
in the probability of occurrence, and to investigate tho 
change in the mean intensity of the bursts with rotation. 

Here a comparison is made between observations of 
Jupiter at 4:8 Mc/s and 19 Me/s during 1961 and 1962 at 
Hobart. The equipments were similar phase switching 
interferometers with post-detection integration of 3 min. 
Fig. 1 shows the variation in the number of observations 
for different longitude intervals, the total power received, 
and the mean power (longitude system IIT). 


4-8 Mejs 19 Mejs 


No. of 


Mean power Totál power occurrences 
8 


(arbitrary 





270 380 


360 90 
Longitude (deg.) system ITI 


o 90 180 270 180 


Fig. 1. Comparison between the occurrence and power of Jupiter 

radiation at 4-8 Mc/s and 19 Me/s. The most likely longitudes of the 

magnetic poles which would give agreement with the mean power 
curves are 010° and 190° (system ITI) 


Tt can be seen that at 19 Mc/s the pronounced poak 
in the received power for longitudes near 270° is due 
largely to tho greater number of occurrences. When 
this is taken into account three almost equal maxima 
appear, two of which agree with those at 4:8 Mc/s. These 
two maxima, are consistent with the cyclotron hypothesis 
as is the greater depth of the minimum of the received 
power at 20 Mc/s compared with 4:8 Mc/s for longitudes 
near 90°. However, on this hypothesis the remaining 
maximum in the mean power near 270° longitude is an 
anomaly, to explain which additional assumptions would 
be needed. The most obvious one would be a correspond- 
ing anomaly in the configuration of the magnetic field at a 
low level in the exosphere. With an assumed polar field 
of 15 gauss, for example, such a magnetic field anomaly 
would need to extend only for several thousand kilo- 
metres above the planet. The more regular behaviour at 
lower frequencies would then result from the closer 
approximation of the field to that of a dipole at greater 
distances. 

More observations are needed at all frequencies to resolve 
these difficulties, and in particular it would appear that 
observations at frequencies lower than about 10 Me/s 
would be simpler to interpret. In addition, publication 
of the variation of the average power of bursts with 
rotation is likely to be more useful than giving their 
probability of occurrence only. 

This work is supported financially by the Australian 
Radio Research Board. 


G. R. A. Erus 
P. M. McCurioce 


Department of Physics, 
University of Tasmania. 
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t Carr, T. D., Smith, A. G., Bolhagen, H., Six, N. F., and Chatterton, N. E., 
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Some Peculiarities in the Diurnal Variation 
of Maximum lonization Density of the 
F2 Layer 


Waitt analysing the data for the Indian Ionospheric 
Stations on the 75° E. meridian, two peculiarities were 
observed in the diurnal variation of the critical frequency 
(foF2) of the F2 layer between periods of low and high 
sunspot activity. There are seven Indian stations between 
0° and 43° N. dip angles on this meridian. 

Typical diurnal variations of foF2 for the month of 
September for the different epochs of sunspot activity for 
three of the stations, namely, Kodaikanal (3-5° N.), 
Tiruchirapalli (4:8° N.) and Delhi (42-4° N.), are shown in 
Figs. 1, 2 and 3. While Kodaikanal and Tiruchirapalli are 
equatorial stations showing the typical midday ‘bite-out’ 
effect, Delhi does not indicate any such effect as this 
station is beyond the equatorial belt. The following 
two peculiarities may be observed from the following 

’ figures. 

First, the post-noon peak in foF2 for Kodaikanal and 
Tiruchirapalli is much higher than the pre-noon one at low 
sunspot activity (1954-55) while the pre-noon one is 
almost equal to or even slightly higher than the post-noon 
one at high sunspot activity (1957). For Delhi, however, 
which shows only a single peak in the diurnal variation of 
foF2, the peak value is reached after noon at both the 
epochs of sunspot activity. 

Let us consider the changes in foF2 at 0800 h for 
different sunspot numbers. Between September 1955 and 
September 1957 the 12 months’ running average of sunspot 
number, R, has increased from 55 to 196. foF2 values 
have, correspondingly, increased from 8-8 Mc/s to 12-6 
Me/s for Kodaikanal, from 8-7 Mc/s to 12-0 Mc/s for 
Tiruchirapalli and from 7-8 Mejs to 11-4 Mejs for Delhi. If 
the increases were represented in terms of maximum ion- 
ization density, Nm 2, the overall increase at high sunspot 
activity would be, for the three places, 2-1, 1-9 and 2-1 
times the values of NmF2 at low sunspot activity. Simi- 


larly, the increases in NmF2 at 1700 h are 1-35, 1-4 and ' 


1:8 times respectively. This means that, for Kodaikanal 
and Tiruchirapalli, NmF2 at 0800 h increased by almost 
100 per cent between low and high sunspot activity; 
whereas it has increased only by about 35-40 per cent at 
1700 h. For Delhi, however, the increase is almost the 
same for both 0800 and 1700h. Analysis of data for other 
stations at middle latitudes and for different seasons 
indicates the same behaviour as observed at Delhi. But 
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Fig. 1. 
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Diurnal variation of foF2 for September for different years 
(Kodaikanal) 
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00 02 O04 
Fig. 2. 


06 08 10 12 14 16 18 20 22 00 
Same as Fig. 1, for Tiruchirapalli 


when data from stations at low latitude in the equatorial 
belt like Huancayo, Ibadan, etc., are analysed, they 
exhibit the same behaviour as has been observed for 
Kodaikanal and Tiruchirapalli. In other words, this 
curious reduction in the increase of Nmf2 at 1700 h is 
found to occur for only those stations which exhibit the 
midday ‘bite-out’ effect. The abnormal increase in the 
thickness of F2 layer in day-time at equatorial stations 
during high sunspot activity, as has been observed, may 
cause this anomaly. 

Secondly, a peculiar feature has been observed in the 
behaviour of fo F2 during high sunspot activity. There has 
not been much change in the fo F2 values between 1956 and 
1957 for different months and for different hours. This 
may also be seen for the month of September in Figs. 1, 
2 and 3. In fact at certain times the fo#2 values of 1957 
have been found to be lower than those at the corre- 
sponding hours in 1956, although R for 1957 was 196 as 
against 150 for 1956. It appears, therefore, that the 
linear relationship between foF2 and the 12 months’ 
running average sunspot number does not hold good for R ` 
greater than 150 (approx.). This effect again appears to 
be due to the increase in thickness during periods of high 
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Fig. 8. Same as Fig. 1, for Delhi 
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sunspot activity, as pointed out by Bullen. 
analysis of this effect is being made. 

This work forms part of Ionospheric Research of the 
Research Department of All India Radio, and is published 
with the permission of Chief Engineer, All India Radio. 


Detailed 


C. §. R. Rao 


Research Department, 
All India Radio, 
New Delhi. 


2? Bullen, J, M., Nature, 192, 542 (1961). 


PHYSICS 


Pulse-shortening in Electron Linear 
Accelerators and E, Type Modes 


Various authors have discussed pulse-shortening in 
high-current electron linear accelerators, suggesting that 
the phenomenon is due to the excitation of an E, mode 
in the iris-loaded wave-guide by the electron beam. The 
#,, mode, having deflecting properties, is believed to 
impart transverse momentum to the electrons, causing 
them to strike the wave-guide and be lost. In particular, 
Crowley-Milling eż al. attribute the interaction of the E, 
wave with the beam to the fact that the wave has a 
negative group velocity, on the grounds that only in such 
a backward wave do the magnetic and electric forces not 
cancel each other at the velocity of light. 

In this laboratory we have made detailed theoretical 
and experimental investigations of H,, type fields in 
circular, iris-loaded wave-guides, specifically to utilize 
the deflecting forces for the spatial separation of high- 
energy particles of different rest masses. The results 
suggest that, although the general conclusions of Crowley- 
Milling et al. are correct, the detailed explanation 
of the phenomenon is more complicated than they 
describe. 

For a qualitative understanding of the general behaviour 
of E, type fields it is sufficient to consider the propagation 
in the small-pitch approximation, in which the irises are 
assumed to be infinitely thin and closely spaced. Under 
these conditions the space harmonics in the structure are 
of negligible amplitude and only the fundamental modes 
need be taken into account. 

Applying the boundary conditions appropriate to this 
approximation it turns out that neither the Æ, nor the 
H., can be propagated independently as a pure mode in a 
structure of this type, apart from the degenerate cases of 
infinite phase velocity at the zero mode cut-off. For all 
finite phase velocities the wave consists of a linear com- 
bination of #,, and H,, types of fields, the mixing ratio 
depending on the structure parameters and the operating 
frequency (or phase velocity). This mode mixture is 
fundamental to all circular modes with azimuthal variation, 
as can be deduced by considering the field configuration 
at the ends of a circular cylindrical cavity with holes in 
the end planes on the axis. Only E,n and Hon modes, 
which have no azimuthal variation, can be linearly 
independent when the boundary condition at the iris 
holes is introduced. 

To obtain the field equations for the mixed mode as 
the phase velocity approaches the velocity of light, it is 
necessary to adopt a limiting procedure to prevent the 
field components all vanishing. When this is done, the 
familiar cancellation term of the electric and magnetic 
forces is no longer'present; both forces contribute posi- 
tively to the deflexion for either forward or backward 
waves. This is due to the amplitudes of the #,, and H, 
parts of the wave tending to infinity in the limiting process; 
however, their algebraic sum remains finite. Clearly the 
concept of E and H.modes breaks down under these 
conditions. s 
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Fig. 1. Brillouin diagram for iris-loaded wave-guide, showing hybrid 


Ey JH, and Ey,/H2 modes. Outer wall diameter 115-6 mm; iris hole 
diameter 55 mm; iris pitch 26-25 mm; iris thickness 5-25 mm 


Fig. 1 shows a typical Brillouin diagram plotted from 
experimental results for a structure with normal iris 
spacing. The small-pitch calculations give similar diagrams 
with slight changes in the numerical values of the para- 
meters, as one would expect. The only feature which does 
not show on the calculated curves is the flattening on the 
right-hand side of the diagram due to the proximity 
of the mrm mode cut-off; in the small-pitch approxima- 
tion this would occur at an infinitely short guide wave- 
length. 

Considering the lower branch of Fig. 1 one notes that. 
unlike most familiar dispersion curves, this one is not 
monotonic over the whole pass band. Over part of the 
pass band there are two independent waves with different 
E/H, mixing ratios. We have established theoretically 
and experimentally that the linear independence disap- 
pears in any normal terminating or coupling device so 
that it is possible to launch selectively one wave. By 
changing the parameters of the wave-guide the minimum 
of the lower branch can be displaced towards either the 
x cut-off or the zero cut-off, even to the point where the 
eurve is monotonic. The parameters quoted by Crowley- 
Milling eż al. correspond to a monotonic curve of negative 
slope, and hence a backward wave over the whole pass 
band. Substantially larger iris holes would yield a forward 
wave over the whole pass band, still with deflecting 
properties. 
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The presence of an upper branch in Fig. 1 may appear 
surprising, but follows logically from the fact that the 
E and H, fields are not independent. Since, for given 
transverse mode numbers, there are two linearly indepen- 
dent solutions of Maxwell’s equations, the presence of 
another branch may be inferred. The upper branch is also 
a composition of #,, and H,, fields with, in general, 
different mixing ratios from the corresponding points on 
the lower branch. It can be shown that the termination 
points of the two branches at the zero mode abscissa 
correspond to pure E, and H,, modes respectively. Moving 
along either of the curves to the right introduces an 
increasing proportion of the other mode. It is possible 
that the mode observed by Crowley-Milling et al. at 7,970 
Mc/s belongs to the upper branch of this diagram, though 
we have insufficient data in this region to be certain. We 
are, however, quite confident that the mode observed at 
4,433 Mejs with a group velocity of 0-038 c belongs to the 
sot of lower branches. Fig. 1 also shows one branch of the 
E/H. hybrid mode, which has quadrupole symmetry. 

The foregoing results do not, unfortunately, suggest any 
new and obviously advantageous method of suppressing 
the pulse-shortening phenomenon. They do, however, 
confirm the method of Kelliher and Beadle*, and that 
suggested by Crowley-Milling et al. following Nygard and 
Post. 

Our investigations of the hybrid #,,/H,, deflecting mode 
.were initiated by some suggestions of W. Walkinshaw in 
1960 (private communication). However, some of the 
curious properties of this mode were already known or 
suspected in Stanford University Microwave Laboratory 
in 1959, and are discussed by Brown et al.3. 
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A Mechanism for the Photo-oxidizing Behaviour 
of Rutile Titanium Dioxide Pigment 


Tae ultra-violet induced discoloration of titanium 
dioxide pigment and the associated oxidation of the paint 
medium known as chalking are problems of considerable 
importance. Explanations of these phenomena have 
generally been based on the following model: ultra-violet 
irradiation releases two electrons from the oxygen ion in 
the titanium dioxide lattice. The atomic oxygen so 
formed diffuses through the lattice and those atoms 
reaching the surface oxidize the surrounding medium. 
Electrons trapped at oxygen vacancies form colour centres 
with an absorption band centred at a wave-length of 1-8. 
The short wave-length tail of this band extends to the 
visible part of the spectrum resulting in the characteristic 
blue/grey discoloration of reduced rutile?. 

Experimental observations on the behaviour of titanium 
dioxide often conflict with conclusions drawn from this 
simple picture. Conductivity measurements indicate that 
oxygen diffusion through rutile is insignificant at room 
temperature*. This is borne out by the comparative failure 
of the incorporation of pentavalent ions into the rutile 
lattice to improve chalking by the inhibition of oxygen 
diffusion. The most common anti-chalking treatments 
used in pigment manufacture are the calcination of Zn?+ 
ions into the pigment surface and surface treatment by 
the precipitation of alumina in an aqueous slurry of 
pigment. Another apparent contradiction is posed by the 
high chemical reactivity of the oxygen at the pigment 
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Fig. 1. Log(d;—d) plotted as a function of time (min), be ite = log 


reflectance (after ultra-violet irradiation for time ¢) and da = log 
reflectance (after long ultra-violet irradiation) 
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surface during photo-oxidation reactions, which suggests 
that the oxygen is present or behaves as atomic oxygen‘, 
while magnetic investigations indicate that adsorbed 
oxygen on the rutile surface has some molecular character- 
istics’. A qualitative explanation of these resulta is given 
in terms of a model which considers the behaviour of 
oxygen at the surface of rutile. 

Gray? has shown that the rutile surface contains a 
significant concentration of Ti*+ ions; electrical neutrality 
of the surface is maintained by quasi-free electrons loca- 
lized in surface states at these ions. Pigmentary rutile has 
a high specific surface area, consequently the influence of 
surface electron states on its photo-oxidizing behaviour 
should be considerable. Atomic oxygen liberated by 
ultra-violet absorption would be bonded to the surface 
by an electron sharing process between an oxygen atomic 
orbital and these localized surface states. The very low 
diffusion rate of oxygen at room temperature indicates 
that it originates either in the immediate sub-surface 
layers or is obtained from the pigment environment as 
part of a catalytic process. For photo-oxidation the 
attraction of the pigment environment for the bonded 
oxygen. has to be strong enough to overcome this electron 
sharing force. The bonding may be modified by impurity- 
induced changes in the electron surface states. Tho 
calcination of Zn*+ ions into the pigment creates acceptor 
levels at the surface. Valence electrons raised to these 
levels behave as oxygen trapping centres with a consequent 
improvement in chalking resistance. The action of Al*+ 
ions adsorbed on to the pigment surface during treatment 
by alumina precipitation can be explained on similar lines. 
Pentavalent ions at the surface do not form bonding 
states as outlined here, but introduce donor impurity 
states near the conduction band. In the bulk lattice they 
inhibit oxygen diffusion but this process is likely to be 
insignificant due to the low diffusion rates at room 
temperature. 

It is probable that this is not the only bonding 
mechanism acting at the rutile surface. Whalley and 
Winter’ have observed a two-rate reaction in the exchange 
of oxygen-18 between water vapour and metallic oxide 
surfaces; they attributed this to the presence of two types 
of rate-determining reactions. The ultra-violet induced 
darkening of a paste of silver nitrate solution and rutile 
pigment shows a similar pattern (Fig. 1)*. This may be 
attributed to the presence of more than one type of bonding 
site at the surface; these sites may bé associated with 
dislocations, or similar imperfections. Alternatively one 
may postulate a surface reaction followed by a sub-surface 
oxygen release. 
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METALLURGY 


250° C Internal Friction Peak in Iron 


WE read with interest the communication by Rosenfield? 
regarding the 250° C internal friction peak in iron, and 
would like the opportunity of commenting on the 
inferences and conclusions made in it. Previous work by 
Köster et al.?, more rocently confirmed by Petarra?, has 
established a unique relationship between the Snoek 
peak (43° C for~1 cjs) and the 250° C peak for the cases 
of dilute iron-nitrogen and dilute iron-carbon alloys. 
A dependence? of the 250° C peak height on the degree of 
deformation, and therefore on the dislocation density in 
the specimen, was also found for these alloys. Unpublished 
work in this Department on the 250° C peak has shown 
that either carbon or nitrogen or both elements are essential 
for the appearance of the peak. Furthermore, after a 
decarburization treatment, specimens of pure iron showed 
no evidence at all of a 250° C peak on subsequent testing. 
This treatment (moist hydrogen) could certainly have 
introduced oxygen into the specimens. 

The solubility of oxygen in the lattice is so small that 
no Snoek peak is observed in annealed and quenched iron 
specimens which might be expected to have oxygen present 
in solution if this were possible. These are partially the 
conditions for observation of the Köster peak. The 
observed effect of cold work on the Snoek peak, for carbon 
and nitrogen in iron, is to reduce the peak height‘. Thus, 
if the 250° C peak were due to oxygen in solution then the 
peak in the undeformed material might be even bigger. 
The assumption has been made that oxygen would be 
interstitial in the iron lattice. The activation energy 
suggested by Rosenfield, 28 kcal/mol, is the value 
associated with interstitial atoms. However, there is no 
evidence that oxygen occupies interstitial sites in the iron 
lattice and in fact its ion size might suggest substitutional 
solution, in which case the activation energy for diffusion 
would be expected to be about 60-70 kcal/mol. 

Other workers“! have measured activation energies for 
the Köster peak varying from 32 to 35 kcal/mol.; while 
this agrees with Késter’s original explanation his mecha- 
nism must be in doubt when it is realized that long times 
are needed for the peak to become measurable. Our 
results suggest that the probable cause of the Késter peak 
is associated with fine precipitates of iron carbide inter- 
acting with the dislccation networks, thus tending to 
anchor them when elastic stresses are applied. It is 
possible that in the early stages of ageing a number of 
processes are taking place very quickly, each having 
different relaxation times, producing a general rise in 
background damping over a range of temperature. The 
slow formation of the 250° C peak must then be a result 
of these ageing processes. 

P. BaRRAND 
G. M. LEAK 


Department of Metallurgy, 
University of Manchester. 
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Barrand and Leak have criticized my recent suggestion 
that the 250° C internal-friction peak in iron is due to the 
effects of oxygen in solution. Their criticism is based on 
two arguments: a postulated relation between carbon 
and/or nitrogen in solution and the low solubility of 
oxygen in iron. 

In defending the first argument, the claim was made 
that there is a “unique relationship between the Snock 
peak and the 250°C peak for the cases of dilute iron-- 
nitrogen and dilute iron—carbon alloys”. The experimental 
evidence on this point does not reveal such a relation. In 
the experiments of Késter ef al. thero was, indeed, a 
linear dependency of the height of the 250° C damping 
peak (87) and the 40° C damping peak (8z) under certam 
conditions. Under other conditions, however, 8z varied 
by as much as an order of magnitude with no perceptible 
change in 5g (for example, when òg =3 x 10-8, z varied 
between 4x 10-5 and 37x 10-3). The results of Petarra? 
on specimens of various interstitial contents deformed 
14-8 per cent are shown in Fig. 1. Here, too. under certain 
conditions $q is directly proportional to èz. although the 
slope is different from that of Köster et al. Furthermore. 
in these data for §,~12 x 10-, 8g varies by more than an 
order of magnitude. Both these results clearly suggest 
that there is at least one additional independent variable 
controlling ôg. 

To bolster the first argument further, Barrand and 
Leak claim that “either carbon or nitrogen or both elements 
are essential for the appearance of the peak”. It is not 
clear whether they mean carbon and nitrogen in solution 
(that is, those carbon and nitrogen atoms which can be 
detected by internal friction in contrast to carbon and 
nitrogen atoms bound to dislocations or in precipitates. 
which cannot be detected by internal friction). That 
carbon and/or nitrogen in solution is not necessary 15 
indicated by the data shown in Fig. 1, which contains two 
points where 5g was measurable when èz was zero. and 
several others whore èz was barely perceptible (~ 10 3). 
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Fig. 1. Simultaneous measurements of 250° C peak and 40°C peak 


in iron data of Petarra’ 
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Fig. 2. Isochronal annealing penaviour of iron deformed 33 per cent 
ref. 


Finally, the contention! that “no Snoek peak is observed 
in annealed and quenched iron specimens” is refuted by 
the data of Köster and Kampschulte’, who also cite several 
references in confirmation of their observations. Those 
data do not preclude the possibility of an essential 
role for carbon and/or nitrogen, but suggest that 
their importance is somewhat less than usually 
assumed. 

It is quite true, as noted by Barrand and Leak, that the 
solubility of oxygen is quite small. However, there is no 
basis for their assumption that oxygen would dissolve 
substitutionally in ferrite, since the O-? ion is quite large. 
It is much more probable that oxygen in ferrite is un- 
ionized, and that the oxygen atom is of a size to occupy 
interstitial sites in the body-centred lattice’. Further- 
more, in cases where dq is large, it is quite likely that the 
lattice is supersaturated with respect to oxygen atoms 
which have been forced into it, possibly as a result of 
Cottrell unpinning of dislocations partially locked by 
oxygen atoms. 

As an illustration of the last point, consider a specimen 
annealed in vacuo. There is some oxygen pick-up due to 
the nature ofall but the most sophisticated modern vacuum 
systems. Since this oxygen is quite insoluble, it could 
migrate to unsaturated dislocations and grain boundaries. 
After slow cooling the damping of the specimen. reveals no 
250° C peak as no oxygen is in solution’. On deforma- 
tion, however, some oxygen. is forced into solution by the 
Cottrell mechanism and 8g becomes measurable. Now 
the specimen is annealed (results of Köster et al.! for 
such an experiment are shown in Fig. 2). The first stage 
of annealing is a decrease in $7, due to dislocation pinning 
by fast moving (compared with oxygen) carbon and nitro- 
gen atoms. The second stage is a simultaneous increaso in 
òL and decrease in $y. It is suggested that this is due to 
the less-soluble oxygen atoms ‘trading places’ on disloca- 
tions with the more soluble carbon and nitrogen atoms. 
Indeed, there is good evidence that a parallel process 
occurs in annealing of deformed niobium where Szkopiak® 
has suggested that less-soluble (in niobium) carbon and 
nitrogen atoms ‘trade places’ with more soluble oxygen 
atoms. 

Finally, there are three additional observations which 
support the contention that the 250°C peak is due to 
oxygen: (1) The activation energy of the peak is close to 
that predicted for the activation energy for diffusion of 
oxygen in iron, as determined from an analysis of the 
activation energies for diffusion of all interstitial impurities 
in all body-centred cubic lattice metals’. (2) The observ- 
ations of Boulanger‘ cited in the original note can only bo 
due to oxygen. If the tensile test can detect oxygen in 


NATURE 


April 20, 1963 VoL. 198 


solution, internal friction measurements could detect a 
peak corresponding to his serrated yielding observations. 
(3) An analysis of the experiments of Mura, et al.” on the 
effects of ternary additions shows that the stronger the 
ternary is an oxide former, the more the 250° C peak is 
suppressed. Of course, this observation may also reflect 
relative carbide and nitride stability, but the relevant 
free energies in the latter cases are unfortunately not 
available. 
A. R. ROSENFIELD 
Metal Science Group, 
Battelle Memorial Institute, 
Columbus, Ohio. 
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Transformation of Structure in Silver — 
Tellurium Alloy Films 


EaruieR workers'-? have reported the formation of 
the two possible alloys of silver and tellurium which could 
be represented as Ag.Te and Ag,,.Te,. However, the 
composition of the latter is still a matter of controversy. 

The structure of Ag,Te has been examined in bulk state 
by X-ray diffraction and a structural transformation has 
been reported at high temperatures. According to Koern!, 
low-temperature «-phase of Ag,Te (orthorhombic struc- 
ture) in bulk state undergoes a crystallographic trans- 
formation to high-temperature ßB-phase (face-centred 
cubic structure) at about 140°C. But the exact trans- 
formation temperature‘ has been a subject of controversy. 
the claims ranging from 132° to 149-5° C. Zorll5 examined 
thin films of this alloy formed by diffusion, by electron 
diffraction, and found a transformation in structure from 
orthorhombic to face-centred cubic at 150° C. 





Fig. 1. Electron diffraction patterns of a-Ag,Te (orthorhombic phase) 





Fig. 2. Electron diffraction patterns of A-Ag,Te (face-centred cubic 


phase) showing crystallographic transformation 


I have prepared thin films of this alloy (Ag,Te) by 
different methods of evaporation and investigated by 
electron diffraction the possible structural changes in it 
as a function of temperature. Repeated observations 
with coherent films of Ag.Te of 300-500 A thickness 
showed orthorhombic structure (a-phase of Ag.Te) at 
room temperature (Fig. 1). It was found that at 157°C 
the structure changed to face-centred cubic (f-phase of 
Ag.Te) (Fig. 2). These observations show that the trans- 
formation temperature in thin films of alloy is increased 
from that in bulk state and hence a new mechanism to 
explain these results may be necessary. 

Also thin films of alloy with higher tellurium concen- 
tration have been formed by evaporation, and their phase 
and structure examined and identified as Ag,.Te,. 
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RADIATION CHEMISTRY 


Weak Chemiluminescence of Oxidation 
Reactions 


Weax chemiluminescence seems to be a phenomenon 
which is not only widespread among oxidations of organic 
substances in non-aqueous solvents where short-lived free 
radicals are present!-* but is observed also during the 
action of oxygen on stable radicals like triphenylmethyl 
and other oxygen-sensitive radicals’. The phenomenon 
still occurs more often in oxidation in aqueous solvents if 
molecular oxygen, hydrogen peroxide, hypohalogenites or 
ferricyanide are the oxidizing agents®. It is not limited to 
inorganic systems; the reactions of organic substances like 
semi-quinones with molecular oxygen are also accom- 
panied by weak chemiluminescence, which is easily 
observable with a sensitive photomultiplier. Even living 
organisms such as yeast and organ-extracts, for example, 
cell-free centrifuged rat-liver homogenate® treated with 
oxygen, emit photons. 

The spectrum of the emitted light shows maxima which 
coincide with the absorption peaks of the singlet—triplet 
transitions of (O,),—van der Waals—associates in the 
visible region®”. This fact and the observation of second- 
order kinetics for radical-concentration and oxygen partial 
pressure from the decay curve of sulphite-oxidation- 
chemiluminescence lead to the conclusion that excited 
(O) associates might be the emitting substance®. No 
quenching of oxygen will be observed in radical recom- 
binations in aqueous systems while it is readily observable* 
in organic solvents, which might be due to some influence 
of solvent structure. We believe the excited (O2),- 
associates are formed on the recombination of oxygen- 


containing radicals like RO, in the manner 
( 2RO,>R, + (02) * 


The quantum efficiency could be determined as 10-* 
photons/radical at a wave-length of 4800 A, therefore 
most of the excited molecules must have been quenched by 
solvent action. We now report on the application of the 
oxygen-chemiluminescence method to the study of 
oxidation kinetics of an' inorganic and a biochemical 
system. 

The first case is the oxidation of sodium sulphite with 
molecular oxygen in the presence of metal salts such as 
Cu*+, Fet, Fe, Mn?+, Co?t and rare-earth metal salts 
Er*+, Gd3+, Tb*t. The oxidation takes place at pH values 
characteristic for each metal ion and is accompanied by a 
weak chemiluminescence of maximal 107 photons/em*sec 
with a maximum wave-length at 4800 A. Fig. 1 shows the 
time dependence of the light-intensity and the sulphite- 
concentration. The two maxima of intensity and their 
time difference depend on the concentrations of sulphite 
and heavy metal. The different shape of the intensity- 
and sulphite-concentration-curves demonstrates their 
complicated kinetic interdependence. It is reasonable to 


relate the intensity-curve to reactions of O,H-radicals, 


which originate from the reaction O,-+H+~>0,H. The 
O,--ions are formed in turn during an electron transfer 
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Fig. 1, 1, Concentration of sulphite (C) in mmol/l. versus time; 
2, intensity of chemiluminescence, Reaction: NaHSO; + Osin presence 
of Fe (III) salt, pH 3-6 versus time 


process from a metal sulphite complex. (The complex is 
easily identified by its absorption spectrum.) 

The concentration of the assumed O,H-radicals could be 
determined by stepwise addition of a scavenger (phenol) 
and was 3x10-* mol/l. at the second maximum when 
10-8 mol sulphite and 10-' mol Cu?+ were present at pH 
10-6. The same system frozen to 90° K at the time of the 
maximum gave a signal in an electron paramagnotic 
resonance spectrometer which could be related to 2-4 x 
10-* mol/l. of spins with a g value of approximately 2. The 


radicals could neither be SO,- nor HSO, because each 
sulphite and hydrogen peroxide inhibit the emission 
while sulphite and hydrogen peroxide together give a 
strong flashlike emission. 

The first peak of emission (Fig. 1) provides an explana- 
tion for the process of electron transfer. If it indicates the 
formation of O,H or Ò,- then the electrons come from the 
metal-sulphite complex, the origin being not the central 
metal ion but the ligand-shell. Otherwise the catalytic 
action of Gd*+ could not be understood because it should 
not change its number of electrons. 

The second case is the oxygen-chemiluminescence which: 
accompanies the oxidation of xanthine by xanthinoxidase. 
This reaction was investigated by Fridovich, Handler 
et al.?, who could give strong evidence for the participation 
of 0,H-radicals in the mechanism of oxidation by observ- 
ing the chemiluminescence of dimethyldiacridinium salts. 
Fig. 2 shows the intensity-time curve of the reaction of 
4-8 x 10-5 g/ml. of xanthine with molecular oxygen in the 
presence of 6 x 10-5 g/ml. xanthinoxidase. 








3 i 
“2 
1 
0 5 10 
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Fig. 2. Chemiluminescence intensity of the reaction xanthine + Os 
in presence of xanthinoxidase versus time. Xanthine was added at 
zero time. Vol., 10 ml., 1 x 10 Å, 4 x 10° photons (5000 A)/sec 
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The application of the oxygen-chemiluminescence 
method seems to be more advantageous than the use of 
strong luminescing substances, because the latter modify 
the original oxidation reactions and the mechanism of 
their emission is still widely unknown. (In the oxidation 
of sulphite, phthalhydrazide, riboflavin and dimethyl- 
diacridinium nitrate each gave different results depending 
on the time of addition; both amplification and quenching 
of light emission were observed’.) 

Chemiluminescence as a consequence of recombination 
of oxygen-containing radicals seems to be useful for the 
detection and determination of such radicals themselves 
and beyond it may provide further information of radical 
reactions and oxidation mechanisms. 
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Molecular Environment Effects in the Radiation 
Decomposition of «-p-Glucose 


Tue chemical changes following y-irradiation of carbo- 
hydrates in the solid state have not been examined in 
such detail as the irradiation of aqueous solutions}. 
Attention has been mainly directed to the electron spin 
resonance spectra of the free radicals whieh are formed?-5. 
Following our previous work on the offects of ionizing 
radiations on aqueous D-glucose*’?, similar methcds were 
applied to examine the chemical effects of y-radiation on 
anhydrous «-D-glucose. It was found that the physical 
state in which the dry hexose is irradiated profoundly 
influences the course of the radiation decomposition. 

«-D-Glucose was prepared in three states of molecular 
aggregation, namely, polycrystalline, syrup and freeze- 
dried. The behaviour of each state on y-irradiation in 
anhydrous conditions is shown in Table 1. All G values 
were obtained from linear yield-dose curves. 


Table 1. RADIATION DECOMPOSITION OF ANHYDROUS a-D-GLUCOSE 
State Conditions G(acid) G(bydrogen) 
Polycrystalline air 13-2 38 
in vacuo 13-3 
in CO, 13-0 
Syrup in vacuo 6-4 4-7 
in CO, e. 5 
Freeze-dried in vacuo 40 4-0 


The acid yield from the polycrystalline samples is more 
than three times greater than for the freeze-dried samples 
and more than double the yield from syrup. The pKa of 
the acid produced is in each case 4:2, which is identical 
with pKa of the acid obtained during y-irradiation of 
aqueous D-glucose solutions. Previously G (acid) 15-2 
was quoted for y-irradiation of polycrystalline a-p- 
glucose*. Mass spectrometric examination reveals that the 
gas formed is almost exclusively hydrogen, and contains 
no carbon monoxide and no more than 5 per cent carbon 
dioxide up to a dose of 3-8 x 10? eV/g. At higher doses, 
it is probable that decarboxylation of the initially formed 
acids leads to secondary production of carbon dioxide. 
The acid yields show no increase when the samples are 
irradiated in air, in vacuo, or when an atmosphere of 
carbon. dioxide is maintained above the sample. This 
latter observation, taken in conjunction with the low 
proportion of carbon dioxide in the gas released, indicates 
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that radiation-induced gas phase carboxylation reactions? 
may be discounted. This possibility was investigated in 
view of the variable amounts of gas retained by the three 
samples. For the polycrystalline sample, about 72 per 
cent of the gas is trapped within the crystal lattice and is 
only released on dissolution of the sample in de-gassed 
water, while for the syrup the gas is found mainly above 
the sample and less than 2 per cent is trapped. In the 
freeze-dried state about 50 per cent of the evolved gas is 
retained. These observations indicate that the amount of 
gas retained within the molecular aggregate is not the 
controlling factor in determining acid production. 

Electron spin resonance investigations have shown that 
there is no significant difference in the spectra or in the 
initial concentration of radicals produced by irradiation 
of the polycrystalline and freeze-dried samples. 

The crystal structure of polycrystalline «-p-glucose is 
well established!*. The molecules are held together by a 
very complete system of cross-linking of hydrogen bonds, 
four oxygen atoms of each molecule being each directly 
attached to two oxygen atoms of the other molecules. In 
the syrup a considerably less degree of order in the system 
would be anticipated with consequent change in the 
nature of the hydrogen bonding. Such a dependence as 
we have observed, of G acid on crystallinity, is reminiscent 
of the phase effects reported by Collinson, Conlay and 
Dainton"! in the reactions of ferric chloride in dilute liquid 
and solid solutions in several organic solvents. They 
suggest that chemical reaction may be due to long-range 
energy transfer, which would also satisfactorily account 
for our observations on carbohydrates irradiated in the 
solid state. Chemical changes resulting from electron—or 
energy——-transport processes would be favoured by a 
high degree of regularity in the system. It was suggested 
by Collins® from electron spin resonance data that some of 
the damage to monosaccharides following «-irradiation 
may be transferred around the ring. Any long-range 
transfer mechanism would be favoured by a highly 
ordered structure as exists in the polycrystalline state. 
There is evidence that such transfer processes are affected 
by the nature of the hydrogen bonding in the structure. 
for recently it was observed that acid formation during 
«-irradiation of polycrystalline «-p-glucose monohydrate 
is less (G acid=5) than in anhydrous polycrystalline 
a-D-glucose. 

The behaviour of the freeze-dried state, however, is not 
obviously explicable on similar considerations. X-ray 
powder photographs of polycrystalline and freeze-dried 
samples have shown that the same chemical and crystallo- 
graphic forms are present giving identical lattice para- 
meters and spacings to those previously reported for poly- 
crystalline a-p-glucose!*3, We, therefore, examined the 
effect of crystal size which when varied from 80 to > 200 
mesh size reduced the G acid by about 10 per cent. Thus, 
although the effect of size is significant it does not appear 
to be great enough to account for the large difference 
between G acid for the normal polycrystalline and freeze- 
dried samples. Point defects or dislocations introduced 
into the lattice by rapid crystallization during freeze 
drying would not be detectable on the X-ray powder 
photographs. The presence of such defects we believe to 
be the most likely explanation for the difference in 
behaviour of the two polycrystalline samples. Such 
lattice imperfections would hinder the transport of 
energy or electrons, whichever may be responsible for the 
radiation damage. 

In relation to the observations reported, it is pertinent 
to note that radiation-induced polymerization in the solid 
state is profoundly influenced by the form, size and orien- 
tation of the crystals in a monomer matrix'-16, Moreover, 
Adler!’ has suggested that the rate of polymerization of 
single crystals of acrylamide is dependent on the number 
of erystal defects. More recently, monomers have been 
found which polymerize faster in the solid than the liquid 
state?s. 
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Thus it would appear from our results that processes 
which initiate y-radiation decomposition have much in 
common with the processes operating during y-radiation- 
induced polymerization of pure monomers. ; 

Varying the extent of decomposition by changing the 
state in which the sugar is irradiated may find a practical 
application in the radiation sterilization of sugars, where 
minimal acid formation is desirable!*. 

‘We thank Dr, S. Clough and Mr. W. Derbyshire, of 
University College, Bangor, for carrying out electron spin 
resonance measurements, Mr. B. Delf and Miss I. E. Lewis 
for the X-ray analyses and their interpretation, the 
Department of Scientific and Industrial Research for a 
maintenance grant awarded to one of us (P. B.) and the 
United Kingdom Atomic Energy Authority (Research 
Group) for financial support. 
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CHEMISTRY 


Filtration Capacity of lon Exchange Columns 


THE removal of particulate matter from water by mixed 
bed ion exchange resin columns has recently been the 
subject of some comment, in particular with regard to the 
removal of particles of iron’? and aluminium! oxides from 
nuclear reactor loops containing water. We have been 
concerned with experiments with very dilute solutions, 
which necessitate the use of water free of suspended mat- 
ter, and we have observed that this filtration can be 
extremely efficient. A simple intensity comparison of 
scattered light from ‘AnalaR’ water and from water from 
an ‘Elgastat’ mixed bed demineralizer, 60 em long x 9 cm 
diameter, showed that at least 50 times more light was 
scattered from the ‘AnalaR’ water. The ratio of suspended 
solids in the two liquids is larger than 50, as there is 
present a background of scattered light which should be 
subtracted from the two intensities to obtain a true figure; 
it is very difficult to distinguish the very small amount of 
scattered light from the demineralized water from this 
background illumination. 

From some qualitative experiments we have arrived at 
two conclusions about the mechanism of this filtration, as 
follows. 

(1) The filtration depends, at least in part, on the ion 
exchange capacity of the bed. This is shown by the 
simultaneous breakthrough of ions and particles observed 
when the mixed bed ion exchange.demineralizer is ex- 
hausted by a continuous flow of tap water. It is also shown 
by an experiment in which water flow was reversed in a 
mixed bed containing about 3 g of alumina abrasive 
particles 3p in diameter ; none of the alumina was re- 
moved by this reversal of flow. 
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(2) The filtration is not a property of mixed beds only, 
but depends on. the resin used, the composition of tho 
particles, and the pH. Thus we have filtered suspensions 
of washed TiO, Cr,0,, SnO, and SiO, in water at pH 
5-6 successfully on an anion exchange column in the 
hydroxyl form; the concentration of the suspension 
initially was between 0:01 and 0-1 per cent and several 
gallons of optically clear water were obtained without 
sign of breakthrough. The diameter of most of the par- 
ticles in these suspensions was 0:1—-5yu. Electrophoresis 
experiments showed that all these suspensions wore 
negatively charged; it was consistent with the hypo- 
thesis of ion exchange surface adsorption of these noga- 
tively charged particles that on addition of the particles to 
the water flowing into the column, the pH of the effluent 
rose, indicating liberation of hydroxyl ions from the resin. 
‘When. these suspensions were fed to a column of cation 
exchange resin in the hydrogen form there was immediate 
partial breakthrough of the solid matter, but there was 
also partial removal of the particles and a slight decrease 
in the effluent pH. These phenomena may be explained 
as due to some non-specific mechanical filtration of the 
solid and some charge reversal on the particles in the 
presence of the high surface concentration of hydrogen 
ions on the resin. In the case of TiO, particle removal 
was negligible at the acidity used, pH 5-6, and an experi- 
ment was carried out with a suspension at pH 2, the 
acidity being adjusted by addition of hydrochloric acid. 
Under these conditions particle removal was almost 
complete, indicating that the change in pH had altered 
the charge on the suspended particles from negative to 
positive. This would be expected from what is known of 
the amphoteric character of such oxides and their own 
behaviour as inorganic cation and anion exchangers‘, 
It has been shown that in 0-1 N hydrochloric acid hydrous 
TiO, exhibits anion exchange properties, that is, that the 
solid phase is positively charged. Our own electrophoresis 
experiments indicate that TiO, at pH 5-6 in pure wator 
is negatively charged ; electrophoresis was not possible 
at pH 2 because of turbulence caused by the high current 
flowing in the cell. | 
We thank Elga Products, Ltd., Lane End, Bucks, for 
the loan of ion exchange columns. 
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Anisotropy of the g-Factor in Aromatic Molecules 


AN aromatic molecule may be characterized as one which 
can carry a ring current. This ring current is induced by 
an external magnetic field and can be observed by moans 
of its large contributions to the anisotropy of both the 
diamagnetic susceptibility and the chemical shift. Thore 
is another observation which can be used for the same 
purpose and remains valid for radicals and ions. This is 
the anisotropy of the electronic g-factor. An unpaired 
electron, in a molecule or radical, has its spin oriented 
by the magnetic field which it experiences. This field 
consists of the external field together with the field 
at the electron due to induced ring currents of the other 
electrons. Since aromatic rings are usually planar this 
second field depends on orientation and results in an 
anisotropy. The g-factor, in this context, measures the 
ratio of the effective field to the external field. 

The feasibility of observing ring-current effects in 
electron spin resonance experiments has been investigated 
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by calculating the g-factor anisotropy for @ number of 
molecules. The origin of the effect lies in the spin-other- 
orbit terms of the full molecular Hamiltonian. Their 
magnitude has been found using the unrestricted form of 
self-consistent molecular orbital theory with the usual 
approximate integrals. Full details will be published 
Jater.* The results for two typical calculations are: 


Ag x 10° 
Naphthalene positive ion 2:27 
Naphthalene lowest triplet state 2-42 


The magnitude of this effect suggests that it could be 
observed in a suitably designed experiment. 
G. Q. Harz 
Department of Mathematics, 
University of Nottingham. 
A. Harpisson 
Instituto de Quimica Fisica Rocasolano, 
C.8.1.C., 
Madrid. 


Free Radical Chemistry of Cyclic Ethers : 
p-Dioxane and Morpholine 


Recent investigations on the peroxide-induced reactions 
of cyclic ethers with l-octene have demonstrated that 
ketones are the major reaction products formed!?. 
Mechanistically, these reactions involve a free-radical 
decémposition or re-arrangement of the «-ethereal radical 
initially formed and subsequont addition to the olefine 
to give the products observed. In a logical extension of 
these studies we have investigated the free radical chemis- 
try of a cyclic diether, p-dioxane, and a cyclic aminoother, 
morpholine. In the case of p-dioxane it was of interest 
to determine if cyclic diethers of this general type behave 
in a manner similar to tetrahydropyran. ` Morpholine is 
of interest since it allows one to estimate the reactivity 
of the two types of «-carbon hydrogen bonds («-ethereal 
versus «-amino) toward peroxy radicals in a cyclic system. 

The tert-butyl peroxide-induced reactions of p-dioxane 
and morpholine with l-octene have been studied in the 
temperature-range of 128°-150°. The results from this 
study: are summarized in Table 1. In the caso of p- 
dioxane, the only product formed was octyl-p-dioxane. 
This was substantiated by infra-red and mass spectral 
analysis. No evidence for the formation of the dimer 
of p-dioxane was obtained. Morpholine yielded two 
products, 3-aza-5-tridecanone and octylmorpholine in 
the ratio of 4 : 1, respectively. The predominance of the 
azaketone was based on infra-red, nuclear magnetic 
resonance, and mass spectral analysis. The infra-red 
contained bands characteristic of an amino group, 
ethylamino group and a strong carbonyl group. It was 
also consistent with an acyclic amino ketone structure. 
The mass spectral fragmentation pattern and the nuclear 
magnetic resonance analysis were consistent with the 
group assignments to the infra-red frequencies. Chemical 
attempts to separate the isomers were unsuccessful. 
Gas chromatographic analysis indicated that isomer 
separation by gas chromatography was not feasible. In 
both reactions a trace amount of carbon-carbon unsatura- 
tion was detected in the infra-red, indicating chain 
termination probably occurs by disproportionation. 

The results of the present study are consistent with 
those previously reported). The mechanism involves 


Table L RESULTS FROM THE PEROXIDE-INDUCED REACTIONS OF p-DIOXANE 
AND MORPHOLINE 


1-Octene 
Reactant mole _¢ert.-Butyl Time Temp. Product Residue 
_ (moles) {% con- peroxide (h) (deg. {% Cony. E 
version) (mole) Yield*, %t) 
p-Digxano 015, 70 003 2, 150 Octyl p-dioxano 9 
0-50, 70 0-12 38, 180 9-aza-5-tridecanone 


Marphotine 
(4:00) > 7 
Octylmorpholine 

(8, 11) 


* Based on the total amount of 1-octene used. 
+ Based on the amount of 1-octene converted to product. 
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hydrogen atom abstraction from the alpha positions of 
both species to form initially «-ethereal radicals and in tho 
case of morpholine a minor amount of «-amino radicals. 
The p-dioxane radical adds to l-octene without rearrange- 
ment, and the resulting radical continues the free radical 
chain by hydrogen atom abstraction from the ether. 
This is in direct contrast to the results previously obtained 
from the peroxide-induced reactions of cyclic 1,3-diethers*:* 
but is consistent with the results of Pfordte®, who obtained 
only the p-dioxane dimer from the photochemical reaction 
of p-dioxane. Apparently, higher temperatures are 
required for formation of an oxaketone from p-dioxane 
and this would be similar to the temperature dependence 
of reaction type previously observed for other cyclic 
ethers*:®, 

The 4:1 ratio of ketone to octylmorpholine is of 
importance since it indicates that at least 80 per cent of 
the radical attack takes place on the methylene groups 
œ to the oxygen atom. This suggests that the «-carbon— 
hydrogen bonds in cyclic ethers are considerably more 
susceptible to hydrogen atom abstraction than those 
in cyclic amines. The absence of a radical rearrange- 
ment in cyclic amines has now been checked and it has 
been determined that less than 1 per cent of the amino- 
radicals undergo rearrangement’. 

In the following experimental procedure, all boiling- 
points and melting-points are uncorrected. 

Reagents. Morpholine (Matheson, Coleman and Bell, 
b.p. 126°-129°); p-dioxane (Matheson, Coleman and Bell, 
reagent grade, b.p. 101°+102°, n% 1-4230); 1-octene 
(Matheson, Coloman and Bell, b.p. 121°, n% 1-4089); 


_ and tert-butyl peroxide (Lucidol Corp., b.p. 40° at 65 mm, 


n2 1:3893) were distilled through a 14-in. column equipped 
with a tantalum-wire-spiral. 

Free radical reaction of p-dioxane with 1-octene and 
tert-butyl peroxide. p-Dioxane (1-54 moles, 136 g), 0-154 
mole of l-octene (17-2 g) and 0-03 mole of tert-butyl 
peroxide (5 ml.) were placed in a Parr autoclave. After 
purging with nitrogen, the autoclave was sealed, heated 
to 150° under autogenous pressure, and maintained at 
this temperature for 2 h by a “Thermocap’ relay (Niagara 
Electron Labs.). The reaction mixture was distilled to 
remove the peroxide decomposition products and un- 
reacted starting material. Further distillation under 
reduced pressure yielded 7-63 g of 1 : 1 addition product 
(b.p. 140° at 0-01 mm, 31 per cent yield based on olefine 
converted). On standing the product crystallized and 
melted sharply at 38°. 

Chemical tests for the carbonyl group were negative 
and an infra-red spectrum of the product indicated no 


- carbonyl group was present. Mass spectral analysis of the 


product indicated a parent ion with an m/e of 200 whieh 
was consistent with a structure corresponding to octyl-p- 
dioxane (mol. wt. 200). No ion with an m/e at 174 was 
observed. : 

Free radical reaction of morpholine with l-ociene and 
tert-butyl peroxide. Morpholine (4 moles, 348 g), 0-50 
mole of l-octene (56 g), and 0-12 mole of tert-butyl per- 
oxide (20 ml.) were refluxed under nitrogen at 128°-30° 
for 38h. Distillation in the above manner yielded 39-2 g 
of 1:1 adduct (b.p. 102°-105° at 0-30 mm, n? 1:4598, 
mol. wt. 195 (osmometer), cale. 199. Anal.: 6-86 per 
cent nitrogen cale., 7-03, 55 per cent yield based on olefine 
converted). An infra-red spectrum of the 1:1 adduct 
indicated a strong carbonyl band (1,686 cm-), a moderate 
to weak N—-H band (3,350 cm-!), and a band characteris- 
tic of an ethyl amino-linkage (1,460 cm-1), a trace of 
earbon-carbon unsaturation (1,600 cm-), and a 
weak band corresponding to a cyclic ether linkage 
(1,120 cm~?) (ref. 8). In addition to the previous data, the 


-~ spectrum of the ketone was quite similar to that of 5- 


tridecanone with the exception of the froquencies dus to 
the amino-linkages. 

A mass spectrum of the product (Consolidated Electro- 
dynamic Corp. spectrophotometer, model No. 21-103, 
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modified with high-temperature inlet system) yielded a 
peak at m/e of 199 (parent ion), one at m/e of 154 (loss of 
C,H;NH,) and one at m/e of 86 (loss of C,H; NHCH,CO). 
The nuclear magnetic resonance of the product (Varian 
spectrophotometer, model No. HR-60) in tetramethyl- 
silane indicated the presence of an ethyl amino group 
(6:17, 6-37 and 7-137), a methylene group « to the 
carbonyl function (7-721), a strong (CH,)n absorption 
(8-667), the terminal methyl group of the octyl linkage 
(9-047), and a slight trace of carbon-carbon unsaturation 
(4647). Very small peaks at 6-92, 6-77 and 6-597 in 
the ratio 4 : 2: 1 were consistent with an octyl-morpholine 
structure. Attempts to separate the 2-isomers ‘by 
chemical methods ,were unsuccessful. An estimation 
of the amount of each isomer was obtained on an 
Atlantie column (10 fb, 0-25 in. diam., 0-25 wt. per 
cent microcrystalline wax on 60/80 mesh glass beads) 
using an F and M flame ionization gas chromatography 
apparatus (model No. 609) temperature programmed at 
13°/min from 75° to 260°. Both isomers were detectable 
above 250° but not completely resolved. Based on the 
ratio of the areas a conservative figure for the azaketone/ 
octylmorpholine ratio was four. 

We thank W. P. McSweeney, R. Brown and B. E. 
Hudson of the Esso Research and Engineering Co. for 
help in interpreting the mass spectral and nuclear mag- 
netic resonance data and the National Science Foundation 
(G--6580) for partial support of this work. 
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2'-Deoxythioguanosine and its «-Anomer 


THE recent announcement! that 5-iodo-2’-deoxyuridine 
(IUDR) is effective against the herpes simplex virus, 
whereas the riboside, 5-iodo-uridine, is not, emphasizes the 
possible therapeutic differences between ribosides and 
2’.deoxyribosides of a common heterocyclic base. As a 
result of our interest in preparing potentially better forms 
of certain common antitumour drugs, we have recently 
reported the synthesis of the 2’-deoxyriboside of 6-mer- 
captopurine’; we now describe the synthesis of 2’-de- 
oxythioguanosine (DTG). In view of LePage’s report? 
that the tumour-inhibitory properties of 6-thioguanine 
result from the incorporation of this guanine analogue 
into the nucleic acids (probably specifically the DNA), 
DTG is of especial interest since it represents the closest 
practical precursor of thioguanine as it is incorporated 
in the DNA; it by-passes some of the steps from thio- 
guanine to its incorporation into DNA. 

To prepare a properly blocked form of 2-amino-6- 
chloropurine for the synthesis of DTG, the base (I) was 
heated with acetic anhydride at reflux using phosphoric 
acid as catalyst‘ to form a polyacetylated base that could 
be converted to 2-acetamido-6-chloropurine (TI) by careful 
treatment with methanolic ammonia. A mercury deriva- 
tive suitable for nucleoside formation was prepared 
from IL by reaction with 2 moles of mercuric chloride 
and 2 moles of sodium hydroxide. 

The reaction of the mercury derivative of II with 
1 mole of the chlorosugar (III) (ref. 5) in refluxing 
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benzene for 20 min gave 25 per cent of the crystalline 
B-anomer (IV), [a] 4D —30°, and 24 per cent of the 
amorphous «-anomer (V), [a«a] D —55° (rotations in 
chloroform). Anomeric configurations for IV and V could 
be assigned by comparison of the nuclear magnetic 
resonance spectra with those of 6-chloro-9-(2’-deoxy- 
3’,5’-di-0-p-toluyl-a- and §-p-ribofuranosyl) purine*®, the 
structures of which had been proved chemically. 
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Treatment of IV with refluxing methanolic sodium 
hydrogen sulphide followed by methanolic sodium 
methoxide gave 80 per cent of VI, [«]*®*D — 32° (0-1 N 
sodium hydroxide). Anal.: C,.H,;N;0,8-H,0 requires 
C, 39-9; H, 5-02; N, 23-2; 5, 10-6. Found: C, 39-6; 
H, 5:11; N, 23-0; S, 10-6. Similar treatment of V gave 
64 per cent of VII, [a] D + 65° (0-1 N sodium hydroxide). 
Anal.: found: ©, 39-9; H, 4:83; N, 23-2; S, 10-8. 

The ultra-violet spectra of the crystalline S-benzyl 
derivatives of VI and VII were those of 9-substituted 
(and not the 7-substituted)® S-benzylthioguanines. The 
conversion of 2’-deoxythioguanosine (VI) to 2’-deoxy- 
guanosine via the S-(§-hydroxyethyl) derivative’? of VL 
provided a chemical proof of structure of VI. 

This work was carried out under the auspices of the 
Cancer Chemotherapy National Service Center, National 
Cancer Institute, National Institutes of Health, contract 
No. SA-43-ph-1892. The opinions expressed in this com- 
munication are those of the authors and are not necessarily 
those of the Cancer Chemotherapy National Service 
Center. 
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Involvement of Synthesis of RNA in 
Thymineless Death 


Tue phenomenon of thymineless death in bacteria? is of 
particular interest because of its apparent relationship to 
DNA replication, as shown by Maaloe and Hanawalt?. 
Only those bacterial cells which are synthesizing DNA at 
the time thymine is removed from the culture medium 
appear to be susceptible to thymineless killing under con- 
ditions of protein synthesis inhibition’. The 97 per cent 
susceptible fraction from an exponentially growing culture 
of strain TAU (E. coli 15T-A-U-, requiring thymine, 
arginine and uracil) succumbs to the lethality of thymine 
deficiency at about the same rate whether arginine and 
uracil are present or not?. Thus, little correlation exists 
between thymineless killing and cytoplasmic synthesis. 
Using Æ. coli~B3 Gallant and Suskind‘ also reported 

_thymineless death under conditions of protein synthesis 
inhibition, but they found further that phosphate starva- 
tion prevented killing. They implicated RNA synthesis 
on the basis of this result and the finding that the inhibi- 
tory effect of 5-methyl tryptophan could be partially 
reversed (with respect to RNA synthesis and thymineless 
killing) by chloramphenicol. The investigations to be 
reported here provide evidence that messonger-RNA 
synthesis in particular is necessary for the killing event 
in thymine-deficient cultures. 

Our previous work with strain TAU has indicated that 
uracil deficiency does not prevent thymineless killing?. 
However, this strain is known to be able to synthesize up 
to 2 per cent of its uracil requirement’. Also, TAU 
succumbs to thymine deprivation in a phosphate-deficient 
medium‘, as consistent with the findings of McFall and 
Magasanik’ for Æ. coli 157— but at variance with the 
observations on H. coli B3 (ref. 4). However, B3 is norm- 
ally much less sensitive to the lethal effects of thymine 
deprivation than 157- and strains derived from it. Perhaps 
phosphate is necessary for killing but it is made available 
in the TAU system by RNA turnover. A low level of 
chloramphenicol (1 ug/ml.) which slightly stimulated RNA 
synthesis in TAU (as determined by incorporation of 
uracil labelled with carbon-14 into RNA) had no striking 
effect on rate of thymineless killing although the rate of 
killing was slightly enhanced in a few experiments. A 
level of chloramphenicol (10 ug/ml.) which inhibited 
growth and overall RNA synthesis still permitted killing 
to a 3 per cent survival-level. 

Anew polyauxotroph of E. coli 15T-, designated TAU- 
bar, was obtained through the courtesy of Dr. Richard 
Wax. This strain requires arginine, methionine, proline, 
and tryptophan, and it shows a more stringent uracil 
requirement than strain TAU. Experimental procedures 
used were the same as reported previously”, where mem- 
brane filtration was used for the rapid collection and 
washing of bacteria to remove supplements from the 
synthetic glucose-salts medium, and where viable cell 
count was determined by the pour-agar technique on fully 
supplemented nutrient agar plates. When thymine (T) 
and uracil (U) were removed from an exponentially grow- 
ing culture of TAU-bar there was a very slow loss in 
viability as shown in Table 1. However, the removal of 
any one (or all four) of the required amino-acids, as well as 
thymine and uracil resulted in an increased killing rate 
and allowed the entire susceptible fraction, 97 per cent, to 
succumb in 3 h. Now, it is known that amino-acid 
deficiency in a stringent bacterial strain? represses ribo- 
somal RNA and transfer RNA synthesis but has little 
effect on messenger RNA synthesis’. Thus, a logical 
explanation of the result would be that the inhibition of 
ribosomal and transfer RNA synthesis (which together 
account for 98 per cent of the cellular RNA) allows more 
of the available uracil as released by RNA turnover to be 
incorporated into messenger-RNA. This messenger-RNA 
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could be directly involved in the killing event (for example, 
by specifying a colicine to be synthesized during subse- 
quent growth on nutrient agar). Or else it could leave 
the unreplicating DNA in a labile state in which it would 
be susceptible to thermally dependent denaturation or 
disaggregation. : 


Table 1. Susorprrpmity oF T'AU-bar TO THYMINELESS DEATH 
Percentage of, initial viable count at 


f imes shown 
Experiment Condition 1h 2h 3h 5h 6h 
1 T+U+amino-acids 15 i 0-01 
2 T -+ U — amino-acids 20 5 4 4 
3 T — U + amino-acids 90 81 68 58 30 
4 T- U — arginine 73 12 3s 3 3 


A. possible hypothesis would be that the synthesis of a 
complementary messenger-RNA normally precedes DNA 
replication. One might envisage a model in which the 
DNA strands separate for messenger-RNA synthesis but 
are left in the separated state unless DNA replication of 
the free strands follows immediately. However, no 
detectable amount of single-stranded or denatured DNA 
has been isolated (in cæsium chloride density gradient) 
from bacteria grown in the thymineless condition-1, 
Mennigman and Szybalski!4 have recently reported 
evidence for damage to the molecular structure of DNA 
from thymineless cultures. They found a loss in viscosity 
and an increased sensitivity to shear which they attributed 
to single strand breaks. Perhaps these ‘single strand 
breaks’ represent portions of the genome which have 
released newly synthesized messenger-RNA but have not 
afterwards reformed the complementary DNA strands. 

The evidence presented suggests that messenger-RNA 
synthesis is involved in the killing process in thymineless 
bacteria. However, one must distinguish between the 
event which causes killing and the required event which 
converts @ cell from the immune state to the susceptible 
state’. This latter aspect of the problem will be treated in 
a subsequent communication. 

This work was supported by U.S. Atomic Energy 
Commission AZ (04-3)326-7 and U.S. Public Health 
Service RG9901. I thank Mrs. Donald Anthony for. 
technical assistance. 
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BIOCHEMISTRY 


Paper Electrophoresis of Xanthine Dehydro- 
genase from Drosophila 


XANTHINE dehydrogenase from Drosophila melanogaster 
is of particular interest since mutants at two separate loci 
lack this enzyme! while a mutant at a third locus produces 
about 25 per cent of normal activity. In an effort to 
detect strains of flies with genetically altered forms of 
xanthine dehydrogenase we devised a technique involving 
paper-strip electrophoresis in which this enzyme is located 
after electrophoresis by spraying the strip with the 
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Fig. i. Paper eleetrophoresis of xanthine dehydrogenase (schematic 


drawing). Upper left, one Drosophila female squashed directly on the 

origin of the electrophoresis strip; upper right, 0-05 ml. of a Drosophila 

extract prepared and spotted as described in the text; lower left, 

0-005 ml. of an extract of rabbit liver prepared and spotted as described 

in the text; lower right, the Drosophila extract and the rabbit liver 

_ extract were mixed prior to spotting on the origin of the electrophoresis 
strip 


enzyme’s substrates, incubating it at 25° C, and then 
using paper chromatography to separate the fluorescent 
product from the substrate which also fluoresces. This 
technique is very simple, and has potential application 
to other enzymes. Paper electrophoresis of xanthine 
dehydrogenase in rat serum has previously been reported 
using the technique of elution and direct assay‘. 

One gram of adult flies derived from the Oregon-R wild- 
type strain of Drosophila melanogaster was homogenized in 
2 ml. of 0-01 M tris buffer, pH 8-5. This extract was then 
centrifuged at 30,000g for 1 h at 0° C after which the 
supernatant was filtered through glass wool. A small 
aliquot (0-005—0-05 ml.) was spotted 3 in. from the edge of 
a strip of No. 17 Whatman paper (4 in. x 22 in.) pretreated 
with 0-01 M tris, pH 8-5, containing 1 per cent bovine 
serum albumin (Armour). The strips were placed in a 
horizontal electrophoresis apparatus so that about 2 in. 
of each of the strips dipped into the reservoirs which con- 
tained 0-1 per cent bovine serum albumin in 0-2 M tris 
buffer, pH 8-7. A constant current of approximately 
4 m.amp was applied across 20 strips (0-2 m.amp/strip) 
for 12-16 h at 4° C. Immediately following electro- 
phoresis, the wet strips were sprayed with a solution 
containing 5x 10-4 M 2-amino-4-hydroxypteridine and 
5x 10- M nicotinamide adenine diphosphate (NAD) and 
then incubated in a humidity chamber for 2 h at room 
temperature (21°-25° C). Thestrips were dried and machine 
sewed 3 in. from the top ofan 18 in. x 22 in. 3 MM What- 
man filter paper (Fig. 1). A thin strip was cut out across 
the 3 MM paper where it overlapped the electrophoresis 
strip to facilitate the flow of solvent through the electro- 
phoresis strip. The sheets were then subjected to 
doscending chromatography using m-propanol/1-0 per 
cont ammonia (2 : 1) to separate the substrate from the 
product. The chromatograms were examined under a 
100-W ultra-violet lamp emitting at 365 my to detect the 
fluorescent product, isoxanthopterin, which is formed by 
the oxidation of 2-amino-4-hydroxypteridine by xanthine 
dehydrogenase. Thus, the presence of the isoxanthopterin 
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denotes the area to which the enzyme has migrated. A 
standard dye (BA from Microchemical Specialties No. 
C-7605-12) spotted at the origin prior to electrophoresis 
provided a yellow (Y) and a blue (B) spot for reference. 
One can also apply the enzyme by squashing a single fly 
(or head of a fly) directly on to the paper. Endogenous 
isoxanthopterin does not interfere with our analysis. 
Xanthine oxidase from rat and rabbit liver prepared in 
the same way were also tested. 

Fig. 1 depicts four patterns of paper electrophoresis of 
xanthine dehydrogenase in extracts of Drosophila and 
rabbit liver. It can be seen that similar results were 
obtained from both the Drosophila extract and the single 
fly squashed at the origin. The enzyme usually migrates 
as two spots as shown; but on many occasions only one 
large spot was observed. In one instance a triple 
isoxanthopterin spot was seen. These multiple spots may 
represent multiple molecular forms of the enzyme, but 
could also indicate a binding of some enzyme molecules to 
components in the extract. Results obtained on acryl- 
amide gels confirm the presence of these multiple forms of 
the enzyme and will be reported elsewhere. 

It can be seen in Fig. 1 that xanthine dehydrogenase 
from Drosophila migrated much faster than the corre- 
sponding enzyme from rabbit liver under the same con- 
ditions. This difference persisted even when the extracts 
were mixed prior to spotting at the origin (Fig. 1, lower 
right). The enzyme from rat liver migrated like that from 
rabbit liver. It is significant that no isoxanthopterin spots 
were observed when extracts from the Drosophila mutants 
lacking xanthine dehydrogenase were used. 

This work was supported by grant RG-8202 from the 
National Institutes of Health. 
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Aceto-coenzyme A-kinase and the Condens- 
ing Enzyme in the Two-spotted Spider 
Mite 
: ALTHOUGH earlier reports! indicate that the enzymes 
necessary for the utilization of hexose phosphate through 
the Embden-Meyerhof and the hexose monophosphate 
pathways are present in the two-spotted spider mite, 
Tetranychus telarius (L.), little attention has been given to 
the presence of tricarboxylic acid cycle enzymes in these 
organisms. Moreover, since in most animals’ tissues, as 
known so far, the tricarboxylic acid cycle is responsible for 
the final oxidation of organic acids produced during the 
metabolism of carbohydrates, fats and proteins’, it was 
thought pertinent to demonstrate the presence of some of 
the enzymes of tricarboxylic acid cyclo in the mite. 
Towards this end the evidence for the presence of aceto- 
coenzyme A-kinase and condensing enzyme in the dialysed 

acetone powder extracts of the mite has been obtained. 
Acetone powders were prepared from the mites obtained 

from a laboratory colony maintained on Fordhook U.S. 

242 lima beans grown at 80° + 3° F and 60 per cent relative 
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humidity. Acetone powders were extracted with 10 vol. 
(w/v) of 0-02 M potassium bicarbonate for 1 h in cold and 
then centrifuged. The supernatant was collected and 
dialysed for 18 h against the extracting medium before 
use. 


Table 1. CITRATE FORMATION FROM ACETATE AND OXALACETATE BY THE 
TWO-SPOTTED SPIDER MITE AOETONE-P OWDER EXTRACT 
uMoles citrate formed{h 
Complete system 2-30 
No acetate 0-15 
No oxalacetate 0-13 
No ATP 0-10 
No coenzyme-A O16 


The complete system contained 0:5 mi. mite extract and the following 
(moles): mercaptoethanol, 10; KF, 20; MgCl, 10; tris buffer pH 8 a Ba; 
coenzyme-A, 01; potassium oxalacetate, 20; potassium acetate, 20; 

20; total volume, 1-0 ml. Incubation perlod, lh A 37° 0. Citrate ad 
was assayed by the method of Natelson e¢ al. (ref. 7 


Table 1 shows that the mite extracts are able to synthe- 
size citrate when incubated with acetate, oxalacetate, 
adenosine triphosphate and coenzyme A. The synthesis 
of citrate by the extracts suggested that at least aceto- 
coenzyme-A-kinase and the condensing enzyme are 
present in the mite. A confirmation of this was obtained 
by assaying the activities of these two enzymes. When the 
activity of aceto-coenzyme-A-kinase was determined by 
the method of Jones and Lipmann: it was found to be 25 
umoles acetohydroxamate formed/100 mg acetone pow- 
der/h. The kinase activity assayed in the mite extract 
was in fact due to the enzyme aceto-coenzyme-A-kinase 
and was confirmed by isolation and paper chromatographic 
identification of acetohydroxamate‘ as the end-product of 
reaction. 


Table 2. CITRATE SYNTHESIS FROM ACETYL-COENZYME A AND OXAL- 
AOETATE AS FUNCTION OF TIME AND ENZYME CONOEN'TRATION 


Enzyme concentration Moles citrate formed in following min 
(mal.) 2 4 8 10 


O1 D4 0-7 1-1 15 
0-2 0-7 1:3 1:8 a 
03 12 1:8 2-0 


Incubation mixture, in addition to enzy ne as shown, contained re aie 
(umoles): phosphate buffer pH 7-4, 50-0; mercaptoethanol, 15; oxalacetate, 
50; ace yi-coenzyme-A, 3-0, Total volume, 3-0 ml. Correction was made 
for the citrate present at zero-time. Citrate was determined according to 
Natelson et al. (ref. 7) 


The activity of condensing enzyme was determined by 
the method of Ochoa et al.. Table 2 shows that the 
acetone powder extracts of the mite effectively synthesized 
citrate from acetyl-coenzyme-A and oxalacetate. The 
approximate linearity of citrate formation with time and 
enzyme concentration indicate that the enzyme was 
. saturated with respect to substrates. 

These findings seem to indicate that at least some of the 
enzymes of the tricarboxylic acid cycle are present in the 
mites. Since the activities of malic dehydrogenase? and 
isocitric dehydrogenase (Mehrotra, K. N., unpublished) 
have been observed in these mites, the present work makes 
it all the more probable that the tricarboxylic acid cycle 
might be operative in these organisms as in others. 

This work was supported by research grant RG 6109 
from the U.S. National Institutes of Health. 

K. N. MEHROTRA * 

Department of Entomology, 

Cornell University, 
Ithaca, New York. 

* Present address: G.S.V.M. Medical College, Kanpur, U.P., India. 

1 Mehrotra, K. Pig Bull. Entomol. Soc. Amer., 6, 151 (1960); Comp. Biochem. 


Physiol., , i84 (1961). 

? Krebs, H. A., T Lowenstein, J. M., in Metabolic Pathways, edit. by 
Green, D. M., 1, 129 (Academic Press, New York, 1960). 

3 Jones, M. aP ana id Lipa nn, Ty m Methods in Enzymology, edit. by Colo- 
Veen © aplan, N. , 585 (Academic Press, New York, 


i Stadtman, E. R., and Baker, H. A., J. Biol. Chem., 184, 769 (1950). 

5 Ochoa, S., Stern, J. R., and Scheider, M. D., J. Biol. Chem.,198, 313 (1952). 
® Mehrotra, K. N., Canad. J. Biochem. Physiol. (in the press). 

7 Nation. S., Pincus, J. B., and Lugovoy, J. K., J. Biol. Chem., 175, 745 


NATURE 


April 20, 1963 VOL, 198 


Transfer of CEstradiol-178 to Milk in Cattle 


In cattle, cestradiol-178 appears to be one of the major 
cestrogens present both in the ovary! and in the placenta. 
In addition the placenta contains cestrone and cestradiol- 
17a (ref. 2) in amounts comparable with those found of 
cestradiol-178. The possibility exists that one or more of 
these cestrogens may contribute to the cestrogenic activity 
reported normally to occur in milk? and colostrum’. An 
experiment was performed to discover if cestradiol-178 
can at all be transferred to the milk. The chemical 
methods arrived at were designed with attention to future 
investigations on the normal levels of different cestrogens 
in milk throughout the lactation period. 

50 mg of cestradiol-178 in 2 ml. of ethanol diluted with 
8 ml. of propylene glycol were injected intramuscularly 
into a non-pregnant cow yielding about 51. of milk a day. 
Milk samples were collected prior to and after the injection 
and stored at — 20°C. 

Several different extraction methods were tested and 
discarded due to formation of emulsions and poor recov- 
eries of free cestrogens added to the milk in vitro. The 
procedure finally adopted involved a preliminary extrac- 
tion of fat followed by extraction in one step of free and 
conjugated cestrogens®. Distribution of the residue of this 
crude extract between water and ether prior to and after 
hot acid hydrolysis and isolation of estrone and cestradiols 
as the 3-methyl ethers was carried out by Brown’s 
method’, 

Of the milk samples 50 ml. were mixed with 60 ml. 
ethanol and 10 ml. 5 N sodium hydroxide. The mixture 
was rapidly brought to boiling point under a condenser, 
refluxed for 0-5 min, cooled to about 35° C and shaken 
with 20 ml. of light petroleum (b.p. 40°-60° C). After 
centrifugation, the supernatant, containing unhydrolysed 
fat, was discarded. The aqueous phase was acidified with 
5 ml. 50 per cent sulphuric acid, thoroughly shaken with 
30 g ammonium sulphate and afterwards with 100 ml. 
ether. The layers were separated by centrifugation, the 
ether—ethanol mixture washed once with 10 ml. 50 per cent 
ammonium sulphate in water and evaporated to dryness 
under reduced pressure. The residue was dissolved in 
100 ml. of water and extracted with 200+ 100 ml. of ether 
which were combined and shaken with ammonium sulphate 
(about 10 g) prior to later washings. After removal of the 
residual ether the water was refluxed with 7-5 ml. of 
concentrated hydrochloric acid for 15 min, cooled and 
extracted with ether as before. 

The ether extracts were further processed essentially 
according to Brown’. Water extraction of the light 
petroleum benzene solution of the ether extract residue 
was omitted. The phenolic extract (254+25 ml. 0-4 N 
sodium hydroxide) was washed once with 25 ml. light 
petroleum, centrifuged and submitted to methylation. The 
methylated material extracted with n-hexane was chrom- 
atographed on the alumina column of Brown! and the 
cestrone and cestradiol fractions developed for fluorimetry 
according to Ittrich’s method? except for minor modifica- 
tions. For the quantitative determinations a spectrofluori- 
metric procedure was used which involved corrections 
for unspecific fluorescence and reflected incident light. 

The results, which are presented in Table 1, indicate 
that very minute amounts, if any, of the cestradiol-178 
administered were transferred to the milk as the free 
cestrogen. Evidently most of the estradiol which could be 
recovered. from the milk was secreted in a form insoluble 
in ether. Recovery experiments showed that both frec 
cestrone and cestradiol-178 added to the milk at the l-g 
level were almost completely removed by the ether extrac- 
tion applied prior to hydrolysis. 

The mild hydrolysis conditions were selected to recover 
possible cestradiol-17«, an important end-product of 
cestradiol-17B in cattle. With a method® designed to 
estimate small amounts of cestradiol-17« in the presence 
of estradiol-178 none of the former could, however, be 
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Table 1. _ MILK-LEVELS oF CESTROGENS PRIOR TO AND AFTER SINGLE 
INTRAMUSCULAR INJECTION OF 50 MG CESTRADIOL-178 
g per 50 mil.* 
Day Ether soluble Ether insoluble 
No. Œstrone Œstradiol Cstrone Gstradiol 
1 1 3 1 6 
2 2 3 2 8 
3 2 5 <1 7 
4° 2 10 <1 8 
5 Injection : 
Evening t 4 30 183 + 23 353 + 14 
6 Morning 2 29 13 208 
Evening “2 20 8 146 
7 Morning — — vd 114 
Evening —_— = 7 92 
12 — — 2 21 
20 — ~~ <i 6 
21 n — <1 9 


* Qistradiol calculated as cestradiol-178. Means of duplicate estimates 
uncorrected for losses due to the analytical procedure. The recoveries of 
free oestrogens (1-ug level) added to intact milk or taken through hydrolysis 
in the presence of milk extracts (cf. method) amounted to 40-50 per cent. 

+ The milk was collected 8 h after injection. The values of the ether- 
insoluble cestrogens represent the means (+ S.E.) of 11 estimates. 


demonstrated in the first milk sample drawn after the 
injection of the 8-epimer. A slight increase was recorded 
of the milk levels of ether non-soluble estrone. Céstrone 
is another metabolite of cestradiol-178 previously de- 
scribed in cattle’. 

In the milk produced during the first 48 h after injection 
the net increase of cestradiol recovered after hydrolysis of 
the postulated derivative insoluble in ether may be caleu- 
lated to about 150 yg or roughly 0-3 per cent of the dose. 
Since the recoveries of free cestradiol-178 similarly treated 
were not better than 50 per cent the true value was 
presumably at least twice as high. 

It was shown that the concentrations of free oestradiol in 
the blood on the day of injection rose to levels comparable 
with those found in the milk of the derivative insoluble in 
ether. Tentatively, no appreciable increase in the blood 
levels of cestrogen conjugates could be demonstrated. The 
possibility should thus be considered that the mammary 
gland itself might be the site of the apparent conjugation 
of the cestrogens being eliminated with the milk. 

This work was supported by grants from the Agricul- 
tural Research Council of Norway. 
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Microbial Transformation of n-Octane into 
Dicarboxylic Acids 


In 1960 Kester and Foster! demonstrated the con- 
version of certain liquid hydrocarbons to the correspond- 
‘ing alkanedioic acids in cultures of a Gram-positive 
bacterium. n-Alkanes possessing between 10 and 14 
carbon atoms were shown to undergo this process of 
di-terminal oxidation. Evidence has been obtained? 
that n-decanoic and 10-hydroxydecanoic acids are inter- 
mediates in the oxidation of n-decane to: n-decanedioic 
acid. 

In our experiments we have used a Gram-negative 
bacterium, tentatively identified as a Pseudomonas, 
isolated from the soil of a grass lawn which had been 
previously exposed to commercial petrol. The organism 
has been grown in a medium containing mineral salts 
and n-octane. Continuous ether extraction of acidified 
culture solution gives a mixture of acids, of which two 
have been identified. Suberic acid (n-octanedioie acid) 
has been isolated from the mixture in a pure crystalline 
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form and characterized on the basis of its chromato- 
graphic properties, melting point and mixed meling 
point with authentic material, elementary analysis, 
neutralization equivalent and infra-red spectrum. Adipic 
acid (n-hexanedioic acid) is present in smaller amounts 
and has been identified by partition chromatography of 
the free acid on paper and on silica-gel columns and 
further by vapour phase chromatography of the dimethyl 
ester. 

In the light of the work of Kester and Foster, our 
investigation enhances the view that di-terminal oxidation 
is a significant aspect of n-alkane metabolism. 

We thank Prof. A. A. Eddy for his interest in this 
work and Dr. J. W. Foster for providing us with unpub- 
lished information. For financial support wo thank the 
Department of Scientific and Industrial Research 
(D. S. R.) and H. E. H. the Nizam’s Sahibzadas Surf-o- 
Khas Trust, Hyderabad (M. Y. A. K.). 
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Stimulation of Oxytetracycline Formation 
by N-Acety! Derivatives of Certain Amino- 
acids 


Srvcz agetate can serve as an effective precursor to the 
formation“6f the ring structure of the tetracycline (TC) 
molecule?, it was of interest to determine the role of certain 
N-acetylated amino-acids in formation of oxytetracycline 
(OTC). This communication summarizes several obser- 
vations on the stimulation of antibiotic formation through 
the inclusion of certain N-acetylated amino-acids in 
Streptomyces rimosus (NRRL 2234) fermentations. 

The procedures used for all shake flask fermentations. 
preparation of inocula, antibiotic assays and determina- 
tions of growth were similar to those previously described. 
Composition of the basal medium follows (g/l.): amino- 
acid, 0-5 (as organic nitrogen); glucose, 10-0 (autoclaved 
separately); NaCl, 5:0; K,HPO,, 2-0; MgSO,-7H.0, 1-0; 
CaCl; 2H:0, 0:4; (NH,),HPO,, 0-2; FeSO,:7H,0, 0-02. 
and ZnSO,:7H,0, 0-01. 


Table 1. EEFEOT OF N-ACETYL DERIVATIVES OF CERTAIN AMINO-ACIDS 
ON GROWTH AND ANTIBIOTIO PRODUCTION BY Streptomyces rimosus 


Amino-acid source Final pH To activity Dry cell TC activity 


mil.) weight (mg/g cells 
None 7-3 13 47 26:8 
DL-Alanine 8-0 47 822 14-6 
N-Acetyl-DL-alanine 83 183 258 71-0 
Glycine 8-4 42 225 18-6 
N-Acetylglycine 8-2 199 257 TTA 
DL-Methionine 7-3 28 234 12-0 
N-Acetyl-DL-methionine 8-1 30 69 43-5 
DL-Leucine 7:2 12 65 18-9 
N-Acetyl-Di-leucine 8-0 38 237 16-0 
DL-Tryptophan 7-0 12 7 20-2 
N-Acetyl “bi-tryptophan 71 14 63 26-4 
DL-Valine 7i 70 248 252 
N-Acetyl-DL-valine 73 72 226 31-8 
L-Glutamic acid 91 63 289 218 
N-Acetyl-L-glutamic acid 8-9 83 317 26-1 


The results in Table 1 show that the most striking 
stimulation of antibiotic production was noted in media 
containing N-acetyl-pu-alanine or N-acetylglycine. Antı- 
biotic yields per unit of dry-cell weight were increased 
4- to 5-fold above those observed with the parent amino- 
acids. N-Acetyl-pt-methionine was not effectively 
utilized for growth but resulted in comparable titres of 
antibiotic activity per unit volume of broth as that found 
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with pi-methionine and hence on a dry-cell weight basis 
showed an overall stimulation in antibiotic production. 
In contrast, with N-acetyl-pu-leucine both growth and 
antibiotic production were stimulated to a similar degree 
above that found with pu-leucine. The other three 
amino-acids tested and their N-acetyl analogues were 
comparable in growth-promoting and antibiotic-stimu- 
lating properties. 

When media containing either glycine or p1-alanine 
were supplemented with acetate at levels comparable with 
those used with the N-acetylanalogues, antibiotic forma- 
tion was only slightly stimulated. Too little is known 
concerning tetra-cycline biosynthesis to permit inter- 
protation of the observations herein reported. While it 
might be postulated that the acetylated amino-acids 
provide a more readily assimilable 2-carbon fragment, a 
sr of alternatives, equally tenable, readily come to 
mind. 

In summary, these results show that N-acetyl-DL- 
alanine and N-acetylglycine markedly stimulate antibiotic 
yields above those observed with the corresponding 
amino-acids with or without added acetate. “a 
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PHYSIOLOGY 


Testosterone and Asthma 


Derrick and Thatcher! have recently shown that the 
admissions for asthma in Brisbane in the 5-10 year age- 
group falls rapidly from 30 per 10,000 of population to a 
minimum of 6 per 10,000 of population at the age of 
twenty-seven. The initial incidence does not return to 
its former level until past the age of sixty, and it continues 
to rise. This work was reported at the August meeting of 
the Australian and New Zealand Association for the 
Advancement of Science in Sydney last year, and it 
appeared likely to me? that this could be an effect of 
testosterone depressing the sensitivity to H substances 
released in asthma. Especially did this seem likely owing 
to the unchanging incidence in the female. Dungan® 
pointed out that admissions of asthma cases to hospital 
did not reflect asthma incidence, but rather the super- 
vention of status asthmaticus, and this is undoubtedly 
true. 

We have tested the effect of testosterone and cstrin 
compounds on the sensitivity of the guinea pig jejunum 
to histamine. 3-5 mg testosterone (aqueous) left in contact 
with the gut for 1 min produced gross depression in the 
response to 0:1 ug of histamine, lasting 25 min after. 
continually washing out the bath. 1 mg cestrogenin is 
without significant effect on the response of the gut. The 
bath volume was 10 ml. and hormone was washed out 
after 60 sec in each instance. 

The relative output of female hormone in females to 
male hormone in males is much smaller than this ratio 
1: 3-5, and it would appear that male hormone could 
account for the striking reduction in the incidence of 
status asthmaticus in the male age groups during active 
sexual life. 

At the age of sixty the male still produces one-third the 
male hormone output of the middle decades, but thereafter 
it declines more rapidly. 

Status asthmaticus is a recurrent or non-intermitting 
state of asthma where cortisones have been found of great 
value. It has previously been shown’ that cortisones 
also greatly inhibit the response of the gut both to hista- 
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mine and S.R.S., the latter substance of which has been 
thought to be of increased importance in asthma. 


E. R. TRETSEWIE 


Department of Physiology, 
University of Melbourne. 
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Ipsilateral Excitation of Extensor 
Motoneurones 


Ir is well known from the work of Lloyd and others! 
that stimulation of muscle nerves with shocks that activate 
fibres smaller than group I generally facilitates ipsilateral 
flexor reflexes and inhibits ipsilateral extensor reflexes. 
However, several early investigations demonstrated that 
the ipsilateral input to extensor muscles, from both skin 
and muscle, must contain an excitatory component?. 
Recent investigations have provided further evidence for 
the presence of such excitatory connexions. Thus 
Hagbarth? showed that stimulation of appropriate skin 
areas would facilitate ipsilateral monosynaptic extensor 
reflexes; Wilson, Diecke and Talbot‘ showed that tetanus 
toxin causes polysynaptic reflexes to appear in various 
extensor nerves in response to dorsal root stimulation; 
and Holmqvist and Lundberg® occasionally observed 
facilitation of the monosynaptic reflex in the nerve to 
gastrocnemius by stimulation of high-threshold afferents 
from several muscles. Finally, some evidence for ipsilateral 
excitatory effects in extensors is available from intra- 
cellular investigations. Eccles and Lundberg® have observ- 
ed, in ‘Nembutal’-treated low spinal cats, excitatory post- 
synaptic potentials in extensor motoneurones following 
stimulation of high threshold fibres in ipsilateral musclo 
nerves; such findings were rare. The present experiments 
demonstrate, by means of intracellular recording, that in 
decapitate unanesthetized cats ipsilateral excitatory 
actions are found frequently in certain extensor moto- 
neurones. 

All experiments have been performed on cats, the spinal 
cord of which had, been transected at the atlanto-occipital 
membrane. The carotid arteries were tied, the vertebral 
arteries clamped, and the preparation was immobilized 
by intravenous injections of ‘Flaxedil’ (gallamine triethio- 
dido, American Cyanamid Co.). Laminectomy was 
porformod in the usual manner. The dorsal roots were 
left intact; the ventral roots from L6 to S1 were cut and 
electrodes placed on the central end for stimulating and 
recording. Afferent volleys were monitored by means of 
an electrode placed under the dorsal root near its entry 
into the cord. A number of peripheral nerves were also 
dissected and prepared for stimulation. Intracellular 
recording was by means of glass micropipettes filed with 
1 M potassium citrate; the circuits used for recording 
have already been described’. Motoneurones were located 
by tracking with the microelectrode while stimulating 
ventral roots and the cells were identified by the appear- 
ance of monosynaptic excitatory post-synaptic potentials 
following stimulation of muscle nerves. 

The observations to be described were made in cats in | 
which monosynaptic and polysynaptic reflexes rangod 
from fair to excellent and in which flexor motoneurones 
received abundant ipsilateral excitatory action. Most of 
the cells investigated so far have boen motoneurones of 
gastrocnemius-soleus. In many (27/32) of these cells, 
stimulation of various ipsilateral muscle and skin nerves 
resulted in the appearance of excitatory post-synaptic 
potentials. Potentials have been seen that had either briof 
or long latencies (‘early’ and ‘late’ potentials), and these 
two groups of potentials generally had thresholds which 
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Fig. 1. Saperimposition of approximately 15 frames. Upper beam 

shows afferent spike evoked by stimulation of biceps posterlor-semi- 

tendinosus nerve at 2-1 times group I threshold and recorded near 

dorsal root entry zone. Lower beam shows the intracellular potentials, 

evoked. by the same afferent volley, recorded from a gastrocnemius- 

soleus cell. Time marker, 2 ze i, voltage calibration, for lower trace, 
m 


were presumably of group II and group IN strength 
respectively. 

In these gastrocnemius-soleus cells homonymous excita- 
tory potentials following at a short latency behind the 
monosynaptic excitatory potential have sometimes 
resulted from stimulation of the gastrocnemius-soleus 
nerve. Furthermore, a muscle nerve the stimulation of 
which frequently gave rise to short latency excitatory 
potentials wasthe nerve to biceps posterior-semitendinosus. 
On stimulation of biceps posterior-semitendinosus the 
latency of the earliest visible excitatory potential, meas- 
ured from time of arrival of the afferent volley at the 
spinal cord, was normally approximately 3 msec (range 
2-5-6 msec) and the threshold of the depolarization was 
usually 1-9-2-9 times the threshold of the group I spike. 
These excitatory post-synaptic potentials were frequently 
associated with discharge of a spike. An ‘early’ excitatory 
potential sometimes accompanied by spike discharge is 
shown in Fig. 1. 

Most of the usual threshold values for the ‘early’ 
excitatory post-synaptic potentials appear to represent 
the threshold of group IT fibres according to Brock, 
Eccles and Rall? and according to the more recent 
investigations of Eccles and Lundberg’. In several cases 
the excitatory post-synaptic potential was preceded by 
an inhibitory post-synaptic potential; this inhibitory 
potential doubtless is due to stimulation of group Ib fibres: 
Ib inhibition of gastrocnemius-soleus by stimulation of 
biceps-semitendinosus has been seen by Laporte and 
Lloyd’, and inhibitory potentials have been recorded in 
this conditioning-test situation by Eccles, Eccles and 
Lundberg”. 

‘Late’ excitatory post-synaptic potentials have been seen 
in this group of motoneurones as a result of stimulation 
of many muscle nerves, usually with shocks >10 times 
group I threshold; that is, clearly in the group II range. 
The earliest peaks of these potentials were sometimes at 
15-20 msec; at other times the latency was much longer. 
Such ‘late’ excitatory potentials were often preceded by 
inhibitory potentials. 

As might be expected from the work of Hagbarth®, 
stimulation of ipsilateral skin nerves frequently evoked 
excitatory post-synaptic potentials in gastrocnemius- 
soleus cells. Excitatory post-synaptic potentials which had 
short latencies and which often gave rise to spike dis- 
charges were most often obtained by stimulation of the 
sural nerve. The latencies of these potentials varied from 
2:5 to 6 msec and the thresholds ranged from 1-2 to 2-2 
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times the threshold of the largest afferents in the nerve. 
The excitatory potentials were frequently followed by 
inhibitory potentials. Later depolarizations were seen ofton 
in response to stimulation, at far greater stimulus strength. 
of the sural or superficial peroneal nerves. 

Similar observations have been made in a few cells of 
flexor longus digitorum and tibialis posterior, as well as 
in some biceps anterior motoneurones. 

Some of the present findings confirm previous work. 
particularly that of Hagbarth’, in demonstrating an 
ipsilateral excitatory effect of cutaneous nerves on somo 
extensor motoneurones. In addition, they show that very 
large, as well as much smaller, cutaneous afferents aro 
involved in this excitatory action. The effect of muscle 
nerve stimulation is also clear cut. It is evident that in 
the unanesthetized decapitate cat stimulation of group II 
fibres in certain muscle nerves can elicit an excitatory 
action of fairly brief latency in gastrocnemius-soleus 
motoneurones and that this action often is strong enough 
to cause these cells to discharge. In addition, stimulation 
of group III fibres in several muscle nerves can lead to 
later excitatory effects. Thus these results, together with 
tho occasional findings of others®»*, demonstrate that both 
group II and group III afferents have an excitatory 
pathway to ipsilateral extensor motoneurones and that 
this pathway very often is functional in the type of prc- 
parations used in these experiments. While the present 
findings are insufficient to demonstrate any new functional 
organization of the group II input, they do suggest that 
responses evoked by this input consist of more than a 
stretch-evoked flexor reflex. 

This investigation was supported in part by grant 
B-2619 from the Institute of Neurological Diseases and 
Blindness, U.S. Public Health Service. 


Vioror J. WILSON 


The Rockefeller Institute, 
New York. 
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Uptake of 5-Hydroxytryptamine by 
Sub-cellular Particles of Rabbit Brain 


In previous experiments on the particulate 5-hydroxy- 
tryptamine (5-HT) of rabbit brain’, we found that the 
sub-cellular particles of rabbit did not take up appreciably 
the 5-HT added to the suspension media. Our observa- 
tions were, however, made at a low temperature (4° Ci. 
Moreover, the 5-HT concentration used was very low 
compared with that utilized in work on the 5-HT uptake 
of blood platelet by Hunphry et al.? or Hardisty et al.. 
Using higher incubation temperature (37°-60° C) and higher 
5-HT concentration (up to 2,000 ng/ml.), the observations 
were repeated and a remarkable incorporation of addcd 
5-HT into the sub-cellular particles of rabbit brain could 
be confirmed. 

The preparation and fractionation of brain homogen- 
ates were carried out in the presence of iproniazid (1 mM) 
as described previously’. The nuclear fraction was 
washed with 1-0 M sucrose following Palladin’s method’. 
The isolated particles were finally suspended into 0:15 M 
sodium chloride or 0-125 M potassium chloride with 
20 mM potassium phosphate buffer (pH 7-0), the fina 
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effective, while oxidized glutathione, insulin 
or vasopressin (1:25-1:67 mM), that is, the 
substance containing disulphide group, seems 
to cause a little increase in the 5-H'T uptake 
(about 20 per cent). Such an effect of 
disulphide compound might be due to the 
permeability change of particulate membrane 
such as reported by Lehninger et al.8. 

As stated previously!, K+ causes release of 
particulate 5-HT. Indeed, absolute amount 
of particulate 5-HT suspended in 0:125 M 
potassium chloride was lower than that in 
0-15 M sodium chloride, but the rate of 
incorporation of 5-HT expressed in percen- 
tage as in Fig. 1 was not so remarkably 
different. Hence the effect of K+ was 
examined by adding potassium chloride to 
the suspension media of 0-125 M sodium 
chloride. It was found that K+ in the 
concentration of 100-200 mM depressed the 
uptake of 5-HT to some extent (15-25 per 
cent), while Ca++ and Mgt+ (10-200 mM as 
chloride) showed scarcely any effect in the 
same circumstances—a finding which is not 
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5-HT uptake of sub-cellular particulate 
Ms, Microsomal; F, synaptic vesicular; 
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particulate concentration being adjusted to the same 
in each case with regard to the fresh wet tissue weight. 

After 5-HT was added (0-2,000 ng/ml.) to the particu- 
late suspensions, they were incubated for 30 min (usually 
at 4° C and 37°C). Then the 5-HT concentration of the 
sediments separated by centrifugation was determined 
by the bioassay of the rat’s fundus’ after extraction with 
acetone’, In some experiments, the 5-HT uptake of 
nuclear (N), mitochondrial (M), microvesicular (V) and 
microsomal (Ms) fractions was compared; in others the 
combined particulate fraction (Pm) excluding nuclei 
and cytoplasmic supernatant was used. 

As illustrated in Fig. 1, the 5-HT content of all four 
particulate sediments increases appreciably even at 4° C 
if the 5-HT concentration of the suspension media is 
sufficiently high. At 37° C, as reported previously, the 
particulate 5-HT was discharged during incubation, 
when the 5-HT concentration is less than 300 ng/ml., 
while it remarkably increases and even exceeds the value 
obtained at 4° C if the 5-HT concentration is more than 
500 ng/ml. But the particulate 5-HT content became 
lower than that present initially in the particles even 
under the presence of large amount of 5-HT in the media 
when the incubation temperature exceeds 45° C, it being 
only about 20 per cent of original 5-HT at 60° C. 

The optimum pH for the uptake at 4° C and 37° C was 
found to be 7-0-7-5; in the alkaline media (pH 8-5-9-0) 
the amount of 5-HT incorporated somewhat diminished, 
while in the acid media (pH 5-5) scarcely any uptake was 
observed. 

On the other hand, the sub-cellular particles of rabbit 
brain (Pm) showed scarcely any uptake of histamine even 
in such a high concentration as 10‘ ng/ml. The behaviour 
of the sub-cellular particles of brain is, therefore, quite 
similar to that of blood platelet? and so, taking for 
granted the view of previous investigators on blood plate- 
let, their uptake seems to be an active one. But addition of 
dinitrophenol, cyanide, p-chloromercuribenzoate as well 
as adenosine triphosphate at the final concentration of 
1 mM did not affect appreciably the uptake of 5-HT by 
Pm particles at 37° C. Addition of cysteine was also in- 





of rabbit brain. 
, mitochondrial; V, nuclear fraction. 
articles after 
incubation for 30 min at 37° © (solid mark), 20° C (cross) and 4° C (empty mark). 
The amount of 5-HT is expressed as percentage of that originally present in each 
particulate fraction. Abscisse@: concentration of 5-HT added in the suspension 


„J discordant with the effect of these ions on 
2e 2 e the liberation of the particulate 5-HT (ref. 
my Re 1). Reserpine in the concentration of 


500 ug/ml. was also found to have no 
appreciable effect on the 5-HT uptake of 
the Pm particles, suggesting that the effect 
of lower doses should be examined. 

It appears strange to us, however, that not 
only the 5-HT-rich particles (that is, heavier 
particles of the M fraction and microsomal 
particles) but also the relatively 5-HT-poor microvesicles 
and even nuclei uptake of 5-HT, the 5-HT uptake of N and 
M being rather greater than that of 5-HT-rich Ms. It 
seems not so improbable, therefore, that such an. increase 
in the particulate 5-HT in the presence of large amount of 
5-HT is non-specific and merely due to its dissolution into 
lipoid material of particles as suggested by Dombro et al.?. 
Hence, in accordance with those investigators, we tried to 
extract the particulate 5-HT with an equal volume of 
butanol/benzene (1:1), from which the extracted 5-HT 
was recovered by treating with half a volume of 0-2 N 
hydrochloric acid. By such a procedure, only about 15 per 
cent of 5-HT incorporated could be extracted. Without 
adding 5-HT in the suspension media, nearly the same 
results were also obtained on the Pm particles; about 14 per 
cent of the original particulate 5-HT was extracted by 
butanol—benzene. Taking for granted the view of Dombro 
et al. that 5-HT forms a reversive dissociable complex with 
lipoic acid, these results might be explained by the 
presence of such a ‘lipid bound 5-HT’ under equilibrium 
with ‘free 5-HT’. Orit may be only indicative of partition 
of 5-HT between aqueous and fat solvent phases. In 
either case, however, passive combination of 5-HT with 
particulate lipid occurs as the salt does not appear to play 
a significant part in the uptake of 5-HT by the particles. 

In this connexion, however, it seems worth noting 
here that the 5-HT content of the Pm particles isolated 
after incubation with 5-HT (1,800 ng/ml.) in the hypotonic 
media (1/10 salt concentration of the isotonic one) was 
about twice as great as that without addition of 5-HT, 
while such an increase in 5-HT content of the sediment 
could not be observed when sodium deoxycholate (1 
per cent) was used, instead of hypotonicity, for the lysis 
of particles. This finding seems to suggest that the lipid 
component of particles is concerned at least with 5-HT 
incorporation into the particle stroma. 

In contrast with histamine, circumstances were quite 
similar with respect to the uptake of acetylcholine by sub- 
cellular particles of brain. Further investigations, are 
necessary to draw any conclusion on the mechanism of 
uptake of 5-HT and acetylcholine by the particles. But 
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the aforementioned results appear to reveal an aspect of 
particulate 5-HT and acetylcholine in the brain somewhat 
different from those supposed hitherto. 
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Metabolic Activity of Oxytocin in the 
Puerperium 


More than half a century has elapsed since Sir Henry 
Dale first described the oxytocic activity of posterior 
pituitary extracts!. Since that time the biological effects 
of the oxytocic principle have been widely investigated 
and well established?. Moreover, oxytocin, vasopressin, 
and their analogues have been characterized chemically 
and prepared synthetically’. Despite almost universal 
use of posterior pituitary preparations in clinical obstet- 
rics few investigations have been directed toward the 
metabolic effects of either natural or synthetic oxytocin. 
Consequently, the preliminary observations presented 
here are of interest because they show pronounced 
changes in blood sugar and plasma non-esterified fatty 
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subjects examined were variable in degree, the pattern of 
changes observed for glucose and NEFA. were consistent 
at each dosage-level. On the other hand, small and 
somewhat variable changes were observed in plasma phos- 
phorus, but there was a tendency to positive, rather than 
negative, values in AP (Table 1). The results obtained 
were not apparently different for additional patients who 
had received methyl ergonovine tartrate, 0-2 mgm at 6-h 
intervals after delivery and prior to experiment. The 
duration of the metabolic effect has not been assessed 
beyond the 3-h period of observation, but it is of interest 
that the metabolic responses reported here persist far 
beyond the transient 15-20 min period of ‘biological 
activity’ evidenced by uterine contractility. Of incidental 
interest was the finding of similar responses in two patients 
receiving 10 mu/kg oxytocin on the fourth postpartum day, 
one having been delivered by Caesarean section and tho 
other vaginally. 

Although interpretation of our results remains specu- 
lative, certain experimental reports bear consideration. 
In vitro investigations using the rat epididymal fat pad 
have shown that oxytocin increases oxidation of glucose 
while stimulating glyceride synthesis*. Oxytocin resem- 
bles insulin in that it increases C-1 oxidation preferentially 
over that of C—6 (ref. 9). Our failure, however, to find 
significant decrements in plasma inorganic phosphorus 
seems inconsistent with increased peripheral glucose 
utilization. On the other hand, in experimental animals 
hepatic glucose release has been shown to be unaffected by 
oxytocin”, a finding that fails to support a concept of a 
central rather than peripheral action in explanation of the 
hypoglycemia seen in our data. The precise mechanisms 
resulting in increased NEFA in association with hypo- 
glycemia thus are uncertain and the apparently contra- 
dictory reports of hyperglycemia after oxytocin adminis- 
tration in dogs!!! and rabbits!* may represent species 
differences in response to this compound. It is also 


Table 1. MEAN CHANGES FROM PRE-TEST LEVELS FOR GROUPS OF 5 PUERPERAL WOMEN AT EACH OXYTOOIN DOSAGE-LEVEL. BLOOD GLUCOSE aud INORGANIC 
PHOSPHORUS VALUES ARE IN MG PER CENT. PLASMA NEFA VALUES ARE EXPRESSED AS EQUIY./I. 


| Oxytocin 





95h ih 2h 3h 
«mt/kg) AGlucose AP ANEFA AGlucose AP ANEFA | 4Glucose AP ANEFA | 4Glucose APL) ANEFA_ 
10 8 +0-05 +119 -11 +008 +223 -29 +020 +453 — 36 +028 +542 
100 +10 +039 +105 +8 + 0-08 +293 —18 +0-05 +551 -25 +0-03 +620 
400 +04 +0-03 +132 -6 +0-07 +288 ~21 +011 +494 ~ 48 +007 +597 








acids after administration of oxytocin to puerperal 
women. 

In the present experiments clinically normal patients 
were studied within 36 h following uncomplicated vaginal 
delivery. Synthetic oxytocin (‘Syntocinon’ kindly 
supplied by Dr. R. Bircher, medical director, Sandoz 
Pharmaceuticals, Hanover, New Jersey) in 10 ml. physio- 
logical saline solution was administered rapidly by vein at 
dosage-levels between 10 mu and 400 mv per kg body 
weight. In addition to a pre-test blood specimen, venous 
blood samples were obtained at 0-5 h intervals for 3 h after 
treatment with oxytocin. Blood sugar was estimated by 
the Somogyi—Nelson technique‘*-®, plasma inorganic phos- 
phorus by the method of Fiske and Subbarow’, and plasma 
non-esterified fatty acids were extracted and titrated by 
the method described by Dole’. The results are expressed 
as increments or decrements from pre-test levels of glucose 
(AG), phosphorus (AP), and non-esterified fatty acids 
(ANEFA). Representative data for three groups of five 
patients each at the 0-5, 1, 2, and 3 h intervals are shown 
in Table 1. 

Attention is directed to the unexpected finding of an 
inverse effect of oxytocin on blood sugar and NEFA, the 
former decreasing after a lag period of 1-1-5 h while tho 
latter showed a prompt and large increase. (In separate 
control studies NEFA glucose and phosphorus remained 
quite constant during the 3-h observation period.) 
Although the quantitative responses observed for the 15 


possible that as yet poorly understood metabolic influences 
of the early puerperium may result in the divergent 
responses of blood glucose and plasma non-esterified fatty 
acids that we have observed. 

This work was supported by U.S. Public Health Service 
grant A-4180. 
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Variations in the Levels of Androgens and 
Gonadotrophic Hormones in the Blood of 
Rats during Healing of Fractures 


TESTOSTERONE and similar androgens promote the 
anabolism of proteins. Retention of nitrogen was observed 
after administration of androgens to gonadectomized 
animals'*, Male sex hormones also act directly on the 
skeleton. They enhance endochondrial ossification? and 
increase metaphyseal growth’. They also increase the 
fusion of osteocartilagenous and bone grafts in rats and 
accelerate osteogenic reactions in the surrounding tissues‘. 

In the investigation reported here an attempt was made 
to obtain a picture regarding the changes in the levels of 
androgens, luteinizing and follicle-stimulating hormones in 
the blood of rats during the course of healing of fractures. 

Mature male rats of an average weight of 200 g were 
used. They were divided into groups of 10 animals each. 
One group of normal intact rats served as control. Tho 
remaining groups were subjected to experimental fractures 
of the left tibie. The operations were performed by a 
closed method under ether anesthesia’. A time-table 
was arranged so that at the end of the experiment the rats 
wero killed at intervals of 5, 10, 15, 22 and 29 days after 
fracture. Blood was collected separately and the sera 
belonging to animals of the same group were pooled. 

In order to extract androgens from the sera, 4 volumes 
of acetone were added. The mixture was then centrifuged 
at 4,000 r.p.m. for 15 min. The supernatant fraction 
containing androgens was collected. The precipitated 
proteins containing gonadotrophins were washed three 
times with acetone—other mixture (equal parts by volume) 
to complete the extraction of androgens, and the washings 
added to the previously obtained acctone extract. After 
evaporation of the solvent the extracted androgens were 
dissolved in cotton seed oil to bring them to the original 
volume of serum. The protein fraction was also dissolved 
in saline to restore the original volume’. 

Androgens were assayed using the chick-comb-growth 
method*. Luteinizing hormone (LH) contents of 0:5 ml. 
serum of rats was determined by the method depending on 
the formation of corpora hemorrhagica in the ovaries of 
immature mice previously treated with pregnant mare 
serum’. Follicle-stimulating hormone content of 0:5 ml. 
of rat serum was determined by the method based on the 
augmentation reaction of human chorionic gonado- 
trophin?®, 


Table 1. ANDROGENS, LUTEINIZING (LH) AND _FOLLICLE-STOTULATING 
(FSH) HORMONES IN Rats’ SERUM DURING FRACTURE HEALING 
Chick comb-wt. Corpora Ovary-wt./100 g 
Days after mg/100 g body-wt. homorrhagica/ body-wt. 
fracture (androgen) mouse (LH) (FSH) 
No fracture % 
(Normal 
control) 19-28+0:97 0884022 14-45 41-63 
5 days 21-06+0-91 1-88* +039 14-5941-95 
10 days 21-86+1-76 0-75 40-16 16-50 +089 
15 days 23 -80* + 1-62 0°7140-28 22-68 +1-78 
22 days 23-60% 41-17 0-3840-18 16-72 41-50 
29 days 18-8241°-77 0-50 0-27 16-2941-68 


* Significantly different from normal, P=0-05. 


The results (Table 1) show that there was a statistically 
significant increase in the comb-weights of chicks treated 
with androgens extracted from the sera of rats 15 and 22 
days after fracture over the comb-weights of chicks 
treated with serum of normal rats. The level of luteinizing 
hormone showed a significant increase 5 days after the 
fracture. Minimal levels of this hormone were observed 
during the third and fourth weeks. A statistically high 
level of follicle-stimulating hormone was detected in the 
blood of rats 15 days after the fracture, otherwise the values 
recorded for this hormone remained within normal levels. 

Increased formation of cellular proteins is essential for 
the normal process of fracture healing. As previously 
mentioned. androgens play an important part in protein 
anabolism!*, It has been demonstrated that there is an 
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increased uptake of sulphur-35 by rat humerus! and 
tibia’ 2-3 weeks after fracture. This time corresponds to 
the period of maturation of the cellular elements of tho 
fracture callus*. The level of androgens, in the serum, 
increased at the same period of cellular activity. 

The principal action of luteinizing hormones on the 
testis is to cause the secretion of testicular hormones. 
Such an increase in the level of androgens is apparently a 
result of increased production of pituitary luteinizing and 
follicle-stimulating hormones. It has been reported that the 
effectiveness of luteinizing hormone in activating the 
interstitial cells of the testis is increased in the presence of 
follicle-stimulating hormone!* and this may explain the 
increased level of follicle-stimulating hormone two weeks 
after the operation. 

In conclusion, it is noteworthy that in rats with experi- 
mental fractures (but otherwise kept under natural con- 
ditions) the level of serum androgens rises during the 
second and third weeks post-fracture. The accompanying 
changes in the levels of luteinizing and follicle-stimulating 
hormones were, in our opinion, necessary for the stimula- 
tion of the testis to increase the production of androgens 
rather than possessing a direct effect on callus formation. 


A. H. Sarp 
F. A. SOLIMAN 
M. 8. ABDO 
M. K. SOLIMAN 
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PHARMACOLOGY 


Toxic Products in Groundnuts 


THE recent appearance of a report! of a symposium on 
this subject prompts us to record some of our observations 
on alleged uses of groundnuts by an Amerindian tribe in 
the interior of British Guiana. With our children we 
visited several tribes in this general area during 1961 for 
the purpose of collecting the natural products used 
medicinally by the piaimen (medicine-men). All our in- 
formation concerning groundnuts was obtained from 
members of the Wapisiana tribe (Arawakan linguistic 
family ; location: Southern Rupununi savannehs, approx- 
imately 2° 30’ N., 59° W.). One of them told us that 
specially prepared crushed ‘Monart’ (that is, the fruits of 
Arachis hypogaea L. (identified by kind permission of the 
Director, Royal Botanie Gardens, Kew)) used to be 
added to the drink of persons whose conduct was dele- 
terious to the tribe and had the effect of producing insanity 
and, finally, death. The specific example of Fr. Cary- 
Elwes, S.J., was quoted. 

Study of the journal kept by Fr. Cary-Elwes in his latter 
days is now in progress? so that following earlier reports? on 
the hepatotoxicity of groundnuts we inquired whether 
this activity might explain his condition as deduced from 
the journal. We were informed‘ that the evidence 
indicated that he had died from avitaminosis rather than 
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liver damage. It appeared, therefore, that our information 
constituted merely another of the wild stories inevitably 
accumulated in this type of work and had its probable 
origin in a well-publicized wish-fulfilment of one of the 
piaimen with whom Fr. Cary-Elwes was known to have 
had serious conflict. 

Now, however, following the work of Allcroft and Lewis® 
we adhere to our earlier view that the death of this priest 
is the first recorded example of the toxicity of groundnut 
meal to human beings. Alicroft and Lewis observed that in 
experimentally poisoned calves there was an increase in 
serum alkaline phosphatase followed by a fall to normal 
levels during a few weeks before death and almost com- 
plete absence of vitamin A in the liver at death. A 
standard text? states that vitamin A deficiency is corre- 
lated with a reduction in the normal process of removal of 
bone in the skull and spine. This causes compression of 
the nervous tissue with resultant disturbance in function, 
particularly in the cranial nerves. While this process 
explains disturbed mental conditions in growing animals 
it cannot alone simply explain similar phenomena in the 
mature, but excessive deposition of bone could produce 
an equivalent effect and such deposition is known to occur 
with increased serum alkaline phosphatase concentrations. 

The Wapisiana also allege that they use unadulterated 
groundnuts for hemostasis, the induction of parturition, 
and the procuration of abortions. The first of these effects 
has beon rediscovered recently by Boudreaux and 
Frampton’, and in following up this discovery they? have 
found that a hemostatic fraction isolated from groundnuts 
produces a very strong vasoconstriction and intestinal 
cramps in male hamsters. The myotonic effect on smooth 
muscle was confirmed with excised duodenum muscle and 
thus correlates these authors’ observations with the 
Wapisiana allegations since the uterus also contains 
smooth muscle. Following a suggestion by one of us, 
Boudreaux and Frampton are now studying the effect of 
thoir concentrates on pregnant female hamsters’. 

We thank Mr. M. Wilson, of Barclays Bank, whose 
financial forbearance enabled us to undertake the work, 
and numerous friends on the Rupununi for their hos- 
pitality and willingness to exchange information. 


Doreen E. M. Moopy 
D. P. Moopy* 
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Protease Inhibitor from Groundnut Skins 


Tue present state of the research of the hemostatic 
factor from peanuts (Arachis hypogaea, L.) (groundnuts) 
was recently reviewed in Nature by Astrup, Brakman and 
Sjolin?. These authors isolated from unroasted peanuts 
by extraction with calcium hydroxide and acetone precip- 
itation an active protease inhibitor which affected the 
fibrinolytic system presumably as an anti-activator-?. 
Ethanol extract of peanuts recommended for the treat- 
ment of hemophilia by Boudreaux et al.3:4 revealed in 
Astrup’s experiments only little or no antiprotease activity. 

In this laboratory we have followed the influence of an 
extract of peanut skins—which was found active in earlier 
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clinical trials as a generally effective hemostatic agent* 
and which brought about a highly important shortening of 
the bleeding time in experimental animals’—on the 
proteases of the clotting and fibrinolytic systom. This 
extract contained a relatively potent protease inhibitor 
which differed in its properties from that isolated from 
peanuts by Astrup et al.}. 

The inhibitor is extracted with ethanol, from defatted 
peanut skins; it is only partially soluble in water, is not 
precipitated with acetone; it is considerably thermostable 
and can be isolated also from the skins of roasted peanuts. 
It acts on the fibrinolytic system primarily as an anti- 
plasmin. In iv viiro experiments it causes © significant 
inhibition of plasmin in concentrations of up to 10-%; in 
high plasma concentrations (up to 10-*-10-‘) its inhibitory 
effect is directed even against the activation of fibrinolysis, 
against the active Hageman factor and thrombin. On the 
basis of the investigated properties of Astrup’s inhibitor 
and our preparation we believe that these are difforent 
substances so far as the chemical composition and biolo- 
gical effect are concerned. 
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Bioassay and Standardization of Venom of the 
Honey Bee 


Ir was determined that plain agar”plates infused with 
spores of Bacillus subtilis could be used to determino the 
bacteristatic effect of the venom of Hymenoptera. 
Peptone-glucose nutrient paper disks wetted with bee 
venom and placed on the agar surface produced uniform 
and measurable zones of growth inhibition which variod 
directly with the concentration of the venom. A reverse 
phase, bioassay method of standardizing solutions of 
Hymenoptera venom is proposed and a unit of venom 
is defined. 

At present there is no standard procedure by which 
the potency of the venom from the stinging Hymenoptora 
(bees, ants and wasps) may be determined nor is thore 
any standard unit available to uniformly oxpross its 
potency. The venom from the common honey bee, Apis 
mellifera L., is used more extensively and is more readily 
available than that of any other species, therefore it was 
selected as a base for standardization. Tho vonom 1s 
used in the treatment of rheumatic diseases! and in the 
desensitization of hypersensitive peoplo*. 

Ortel and Markwardt® found that bee venom had a 
bactericidal effect on numerous bacteria. In the followme 
tests a reverso phase bioassay technique of determining 
antibiotics in milk as developed by Kosikowski and 
Ledford’ was used. 

Plates containing spores of Bacillus subtilis, seeded at a 
concentration of about 1 million per c.e., were incubated 
for 1 h at 36°-37°C, prior to uso. Peptone glucose 
nutrient disks, saturated in the tost solution of venom, 
wero placed on the agar surfaco. Saturation of these 
disks was accomplished by allowing the tost solution to 
diffuse throughout the disk. The plates. layered with a 
total of 10 ml. of non-nutrient agar, were incubatod at 
36°-37° C for 5 h after which the diametor of tho zono 
of inhibition was measured to the nearest 0-1 mm. 
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Averages were computed and plotted against concentra- 
tion. 

Venom used in the tests was collected from honey bees 
anesthetized with carbon dioxide. The bees were held 
by the thorax and the sting plus poison sac were removed 
with forceps. The stings (plus poison sac) were placed 
in sterile distilled water and ground with a pestle. They 
were filtered through a No. 1 Whatman filter paper, 
sterilized in an autoclave for 15 min at 15 lb. pressure 
and filtered through an asbestos filter with suction. 

Experiments wore performed on various dilutions of 
venom to determine the most sensitive portion of the 
curve. The effect of sterilization on the bacteristatic 
properties of venom was examined and the effect of 
agar volume and temperature of the plates (at the time 
of application of the test solution) on the diameter of 
the zone of inhibition was determined. 

This method was shown to produce accurate and con- 
sistent results. The curve obtained with venom was 
similar to that obtained with penicillin. The most 
sensitive portion of the curve was found to be between 
10 and 1 sting per ml. Greatest sensitivity was obtained 
with 10 ml. of agar. It was observed that unless the 
plates were held at 36°-37° C, for 1 h prior to inoculation, 
the size of the zone of inhibition would be decreased. 

Sterilization of freshly collected venom at 15-lb. 
pressure for 15 min had no significant effect on the 
bacteristatic properties of venom. 

The maximum error in diameter between disks of the 
same concentration was + 0:3 mm. Adoption of this 
method to express concentration in terms of bacteristatic 
effects of venom would seem advisable and expedient. 
The method lends itself to assigning a numerical value to 
a unit of venom which is related to its inhibitory char- 
acteristics. 

For our purpose one unit of venom (a Cornell unit) is 
defined as that amount of sterilized venom contained in 
l ml. which will cause a clear zone of inhibition 
8-0 + 0-3 mm in diameter around a 6-35-mm nutrient 
disk when placed on a reverse-phase assay plate pre- 
warmed at 36°C for 1 h and containing 10 ml. of non- 
nutrient agar seeded with the spores of Bacillus subtilis 
at a concentration of about 1 million per c.c. and incu- 
bated for 5 h at 36°~-37°C. 

Information on availability of ready-to-use, reverse- 
phase, bioassay tests is obtainable from the Cornell 
Research Foundation, Day Hall, Ithaca, New York. 

This work was supported in part by a research grant 
(M Y-3368) from the Mental Health Division, U.S. Public 
Health Service. 
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GERONTOLOGY , 


Seasonal Variations in Thermal Fragility of 
Erythrocytes in Man : Influence of Age 
and Sex 


In previous papers it has been shown that chronologica 
ageing was accompanied in both sexes by significant 
increases in the thermal fragility of erythrocytes'. The 
present growing interest in the exploration of seasonal 
variations in biological functions has induced me to 
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examine my data for seasonal changes. Tho results of 
this analysis are presented in this communication. 

Seasonal variations in the correlation of thermal fragility 
of erythrocytes with ageing in males and females. The 
values obtained for thermal fragility of erythrocytes in 
595 males! and 762 females: were divided into ‘summer 
readings’, obtained from April—September, and ‘winter 
readings’ obtained during October—March. Two separate 
regression lines were thus obtained with ageing for each 
sex (Fig. 1). 

The degree of thermal fragility was, as in previous 
papers, expressed as Hs, or half-life (sec) of erythrocytes 
at 56° C, when determined by the microscopic method of 
Goldschmidt?. The values obtained for Hs, were grouped, 
as before, by the donor’s chronological age, expressed in 
decades. The age of each subject was computed to the 
nearest birthday by the insurance method®. Readings 
on 12 premature male infants! and 5 premature female 
infants: were not included in this analysis. 

Fig. 1 shows that, in males, most winter readings are 
higher than the corresponding points on the summer 
line. In females this relation is reversed, except in the 
first two decades and the eighth decade. The ‘plateau 
formation’ that was found to characterize the first threo 
decades of the original female regression line! appears in 
the summer curve alone. It is terminated by a significant 
increase from second to third decade (¢ = 2,600, P = 
<0-02, df = 64). This peak is followed by linear regression 
of the female summer curve. 

A somewhat similar peak formation is observed in the 
eighth decade of the male winter readings. Although 
the increase between seventh and eighth decades is not 
significant, it may be noteworthy that it is preceded by a 
highly significant drop between the sixth and seventh 
decades (t = 3:131, P = <0:005, df = 81), and that it 
may, therofore, represent a compensatory reaction. The 
difference between this high peak in the eighth decade 
and the corresponding point on the male summer line is 
statistically significant (¢ = 2,653, P = <0-02, df = 50). 
The other seasonal differences in males and females are 
not significant. 

Sea differences in the correlation of thermal fragility of 
erythrocytes with ageing. An attempt was made to evaluate 
seasonal influences on the statistical relationships between 
male and female regression lines also. Previous compari- 
son by ¢ test between scores per decade obtained from 
595 males and 762 females of all age-groups showed 
significant sex differences during the first, second, seventh 
and tenth decadest. For the purpose of determining 
seasonal variations in these relationships, the summer and 
winter scores of males and females were subjected to 
comparison by ¢ test (Table 1). Statistically significant 
differences between the sexes were found in spring 
and summer only, during the first, second and ninth 
decades. 

Although seasonal variations in the increase of thermal 
fragility with ageing are distinct enough in both sexes to 
result in characteristic differences of regression between 
the colder and the warmer part of the year, it is not 
possible, as yet, fully to explain the nature of these 
variations. Lartigue and Duplan?, who found a consistent 
decrease in thermal fragility of erythrocytes in guinea 
pigs during the winter months, attributed this pheno- 
menon to a temporary depression in thyroid function 
caused by a dietary supplement of winter cabbage. The 
effect of this vegetable on seasonal variation in the goitro 
of rabbits was shown. by Webster et al.*. 

It would bo consistent with Lartigue’s theory to 
attribute the decrease in thermal fragility that was 
observed by me in winter readings in men to a lower- 
ing in thyroid functions during the colder part of 
the year. Findings by Thomas e al. of significantly 
increased blood cholesterol-levels in young men during 
the winter could be interpreted as indirect evidence of a 
seasonal depression in thyroid function. Such a general- 
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Table 1. EVALUATION BY ¢-TEST* OF SEASONAL VARIATIONS BETWEEN MALE AND FEMALE SERIEST 





Male and female yearly readings 


Male and female summer readings | 





Male and female winter readings 











Age stand 
group in No of M + No. of " No. of e 

years subjects t value P< subjects t value P< subjects t value P< 
l 0-9 166 2-624 0-01 134 3-301§ 0-005 114 0-960§ Not significant 
r 10-19 192 3-013 68-005 76 3-053 0:005 116 1-755 Not significant 
; 60-89 136 2-107 0-05 55 1-444 Not significant 81 1-271 Not significant 

80-39 182 1-431 | Not significant 84 2-161 0-05 48 6-119 Not significant 

$0 and 39 2-409 | 0-025 26 1:713 Not significant 13 1-328 Not significant 

more 











* t-test for random samples = J weet 


M, average Hs value for age-group ; o, S.E. 


+ Decades not containing any significant t values are omitted from m tabulation. 


} The ¢ values in this column were presented in a 
§ It was not feasible to divide the values obtained fr 
therefore, computed from yearly readings on 82 males. 


revious paper (ref. 


ization is opposed, however, by the findings of Osiba*, who 
determined a progressive increase of basal metabolism in 
males with the colder season, followed by a decrease in 
spring and summer. Blood levels of protein-bound iodine 
in these subjects were correspondingly high in winter and 
low in summer. Osiba’s findings with respect to seasonal 
variations in protein-bound iodine-levels were corrobor- 
ated by Tomita et al.’ 

It would appear from the foregoing that seasonal 
changes in thermal fragility could not be interpreted 
solely in terms of thyroid function. The fact that the 
relation of the winter curve to the summer curve appears 







595 Moles 









762 Females 





1). 
Tom 82 males 0-9 years old into summer and winter readings, The? values for this age group were, 


HAEMATOLOGY 


Eosinophil Turnover in the Rat 


TE life-span of the eosinophil is still not known with 
any certainty: recent estimates vary from a few hours 
to several days!. In this communication the problem has 
been investigated by continuous infusion of tritiated 
thymidine, a method which has previously proved success- 
ful in defining lymphocyte turnover?. 

This approach depends on the principle that when a 
radioactively labelled precursor of deoxyribonucleic acid 
+ (DNA), such as tritiated thymidine, is con- 

stantly available in the blood-stream of an 
animal, every newly formed cell becomes 
labelled in its DNA**. As unlabelled cells 
die they are replaced by those containing 
label and the percentage of circulating 
labelled cells increases until, on the death 
or final disappearance from the blood- 
stream of the last cell formed prior to the 
first injection of tritiated thymidine, all 
the cells are labelled. Using this method it 
will be shown that the turnover timo of 
-eosinophils in the peripheral blood of the 
rat is 6 days. 

‘For this experiment a male rat, weighing 
300 g, of an isogenic PVG/C black hooded. 
strain was used. Under ether anesthesia a 
length of No. 1 polythene tubing was intro- 
duced into the peritoneal cavity by a needle 
trocar. The tubing was then connected to 
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Fig. 1. Seasonal variations in thermal fragility of erythrocytes with ageing 


to be reversed in females compared with males in 7 out of 
10 points seems to indicate sex-specific factors to be 
mvolved in these seasonal variations. The appearance 
of highly significant sex differences in the scores of the 
two youngest age groups during the warmer part of the 
year (Table 1) may strengthen the impression that 
hormonal influences may be involved. 
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a micrometer syringe which was driven by 
a synchronous motor rotating twice each 
hour (Fig. 1). In this way 1 pe./g body 
weight of tritiated thymidine (specifie 
activity 2-5 c./mM) was continuously in- 
fused intraperitoneally each day for 7 days, a total dose of 
2-1 me. being given. Blood samples from the tail vein were 
taken 3 times a day for the first 3 days, twice daily for 3 
days and then once daily for 5 days. Direct blood smears 
were made; Kodak ‘AR10’ stripping film was applied and 
films were exposed for 40 days. After developing and fixing, 
smears were stained for 5 min with Hardis hemalum and 
then with Biebrich scarlet at pH 9-5 for 15 min. This stain- 
ing technique assists rapid identification of eosinophils by 
selectively dyeing their granules an intense red®§. Each 
preparation was then scanned and at least 100 eosinophils 
counted from each sample and the percentage of the cells 





Fig. 1. Continuous infusion apparatus 
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Days of experiment 
Fig.2 Percentage of labelled eosinophils plotted against time 


which were labelled was plotted against time. As can be 
seen from Fig. 2, all the eosinophils became labelled 6 days 
after beginning the infusion of tritiated thymidine. 

This experiment assesses only the life-span of the 
eosinophil up to the time it leaves the peripheral blood. 
Any subsequent extravascular phase has not been estim- 
ated. Investigations of this aspect are now in progress. 
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IMMUNOLOGY 


Delayed Hypersensitive Reactions in 
Bursectomized Chickens 


Ir has been recently shown that the thymus in mam- 
mals!” and the bursa of Fabricius in birds*-” play a 
major part in maintaining the immunological integrity of 
the organism**, Antibody formation and delayed hyper- 
sensitive reactions in rats and mice were significantly 
suppressed by thymectomy performed at birth, whereas 
the extirpation of the bursa of Fabricius in newly hatched 
chickens was followed by marked reduction of their 
ability to produce antibodies to bacterial and protein 
antigens. However, the effect of bursectomy on hyper- 
sensitivity states in birds has not been investigated. This 
communication deals with the hypersensitive capacity of 
bursectomized fowls. 

Surgical removal of the bursa of Fabricius was carried 
out in 2-day-old chickens under ether anesthesia. Oper- 
ated and control Rhode Island Red chickens at the age of 
8-9 weeks were used in the experiments. Experimental 
allergic encephalomyelitis, delayed hypersensitivity to 
homologous spinal cord and old tuberculin, and homo- 
graft rejection served as immunological models. 
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For the production of experimental allergic encephalo- 
myelitis a 40 per cent suspension of chicken spinal cord 
in saline was combined with complete Freund’s adjuvant 
containing 1-5 vol. of ‘Arlacel’, 8-5 vol. of paraffin oil, and 
12 mg/ml. dried M. tuberculosis. The proportions used for 
antigen—adjuvant mixture were: two parts of spinal cord 
suspension, one part of paraffin oil and one part of com- 
plete adjuvant. The fowls were inoculated subcutan- 
eously in their foot-pads (200 mg of fresh tissue per 
chicken). Animals were examined daily for neurological 
signs: weakness, ataxia, passive tremor and paralysis of 
legs and wings. The oxperiment was terminated 30 days 
after the sensitizing injection. Brain and spinal cord were 
removed, processed through the stages of paraffin embed- 
ding, and stained with hematoxylin—-cosin and methyl 
green pyronine. A minimum of 16 different sections was 
examined, and the intensity of encephalomyelitis was 
graded according to the number of perivascular lesions. 
The findings (Table 1) obtained in this experiment agree 
with the observations made by Lipton and Steigman"™. 
and Anderson and Vogel!®, who found that the injection 
of nervous tissue with adjuvant produces in birds demye- 
linating disease. All bursectomized fowls developed 
experimental allergic encephalomyelitis. Furthermore, 
those chickens exhibited higher incidence of severe para- 
lytic symptoms than controls (not shown in Table 1). 
Spinal cord was much more affected than brain, and 
lesions consisted of focal collection of mononuclear cells 
with a few plasma cells and polymorphonuclears. 


Table 1, EXPERIMENTAL ALLERGIO ENCEPHALOMYEIITIS 
No. of chickens with lesions evident in histological sections 
Group Spinal cor Brain 
0 + +4 +++ 0 + ++ +++ 
Bursectomized 0 2 5 8 5 10 0 0 
Unoperated. 0 3 7> 2 3 7 2 0 


Chickens inoculated with homologous spinal cord in 
adjuvant were skin-tested 16 days after the sensitization. 
For this purpose 0-1 ml. of petroleum-ether extract of 
chicken spinal cord}¢ (0-3 mg per injection), and 0-1 ml. of 
undiluted old tuberculin were injected in the wattles. The 
reactions were read at 24, 48 and 72 h. There was no 
inhibition of delayed hypersensitive responses (Table 2) in 
bursectomized group of chickens. The cedema of wattles 
in operated fowls skin-tested with tuberculin tended to be 
slightly reduced when compared with control chickens. 


Table 2. DELAYED HYPERSANSITIVE REAOCTIONS* TO CHIOKEN SPINAL 
7 CORD LIPID AND TUBEROULIN 


No. of chickens with No. of chickens with 


No. of reaction t to spinal reaction} to old 
Group chickens cord lipid tuberculin. 
Bursectomized 10 7 10 
Unoperated 10 8 10 


*16days after the injection of chicken spinal cord incorporated into 
complete Freund’s adjuvant. 
t Gidema and induration at 48 h, 


Bursectomized and unoperated fowls were grafted on 
the backs with a 2x3 cm piece of skin from 10-week-old 
Rhode Island Red chickens. Grafts were inspected at 
2, 4, 6, 8 and 10 days, and gross evaluation of rejection is 
presented in Table 3. Homografts in bursectomized 
chickens were rejected rapidly in a manner indistinguish- 
able from the rejection in unoperated controls, 


Table 3. SKIN HomMOGRAFT REJECTION AT 8 DAYS 
No. of chickens with graft* 
Group Beginning rejection Rejected 
Bursectomized 1 18 
Unoperated 0 10 


* Beginning rejection, minimal discoloration and swelling; rejected, 
swelling up to total necrosis. 


It is clear from these results that bursectomy of chickens 
at hatching does not impair their ability to develop 
delayed hypersensitivity. Unpublished data from our 
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laboratory provide strong evidence that the extirpation of 
bursa brings about the depletion of plasmocytic cells in 
the spleen, whereas the density of small lymphocytes is 
only slightly affected. The deficiency in the antibody- 
forming mechanism of the bursectomized chickens*-?* may 
conceivably be concerned with such a lack in plasma cells. 
On the other hand, birds also have thymus, and it is 
tempting to assume, therefore, that this organ plays a 
part in the development of hypersensitive capacity. The 
immunological competence of genuine thymic lymphocytes 
is conjectural. Nevertheless, it is widely regarded that 
those cells seed other lymphoid organs. Since the lympho- 
cytes are considered as the essential cells in the expression 
of delayed hypersensitivity}’, it seems quite possible that 
thymus in birds may represent a primary source of small 
lymphocytes responsible for delayed reactive capacity. 
This possibility is at present under investigation. 
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Synthesis of Antibodies by Blood Leucocytes 
of the Rabbit 


AFTER injection of heterologous antigen, antibody 
formation has been shown to occur in lymphoid tissues. 
Among the different lymphoid cell types, plasma, cells 
contain a large amount of specific antibody as shown by 
the fluorescent antibody technique of Coons et al. It is 
therefore assumed that plasma cells form and secrete 
antibody into lymph and blood?. The buffy coat also 
contains immunologically competent cells. This fact is 
shown by the ability of these cells to induce a homograft 
reaction or to transfer delayed type hypersensitivity. 
Another form of immunological competence, antibody 
synthesis by peripheral blood leucocytes against a hetero- 
logous antigen, has not been demonstrated. 

The work described in this preliminary note was under- 
taken to investigate whether blood leucocytes from 
immunized rabbits can form antibody against a soluble 
heterologous antigen in vitro. A differential cell count was 
carried out from the buffy coat. For comparison spleen 
and lymph nodes were studied in the same way. 

The methods and, techniques have been described else- 
where’. Essentially the following method was used: 
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Table 1. ANTIBODY SYNTHESIS BY RABBIT BLOOD LEUCOCYTES in . tro 


No. of No. of plasma Antibody 
Origin of rabbit cells Exp. nucleated cells and plasmo- synthesis 
No. white cells blasts (per cent) (counts, min) 
Immune blood 1 66 x 10° 75 3,519 
leucocytes 2 67 x 190$ 45 3.728 
3 58 x 10¢ 9-0 Ezol 
4 40 x 10° 8-0 2euT 
Immune spleen 1 80 x 108 26-5 6.171 
2 80 x 10° 43-0 19,619 
3 80 x 10° 40-5 32,052 
4 80 x 10° 29-5 3,093 
Immune popliteal 1 80 x 10° -= 2,1230 
lymph node 2 80 x 10° 15-0 10,375 
3 80 x 10° 15-5 26,199 
4 80 x 10: 9-0 2.70 
Controls 1—4 50-8i x 10* 0-3-5 134394 


normal rabbits were hyperimmunized by 7 intravenous 
injections of 1 ml. human serum during a period of 4 
weeks. 4-5 weeks after the last injection the unimals 
received a booster injection of human serum. Four days 
later they were bled through the carotid artery. The 
blood was immediately heparinized and cooled. Louco- 
cytes were concentrated by centrifugation and the buffy 
coat was removed and again concentrated in a narrow 
tube. This procedure was repeated until tho layer of 
contaminating erythrocytes had been eliminated. Sus- 
pensions of blood leucocytes and spleon and popliteal 
lymph nodes were prepared. They contained about 
5-10 x 107 nucleated white cells and were incubated with 
5 uc. algal protein hydrolysate labelled with carhon-14 
(obtained from the Radiochemical Centre, Amershain. 
Buckinghamshire, England) for 3h at 37°C. Radioactive 
antibody was then isolated by specific precipitation with 
carrier antigen and antibodv. The radioactivity of the 
carefully washed precipitates was counted in a gas-flow 
counter. 

Four typical experiments are shown in Table 1. The 
results demonstrate that in hyperimmunized animals 
circulating blood leucocytes produce surprisingly large 
amounts of antibody if taken 4 days after a booster 
injection. In fact, if the total number of cireulating 
leucocytes is taken into account, the role of these leuco- 
cytes in antibody production is as important as that of 
the spleen, the organ usually considered to be the main 
contributor to antibody formation following intravenous 
injection of antigen. 

As can be seen in column 4 of Table 1, the number or 
plasma cells and plasmoblasts is not only high in spleon 
and lymph nodes of immunized animals, but also in 
peripheral blood. In comparing the different cell types. 
we observed that also in blood a high degree of antibody 
synthesis was associated with a high percentage of plasma 
cells. 
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BIOLOGY 


Bioassay of Œstrogen and Recurring 
Œstrus in Ovariectomized Ewes 


EARLIER work? has indicated that cestrogenic hormones 
increased the dilatability of the ovine vagina. In those 
experiments, the increase in dilatability was smaller at a 
dose-level of 25 ug than at 100 pg stilbestro! diproprio- 
nate. It was decided, therefore, to test this method as & 
bioassay of castrogenic hormones in sheep. 

In March 1961, 20 half-bred (Romney x Border 
Leicester) parous 7 year-old ewes which had been ovari- 
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Fig. 1. Changes in vaginal dilatability expressed as apparent vaginal volume and number of sheep exhibiting cestrus. 


means ewes not observed, though run together wit 


ectomized 5 weeks previously were injected with a total 
of 40 mg progesterone. They were allocated at random 
into four groups (1, 2, 3 and 4) and injected intra- 
muscularly with 0, 50, 100 and 150 yg stilbestrol di- 
proprionate respectively (Fig. 1). The ewes were run 
continuously with 2 raddled rams in a 2-acre paddock. 
The technique used to measure the dilatability of the 
vagina has been described previously®*. The ewes ex- 
hibited behavioural cestrus within 24 h of the stilboestrol 
injection (Fig. 1). A differential dose response in increase 
in vaginal dilatability was obtained, the difference be- 
tween groups 2, 3 and 4 at the peak -of the response 
being significant (P < 0-01). The increase was followed 
by a decrease in dilatability below the pro-injection 
level. This decrease had not been observed in previous 
experiments. A puzzling feature of the experiment was 
the appearance of a second cestrus 11-14 days after the 
first, without further injection of stilbcestrol. In four sheep 
a third cestrus occurred later. 

The ewes were then left unobserved for 11 months 
and afterwards re-randomized into four groups with the 
same hormonal treatment. They were again run con- 
tinuously with raddled rams. The results of the two 
years experiments may be compared in Fig. 1. In the 
second year the vaginze were less dilatable prior to 
injection and there was no increase in dilatability after 
stilbcestrol injection even when the treatment was re- 
peated. There was, however, a decrease in dilatability 
after the first series of injections, but not after the second. 
It appears that in the fourteen months which had elapsed 
since ovariectomy, the vagine have lost their original 
responsiveness to the cestrogens. The ewes did, however, 
show behavioural cestrus which was followed by further 
recurrences of cestrus at irregular intervals. These inter- 
vals were shorter than during the previous year. . The 
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Tn 1961, ‘not recorded’ 


raddled rams. In 1962, it means raddle colours not changed between these dates 


ewes were left with raddled rams until no ewe had been 
tupped for 4 weeks. They were then slaughtered and 
checked for absence of ovaries. Pituitary and adrenal 
glands of contro] and cestrogen-treated ewes were normal 
in weight. i 

It appears from these trials that measurement of 
vaginal dilatability is a technique worth further investiga- 
tion as a bioassay for cestrogenic hormones in sheep. Its 
usefulness may extend from investigations of the re- 
productive processes of sheep to detection and measure- 
ment of cestrogenic substances in pasture plants, a problem 
of great significance in Australia’-*, At present, chemical 
methods of detecting and measuring estrogenic sub- 
stances are time-consuming and costly, and cestrogenic 
compounds are often highly potent when tested in. one 
epecies, and inactive in another’. Hence, sheep bio- 
assays assume importance and the method discussed here 
would have the advantage over Lamond and Southcott’s® 
in that sheep do not have to be slaughtered. However, 
recently ovariectomized ewes must be used to avoid 
anomalous results. 

The recurrence of cstrus without further cestrogenic 
injection and in the absence of ovaries is difficult to 
explain. It is a phenomenon observed occasionally in 
spayed bitches and cats. It appears unlikely that an 
cestrogenic injection given intramuscularly could have 
such long-lasting yet intermittent effects. It is possible 
that the initial injection stimulated the secretion of 
cestrogenic substances by some gland, for example, the 
adrenal glands. Possibly, some cestrogenic substances 
had been ingested from pasture which contained 
some subterranean clover, but it is unlikely from 
known evidence®:?° that the amount would be suffi- 
cient to account for the recurrent cestrus pheno- . 
menon. 
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Invasion into Japanese Waters by the 
European Barnacle Balanus improvisus Darwin 


Inmneration of the Australasian barnacle Elminius 
modestus Darwin into Europe has been repeatedly re- 
corded'. Recently, a similar incident happened in Japan 
with reference to Balanus improvisus. According to 
Bishop?, this species known to Darwin? from both sides 
of the Atlantic and from the Pacific in tropical South 
America was later introduced into Australia. It is said to 
occur at present in the Red Sea, the Black Sea, the 
Caspian and the American side of the Pacific Ocean. 
Despite such a wide range of distribution, the barnacle has 
been until recently unknown to Japanese waters. 

In July 1959, availing myself of an opportunity of 
examining the organisms adhering inside the pipe of the 
salt-water circuits of the power plants in Nagoya and 
Yokkaichi, I found a number of Balanus improvisus 
Darwin hitherto unknown to Japan, although prior to 
this, in 1957 and 1958, I was aware of the occurrence of 
this species among the sessile animals growing on the 
conerete test blocks in Ago Bay‘; but this time I was 
impressed by its abundance. 

Last spring I found many in the recesses of Ise Bay 
(Nagoya, Kuwana, Yokkaichi and Tsu) and Mikawa Bay’ 
(Hekinan and Gamagéri). Near the entry of Ise Bay 
(Matsusaka, Oominato, Toba and Atsumi), however, 
this animal was not common. The species was rare in 
inlets not far from Ise Bay (Matoya, Ago Bay, Gokasho, 
Nagashima and Owase), but somewhat more prevalent 
in brackish lakes (Lake Shiraishi at Hikimoto and Lake 
Hamana). It was undetectable on the beach bathed with 
oceanic water (Irakozaki, Wachi and Yaizu), or at the 
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Fig. 1, Pacific coast of middle Japan. Regions inhabited by Balanus 
improvtsus are shown with heavy outline. Inset, map of Japan showing 


the situation of the figure. Key for station No. is given in Table 1 
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POPULATION DENSITIES OF Balanus improvisus AT Various 
STATIONS ON THE PACIFIC COAST OF MIDDLE JAPAN 


: 
2 Oosaka 

3 Sakai N (but F on the float) June 3, 1962 
4 Misaki R June 4, 1962 . 
5 Kainan NY (but F onthe bamboo) June 4, 1962 
6 Owase R May 5, 1962 

7 Hikimoto F May 5, 1962 

8 Nagashima R June 20, 1962 

9 Gokasho N (but R on the float) July 3, 1962 
10 Ago Bay R on the float 1057 and 1958 

11 Matoya R (but F on the float) July 1, 1962 
12 Toba F 1960 and July 2, 1962 

13 Oominato F June 19, 1962 

14 Matsusaka F June 18, 1962 

15 ‘Su 4 1960 and June 16, 1962 

16 Yokkaichi A 1959 

17 Kuwana A June 17, 1962 

18 Nagoya A 1959 

19 Hekinan » A May 20, 1962 

20 Gamagöri A May 20, 1962 

21 Atsumi F April 5, 1962 

22 Trakozaki N April 5, 1962 

23 Wachi N April 5, 

24 Lake Hamana A April 7, 1962 

25 Yaizu N April 6, 1962 

28 Shimizu N April 6, 1962 


A, Abundant, at least 1/em? at several places in one station; F, frequent, 
readily detectable but not abundant; R, rare, only a few individuals detect- 
able in a search of 30 min or more; N, none, undetectable in a search of 
30 min or more. 


place distant from Ise Bay (Shimizu). In Oosaka Bay 
and in Kii Channel it was frequently met with on the 
floating timbers, or on the bamboo poles used. for laver 
culture, though rarely on the beach (Sakai, Misaki and 
Kainan). The results are given in Table 1 and in Fig. 1. 

Though marine, Balanus improvisus can dominato 
brackish water and is attached to substrata lying on the 
zone from low-tide line to a depth of twenty fathoms*. 
In Japan, the species lives chiefly in estuaries and recesses 
retreating from the open sea, and is fond of a shelter behind 
the substrata on and just beneath low-tide line. 

Balanus improvisus may have been first introduced 
into one of the harbours in Ise Bay, or in Oosaka Bay 
on the sides of trading ships. As it is more abundant in 
Ise Bay than in Oosaka Bay, the settlement appears to 
be earlier in the former. This may have occurred a few 
years before 1957 when the species was first discovered 
in Ago Bay. Whether the immigrants in Oosaka Bay 
came from Ise Bay or directly from abroad is unknown. 
and there is probability that they may cover a wider 
area than that which I have examined. 

Since this species is now becoming injurious to the 
cooling water circuits of factories in Yokkaichi, it will 
do similar harm in other seaside industrial towns. Oysters 
in Lake Hamana and the pearl culture industry in Ago 
Bay will also suffer from this noxious animal. 

I thank Prof. S. M. Shiino for his advice and Dr. H. 
Utinomi of Seto Marine Biology Laboratory, Kvéto 
University, who identified the specimen. 
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Chitin in the Hyaline Exocuticle of the 
Scorpion 


CuHITosan, a derivative of chitin obtained by alkaline 
hydrolysis, has long been known to dissolve in dilute acids 
and to develop a distinctive violet colour with iodine in 
acid medium?. A test based on these properties? has been 
widely applied for the detection of chitin in arthropod 
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cuticles and other invertebrate structures. Under 
undefined conditions, however, chitin has been reported to 
show a reluctance to display itself in the tanned exocuticle 
of certain myriapods®. Similarly, the hyaline exocuticle of 
the scorpion Pandinus imperator, though presumably 
containing chitin, was found to give a negative iodine- 
chitosan colour test*. 

The reason for this peculiarity has been examined 
during the course of an investigation into the cuticle of the 
scorpion Buthus quinquestriatus. Sheets of cuticles of this 
scorpion were subjected, after chitosan transformation, to 
different treatments: they were either storéd in alcohol or 
washed in several changes of distilled water. Sections of 
cuticles after the first treatment showed the hyaline 
exocuticle as an intact layer which, as found in Pandinus‘, 
neither dissolved in dilute acetic acid nor gave a positive 
iodine-chitosan reaction. The distinctive violaceous 
colour with iodine was, however, readily obtained in 
cuticles treated in the second way. In these cuticles, the 
hyaline exocuticle was split into separate lamin which 
yet resisted solution in dilute acetic acid. 

The application of histochemical tests revealed a sterol— 
protein complex impregnating the hyaline exocuticle of 
Buthus in & similar manner to the impregnation of the 
tanned exocuticle of insects in preparation for hardening®. 
During transformation of chitosan, the sterol, being 
unsaponifiable, resists alkali treatment, and appears to 
protect the impregnated chitosan laminz against solution 
during subsequent treatment with dilute acetic acid. The 
protein moiety, in contrast, is readily destroyed under the 
same conditions, but its hydrolytic products are not com- 
pletely dispersed until after thorough washing in water. In 
alcohol, on the other hand, they remain as an insoluble 
residue which so tightly holds the lamine together as to 
allow reaction with iodine. It is suggested that a similar 
lipoprotein complex, impregnating the hyaline exocuticle 
of Pandinus as in Buthus, is responsible for having pre- 
vented a positive iodine-chitosan reaction occurring in 
that scorpion‘. 

Tn the full account of this work to be given elsewhere it 
will be shown that the epicuticle of Buthus, as in all 
arthropods, is free of chitin. This is important, for 
Kirshnan eż al.* claimed, on the basis of X-ray diffraction 
and chromatographic studies, that the epicuticle of the 
scorpion Palamneus swammerdami contains chitin. It 
appears, as has already been suggested’, that misinter- 
pretation of the hyaline exocuticle of this scorpion for the 
cuticulin layer of the epicuticle has led to that conclusion. 
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Effect of Ethyl m-Aminobenzoate (MS 222) 
on the Elasmobranch Electrocardiograph 


RANDALL! noted that the perfusion of water containing 
the teleost Tinca tinca with ethyl m-aminobenzoate (MS 
222) caused an increase in heart and respiration rates. 
Although these increases did not correlate significantly, 
he concluded that there was probably some connexion 
between the cardiac and the respiratory centres in the 
central nervous system. 

We have recently carried out a series of experiments on 
the electrocardiography of 10 elasmebranch fishes (3 
stingrays, Dasyatis spp.; 6 grey sharks, Carcharinus 
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obscurus; and 1 hound shark, Mustelus manazo). The 
length-range of these fishes was 50-100 cm. In these 
investigations, an exploring electrode was inserted into the 
body cavity next to the heart, by direct dissection in the 
stingrays, and by the coracoid bar-drillng method of 
Perry Gilbert? in the sharks. The anesthetic used was 
MS 222; but it was found that the optimum concentration 
for inducing these species was 1-7 parts in 1,000 of water as 
opposed to that recommended by Gilbert? of 1 part in 
1,000. 80-100 ml. of this solution induced anesthesia in a 
grey shark 70 cm in length in 45 sec, and a single dose 
allowed of 15-20 min of anesthesia. One of the grey 
sharks survived 5 such doses in the course of a week. 

The pulse rate taken when the fish had quietened down 
in the tank after the operation showed that MS 222 
apparently caused a bradycardia. This pulse slowing was 
confirmed by taking resting #.0.a.’s in O. obscurus, 
anzsthetizing the fish with MS 222, and taking further 
B.0.G.’s. A similar effect was noted in the stingray 
(Dasyatis uarnak) in which direct epicardial leads were 
taken from the exteriorized heart of a partly conditioned 
animal out of the water, in a supine position, before and ° 
after the pharyngeal administration of MS 222. After 
large doses, a bradycardia of 30/min was found, as opposed 
to the measured resting pulse rate of 50/min. This fall in 
pulse rate was also accompanied by a fall in respiration 
rate of 11-8/min. i 

In the rays, we were unable to record respiration rates 
accurately, because of the difficulty of the operating 
procedure, and the violent action during and after recovery 
from anesthesia. Our findings are of interest in the light 
of Randall’s observations that the direct effect of MS 222 
on the isolated teleost heart was to decrease the frequency 
of the heat, and that the drug caused bradycardia in the 
tench with bilateral vagal section!. Furthermore, the 
coincident fall in pulse and respiration rate that we noted 
with large doses of MS 222 in the stingray supports 
Randall’s contention that there may be a neurological 
relationship between the cardiac and respiratory centres 
in the brain. 

The cardio-regulatory centre in O. obscurus would 


appear to be rather resistant to certain stimuli: in the 


free-swimming fish, the rapid increase of movement which 
ensues when the fish is disturbed causes an increase in 
pulse rate of only 4jmin (from 50 to 54 per min), and the 
pulse returns to resting-levels within 30 sec. This sluggish 
cardiac response was also noted in the’ free-swimming 
Stingray (Dasyatis’ pastinaca), when it was similarly 
disturbed. 

Subject to what would appear in our experience to be 
changes due to injury, MS 222 did not affect the actual 
E.C.G. complex. There was occasional asystole for single 
beats, and, rarely, a few unifocal extra-systoles, which 
may have been due to the operative procedure itself. No 
conduction defect in the form of alteration of PR, QRS or 
QT distances was noted. 

In a single instance, where we followed the adminis- 
tration of MS 222 with a single large intramuscular dose 
of ‘Coramine’, we obtained acute ST segment elevation 
within 30 sec, followed almost at once by a severe brady- 
cardia (3/min) for some minutes; there was a return of the 
pulse to 10/min, and the animal then died. This may 
explain our failures in earlier attempts to resuscitate near- 
moribund MS 222-anesthetized sharks, where intra- 
muscular ‘Coramine’ in smaller doses caused initial im- 
provement, which was invariably followed by death. 


G. D. CAMPBELL 
D. H. Davs 


Oceanographic Research Institute, 
Durban, South Africa. 
1 Randali, D. J., Nature, 195, 506 (1962). 
? Gilbert, Perry, Anat. Rec., 138, 3, 351 (1960). 
> Gilbert, Perry, Science, 126, 212 (1957). 
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Killing of Bulb Eelworm by Hot-water 
: Treatment 


RECENTLY there has been concern about the efficiency of 
hot-water treatment to eradicate the stem and bulb eel- 
worm (Ditylenchus dipsaci (Kühn) Filipjev) from Narcissus 
stocks. Following Staniland’s work!, ib was the standard 
practice in Britain to treat bulbs for 3 h at 110° F (43-3° ©) 
rather than the 4 h which both Ramsbottom’s*? and Van 
Slogteren’s? work suggested. More recently‘ 4h at 110° F 
(48:3° C) or 3 h at 111° F (43-9° C) has been recommended 
to improve control. These treatments were based on in 
vitro treatments of the nematodes in water, and while in 
vivo testa with bulbs did not contradict the in vitro, the 
results have been extended to practical treatments of 
eelworms in bulbs assuming that longer (approximately 
60 min) would be required to allow the centre of the bulbs 
to reach treatment temperature. 

By using New Blue R stain® to differentiate between 
dead and live nematodes, it has been possible to compare 
the effects of treatment in vitro and in vivo, although 
staining may underestimate mortality. The treatments 
were applied to badly infested bulbs at the end of August 
when many of the nematodes in the bulbs showed chains 
of oil droplets typical of the wool-forming pre-adult 
stage. Nematodes were either treated in the bulb tissue 
and afterwards washed from the central fleshy scales, care 
being taken that dead and live forms were washed out 
proportionately, or were treated in distilled water in thin- 
walled glass capillary tubes after extraction, by Seinhorst 
mistifier*®, from the central scales. 

The capillary tubes, bulbs or bulbs with capillary tubes 
inserted to the centre, were submerged in a laboratory 
controlled-temperature water bath for 3 h at 444° C 
+0:03° 0. Treatment started immediately the containers 
were submerged, for the drop in water temperature 
(e. 0:3° C) was regained within a few seconds. Results are 
shown in Table 1. 


: Table 1. THERMAL MORTALITY oF D. dipsaci 
(Estimates are based on means of counts of 4th and small 5th stages 
from eight replicates) 


Mean propor- Standard 

Treated Cooled tion killed Percentage deviation 

Medium in bulbs in bulbs (angular killed (de- of mean 
transformation) transformed) angle 

1. Bulb 

tissue ‘yes yes 72 90 18 
2. Water yes yes 40 41 29 
3. Water no no 41 43 28 
4. Water yes no 38 38 18 
5. Water no yes 37 86 2-0 


Note: Abbott’s correction (ref. 7) for control mortality was used. 


The difference between the first two treatments was 
striking, and yet the only difference between them was that 
the second was in vitro and the first in vivo. The third 
treatment subjected the nematodes to immediate heating, 
rising to bath temperature in a few seconds, and a similar 
immediate cooling to room temperature: yet there was 
little difference between this and the second, in vitro, 
treatment in which the nematodes were subjected to 
heating and cooling slowly as the bulb tissue changed 
temperature. The results of the last two treatments 
suggest that slow change of temperature has little effect 


‘on the time for the killing of the nematode even when 


the slow heating causes a shorter treatment as in the 
a or slow cooling extends the treatment as in the 
th. 

Hastings? quoted correspondence from Weiss showing 
the difficulty of killing nematodes that escaped from bulbs 
into the water of the treatment tank and recommended the 
use of a nematicide in the bath. Formalin was suggested 
as it also acted as a fungicide, and later Chitwood and 
Blanton’ showed that formalin was an effective nomaticide 
at high temperatures although not at room temperature. 
They recommended that 0-5 per cent formalin should be 
used in the bath, that the solution should not be used for 
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more than two treatments and that the bath should be 
topped up with the same solution between treatmonts. 
Later, Staniland’* suggested the use of 0-25 per cent 
chlorophenol in hot water baths to kill wool-forming 
pre-adults. The difficulty of killing this stage has been 
noted by several workers, for example, Hastings and 
Newton!!. This may be because such worms are on the 
outside of bulbs, and are treated in water rather than in 
bulb tissue, and the results in Table 1 support this oxplan- 
ation. All stages, other than the eggs, seem to be equally 
susceptible when treated in bulb tissue (Table 2). 


. Table 2. KILLING oF D. dipsaci BY Heat TREATMENT OF BULBS 

(Estimates are based on means of counts from six replicates) 
Mean proportion Percentage Standard 

Stage killed. (an pilar killed deviation of 
transformation) (de-transformed) mean angle 

Eggs 47 54 8-9 

ond 81 97 4-7 

3rd 81 97 2-6 

4th 78 98 33 

5th 78 96 3-4 


Note: Abbott's correction for control mortality was used, 


The experiment from which these results were obtaincd 
was similar to the previous one, but treatments in capillary 
tubes were omitted. Due to the difficulty in defining the 
stages while counting large numbers, each stago notod 
in the table may have included a few of tho stage 
above. 

This work was undertaken during the tenuro of a 
Treasury research fellowship with assistance from the 
Agricultural Research Council. 


C. D. GREEN 


Ministry of Agriculture, Fisheries and Food, 
Plant Pathology Laboratory, 
Harpenden, 
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An External Effect of Inorganic Nitrogen 
in Root Nodulation 


Tex inhibition of nodulation by combined nitrogen was 
first reported almost a century ago. The results of most 
studies lend support to a theory proposing that the effect 
of combined nitrogen is wrought within the plant, the 
end-result being determined by the amount of carbo- 
hydrate available for root and nodule growth. This 
theory, however, does not explain the different effects 
obtained when different nitrogen compounds were used 
at the same nitrogen-level'?. Also some experiments? * 
have suggested that there was a local (external) effect of 
combined nitrogen in inhibiting nodulation. 

ERhizobia have the ability to reduce nitrate to nitrite and 
to convert tryptophan to indolyl-3-acotic acid (IAA). It 
also has been reported that nitrite catalytically destroys 
IAA’. Theoretically, it could be presumed that, when 
both nitrate and tryptophan are added to « rhizobial 
media, nitrite and JAA production would occur and that 
there would be a concomitant destruction of IAA by the 
nitrite produced. 

A mixture of R. japonicum (strain 117, a high nitrite. 
producing strain) and R. meliloti (strain Su 388.a high IAA- 
producing strain) was added to the following reaction 
mixtures: (1) tryptophan, (2) tryptophan + nitrate 
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Table 1. RHIZOBIAL PRODUCTION OF LAA FROM TRYPTOPHAN, NITRITE 
FROM NITRATE OR AMMONIUM, AND THE RESIDUAL TRYPTOPHAN 


TAA Nitrite 


Reaction mixture produced produced Residual tryptophan 
(umoles/ml.) Unclear) (smoles/ml. 
(1) Tryptophan 0-054 0-000 0-47 
(2) Tryptophan + KNO, 0-015 0-066 0-48 
(3) Tryptophan + NH,Cl 0-019 0-000 O76 


(KNO,), and (3) tryptophan+ammonium (NH,Cl). The 
final concentrations of the constituents in the reaction 
mixtures were as follows: tryptophan, 10-* M; KNO,, 
10-2 M; NH,Cl, 10-? M; mannitol, 1 per cent; and 108 cells/ 
ml. After 24 h the reaction mixtures were centrifuged at 
20,000g to remove the cells. Aliquots of the supernatants 
were used for IAA, nitrite, and tryptophan determing- 
tions. 

The results of the IAA, nitrite, and tryptophan determ- 
inations are shown in Table 1. The addition of nitrate 
did not affect the conversion of tryptophan to IAA as 
evidenced by the same residual tryptophan with and 
without nitrate. However, the IAA present was much 
lower when nitrate was added. This was the result of the 
nitrite catalysed destruction of the IAA. When ammon- 
ium was present, there was a reduction in TAA level, but 
this apparently was due to a decrease in the amount of 
tryptophan converted to IAA. 

If IAA is necessary for infection, these results indicate 
that the effect of combined nitrogen in reducing IAA 
would result in reduced infection. This would be an 
external (local) effect of combined nitrogen as opposed to 
the established internal effect. The external effect acts 
on the infection process. The internal effect acts on 
nodule development. The two theories (internal and 
external) are not contradictory, but, instead, would appear 
to be quite complementary and compatible. 

This work was partially supported by a grant from the 
U.S. Department of Health, Education, and Welfare 
(GM09063-02). 


J. W. Tanner * 
I. C. ANDERSON 
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Towa State University, 
Ames. 
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Epiblast in Gramineae 


Tue homologies of the various organs of the gramina- 
ceous embryo and caryopsis have been the subject of 
much debate in the past. Jacques-Félix!, who recently 
summarized again the various theories, has suggested that 
the epiblast is the sole leaf of the primary axis or ‘proto- 
corm’; other theories give the epiblast the status of an 
auricle, or a cotyledon. 

In the course of work on the germination of grasses, I 
have found that some species form well-developed hairs 
on the epiblast. The hairs arise from the epithelial cells on 
the abaxial side of the epiblast, or from its apex; there 
is always a hair-free zone between the base of the epiblast 
and the coleorhiza hairs. The hairs are similar to those of 
the coleorhiza and they are often as long. The numbers 
and regularity with which the hairs are formed seem to 
vary with the species. Some species appear never to form 
them; others, such as Lolium perenne, have only about 5 
per cent of the epiblasts with hairs, and with other species 
most epiblasts have them. 
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Fig. i. 


Hairs on epiblast of Chloris myriostachya 


Apparently the only reference to these hairs is by 
Nishimura’, who states that the “epiblast may develop 
absorbing hairs from its apical cell or from any of its cells; 
and in fact it responds to environmental factors in the 
same manner as does the coleorhiza’”’. He gives a figure 
showing hairs on the epiblast of Phleum pratense. The 
hairs on the coleorhiza are assimilatory ones and there is 
no reason why those on the epiblast should not also be so. 
I have so far found hairs on the epiblasts of Chloris myrio- 
stachya Hochst., Cypholepis yemenica (Schweinf.) Chiov., 
Leptochloa obtusiflora Hochst., Lolium perenne L., and 
Phleum pratense L. If, as my observations indicate, these 
hairs are far commoner than is generally realized, the 
strictly foliar homology of the epiblast is questionable; 
it may really be an absorbing organ. 

I thank Dr. R. L. Lucas, of the Department of Agri- 
culture, University of Oxford, and Dr. H. J. Hudson, 
of the Botany Department, University of Cambridge, for 
searching the literature which is not available in East 
Africa. 

W. R. Birrck 

Grassland Research Station, 

Box 450, 
Kitale, 
Kenya. 
1 Jacques-Félix, M. H., Eighty-third Cong. Soc. Savants (1958). 
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‘A Rhizosphere Effect of the Pea Root on 
Soil Algae 


STARKEY!, in a review of the effects of the PE on 
the soil microflora, found that a stimulatory effect could 
be observed on the gross populations of bacteria, actino- 
mycetes, yeast and fungi in the soil. For the algae, how- 
ever, no evidence was presented, although Starkey surm- 
ized that any effects may be either directly or indirectly 
deleterious. Hadfield? showed that the seedlings of the 
tea plant could significantly increase the algal population 
on the surface of the soil. The size of the population was 
estimated by the soil dilution method. 

To examine whether the rhizosphere could have any 
influence on alge, the following experiment was devised. 
Germinated seedlings were grown under sterile conditions 
on the surface of mineral agar, seeded with a crude culture 
of algae, and incubated for ten days under a very low level 
of illumination (0-5 metre-candles). Pea seedlings were 
used since Wallace and Lochhead? found that leguminous 
plants possessed a rhizosphere effect greater than most 
plants. The seeds were first sterilized, using 0-1 per cent 
mercuric chloride, and germinated on moist filter paper 
under sterile conditions. As soon as swelling and germina- 
tion had occurred, the seed was transferred to the agar 
surface. The mineral agar was made according to the 
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Fig. 1 


formulation of Miller and Fogg‘ with the addition of 1-5 
per cent agar. The algae were grown from a rich top soil 
diluted (10 per cent w/v) with the medium of Tchan, 
Balaam, Hawkes and Dractte*®, which had been incubated 
at room temperature and illuminated at 1,000 metre- 
candles by ‘daylight’ fluorescent tubes for three weeks. 
‘Pour’ plates were made with the centrifuged, washed 
suspension of the algae that had grown. After ten days, 
if no contamination had occurred and the pea roots had 
begun to grow throughout the agar, the colonies of algae 
that grew close to the roots were so much larger that a 
definite zone occurred. This is shown in Fig. 1. This 
would appear, therefore, to provide some evidence in 
support of the plant rhizosphere having a stimulatory 
effect on algal growth, at least under autotrophic con- 
ditions. j 

D. R. CULLIMORE 

M. WOODBINE 


Microbiological Unit, 
Department of Agricultural Sciences, 
University of Nottingham. 
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Effect of Flashing Light on Plant Growth 
Rate 


NumEROUS investigations have been reported relating 
photosynthetic light efficiency and plant growth. Dickson! 
has found in Lemna minor a growth rate decline as the 
length of alternating periods of light and darkness de- 
creased, with a minimum growth rate at a l-min light 
period; but at a 5-sec light period the growth rate was com- 
parable with that under a 12-h photoperiod. Similarly, 
Portsmouth? observed that cucumbers assimilate carbon 
dioxide at half the rate under alternate 1-min flashes as 
compared with 12-h periods of light and darkness. Several 
other workers? have shown with Chlorella that a flash of 
light at optimum intensity followed by dark period gave a 
maximum growth rosponse in terms of the Hill reaction. 

The object of this work was to examine the effect of 
short flashes of light on the growth rate of a higher plant 
over an extended period. Lemna minor was used for 
these studies, and the plants were grown under 400-W 
mercury lights and were exposed to 1,000 ft.-candles at 
about 77° F. The plants were grown in a nutrient solution 
used by Gorham‘ with a slight modification of the copper 
content to provide 25 p.p.b. Growth rates were measured 
over @ period of 72 h, and the light exposures utilized 
ranged from continuous illumination to alternating periods 
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of light and darkness from 12 h to 0-004 sec. The gruwth 
rate for each flash duration was measured at least twice at 
different times and in four replicates per time. Four 
mature fronds removed one generation from the parent’ 
were placed in the nutrient solution in 125 c.c. Erlenmeyer 
flasks, and the number of fronds was counted and dry 
weights recorded after 72 h exposure. 


Gain in dry weight (%) 





0-1 0-01 0-004 


72 #12 6 120 60 30 1 
H i Sec 
Continuous Alternating 


Fig. 1. Influence of alternating periods of light and darkness on growth 
of Lemna minor over a period of 72 h 


Fig. 1 indicates the percentage gain of dry weight under 
different flash durations; the results presented illustrate 
the growth per unit of-time rather than unit of light as 
reported by students of the Hill reaction. The growth was 
measured in terms of dry weight rather than assimilation 
of carbon dioxide, and each treatment was extended over a 
period long enough to allow reproduction of several 
asexual generations. In earlier work}! dry weight 
gains were reported only for flash periods as short as 5 sec 
at which growth was faster than under 1 min flashes. 
It is interesting to see that the growth rate was four times 
as rapid with the 0-004-sec flash used as under the 2-min 
exposure and nearly twice as fast as under 12 h light 
periods; and more growth occurred than under continuous 
light. A flash rate of 0-004 sec appears to produce about a 
maximum growth rate as it did not increase significantly 
over the rate at 0-01 sec. 

The cycling effect! on the growth rate of Lemna may 
have caused slight oscillation in the curve but the growth 
rate was the same even when the growth at a given flash 
duration was repeated three or four times. The oscilla- 
tions did not affect the overall growth rate dependent on 
flash duration. 

Tt will be interesting to compare the effect of unequal 
dark and light periods on overall growth, as well as the 
effect of monochromatic light of different wave-lengths 
on the growth patterns. 

The work was supported by the National Research 
Council of Canada. 


M. H. Dickson 
S. E. Cava 
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Gravenstein and Jonathan Apples produced 
with Gibberellic Acid 


NoRMAL-SIZED fruits of Sturmer Pippin apple were pro- 
duced by Davison! using 1 per cent gibberellic acid (GA) 
in lanolin paste and of Strawberry Norman by spraying 
with gibberellic acid at 400 p.p.m. at the pink stage of 
blossoming; but as his Cox’s Orange fruits produced with 
lanolin paste were only half the size of the seeded fruits, 
it was thought that an estimation of the cell numbers of 
such fruits might give an indication of the effectiveness 
of gibberellic acid in bringing about cell division and pro- 
vide an explanation for the sizo differences in such fruits. 

As none of the foregoing varieties was available at 
this Field Station, Gravenstein and Jonathan trees were 
used. Small flowering spurs were covered with ‘Glassine’ 
bags in 1961, but these proved unsatisfactory owing to 
condensation of moisture within the bags; hence in 1962 
blossoms were not covered after treatment except for one 
series of Gravenstein blossoms which remained in bags 
over the blossoming period. At the ‘balloon’ stage, 
corresponding to 1-2 days before full bloom, the petals 
were cut away, anthers removed and styles decapitated. 
Gibberellic acid at a concentration of 400 p.p.m. was 
sprayed with a hand atomizer on to the receptacles in 
1961 and again in 1962 with a further series of Jonathan 
receptacles sprayed at 800 p.p.m. Tho de-anthered 
blossoms remained uncovered. Fruit set, judged by a 
definite swelling of the receptacle, was estimated after 
14 days in 1961 and after 28 days in 1962. At maturity 
fruits were gathered, weighed and sized, and sections 
prepared for estimation of cell size and number after 
the methods of Bain and Robertson*. The long and 
short diameters of 30 Jonathan fruits from each treat- 
ment were measured with calipers to determine any 
change in shape of fruit. 

A summary of the results obtained is given in Table 1. 
The fruit set with gibberellic acid compares favourably 
with that of open pollinated blossoms and with Jonathan 
in 1962 is considerably higher; a seasonal effect in fruit 
set may also be present. The Gravenstein fruits produced 
with gibberellic acid showed swollen areas at the calyx 
end in many instances and to this extent were different 
from normal fruits. In other respects as regards maturity, 
weight and cell number they were similar to the fruits 
produced by open pollination. 

With Jonathan, however, the gibberellic-acid produced 
fruits were appreciably smaller, of less mean weight and 
with a corresponding lesser number of cells; the ratio of 
fruit-length to diameter indicated that these fruits were 
relatively elongated, the ratios for normal fruits being 
0-84 as compared with 0:89 for gibberellic-acid produced 
fruits. Moreover, these fruits were less symmetrical than 
normal, showing a raised shoulder on one side in many 
cases. No seeds were found in gibberellic-acid treated 
fruits. 

As coll volume appears to be similar within treatments 
for both varicties of apple, it is suggested that the differ- 
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ence in weight of the gibberellic-acid produced Jonathan 
fruits is due to the failure of the gibberellic acid stimulus 
to bring about the required number of cell divisions to 
produce full-sized apples, at the concentration used. The 
gibberellic-acid produced Jonathans are 79-9 per cent the 
weight of the open pollinated fruits, and approximately 
the same proportion of cells, namely, 81-7 per cent, were 
produced in these fruits as.compared with seeded fruits. 


L. A. THomas 


Division of Plant Industry, 
C.8.1.R.0., 
Field Station, 
Applethorpe, Queensland. 
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Therapeutic Activity of a Streptothricin-like 
Antibiotic against Apple Mildew 


Tue streptothricin-like antibiotic complex, reference 
number A 4788, isolated and characterized by Lumb et al.1 
has high im vivo activity against a number of powdery 
mildew diseases including Podosphaera leucotricha on 
apple. Preliminary tests indicated that the mode of, 
action of the antibiotic was essentially different from that 
of either dinocap or sulphur and investigations into the 
chemotherapeutic effects of the material were therefore 
undertaken. 

MM.106 apple root-stocks were uniformly infected with 
mildew in an inoculation tower similar to that described by 
Kirby and Frick’, and disease rating was estimated with 
the aid of matching diagrams as the mean percentage of the 
adaxial leaf-surface area infected by apple mildew on the 
first five to seven fully expanded leaves of an extension 
shoot. Different treatments were replicated on at least 
five plants and assessments repeated two or three times 
at 5~7-day intervals. Spraying infected root-stocks with 
aqueous sprays containing 0-02 and 0-01 per cent A 4788 
caused a reduction within a week of more than 80 per cent 
in the level of mildew compared with that on control 
plants receiving water sprays, but the maximum effect 
was not reached until a fortnight after the spraying date 
when a reduction of 95 per cent was recorded. On root- 
stocks, inoculated less than one day after spraying with 
concentrations of A 4788 in the range 0-01—0-08 per cent, 
protection increased with concentration, but when an 
ethoxylated octylphenol wetting agent was added, the 
degree of control at 0-01 per cent was of the same order 
as that obtained at 0-08 per cent without wetter (more 
than 90 per cent). Protectant activity declined as the 
interval between spraying and inoculation was increased 
although some measure of control was maintained when 
inoculation was delayed up to 11 days after spraying. 

Gray? has shown that streptothricin, applied to inter- 
mediate leaves of bean and tobacco plants at a concen- 
tration of 1 per cent, is translocated in high amounts both 
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Table 1 
No. blossoms Per cent No. fruits Mean fresh Mean cell Mean cell : 
Variety Treatment treated set in sample wt. (g) vol. (mm?) No. (millions) i 
| Gravenstein 1961 GA at 400 p.p.m. 300 29-6 13 136-0 0-0055 22-5 
| Open-pollinated 300 34-3 15 131-5 0:0056 21-1 { 
: Gravenstein 1962 | GA at 400 p.p.m. 100 39-0 l 
i Open-pollinated 100 48-0 
i Control l 
: de-anthered 100 0-0 
Bagged entire 
blossom 100 0-0 
Jonathan 1961 GA at 400 p.p.m. 185 42-2 20 86-2 Q -0028 27-9 
Open-pollinated 186 37-2 20 108-0 08-0029 34-2 i 
Jonathan 1962 GA at 400 p.p.m. 160 18-0 i 
GA at 800 p.p.m. 100 93-0 
i Control 
| de-anthered 100 2-0 
Open-pollinated 100 68-0 
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upwards and downwards. When the lower leaves of apple 
root-stocks were sprayed with the highest non-phytotoxie 
eoncentrations of A 4788, with various additives to aid 
penetration, no protection was given to the untreated 
portions of the shoot, but when the intermediate leaves of 
root-stocks carrying established mildew infections on six 
fully expanded leaves were treated with 0-02 per cent 
A 4788 solution containing 0-02 per cent wetter, some 
measure of eradication was obtained on immediately 
adjacent untreated leaves. The main percentage mil- 
dewed leaf-area, 20 days after treating alternate single 
leaves or pairs of leaves in the antibiotic solution, is com- 
pared with that of the water-treated control plants in 
Table 1. 


Table 1. TRANSLOCATION OF 44788 TO ADJACENT LEAVES ON APPLE ROOT- 
STOCKS 


Percentage infected leaf area 
Mean of five replicate plants) 


Leaf number from base mtrol A 4788 
(0-02 per cent wetter) (0-02 per cont wetter) 


Treated 1, 3, 5 44-8 0-9 
Untreated 2, 4 41-0 13-5 
Treated 1, 2, 5,6 56-6 15 
Untreated 3, 4 47-0 12-2 


It will be noted that the degree of eradication was lower 
on untreated leaves than on those receiving direct applica- 
tion of the antibiotic. Evidence was also obtained of 
movement within leaves when repeated tests showed that 
A 4788 applied to the abaxial surface of apple root-stock 
leaves conferred 80 per cent protection to the untreated 
adaxial surface, although this reduction was again less 
than where direct application had been made. 

The germination of apple mildew conidia was followed 
on the leaves of small potted apple root-stocks inoculated 
at 20° C and 95 per cent relative humidity by using a 
cellulose acetate impression technique’. On leaves 
treated with 0-02 per cent A 4788 solution incorporating 
0-02 per cent wetter, germination was reduced by only 20 
per cent compared with the control and most of the 
conidia produced normal infection hyphe. By the fourth 
day, however, further hyphal extension of the mycelial 
colonies appeared to be checked and, in most cases, growth 
ceased before conidiophores were produced. 

Thus the chemotherapeutic effect of the antibiotic is 
manifest against the developing hyphæ of the fungus 
rather than against the conidia and up to 4 days may 
elapse before growth of hyphe ceases. This effect suggests 
that the antibiotic causes a breakdown in haustorial 
function, since the conidium itself contains sufficient 
water and nutrients to support the early stages of develop- 
ment and growth is checked only when the fungus becomes 
dependent on the host cells for these supplies. The anti- 
biotic may act indirectly against the fungus by modifying 
the metabolism of the host cells through a mechanism 
similar to that postulated for the systemic activity of the 
diethylaminoothyl ester of p-aminobenzoic acid (procaine) 
against Erysiphe cichoracearum on cucumber’. 

Column chromatography of the complex yielded six 
fractions, of which two (designated D and F) showed high 
activity against powdery mildews, and one (component F) 
was found to be identical with streptothricin’. Equivalent 
rates of the parent complex (A 4788), streptothricin, com- 
ponent D, and component F showed similar orders of pro- 
tectant and eradicant activity against apple mildew in the 
root-stock test. Johnson and Westley’ have shown that 
components D and F have the same basic structure 
differing only in the number of Be-diaminocaproic acid 
(8-lysine) units. Certain other amino-acids, when applied 
to the leaves of the host plant, show chemotherapeutic 
properties against a number of pathogenic fungi®, and it 
has been suggested’ that competitive uptake of amino- 
acids, leading to an accumulation of unsubstituted «- 
amino-acids in the host cells, may confer resistance to 
infection by plant pathogens. In a similar way the break- 
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down products of components D and F of tho antibiotic 
complex A 4788 may accumulate in the epidermal cells of 
the apple leaf, thereby inhibiting movement of essential 
nutrients into the fungal haustorium. 

I thank the directors of Boots Pure Drug Co., Ltd., for 
permission to publish this communication. 


R. O. SHARPLES * 


Research Department, 
Boots Pure Drug Co., 
Lenton Experimental Station, 
Nottingham. 


* Present address: East Malling Research Station, Maidstone, Kent. 
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MICROBIOLOGY 


Micromanipulation in the Examination of 
Rumen Bacteria 


Tux culture of bacteria from single cells isolated by 
micro-manipulation techniques has been used for somo 
time, but only once (in published reports) has the toch- 
nique been used in attempts to isolate bacteria from rumen 
contents'. Some new results using the technique as an 
adjunct to conventional investigations of rumen bacteria 
are reported here. The method used was essentially that 
of Johnstone’, as this is simpler than the oil-chamber 
method originated by de Fonbrune’, and although most 
rumen, bacteria are non-sporing strict anaerobes it was 
felt that, provided manipulation was rapid, a brief exposure 
of the cells to air would not affect their viability. The 
method of casting the agar block and the design of the 
manipulation cell were as described by Johnstone? and 
the manipulation was observed through a x40 long 
working-distance phase-contrast objective. A 2 per cent 
solution of ‘Oxoid Ionagar’ was found to give tho clearest 
gel, and after cooling for 10 min the agar blocks were 
kept in the refrigerator for 15-20 min to give a surfaco of 
the required humidity. A l-mm loopful of rumen fluid 
was streaked down one end of the block and single cells 
of the desired organism drawn. away by means of a glass 
micro-needle and deposited at least 0-5 em from othor 
organisms. The positions of the separated organisms were 
marked by an electrically heated needle*. About 8 cells 
were separated on one agar block, which was then cut up 
with a sterile micro-knife to leave the organisms on 
separate blocks of agar which were transferred to 2 ml. 
of a suitable medium and incubated. 

A large Gram-negative anaerobic coccus (Peptostrepto- 
coccus elsdenii, or LC) has been shown by conventional 
dilution-culture techniques to be present in high numbers 
(about 10°/ml.) in young calves, but to be present in only 
small numbers (0 to about 105/ml.) in adult sheep’. Nevor- 
theless, microscopic observation shows similar large Gram- 
negative cocci in adult rumen contents often to be more 
numerous than would be expected from the viable counts. 
Tests with in vitro cultures of P. elsdenti showed that 
growth could be obtained from single or diploid cells in 
40 per cent of cases using the lactate medium described 
in ref. 4. However, isolation of cells of many Gram- 
negative cocci from sheep rumen fluid failed to give any 
bacteria capable of growing in the lactato medium. 
Considering these results and the dilution-counts it was 
concluded that probably many of the Gram-negative 
cocci seen in adult rumen fluid are not P. elsdenit. 
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In work on glycerol-fermenting bacteria of the sheep 
rumen Hobson and Mann! isolated a large number of 
Selenomonas ruminantium var. lactilyticas. These seleno- 
monads, however, were all in pure culture much smaller 
than the selenomonads generally seen in rumen fluid, and 
this has been noted with later isolations of S. ruminantium. 
To try to identify the small selenomonads of in vitro 
cultures with the bacteria seen in vivo both serological and 
micromanipulative techniques were used. The results 
of tests with fluorescent antibodies reported elsewhere® 
suggested that the selenomonads in vitro and in vivo were 
identical or closely similar and the results of some 
manipulative experiments have led to the same conclusion. 
Cells were manipulated and transferred to a medium 
containing mineral salts, yeast extract, 0-05 per cent agar, 


biotin, p-amino-benzoic acid, 20 per cent centrifuged . 


rumen fluid (sterilized by filtration through a sintered 
glass filter), sodium bicarbonate, cysteine as reducing 
agent and glycerol and sodium acetate (the latter improv- 
ing the growth of these selenomonads). The medium was 
gassed with carbon dioxide and inoculated and incubated 
under oxygen-free carbon dioxide. In preliminary tests 
of cells from pure cultures 75 per cent gave viable cultures. 
In all 196 single cells of large (8-12u long) selenomonads 
were isolated from the rumen fluid of a sheep used in the 
experiments of Hobson and Mann and from another sheep 
on a similar concentrate dietë and transferred to the 
medium mentioned above. Rumen samples were taken 
about three hours after feeding and were treated immedi- 
ately as this gave the best viability of manipulated cells. 
Centrifuging the rumen contents before manipulation so 
as to increase the concentration of large bacteria led to 
decreased viability of isolated cells (about 3 per cent grew). 
Apart from non-viability of single cells difficulties were 
encountered due to growth of mixed cultures or bacteria 
other than selenomonads. It was thought that contamin- 
ating bacteria, which were generally small cocci or very 
small rods, were closely attached to the large selenomonads 
and were not seen during separation of the large cells 
because of the refractivity of the water globules in which 
the large cells were drawn along the agar surface. As 
examples, in one set of isolations from the first sheep 
comprising 64 apparently single cells about 11 per cent 


gave viable cultures of pure curved rods, 5 per cent gave . 


mixed cultures and 12-5 per cent gave cultures of different 
bacteria. The remainder of the isolates did not grow. 
Of 70 cells isolated from the second sheep 10 per cent 
gave pure cultures of curved rods, 6 per cent mixed 
cultures and 23 per cent bacteria other than curved rods. 
All the curved Gram-negative rods which grew in pure 
culture were smaller than the original selenomonad cells, 
a typical result being one isolated cell which was originally 
12p long and gave rise to a culture of curved rods of 
selenomonad morphology but with an average length of 
]-8-2-5u with occasional cells up to 4:5. long. A number 
of the pure cultures were submitted to the tests used in 
identifying the selenomonads isolated by Hobson and 
Mann’. Half these strains always exhibited typical 
selenomonad morphology, including flagellation, and 
while agreeing in general with the biochemical reactions 
of Selenomonas ruminantium none of the strains fermented 
lactate and so they cannot be classified as var. lactilyticas. 
The rest of the strains examined in detail tended to be, 
morphologically, curved rods of more uniform thickness 
than the typical selenomonads or to show chain formation, 
but in biochemical reactions they were similar to the 
typical selenomonads. However, the presence of uniformly 
curved and straight rods, and chain formation, has been 
observed in other cultures of rumen selenomonads and 
the morphology of cells in in vitro culture is variable. ; 
The results given here show that it is possible to grow 
anaerobic rumen bacteria from single cells obtained from 
rumen fluid, and in the case of the selenomonads support 
the hypothesis that the smal] organisms grown in vitro 
are actually the same as the large organisms seen in vivo. 
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The low viability of the isolated cells may be due to 
deficiencies in technique, or to the possibility that many 
of the rumen bacteria are dead, a suggestion which has 
been made to explain the large discrepancies usually found 
between viable and total counts of rumen bacteria from. 
animals on a concentrate ration. 

Attempts to culture some of the rumen organisms such 
as Oscillospira and Quin’s organism, not grown by the 
usual dilution culture techniques, by separation of single 
cells and transfer to media of different compositions, have 
so far been unsuccessful. 

I thank Dr. P. N. Hobson for suggesting this topic and 
for his advice and Mr. S. O. Mann for examination of the 
selonomonad cultures. 


Mary R. Purpom 
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ENTOMOLOGY 


Protein Nature of the Brain Hormone of 
Insects 


THE insect brain hormone which is known to be secreted 
from the neurosecretory cells of the pars intercerebralis 
controls metamorphosis by its prothoracotropic action}. 
We have recently prepared an extract from brains of 
Bombyx which can stimulate the non-diapausing pupe of 
Phylosamia cynthia ricini caused to diapause by prompt 
removal of their brains just after pupation and beginning 
adult differentiation’. From the fact that extracts of 
tissues other than brain such as prothoracic, meso- 
thoracie and metathoracic ganglia and fat body possess 
no, or far less, activity, and that the extract is ineffective 
in initiating adult development in the isolated abdomen 
lacking the prothoracic glands (Table 1), one may reason- 
ably infer that the active principle in the brain extract is 
brain hormone. Subsequent experiments to purify and 
identify this hormone have yielded evidence supporting the 
assumption that brain hormone is a protein. 


Table 1. Eyrect OF BRAIN Extracts¥on ISOLATED ABDOMENS OF 
Phylosamia cynthia ricini 
No. of specimens No.of specimens No. of specimens 
Test animal tested developed undeveloped 
Isolated abdomen 20 0 20 
Brainless pupa 20 2 


18 
(19-25 *) 

2 mol. saline extract was prepared from 400 brains, 0:05 ml. of which waa 
injected into each specimen. 


* Days required for the emergence of adult after injection. 


In the work reported here, materials, extraction pro~ 
cedures, and the assay system were the same as those 
described in a previous communication*, The protein 
hypothesis first emerged from the non-dialysable nature of 
brain hormone. The crude extract was dialysed against 
running water at room temperature for 24 h without losing 
any hormone activity (cellulose tubing, 8/32, “Visking’). At 
any stage of purification so far carried out the preparations 
remained non-dialysable. 

Inactivation of the extract by heat treatment depended 
considerably on the pH value (adjusted with hydrochloric 
acid and sodium hydroxide), that is, the active substance. 
was rather stable around pH 6-0, whereas at more acidic 
and alkaline sides it was more or less promptly inactivated. 
Dependence on pH was found to be most remarkable when. 
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Table 2. DIGESTION OF BRAIN HORMONE BY ‘NAGARSE’ OB ‘PRONASE’ 


No. of No. of No. of 
specimens specimens specimens 
teste developed undeveloped 
‘Nagarse’ digestion 20 1 19 
a {22*) 

Control {incubation with pre- 20 18 2 

heated “Nagarse’) (19-23%) 

Pronase digestion 20 D 20 
‘Control (incubation with pre- 20 19 1 

heated “Pronase’) (18-24 *) 


* Days required for the emergence of adult after injection. 


heated at 90°C; by heating at this temperature for 90 min 
at pH 6-0 its activity was not much affected, while at pH. 
4-8 and 8-8 the same treatment caused complete inactiva- 
tion of tho substance. 

Fractional precipitation by ammonium sulphate re- 
vealed that the brain hormone activity obtains in a pre- 
cipitate produced between 60 and 80 per cent saturations. 
By adding acetone the majority of the hormone precipi- 
tated between 70 and 90 per cent concentrations. The 
hormone could also be recovered as a precipitate by 
addition of trichloroacetic acid, mostly at 5 per cent and 
completely at 10 per cent concentration. Needless to say, 
all the reagents adopted here are protein precipitants, and 
brain hormone acted like a protein. 

Evidence for the protein hypothesis was supplemented 
by digestion experiments using proteolytic enzymes. 
Although pepsin (at pH 2-0 and 4:0) and trypsin (at pH 
8-8) failed to inactivate the brain hormone, incubation 
with ‘Nagarse’ (commercial name of crystalline subtilisin, 
the bacterial proteinase purified from Bacillus subtilis, 
supplied by the Nagase Co., Ltd.) or ‘Pronase’ (the bac- 
terial proteinase purified from Streptomyces griseus, 
supplied by the Kaken Co., Ltd.) destroyed the activity 
of the hormone (Table 2). 2 ml. of the buffered saline 
extract (1/15 M phosphate buffer at pH 6-0 containing 
2 per cent sodium chloride) from 200 Bombyx brains were 
incubated at 38° C for 15 min with 0-1 ml. of ‘Nagarse’ 
solution (1 mg ‘Nagarse’/1 ml. buffer), and afterwards 
heated at 90° C for 15 min to kill the enzyme. As already 
mentioned, heat treatment itself at 90° C at this pH did 
not inactivate the hormone. 0-1 ml. of the solution thus 
produced was injected into each of 20 test pup, 19 of 
which did not metamorphose to adults. The control 
experiment in which the preheated enzyme solution (90° C, 
15 min) was used instead of the active enzyme showed 
practically no hormone inactivation; 18 out of 20 pupæ 
assayed metamorphosed into moths. ‘Pronase’ digestion 
was carried out in a similar way (at pH 6-0) and proved to 
be as effective as “Nagarse’ in inactivating brain hormone. 

The preparation of brain hormone in a crystalline form 
has been reported from the two laboratories?-4. Apparently 
our preparation contained a different active principle from 
that of Kobayashi et al.*, who claim that the hormone is 
cholesterol. The ‘activation hormone’ isolated by Gersch 
et al.‘ is also unlikely to be identical with ours. Full dis- 
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gent results so far reported requires further investigation 
of brain hormone. 

We thank Dr. S. Morohoshi, director of Gunze Silkworm 
and Mulberry Research Institute, and Dr. S. Sasaki, 
director of Ayabe Branch of Sericultural Experimental 
Station, who supplied us with the silkworm pup». 
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VETERINARY SCIENCE 


Comparative Anthelmintic Efficacy of 
Thiabendazole and Mixtures of Phenothiazine 
and Phenzidole 


A RECENT report! claimed that a mixture of phenothia- 
zine and phenzidole provided synergistic anthelmintic 
action on gastro-intestinal parasites in sheep. Previous 
claims of synergistic action for anthelmintics have been 
questioned by Gordon’, who indicated that true synergism 
has not been demonstrated for anthelmintics. Work was 
conducted in our laboratories to evaluate the relativo 
anthelmintic potencies of phenothiazine, phenzidole and 
thiabendazole and to determine whether synergistic 
action was demonstrable for combinations of pheno- 
thiazine and phenzidole. 130 penned sheep with natural 
infections of gastro-intestinal worms were assigned to 
control or medicated groups (5 sheep/replicate) on the 
basis of pre-treatment egg counts. The compounds were 
tested as drench suspensions in single doses at graded 
dose rates. Anthelmintic efficacy was assessed in critical 
tests by comparing the numbers of worms in treated and 
control sheep at slaughter one week after treatment. 

The geometric mean worm counts for each group of 
sheep are shown in Table 1. On the basis of these data, the 
anthelmintic activity of the various treatments demon- 
strated linear logarithmic dose-response relationships for 
Haemonchus, Ostertagia, Trichostrongylus, Nematodirus 
and immature worms. Thiabendazole was highly offective 
against all of the:kinds of worm parasitizing these sheep. 
Phenothiazine and phenzidole effectively removed Haem- 
onchus, Ostertagia, Trichostrongylus and Nematodirus 
parasites; however, these compounds were rolatively 
ineffective for Cooperia and Strongyloides. Phenzidole 
was less effective than thiabendazole on the immature 
worms. The relative potencies of the anthelmintics wore 














cussion on the evaluation and interpretation of the diver- computed by straight-line bioassay procedures. Against 
Table 1. CoMPARATIVE EFFICACY OF SINGLE DOSES OF THREE ANTHELMINTIOS 
Dosage | No. of Geometric mean No. worms per sheep* | 
Treatment mg/kg sheep Haem Ost. Trich. Nema, Coop. Strong. Imm, _ 
Controls None 30 833 59 1,350 255 655 59 105 
Phenothiazine 150 10 191 (77)T 436 (59) 1,210 (10) 227 (11) 523 (20) 36 (39) 8 (35) 
a 300 10 62 (93) 63 (79) 789 i 118 teat 287 (56) 44 (25) 25 (786) ! 
43 600 10 38 (95) 57 (92) 314 (77) 40 (84 234 (64) 33 (44) 21 (80) i 
Phenzidole 50 10 643 oa) 693 (9) 1,130 (16) 343 o 783 (0) 54 (8) 64 (39) 
” 100 10 196 (78) 110 (aa 202 (85) 124 (51) 404 (38) 39 (34) 44 (58) : 
» 200 10 74 (91 48 (94 56 (96) 75 (71) 858 (45) 47 (20) 43 (59) 
Phenothliazine 150 ~ 
+ phenzidole abo 10 52 (94) 131 (83) 210 (84) 202 (21) 847 (47) 39 (34) 30 (71) 
” +100 10 43 (25 30 ee 39 (97) 38 (85) 240 (63) 84 (0) 294 (73) 
Thiabendazole 25 10 183 (78) 109 (86 83 (94) 89 (65) 887 (49) 30 (49) 65 (38) 
” 50 10 19 (98) <11 (99) 18 (99) 27 (89) 61 (91) -<10 (100) } 18 (83) 
I 











* Detection limits were 10 worms/sheep. Values of <10 were equated to 10 in calculating geometric mean counts. 


+ Percentage reduction compared with untreated controls. 


Haem., Haemonchus ; Ost., Ostertagia ; Trich., Trichostrongylus ; Nema., Nematodirus ; Coop., Cooperia ; Strong., Strongyloides ; Imm., immature 


worms, 
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Haemonchus, Ostertagia, Trichostrongylus and Nematodirus 
it was calculated that phenzidole was 1/6 (17 per cent) as 
potent and phenothiazine was 1/12 (8 per cent) as potent 
as thiabendazole. In earlier investigations, Brown et al. 
tentatively estimated that phenzidole was 1/4 as potent as 
thiabendazole. The combination use of phenothiazine 
and. phenzidole revealed no evidence of synergistic action 
since the observed potency was only 80 per cent of the 
theoretical on the basis of additive action. In order to 
equal the effectiveness of the 50 mg/kg dosage of thiabend- 
azole’ against Haemonchus, Ostertagia, Trichostrongylus 
and Nematodirus, it is calculated that the combination 
would require phenothiazine in a dosage of 420 mg/kg 
and phenzidole in a dosage of 140 mg/kg. These studies 
have therefore not confirmed the claim! of synergistic 
action for combinations of phenothiazine and phenzidole. 
A complete report of these investigations is in preparation. 
J. R. EGERTON 
W. H. Orr 
{ A. C. CUCKLEB 
Merck Institute for Therapeutic Research, 
Rahway, New Jersey. 
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Reversed Photoperiodic Seasons and Wool 
Growth 


RECENTLY Morris! has reported on the effect of reversing 
the photoperiodic seasons on the wool growth of Romney 
Marsh ewes at Brisbane, Queensland. The timing of the 
annual rhythm changed gradually until after two years 
it became reversed. In our own laboratories we have 
made similar experiments, which gave results somewhat 
different from those of Morris. 

The New Zealand experiment was made on 3 Corriedale 
ewes with 3 control animals. Lighting for the experim- 
ental group was by incandescent light and for the control 
group by indoor daylight. The Australian experiment 
used 7 Southdown ewes in both experimental and control 
groups and the lighting was fluorescent for both (daylight 
tubes, 0-7 W/sq. ft. floor area). General management of 
the sheep and measurement of wool growth were as 
described in former publications?:‘. 
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Fig. 1. Environmental conditions and woo! growth for the Corriedale 
ewes at Christchurch, New Zealand. Wool growth was measured by 
clipping 10cm x 10 cm patches on the mid-side every month (30-4 days). 
It is expressed as a percentage of the mean obtained during a standard- 
izing period before the experiment. The control day-length includes 

civil twilight 
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Fig. 2. Environmental conditions and wool growth for the Southdown 
ewes at Prospect, New South Wales, based on the six survivors in each 
group. Wool growth was measured by clipping 10 cm x 10 cm tattooed 
patches on the mid-side and thigh every 28 days, It is expressed as a 
percentage of the mean obtained over the first two periods 





1960. 


Details of the photoperiodic treatment are shown in 
Figs. 1 and 2. It may be seen that the annual rhythm of 
wool growth of the controls was similar to that observed 
by earlier workers‘. 

Both our experimental groups showed & bimodal rhythm 
with small peaks in winter or late autumn and in spring. 
In the Australian sheep thermal insulators covering some 
of the tattooed patches on the mid-side did not affect the 
rhythm. There was no difference between the results on 
mid-side and thigh patches. The results of a concurrent 
experiment on medium wool Merino ewes (not included 
in Fig. 2) were similar to those with the Southdowns, 
except that the rhythm was smaller. 

Our findings differ from those of Morris! in two respects. 
First, the rhythm of our sheep was bimodal, not unimodal. 
Secondly, the effect of the reversed photoperiodic seasons 
was nearly immediate, whereas in Morris’s experiment it 
was progressive over two years. Wildman’ at Leeds, 
England, in a similar experiment on Romney Marsh ewes, 
is obtaining results which seem different from those of 
either Morris or ourselves. 

This lack of concordance in the results of very similar 
experiments is puzzling. One possible explanation is that 
the variation in temperature between the different 
environments caused different results. This variation 
could have resulted in different interactions between the 
effects of light and temperature in the several experiments. 
It has already been shown? that low temperatures can 
influence the rhythm, when the site of measurement is not 
protected against cold. On the other hand, we have 
already mentioned that insulating some of the tattooed 
patches of the Australian sheep did not modify the 
rhythm of the experimental group. 

Another possible explanation is that intensity of light 
may be an important factor in the control of the rhythm. 
If this is so, it is possible that the artificial light used in 
the several experiments has been, in general, not enough 
to produce a maximal effect in reversing a rhythm which 
has been shown to have some persistence*. Thus, small 
variations of intensity between different experiments and 
variation in sensitivity to light between different breeds 
of sheep could cause varying results. There is already 
evidence that the growth of the coat in Persian Blackhead 
rams can be influenced by a reduction in light intensity 
from outdoor daylight to an amount that was still greatly 
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in excess of that used in the other experiments discussed 
here. 
D. S5. Hart 


Canterbury Agricultural College, 
Christchurch, New Zealand, 
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Consumption of Oxygen by Sweat Glands of 
Indian Zebu Cattle 


OXYGEN consumption of skin slices is correlated with 
the volume of sweat glands and is increased after injection 
of pilocarpine+?, The metabolism of glucose and glycolysis 
has been studied in the skin slices**. There is a greater 
evaporation of sweat from the hump of the Indian zebu 
cattles, 

An attempt has been made to investigate the role of 
hump and dewlap of Indian zebu cattle in thermoregula- 
tion by examining the oxygen consumption of skin slices, 
containing intact sweat glands in large numbers, both as 
whole skin thickness and as papillary layer, in a Warburg 
respirometer. Samples were procured by biopsy after 
intradermal anesthesia with 2 per cent solution of pro- 
caine from adult Hariana breeds of zebu cattle. Papillary 
layer was separated by stretching and froe-hand sections 
of 150-250u thickness were cut parallel to the direction 
of the hair follicles from three regions of hump, dewlap 
and dorsal trunk. Oxygen consumption was measured 
in 3 ml. Krebs-Ringer phosphate buffer at pH 7-4 substrate 
and in presence of 0-5 M sodium succinate and 0-114 M 
sodium ascorbate’ to study the comparative role of flavo- 
protein systems and cytochrome oxidase in the respiration 
of skin, and the excess oxygen intake over that of substrate 
has been shown in Table 1. Oxygen consumption increased 
with succinate and ascorbate substrates markedly. 
Table 2 shows the oxygen consumption of papillary layer 
with ascorbate substrate and its possible correlation with 
the sweating-rate index, density of sweat glands, sweat 
gland volume and the product of the last two figures. 
There is a definite correlation between oxygen consump- 
tion, sweating rate and the product of density and volume 
of sweat glands, although the product value is. slightly, 
but insignificantly higher in dewlap than in the dorsal 
trunk. It is concluded that hump is well developed as an 
evaporative surface for thermoregulation in Indian zebu 
cattle. 
fable 1, Oxygen consumption in #l./mg dry weight of skin slices of Indian 
breed of Hariana bulls of the whole skin thickness and papillary layer from 
the three regions of hump, dewlap and dorsal trunk in Krebs-Bin er phos- 
phate buffer, pH 7-4, without substrate (WS) and excess oxygen intake over 
WS with 0-05 M sodium succinate (SUC) and 0-114 M sodium ascorbate 
(ASC) substrates. Gas phase, 100 per cent oxygen. Average of 15 experi- 


ments + standard deviation and percentage qucrease of oxygen intake 
with substrates over that of WS is shown in parentheses 


Whole skin Papillary layer 
ws suc ASC WSs suc ASC 


Region 

Substrate 

Hump 06+005 0340-04 35+008 0-9+006 15+007 5-68+007 
50) (583) (622) 

Dewlap 0440-08 0-140-03 1:840-05 0-840-05 0640-05 3-2+0-04 
25 450 (75) (400) 

Dorsal 0686+005 0240-08 2840-06 0090+005 1040-07 4546-06 
trunk (33) (470) (110) (500) 
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Table 2. Relation between density of sweat gland/sq. em. of skin, sweat 
gland volume (g°x10*), sweating rate index as reciprocal of time in min- 
utes x 160 required for cobalt anhydride paper disks to change colour. 
product of density and volume x10-, and oxygen consumption in 
ul.jmg dry weight of papillary layer of skin slices with ascorbate substrate 


of the Indian breed of Hariana bulls 
Density vol. Sweating Oxygen 
Region Density Volume product rate index consumption 
Hump 1,720+61 21-:7+3-1 37:3 45445 5:6 + 0-07 
Dewlap 1,614491 165429 26-6 17+2-6 3-2 + 004 
174425 24-2 31433 454006 


Dorsal 1,888 108 
trunk 


We aro indebted to I.C.A.R. for grants-in-aid to defray 
the expenses of the investigation and to Principal M. S. 
Das for facilities. 

D. P. Saput* 
D. Roy CHowpurry t 


Department of Physiology and Nutrition, 
Bengal Veterinary College, 
Calcutta, 37. 


* Present address: Postgraduate ‚College of Animal Sciences, IVRI, 
Izatnagar, India. 2 
+ Present address: Department of Biochemistry, Nagpur Umversity. 
Nagpur, India. 
1 Medawar, P. B., Quart J. Micro. Sci., 88, 187 (1948). 
2? O’Hara, K., Jap. J. Physiol., 2, 1 (1951). 
3 Cruickshank, C. N. D., Exp. Cell Res., 7, 374 (1954). 
4 Cruickshank, C. N. D., and Trotter, M. D., Biochem. J., 62, 1 (1950). 
* Kibler, H. H., and Yeck, R. G., Univ. Missouri Agric. Exp. Sta. Res. Bull.. 
No. 701 (1959). 
* Roy Chowdhury, D., and Sadhu, D. P., Nature, 189, 491 (1961). 
7 Umbreit, W. W., Burris, R, H., and Stauffer, J, E., Manometric Techniques, 
174 (Burgess Publishing Co., Minneapolis, 1957). 


Uterus and Occurrence of Estrus in Pigs 


Tue persistence of functional corpora lutea following 
hysterectomy during the active luteal phase of the 
cestrous cycle in the gilt!, heifer? and guinea pig™* indicates 
a functional interdependence between the ovary and 
uterus. Sub-total hysterectomy (from posterior halves 
of oviducts to mid-cervix) was performed in 28 cycling 
gilts at various stages of the cestrous cycle, days 1, 5, 10, 
14, 16 and 18. The first day of estrus was designated 
day 1 of the cycle. Experimental procedures have alroady 
been described’. Corpora lutea were marked with sterile 
animal charcoal at hysterectomy. Ovulation occurred 
in each of gilts hysterectomized on day 1 and nowly 
formed corpora lutea persisted 120 days (Table 1). Cilts 
hysterectomized during active luteal phase of cycle, days 
5, 10 and 14, did not return to cestrus for a period of 120 
days after the cestrus prior to surgery. Functional appear- 
ing carbon-marked corpora lutea were present in each of 
the gilts in these 3 groups. Corpora lutea were maintained 
at least 120 days in 3 of 5 gilts hysterectomized on day 
16 of the cycle; two of these gilts each had one 20-day 
estrous interval following surgery. Corpora lutea formed 
after this post-operative cestrus persisted 120 days. Three 
of 4 gilts hysterectomized on day 18 of the cycle returncd 
to cestrus within 4 days. These 3 gilts did not show further 
signs of cestrus in the following 4 months. One gilt in 
this group did not show cestrous behaviour following 
hysterectomy; however, ovulation did occur. Carbon- 
marked corpora albicantia and unmarked corpora lutea 
were present in ovaries at slaughter in this gilt as well as 
the other 3 gilts hysterectomized on day 18. 

Removal of the uterus during cestrual, day 1. or active 
luteal phase, days 5, 10 and 14, of the cycle in this litter- 
bearing species results in maintenance of luteal tissue for 
a period equal to that of gestation. Furthermore, luteal 
tissue persists in the majority of gilts hysterectomized 
during late luteal phase, day 16. Hysterectomy in 
procestrual phase, day 18, is followed by mstrus and 
ovulation within a few days in the majority of gilts. Thus 
days 16-18 represent a period in which presenco of luteo- 
lytic or absence of luteotrophic action alters the life-span 
of the corpora lutea of the cycle in this species. Luteolytic 
action at this time is not prevented by removing the 
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uterus, a possible source of the luteolytic stimulus. In 
the event of pregnancy this luteolytic effect is either 
absent or altered by luteotrophie action. 

Results of experimental work havo indicated that direct 
neural pathways from the uterus are not essential for the 
onset of luteal regression during the cycle followed by 
normal cestrus and ovulation in at least two spontaneously 
ovulating species. CEstrous cycles continue in guinea 
pigs with autotransplants of the uterus with viable 
endometrium or endometrium alone’ and in gilts with 
only a denervated uterine segment remaining*. According 
to Spies et al.” transplants of luteal or cestrous phase 
uterine tissue in 4 gilts failed to cause regression of 
corpora lutea.: The effect of uterine autotransplants on 
the occurrence of cestrous cycles in the gilt is described in 
this communication. 


Table 1, EFFECT OF HYSTERECTOMY AT DIFFERENT STAGES OF THE CESTROUS 
CYOLE ON OVARIAN FUNCTION IN THE GILT 


Day of QGistrous cycle Slaughter data 120 days post- 
cestrouscycle No.of intervals following _cestrus (mean values and S.Z.) 


hysterectomy gilts operation (days) No, of corpora Corpus luteum 
performed (First) (Second) lutea per gilt weight (mg) 
1 (œstrus) 4 none 12 + 0-6 774 + 20 
5 4 none 12 + 05 599 + 14 
10 5 none 13 Ł 1-5 455 + 24 
14 6 none 13 + 0-5 610 + 13 
16 3 none 18 + O4 546 + 18 
2 20 none 11 + 0-5* 641 + 10 
18 1 none — 14+ 15t 559 + 13 
3 22 none 


* Non-carbon marked corpora lutea, 
. Í Data combined. Ovulation and no œstrous behaviour occurred in one 
gilt. All carbon marks were located in ovarian stroma in these 4 gilts. 


Table 2. (ŒSTROUS CYOLE INTERVALS IN GILTS WITH UTERINE AVTO- 
TRANSPLANTS 
Gilt No. Age of pubertal @Œstrous cycle intervals 
cestrus (day's) lays Days from last 
(First) (Second) cestrus to slaughter 
1 160 24 25 13 
2 171 28 28 9 
3 188 25 26 9 
4 197 25 22 9 
5 147 — — 61 
6 158 — — 61 
7 185 — — 60 
8 195 — — 61 
9 217 — — 80 
10* 190 — — 120 
* Sub-total hysterectomy. 
Table 3. SLAUGHTER DATA ON GILTS WITH UTERINE AUTOTRANSPLANTS 
VALUES AND S.E.) 
Gilt No. Weight of autotrans- No. of corpora Corpus luteum 
planted uterus (g) lutea per gilt weight (mg) 
1, 2, 3, 4 555 + 85 13411 695 + 46 
5, 6, 7, 8, 9 109 + 45 10 + 0:8 677 + 11 
10* none 16 495 + 19 


* Sub-total hysterectomy. 


Uterine autotransplants were made in 9 immature 
cross-bred gilts in a two-stage operation. The first stage, 
performed when the animals were 9-12 weeks of age, 
consisted of severing the broad ligament supporting the 
uterine horns from the posterior halves of the oviducts to 
the uterine body. Both horns were sutured on either side 
of the rectus abdominus and to the abdominal oblique 
muscles. Posterior ends of the uterine horns and uterine 
body remained attached to the cervix. The second stage, 
3—4 weeks later, consisted of transplanting the posterior 
uterine horns, uterine body and anterior half of the cervix 
to the abdominal oblique muscles. Only the posterior 
half of the cervix remained intact in the body cavity. A 
control operation included sub-total hysterectomy 
(anterior halves of oviducts and posterior half of cervix 
remained intact) in one 12-week-old gilt. Cistrous 
behaviour was checked daily with vasectomized boars. 
The ovaries and uterus of each gilt were examined at 
slaughter, and uterine tissues were fixed in Bouin’s fluid 
and stored in 70 per cent alcohol for histological examina- 
tion. 

Pubertal cestrus occurred at 5-7 months of age in these 
10 gilts (Table 2). Four of the 9 gilts with uterine 
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autotransplants returned to œstrus twice following the 
pubertal estrus. Duration of estrus was 2 days at 
each period in each of these 4 gilts. Œstrus was not 
detected during a 60-day period following the pubertal 
cestrus in 5 gilts. Likewise, the hysterectomized gilt 
did not return to cestrus during a 4-month period. 

Uterine autotransplanis were well developed in cycling 
gilts, whereas only a small amount of uterine tissue 
survived in the 5 non-cycling gilts (Table 3). Glandular 
epithelial cells of columnar type were numerous in endo- 
metrium of the cycling gilts. In the 5 gilts which failed 
to return to estrus following the pubertal cestrus, only 
glandular epithelial cells of cuboidal type were present. 
Dense connective tissue was found in the uterine tissues 
of both cycling and non-cycling gilts. A sufficient quantity 
of functional endometrium appears necessary to provide 
& luteolytic stimulus for initiation of regression of corpora 
lutea resulting from the pubertal cestrus. These 
experimental results further suggest that direct neural 
pathways from the uterus are not essential for supplying 
a luteolytic stimulus during the cestrous cycle in the gilt. 
However, a functional vasomotor innervation of the 
vascular system would be present in the autotransplanted. 
uterus. 

This work was supported by a research grant, AM 
03730-04, from the National Institutes of Health, U.S. 
Public Health Service. 
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VIROLOGY 


by a Direct Leaf-to-leaf 
Method 


In evaluating sources of tobacco mosaic virus (TMV) 
resistance in tomato! to a fruit disorder?, large numbers 
of mature plarits grown in the field and greenhouse were 
indexed just prior to inoculation with TMV. This was 
necessary because the presence of related or unrelated 
viruses has been shown to interfere with TMV multi- 
plication?.+. Since the usual method of indexing by juice 
inoculation, to indicator hosts required considerable time 
spent in washing mortars and pestles between transfers, 
a less time-consuming method of inoculation seemed 
desirable. The leaf-to-leaf method described here is a 
modification of Yarwood’s leaf-disk method’ in which the 
freshly cut edges of leaf disks are used in the inoculation 
of labile viruses. 

In the leaf-to-leaf method of transfer of virus, ‘a young, 
succulent leaflet from the top growth or side shoot is 
grasped between a fold in a strip of sterile paper towel 
(strips cut 3-4 cm, folded in half) and pulled off the plant. 
The paper and leaflet are placed together in individual 
Petri dishes previously labelled and lined at the bottom 
with moist filter paper. In inoculating, the sample is 
again held in the paper strip so that the upper surface 
of the leaf is exposed while the paper prevents the 
rest of the leaf from touching the forefinger and thumb. 


Transfer of Virus 
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Thus, the leaf is gently rubbed face to face on a ‘Carb- 
orundum’-dusted leaf of a suitable indicator host. A 
smooth, soft stroke has given good local lesion develop- 
ment without injury to the test plant. 

In order to test the reliability of the leaf-to-leaf method, 
comparison trials were made with juice inoculations and 
the leaf-disk method. To provide a source of inoculum 
for the test, four viruses occasionally troublesome in 
tomato plantings were individually inoculated on Fireball 
tomato plants. The viruses included TMV, cucumber 
mosaic virus (CMV), potato virus X (PVX) and tobacco 
severe etch virus (TEV). After an incubation period of 
4-6 weeks, young leaves were removed to provide source 
materia] for each virus. One half of the source leaf served 
as donor tissue for the leaf-to-leaf method and the opposite 
half for the juice and leaf-disk inocula. Comparison tests 
were made on local lesion hosts growing in 4-in. pots of 
soilin the greenhouse at temperatures averaging 20°-26° C. 
TMV was inoculated on half leaves of Nicotiand tabacum 
var. Xanthi-nc*, CMV and TEV on half leaves of 
Chenopodium amaranticolor? and PVX on half leaves of 
Gomphrena globosa’. In juice inoculations, the sap was 
diluted with 1 per cent dipotassium hydrogen phosphate 
buffer and applied immediately with a poster brush. In 
the leaf-disk and leaf-to-leaf methods, the tissues were 
kept fresh in a moist Petri dish until used. Prior to 
inoculation, the upper leaf surface of the test plants was 
atomized with phosphate buffer and all plants were 
dusted with 500-mesh ‘Carborundum’. 


Table 1. COMPARISON OF THE THREE METHODS OF VIRUS TRANSFER: LEAF, 
DISK AND JUICE INOCULATION 


Average. No. of local lesions per half-leaf 
Leaf : 1-10 Lea 


Virus No. of trials Leaf: f : 1-20 
TMV * 20 161. aa 135 187t 142 40 
TEV 20 20 21 227 11 15 5 
PVX 12 33 25 30 11 24ł 5 
CMV 20 64 87 80 9 80t 11 
* For TMV, a 1~1,000 ditution was used instead of 1-20. 
+: Significant at P = 0-0 
Table 2. EFFEOT OF Tomato LEAF JUICE ON INFECTIVITY OF CMV, TEV 
AND PVX 
Average No. of local lesions* 
Virus Source No.of Test plant Infective Infective sap plus 
trials sap tomato leaf juice 
TEV Xanthi 16 Chenopodium 26 7t 
CMV Xanthi 15 Chenopodium 8i 267 
PVX Glutinosa 6 Gomphrena 34 36 


* Average number a a lesions per half-leaf. 
Ț Significant at P = 0-01, 


Results with all 4 viruses (Table 1) indicate that the 
leaf-to-leaf method was at least equal to the leaf-disk 
method in sensitivity and, in 3 cases, superior to juice 
inoculation. Compared with the TMV juice inoculation, 
the leaf-to-leaf method gave an average of 135 lesions to 
187 per half-leaf at the 1-10 dilution. At 1-1,000, TMV 
juice inoculation gave significantly fewer local lesions 
than the leaf-to-leaf method. With TEV, the leaf-to-leaf 
method was significantly better than either the 1-10 or 
1-20 dilutions. Similarly, the leaf-to-leaf method proved 
to be more sensitive than 1-10 or 1-20 dilutions of CMV 
and PVX. The reason for this difference with the latter 
3 viruses was not explainable on the basis of lability since 
these are considered easily sap-transmissible’. 
possibility remained, however, that the expressed tomato 
leaf sap in juice inocula could affect the infectivity of the 
viruses. To test this, inocula of CMV, PVX and TEV 
were taken from tobacco hosts. 1-g samples of the infected 
tissues were ground in 5 ml. of 1 per cent phosphate 
buffer and mixed in equal volumes with a similar dilution 
of sap expressed from healthy Fireball tomato leaves. 
When mixtures were assayed on test plants, a significant 
reduction in infectivity resulted with CMV and with TEV 
(Table 2). With PVX, tested on Gomphrena, the tomato 
leaf juice did not appear to affect infectivity. The results 
suggest that the effectiveness of the leaf-to-leaf method 
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and probably that of the leaf-disk method, in the case of 
these 2 viruses tested on Chenopodium, may be due to the 
avoidance of the expressed tomato leaf sap which on 
liberation seems to reduce the infectivity of CMV and 
TEV. In the leaf-to-leaf and leaf-disk methods it was 
noted that comparatively little sap is released from the 
donor tissue in the process of leaf-rub inoculation. Further 
studies on the nature of the differences in infectivity are 
being made. 

I thank Dr. D. J. deZeeuw for the CMV isolato, Dr. 
F. O. Holmes for the TEV, Dr. W. J. Hooker for the 
PVX, and Dr. R. P. Kahn for seeds of C. amaranticolor. 
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Transient Sensitivity of Intracellular Psittacosis 
Virus to X-rays 


Mempers of the psittacosis-LGV group of micro- 
organisms replicate through a series of cytochemically 
defined reactions, as visualized by fluorescence microscopy 
of infected cells stained with acridine orange’. The 
replication cycle can be described as follows: (a) the viral 
particle (DNA-staining, green) penetrates into the cyto- 
plasm; (b) in response to invasion, the host-cytoplasm 
contributes a matrix (RNA-staining, red-orange) resulting 
in a ‘red-ball’ inclusion; (c) the inclusions increase in sizo 
and number; (d) undergo a sequence of colour changos 
from shades of red to orange to yellow to green. Inclusions 
at the yellow-green stage contain mature, infectious virus 
in contrast to those at the red-orange stage. These cyto- 
Drugs 
which inhibit the replication process of virus do so by 
interference with the sequence of replication. Thus, this 
intracellular indicator system has been applied to investi- 
gations of the mechanism of action of fluorinated pyrimid- 
ines*, -fluorophenylalanine®, aminopterin*, and anti- 
biotics®. 

The replication cycle of the psittacosis virus strain used 
in this work is completed in 48 h. Examination of infected 
tissue cultured cells at 24 h shows all active virus at the 
intermediate ‘red-ball’ stage. These predictable observa- 
tions form the basis of the assay used in the work recorded. 
here. Enumeration of ‘red-ball’ inclusions at 24 h pro- 
vides quantitative evidence of active virus when compared 
with untreated control values*. When cultures in fected 
with psittacosis virus were irradiated at intervals, a trans- 
ient stage of sensitivity to X-ray was demonstrated. This 
sensitivity was reflected by a reduction in the number of 
‘red-ball’ inclusions determined 24 h after onset of 
infection. 

The methodology of acridine orange staining and 
fluorescence microscopy has been described!. The McCoy 
cell line’, derived from human synovium, was propagated 
as a monolayer on coverslips in Leighton tubes. Texas 
tarkey (TT) psittacosis virus was propagated in allantoic 
fluid of embryonated chicken eggs and stored in ampoules 
at —40° C. Tissue culture nutrient fluid contained 
‘Mixture 199’ supplemented with 10 per cent heat- 
inactivated calf serum, 0-5 per cent lactalbumin hydro- 
lysate, and 0-1 mg per ml. streptomycin. The nutrient 
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fluid was drained from a large number of culture tubes 
which had beon seeded 24 h previously from a pool of 
McCoy cells. TT virus (0-1 ml. of stock diluted 1 : 4 in 
nutrient fluid) was added to oach monolayer of cells. This 
dilution normally infects 90 per cent of the cells. Virus 
was incubated with cells for 1 h at room temperature, and 
then cells in a set of 4 culture tubes were irradiated. 
Nutrient fluid (1-0 ml.) was added to all the inoculated 
tubes, and cultures were incubated at 37° C. At intervals, 
nutrient fluid was decanted from a new set of 4 infected 
cultures, cells were irradiated, fresh medium was added to 
each, and incubation was resumed. Sets of infected cul- 
tures were thus irradiated at 3, 5, 7. 9, 12 and 15 h after 
onset of infection. At 24h after onset of infection, all the 
cell preparations were fixed, stained with acridine orange, 
and examined for ‘red-ball’ inclusions. 

Sets of cultures were irradiated at 1 and at 7 h after 
onset of infection with single dosages of 1,000, 2,000, 
4,000, and 6,000 r. of X-rays. In order to determine the 
significance of viral asynchrony on survival, other sets of 
cultures were exposed to a single dosage each of 12,000 r. 
of X-rays at 3, 5 and 7 h after onset of infection. For 
comparison, one set of cultures was treated three times 
with 4,000 r. of X-rays at 3, 5, and 7 h after onset of 
infection to give a cumulative dose of 12,000 r. 

Control preparations included: (a) infected cells which 
were not irradiated; (b) cells which were irradiated and 
then infected; (c) cells which wore infected with irradiated 
virus. For the latter preparations, 0-1 ml. of stock virus 
was spread on cell-free coverslip in a Leighton tube. The 
virus was irradiated, diluted in nutrient fluid (1 : 4) and 
added to fresh cell cultures (0-1 ml. plus 1-0 ml. of nutrient 
fluid per tube). 

The X-ray controlling factors were 280 kV, 20 m.amp, 
filter 1 mm aluminium, focal distance 17 em, dose rate 
3,800 r./min at room temperature (22° C). 

Irradiated cells were enlarged, and mitotic figures were 
not observed among them. Intracellular virus was more 
sensitive to X-rays at all times during the initial 3-9 h of 
replication than were the control cultures (Table 1); 
irradiation of infected cells during this time interval with 
4,000 r. of X-rays resulted in inactivation of 80—90 per 
cent of the virus. Virus inclusions which survived the 
effects of irradiation proceeded normally through stages 
of maturation to infectivity. Progeny of virus which 
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Fig. 1. Survival of psittacosis virus in MeCoy cells following exposure 
to X-rays 
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Table 1. RESPONSE OF INTRACELLULAR PSITTACOSIS VIRUS TO 4,000 E. 
-R 
Irradiation Virus particles Percentage of 
h after infection (x 10°)/ml. at 24 h survival 
Control 18-0 100-0 
t 10-0 55-0 
3 3-0 166 
5 2-9 16-1 
7 28 15-0 
9 2-8 15-0 
12 4:2 23-0 
15 10-0 55-0 


survived exposure to 4,000 r. of X-rays was as sonsitive 
to the same dose as the parent stock of virus. Virus 
inactivation was more marked following treatment at 7 h 
with 4,000 r. of X-rays than at lower doses (Fig. 1). The 
cumulative virus-inactivating effect of 3 doses of 4,000 r. 
each was slightly greater (99-9 per cent) than that from a 
single dose of 12,000 r. (98 per cent). Despite the cells 
being in better condition and more numerous after 
3 x 4,000 r. than after the single 12,000 r. dose, this differ- 
ence may not be a significant one. 

The observation that virus maturation was slower in 
untreated cells than in cells which were inoculated either 
immediately or at 24 h after they had been irradiated 
indicates that capacity of irradiated cells to support virus 
replication was intact or improved. 

The effect of X-rays on intracellular virus suggests that 
it was an irreversible reaction. During the sensitive stage 
of replication (hours 3-9), the logarithm of the survival 
ratio was proportional to the dose of X-rays, except for 
the deviation shown at 6,000 r. (Fig. 1). Response of the 
virus to irradiation was more decisive than that of the 
host cell. In normal circumstances, viral stages beyond 
the initial DNA. particle were visible as a mass of RNA- 
staining material (‘red-ball’) which eventually matured to 
infectious DNA-staining virus’. Since neither stage was 
visible in irradiated cultures, except for the few that sur- 
vived treatment, it is postulated that the effect of X-ray 
treatment was on the initial viral DNA. 

The procedure described herein provides & method for 
examining radiation-effects on a dynamic, intracellular, 
cytochemical, indicator system, with which quantitative 
dose-response relationships can be studied. 

This investigation is supported by a grant from the U.S. 
Public Health Service. 

Morris POLLARD 
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Department of Biology, 
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Indiana. 
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GENETICS 


Correlations between Relatives arising from 
Sex-linked Genes 


In a recent communication, Garn and Rohmann? report 
observations on the correlations between sibs in respect 
of three characters which they consider may be taken as 
reflecting developmental timing in man. The methods 
they used in calculating the correlation coefficients are 
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not completely clear from their account; but the values 
which they obtained and which are reproduced in Table 1, 
are consistent over the three characters in showing that 
the correlation between pairs of sisters is markedly higher 
than that between pairs of unlike sex, which in turn is 
slightly higher than that between pairs of brothers. This 
the authors interpret as indicative of control by sex-linked 
genes. 


7 Table 1. GARN AND ROHMANN’S CORRELATION COEFFICIENTS 


Characters Sister-Sister Sister-Brother Brother-Brother 
(rss) (rsa) , TBB 
Ossification-rate 0-62 0°40 0-39 
Ossification timing - 054 0-47 0-40 
Tooth calcification 0-41 0-24 0-22 


Consider two alleles (A and a) at a locus on the X 
chromosome. The population will contain females of three 
genotypes (AA, Aa and aa) and males of two genotypes 
(A and a) with the respective frequencies u?, 2uv, v? and 
u, v, where u is the frequency of gene A and v (= 1-zx) that 
of a, mating being at random. Using Mather’s? notation, 
let the mean expression of the character associated with 
these genotypes be: : 


Females Males 
AA Aa aa A a 
dy h -df dm —dm 


dr and dm being distinguished to accommodate any 
difference in effect of the genes in the two sexes. 

It is then not difficult to show that the contributions 
made by this gene pair to the three covariances and the two 
variances are: 


Covariance of sisters (Wss) — 5 wold, +h(v —u)]? + 2uwh? 


Covariance of sister and brother (Wsp) — 

uvdnlds + h(v—u)] 
Covariance of brothers (Wer) — 2uvdm? 
Variance of females (Vs) — 2uv[ds + hiv —u)]? + 4u*v*h? 
Variance of males (Vg) — 4uvdm? 
Summing over all such genes gives: 


Wss = 3 Ds + } H where 
Dg = S{4uvlds + h(v—u)}} and H = S{16u*v*h?} 


Wss = ł Du where Dy = S{4uedn[dy + h(v—u)]}} 
Wap = } Dg where Dg = S{4uvdn*} 


_ with Ds, H and Dg as above and 
Ys aap S n i ae E E indicating the non-heritablo 
aE ae component of variation. 


Where only sex-linked genes are involved, the three 
correlation coefficients will be: 


rss=Wes/Vs, rsp=WsslV Vs. Ve, ren= Wal Ve 


Setting dj =dm for ease of calculation, in the absence of 
dominance (that is, h=0) we find as maximal values 
attained in the absence of non-heritable variation, rgg= 
075, rgp=—0-35 and rgap=0-5 for all values of u. With 
dominance the values of the correlations change with u. 
Considering only a single gene pair, and assuming complete 
dominance (h=d), the maximal correlations obtained in 
the absence of non-heritable variation are plotted against 
u in Fig. 1. The correlation between sisters, rss, ranges 
from 0:75 to 0-5, that for brothers is constant at 0-5, and 
that between sibs of unlike sex varies from 0-35 to 0-0, 
though it falls below 0-1 only for extreme values of u. 

If there is some sex-limitation of the variation, so that 
d; and dm are not equal, the relative values of the contri- 
butions made by the gene pair to Wss, Wsg and Wrz 
may be greatly changed. The contributions to the value 
of Vs and Vz will, however, be changed correspondingly. 
Thus, provided that the sex difference in the expression of 
variation affects the action of all sources of variation, 
gene differences and non-heritable agencies alike, in much 
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1-0 





0-5 


Correlation (r) 





0-5 leu 
Gene frequency (u) 
Fig. 1. Variation of the correlation coefficient r with gene frequency u. 


agsuming one sex-linked locus, complete dominance and no non-heritable 
variation 
the same way, the relative values of the correlation 
coefficients will be little affected by the sex-limitation. 
It is characteristic of sex-linked inheritance, therefore, 
thatthesister—sister correlation is higher than that between 
brothers (and may be much greater than 0-5, which is the 
maximum value for autosomal gene pairs); but the cross- 
sex correlation is lower than either. The actual values of 
the correlation coefficients will of course vary with the 
effects of autosomal genes and non-heritable agencies 
affecting the characters; but assuming these to be the same 
in. both sexes, the relations rss >rge>7gp will hold. Thus 
although Garn and Rohmann’s finding that rgs is larger 
than either rpg or rsg, and may even exceed 0-5, can be 
held to support the postulation of sex-linked inheritance, 
their further finding that rsg is not less than rpp is in 
conflict with this view. 
Garn and Rohmann refer to as yet incomplete investi- 
gations of the correlations between parents and children, 
saying that on the basis of sex-linked inheritance the 
greatest degree of similarity might be expected in father- 
daughter pairs. Using the same notation as here the 
contributions of sex-linked genes to the four parent— 
offspring covariances are: Mother-daughter, Ds; 
Mother-son, $Dy; Father-daughter, 4Dy7; Father-son, 
0: so that in fact the correlation between mothers and 
sons will be as high as that between fathers and daughters. 
KENNETH MATHER 
Joun L. JINKS 

Agricultural Research Council 

Unit of Biometrical Genetics, 

Department of Geneties, 
University of Birmingham. 
1 Garn, S. M., and Rohmann, C. G., Nature, 196, 695 (1962). 
2 Mather, K., Biometrical Genetics (Methuen, London, 1949). 


THE correlations given in our communication! were 
summarized from sex-specific and age or centre-specific 
correlations previously published by us*~‘ or distributed 
in photo-offset form and at present in the press’. Whether 
pooled weighted values of r were used (using Z transforms 
of r) or whether sister—sister, sister—-brother and brother- 
brother correlations were compared, using a sign test, 
rss is larger than rgg but not rsp in osséous and dental 
developmental timing. 

Since both bones and teeth were involved in the 
investigations, including both the time of appearance of 
individual post-natal centres of ossification and the age 
at attainment of specific stages of tooth calcification, we 
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considered only the X-chromosomal material that SS, 
BB and SB combinations might share. This approach 
did not take into account the larger amount of X-chrom- 
osomal material in females, which necessarily lessens 
the total amount of variance which brothers and sisters 
can share in common, assuming X-linkage. 

But with respect to parent-child similarities in develop- 
mental timing, and assuming X-linked inheritance, it 
follows that fathers and daughters (who share an X- 
chromosome) should be more alike than fathers and sons, 
who do not. Therefore, if X-linkage is indeed the explana- 
tion for the difference between rss and rgz, rrp and rps 
should provide a critical test. 

In the interim, we are accumulating further data on 
relative growth rates of developmentally independent 
anatomical areas in siblings of single birth, in twins and 
triplets, and in parents and their children at identical 
ages®, 

Sranupy M. GARN 
CHRISTABEL G. ROHMANN 


Fels Research Institute, 
Yellow Springs, Ohio. 
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Attempts to produce Genetical Changes in 
Drosophila by Centrifugation 


STUBBE! was the first to observe an increase in the 
mutational frequency in Antirrhinum by subjecting 
chemically treated seeds and seedlings to centrifugation. 
Irrespective of the chemical used, he always found 
approximately the same increase in mutation rate over 
the non-centrifuged controls. Additional evidence in 
plant material was obtained by Kostoff?-4, who found 
that mechanical stress applied in the form of ‘pseudo- 
gravity’ created by centrifugation resulted in the appear- 
ance of chromosomal fragments and other structural 
changes. Contrary to these findings, Sax5, working on 
Tradescantia, observed an. increased frequency of chromo- 
somes and chromatid interchanges only when. centrifuga- 
tion was applied during X-radiation. 

Thus the evidence on the induction of chromosomal 
aberrations by centrifugation of plant material is con- 
flicting. No such attempt has so far been made with 
Drosophila melanogaster. The investigation reported here 
presents results of the frequency of sex-linked recessive 
lethals and translocations in centrifuged male germ cells. 


Table 1. SEX-LINKED RECESSIVE LETHALS AND TRANSLOOATIONS IN 


TREATED AND CONTROL FLIES 
- Sex-linked Teconive lethals ere ina (F:2:8 


Brood Treated ontrol Treate Control 
n Ll % n l % N % N % 
A 461 1 0:22 505 1 02 966 — — 712 — — 
B 614 3 049 889 4 045 879 — — 650 — — 
C 778 2 026 1,020 3 029 864 — — 836 — — 
D 848 2 025 708 3 042 748 — — 672 — — 
E 7088 — — 251 — — 735 — — 584 — — 
F 601 2 03 280 1 03 982 — — 83 — — 


n, No. of X-chromosomes scored; 1, No, of sex-linked recessive lethals; 
N, No. of sons scored for translocations; T, No. of translocations. 


2-3 days old adult Oregon-K males were subjected to 


centrifugation at a rate of 3,000 r.p.m. for 60 min at’ 


25° + 1°C room temperature. Immediately after 
treatment each male was individually mated with three 
virgin females of a dual-purpose tester stock y ses In 
49 scè; bw; st, which allows the scoring of sex-linked 
recessive lethals and translocations. Six broods of 3 days 
each were analysed. The results, presented in Table 1, 
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show that the treatment had no effect on the frequencies 
of either sex-linked-lethals or translocations. 


. O. 8. REDDI 
Radiation Genetics Project, 
Osmania University, 
` Hyderabad. 
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Congenital Abnorm alities and Competition in 
Man and Other Mammals at Different 
Maternal Ages 


In man and other mammals, maternal age has been 
shown to affect the incidence of various abnormal con- 
ditions. In man the incidence of still births, mongolism, 
central placenta previa, congenital malformations of the 
nervous system, and cleft lip and palate, all have been 
shown to increase in frequency with maternal age1-*. 

In mice, however, the incidence of polydactyly, which 
in many stocks is determined by an incompletely penetrant 
recessive gene, decreases with age’*. In guinea pigs, the 
same occurs for polydactyly*, whereas white spotting 
increases in incidence with age®. Searle!® examined the 
development of the skeleton of the mouse and found that 
abnormalities such as cranial dystopia, dystopic sacrum, 
caudal dystopia, and absence of a lower third molar, all 
decreased in incidence with maternal age, while Green" 
found a similar decrease of variation at the lumbo-sacral 
border in Bagg albino mice. The only exception, there- 
fore, to this general decrease ‘in incidence with maternal 
age is white spotting in guinea pigs which is not a skeletal 
variable and so may be due to a different mechanism and, 
in any event, can scarcely be described as congenital. 

A rather more complicated situation occurs for the 
penetrance of ‘eyelids open’ in new-born mice?. In line 
A/He the penetrance of ‘eyelids open’ decreases with 
maternal age. In line C3H St selected for increased 
penetrance of ‘eyelids open’ a minimum occurs in the 
centre of the reproductive period for data for 
generations 1-4 of selection. Data for generations 5-7 of 
selection show a tendency of ‘eyelids open’ to increase in 
incidence with maternal age. These selection results are, 
however, perhaps not strictly comparable with unselected 
stocks, since the unselected line behaves similarly to the 
other congenital abnormalities. Hare lip and cleft palate 
in mice should be mentioned, if only because this condition 
occurs in man. There is perhaps an overall decrease in 
incidence with maternal age, but with a minimum for 
mothers 3-4 months old}. 

In the mousse, it is well known that litter size decreases 
with maternal age415. Furthermore, the viability of 
deleterious recessive genes often decreases with age*4:1%17, 
Perhaps the older female mouse, being able to support few 
embryos, tends to eliminate, by competition in utero, the 
more abnormal and less fit embryos which in the younger 
mouse would be preserved. Thus from the older mother, 
because of this competition, those mice which are born 
may show few congenital abnormalities. Some undetected 
differential elimination may also occur at and around the 
time of birth. 

Evidence for a competition effect comes from recent 
work!* in the rabbit on the inheritance of recessive buph- 
thalmos, where fewer affected rabbits arb born from large 
litters; the likely interpretation being in utero crowding. 
In this case no maternal age effect was found although the 
data are scarcely adequate for rejecting the possibility of 
maternal age effects. 

A. possible reason for the apparent contradiction between. 
man and mouse may now be apparent. In man, usually 
only one offspring is born at any one time. There will 
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therefore not be competition in utero (except in the case 
of twins) between embryos as in the mouse. Hence, 
embryos showing developmental abnormalities may have a 
greater chance of being born. Thus the increase in the 
frequency of developmental abnormality with maternal 
age in man may represent a true increase, while in the 
mouse the apparent observed decrease may be spurious. 

In Drosophila, where the eggs are laid and there is not 
embryo formation in utero, competition of the type postu- 
lated will be non-existent, so that with age the incidence 
of developmental abnormalities might be expected to 
increase with maternal age as a result of poorer develop- 
mental stability of the offspring of old females. In D. 
melanogaster for two characters, egg length variance 
and sterno-pleural cheta number asymmetry, suggestive 
evidence has been presented in agreement with this 
expectation’. Similarly, in the case of lethal homozygous 
Curly genotypes, where the embryos or first instar larve 
die, an increasing proportion of genotypes die as embryos 
as maternal age increases’®. An analogous effect occurs for 
a larval-pupal lethal factor where larve from young 
females mainly develop as far as the pre-pupal stage, but 
from older females developmental standstill occurs almost 
exclusively prior to puparium formation”. 

_In man, it would therefore be of some interest to study 
the incidence of developmental abnormality in twins and 
single births in great detail. A more suitable organism 
for this work may be the sheep where the incidence of 
twinning is relatively high in some stocks. 

It would also be of interest to compare the effect of 
teratogenic agents in mouse and man as affected by 
maternal age in view of the recent evidence for congenital 
abnormality in man due to thalidomide. The thalidomide 
data in man may be adequate for the detection of a 
maternal age effect if it exists. This may give information 


on a recent suggestion®® that thalidomide operates by - 


preventing a previously malformed foetus from being 
eliminated naturally. 
I thank Prof. M. J. D. White for discussions. 


, P. A. PARSONS 
Department of Zoology, 
University of Melbourne. 
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MISCELLANEOUS 


An Improved Technique for the Preparation 
and Scanning of Thin-layer Chromatograms 


THIN-LAYER chromatography offers many advantages 
over paper chromatography for the separation of biological 
compounds. While thin-layer chromatogram procedures 
are rapid and efficient, separations on glass plates do not 
allow scanning of the chromatograms on present equip- 
ment. Further, recommended methods for the removal 
of thé thin layers from glass plates require additional work 
and are not satisfactory as spots may be distorted, back- 
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Fig. 1. Separation and scanning of serine, asparagine, valine and 
Jeucine from thin-layer chromatograms developed on plastic plates 


- grounds discoloured, and parts of the silica-gel layer lost 


due to adherence to the plate. 

Thin-layer chromatography is used in our laboratories. 
for investigations of the effect of diet on Newcastle disease 
virus infection!*. The following technique was devised, 
and found to be satisfactory for the thin-layer chromato- 
gram separation and scanning of the free amino-acids of 
avian livers (Fig. 1). 

Thin-layer plates are prepared by applying the silica 
gel by standard procedures on the matted side of other- 
wise clear plastic.. Product No. VOA 3310-C1 of the 
Union Carbide Plastics Co., Clifton, New Jersey, was 
found to be resistant to the various solvents and satisfac- 
tory for use in our separations. (Note, standard glass 
plates are still used when separations require caustic 
solvents for the identification of compounds.) The size 
of the plastic squares is limited only by the length of the 
developing tank. The plastic plate is spotted with the 
desired number of samples and placed ,in the solvent. 
Following a run, the plate is air-dried and stained. After 
the colour is developed and the plate completely dry 
Tuffilm Spray No. 543 (M. Grumbacher, Inc., New York) 
is applied. This product has been found to penetrate the 
silica gel without disturbing the spots and, when dry, leaves 
the plate with the appearance of an acetate strip. After 
the preceding treatment the plate can be readily cut into. 
strips and scanned in standard equipment. 

The work was supported by U.S. Public Health Service 
grant H-3645. 

Rosert L. SQUIBB 


Laboratories of Disease and Environmental Stress, 
Bureau of Biological Research, 
Rutgers—The State University, 
New Brunswick. New Jersey. 
1 Squibb, R. L., Poultry Sei., 40, 425 (1961). 
? Sanslone, W. B., and Squibb, R. L., J. Nutr., 76, 86 (1962). 
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Special-purpose Slide Rules as Exemplified 
by a Rule for Maintaining a Constant 
Exposure in Successive Autoradiographs 

f with lodine-131 


WHENEVER a particular type of calculation is to be 
repeated frequently, the use of slide rules, nomograms or 
graphs eliminates a major part of the time required. This 
is frequently the case in problems involving isotopes of 
short half-life. Because radioactive decay is exponential, 
the conventional mechanical calculator is of httle help. 
An ordinary slide rule is far from ideal, and its use requires 
familiarity with the mathematics of exponential decay. 
Therefore a simple special purpose rule has been devised 
to solve a specific problem. The utility of this rule should 
make it of general interest and may encourage the develop- 
ment of other rules for special purposes. c 

Iodine-131 (half-life, 8-14 days) has been used in this 
laboratory for examining the sealing effectiveness of dental 





Fig. 1. Plastic slide rule for determining iodine-131 autoradiograph exposure schedule 
when the initial exposure period is 24 h, Above, the slide rule; line drawing showing 
r designates an exposure period from 8 a.m. of day 


detail of portion of scale. 
1 (second day) to 10 a.m. of day 2 


fillings. Repeat autoradiographs of sections are taken 
following the immersion of the filled teeth in labelled 
iodide solution. An exposure time of 24 h was optimal 
when the tracer solution activity was 250 ue./ml. (For a 
graphical solution of exposure when activity of specimen is 
kfiown see Wainwright, W. W., Anderson, E. C., Hammer, 
F. C., and Lehman, C. A., Nucleonics, 12, 19; 1954.) After 
the firet exposure, a longer exposure is required to produce 
the same density because of radioactive decay. A simple 
means of determining successive exposure periods was 
required. Hach exposure should start and end during the 
hours of the work week; thus use of the semilogarithmic 
graph of the decay curve was not the best solution. 

The exposure of an autoradiograph between any two 


times tn and tn+1, E+, is proportional to the dissipation 


of radioactivity during that time, that is: 
wei = 
E, =k(a, 41) (1) 


Letting a, denote the initial activity and ìà the decay 
constant, the equation for radioactive decay, —da/dt= a, 
can. be written in the integrated form: 


an = a,e-4*n, 


(2) 


Equations (1) and (2) can be used to determine the ex- 
posure as a function of initial activity and time. Thus, 
for a standard exposure interval between t and ts: 
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E’ = k(dy — @s) = kag(e-o — e-2t8) (3) 
If time is measured from t» this becomes 
EY = Kay 1—e-4g) 
For any other interval ¢,—t,, d 
E = kale: — e-r) (4) 


Equivalent exposure times are obtained where E =i . 


so that ¢, and t must satisfy the relation: e~¥, —e-#,= 
1—e-4s. A scale of time graduated according to the 
function e~*% can therefore be used to establish a uniform 
exposure time. 

The rule now in use (Fig. 1) consists of a single time- 
scale, graduated in this manner, with time in hours and 
days and a cursor carrying two indices (parallel lines or 
arrows) the spacing of which is equivalent to the standard 
exposure (t= 0 to t=t;), 24h for our purposes. 
(To relate the exposure time to the work week 
the time scale runs from 8 a.m. of day 0 in 
clock-time units: for more general purposes 
a scale in days and hours starting with 0h 
would be used.) When the cursor is moved 
so that the left index coincides with the time 
for starting a new exposure, the time to re- 
move the film will be shown opposite the right 
index. To determine the spacings on the rule 
a suitable table of the function e~ is used if 
available; once àt has been calculated for 
each. value of t, e~ is read directly from the 
table. Otherwise, advantage is taken of the 
fact that e-# is identical to 10~¢, where 
l= (logy) 2)/ty2= 0-30103/t,,;.. Since A=loge 
2/ty2, b= 0-43429. (The values of à and l 
depend on the unit of time. When in days, 
rand } are 0-08514 and 0-03698, respectively ; 
when. in hours, the values are 0-003548 and 
0:001541.) A table of antilogarithms, or 
logarithms, can be used to determine 10-", 
the antilogarithm of — l. The span of the 
scale, from ¢=0 to t=, is O—1, or -1L 
Therefore the spacings are determined by 
subtracting the values of e-% (or 10-%) 
from unity and multiplying by the desired 
scale length. A table of the function (1 — e-#) for iodine-131 
will be sent on request. 

For the rule shown in Fig. 1, the graduations, 
were inked on millimetre graph paper, transferred to 
tracing paper, and bonded to a rule of plastic. A clear 
plastic cursor was fabricated with the 2 index lines 
inscribed. 

The rule as described is for an isotope of 8-14-day half- 
life. Modifications can be introduced to suit different 
objectives. Replacing this rule with one of broader scope 
to determine exposure for isotopes of any required half-life 
increases the complexity seriously, so:that the more 
specialized rule is usually to be preferred. For the solu- 
tion of a frequently recurring problem in any field where 
mechanical calculators are unsuitable or unavailable, the 
time required to devise a special purpose slide rule is soon 
repaid. , . 

I thank Barbara Gneier, Timothy Dodge and his 
staff in the Medical Illustration Service, and John Deemer 
for assistance in the development of the rule in Fig. 1. 


ELLERY C. STOWELL 


Dental Research Laboratory, 
Veterans Administration Hospital, 
Long Beach, California, 
and Department of Biochemistry, 
University of Southern California School of Medicine, 
Los Angeles. 


No. 4877 April 20, 1963 
FORTHCOMING EVENTS 


(Meeting marked with an asterisk is open to the public) 


Monday, April 22 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.\.7), 
at 5 p.m.—Mr. J. B. Auden: “A United Nations Study of Land and Water 
Resources in Afghanistan”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION P.G.H2 
and SCIENCE AND GENERAL DIVISION P.G.s S6 and 87 (at Savoy Place, 
London, W.C.2), at 5.30 p.m.—Discussion on “Hybrid Digital-Analogue 
Computation” opened by Mr. D. Leighton-Davies. 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5.30 p.m.—Dr. J. E. Peachey: “Chemical 
Control of Plant-parasitic Nematodes in the United Kingdom”. 


INSTITUTE OF METAL FINISHING g the Northampton College of Tech- 
nology, St. John Street, London, B.C.1), at 6.15 p.m.—Mr. P. Breyens: 
“Some Aspects of Electroforming”. 


Tuesday, April 23 
BRITISH SOCIETY OF SOIL SCIENCE (at the London School of Economics, 
Houghton Street, London, W.C.2)}—Meeting on “Tropical Soils”. 


PHOTOBIOLOGY GROUP (at the Research Laboratory, Kodak Limited, 
Wealdstone, Middlesex), at 2 p.m.—Meeting on “Photographic Aspects of 
Photobiology”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 


P.G.86 (at Savoy Place, London, W.C.2), at 5.30 p.m.—Discussion on - 


“Optimization of Multi-Variable Control Systems” opened by Dr. H. H. 
Rosenbrock and Mr. P. H. ond, 


SOCIETY OF CHEMIOAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, S.W.1), at 6.30 p.m.—Dr. E. W. Duck: 
“Emulsion Polymers with Particular Reference to SBR”. 


Tuesday, Apri! 23—Thursday, May 2 


LONDON INTERNATIONAL ENGINEERING EXHIBITION; and the INTER- 
NATIONAL WELDING EXHIBITION (at Olympia and Earls Court, London).* 


Wednesday, April 24 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
P.G.81 (at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. C. V. Barnett, 
Mr. D, C. Gore, Mr. R. V. Harrowell and Mr. J. K. tee “Large-Scale 
Thermionic Power Generation from Fossil Fuels”; Mr. P. D. Dunn: “In- 
Pile Diode Experiments in Connexion with Thermionic Power Generation”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, S.W.1), at 6 p.m.—Annual Meeting, 


Thursday, Aprii 25 A 


INSTITUTION OF AGRICULTURAL ENGINEERS (at the Royal Society of 
Arts, John Adam Street, Adelphi, London, W.C.2), at 10.15 a.m.— 
Annual Conference. 4,30 p.m.—Annual General Meeting. 


ROYAL Soorery (at Burlington House, Piccadilly, London, W.1), at 
4.80 p.m.-~Meeting for the Election of Foreign Members, followed by Prof. 
J. L. Gowans: “Tho Migration of Lymphoid Cells in Normal and Immunized 
Animals” (Special Review Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.80 p.m.—Dr. J. B. Adams; “High-Energy Accelerators for Nuclear 
Physics Research” (Fifty-fourth Kelvin Lecture). 


SOOTY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
Group (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Annual General 
Meeting, followed by Mr. E. N. Thrower: “The Measurement and Inter- 
pretation of Dynamic Stiffness of Roads over the Frequency Range 5-800 
Cycles per Second”. 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society Hall, 
20 Bloomsbury Way, London, W.C.1), at 6.15 p.m.—Mr. ©. W. Hanson, 
Mr. L. J, B. Mote and Mr. J. S. Rippon: “The Organization of Internal 
Abstracting_Services”’. 


Om AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SEOTION (at the 
Criterion Restaurant, London, W.1), at 8 p.m.—Annual General Meeting. 


Monday, April 29 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONIOS DIVISION (at 
Savoy Place, London, W.C.2), at 2.30 p-m, and 5.30 p.m.—Colloquium on 
‘Components and Devices for Computers”. 


IMPERIAL COLLEGE OF SoLENCE AND TEOHNOLOGY (at Prince Consort 
Road, London, 8.W.7), at 5 p.m.—Prof. V, F. Weisskopf: “Fundamental 
Concepts in Elementary Particle Physics” (further lecture on May 1). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 6.30 p.m.—Discussion_ on ‘Electricity in the Service of Road Traffic 
Control” opened by Mr. D. G. W. Mace. 


UNIVERSITY COLLEGE (af Gower Street, London, W.C.1), at 5.30 p.m.— 
Prof. O. Maalee: “Integration of. Protein and RNA Synthesis in Bacteria”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LEOTURER IN PURE MATHEMATICS IN THE DEPARTMENT OF MATHEMATICS 
~The Registrar, Thè University, Manchester 18 (April 25). 

PRINCIPAL LECTURER IN PHYSICAL MuraLuuRGy—The Staff Officer, 
College of Advanced Technology, Gosta Green, Birmingham 4, quoting 
Ref. 4/63/5 (April 28). 

ASSISTANT LECTURER IN THE DEPARTMENT OF MATHEMATICS—The 
Secretary, The University, Aberdeen (April 27). 
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ASSISTANT LECTURER IN ORGANIC CHEMISTRY—The Registrar, The 
University, Manchester 13 (April 30). $ i 

ASSISTANT LECTURER (preferably with research interests in solid state 
physics, particularly the Méssbauer effect, Jow temperatures and N.M.R.) 
IN Paysics in the Faculty of- Sclence—The Registrar, The University, 
Manchester 13 (April 30). . 

LECTURER IN THE DEPARTMENT OF ANaTOMY—The Assistant Registrar, 
The Medical School, Birmingham 15 (April 30). 

LECTURER IN ZOOLOGY—The Secretary, Department of Zoology, The 
Queen’s University, Belfast (April 30). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF MECHANICAL 
ENGINEERING, to teach in the subjects of engineering design or mechanics 
of fluids—The Clerk to the Governing Body, Battersea College of Tech- 
nology, London, 8.W.11 (April 30). 

SENIOR LECTURER (with good qualifications and proven teaching ex- 

erience backed by research and/or industrial experience) IN CHARGE OF 
PHYSICAL CHEMISTRY IN THE DEPARTMENT OF SCIENCE—The Academic 
Registrar, Hatfield College of Technology, Hatfield, Herts (April 30). 

POSTDOCTORAL RESEARCH FELLOW IN CHEMISTRY, to participate in a 
study on the biosynthesis of natural producto The Registrar, University 
College of Swansea, Singleton Park, Swansea (May 1). o 

RESEARCH FELLOW (post-doctoral) IN ORGANIC CHEMISTRY, to participate 
in a study on the biosynthesis of natural products—Tho Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea (May 1). 

ASSISTANT LECTURER IN PURE MATHEMATICS; LECTURER or ASSISTANT 
LECTURER IN APPLIED MATHEMATICS—The Registrar, Tho University, Hull 
(May 3). : . ‘ 

CHAIR OF BroLo@y—The Registrar, University of York, The King’s 
Manor, York (May 3). 

LECTURER or ASSISTANT LECTURER IN PURE MATHEMATICS and a 
LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS—The Regis- 
trar, The University, Hull (May 3). ; 3 ae 

DEMONSTRATOR (with medical qualifications registrable in Britain) IN 
ANatomy—The Registrar, The University, Manchester 13 (May 4). 

GARDINER CHAIR OF BACTERIOLOGY—The Secretary of University Court, 
The University, Glasgow (May 4). 

ASSISTANT LECTURER IN THE DEPARTMENT OF B1OCcHEsIsTRY—The 
Deputy Registrar, The University, Birmingham 15 (May 6). 

ASSISTANT LECTURER IN ZooLoGy—The Secretary, Birkbeck College 
(University of London), Malet Street, London, W.C.1 (May 6). 

LECTURERS (with a strong theoretical interest in concrete technology, 
soil mechanics or hydraulics) IN CIVIL ENGINEBRING (2 posts)—Tho Secre- 
tary, Bovartmont of Civil Engineering, The Queen’s University, Belfast 
(May 7). er , 

RESEARCH ASSISTANT (graduate in agriculture or science) 1x Sow 
NUTRITION IN THE DEPARTMENT OF AGRIOULTURE—The Registrar, The 
University, Leeds 2 (May 7). $ 

SENIOR LECTURER or LECTURER (preferably with experienco and/or a 
special interest in one or more of the following: Africa, Middle East. 
climatology, biogeography, political or economic geography) IN GEOGRAPHY 
at Ahmadu Bello University, Northern Nigeria—-The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (May 7). 

AssisTAaNT LECTURER IN PHYSIÙAL, INORGANIO or ORGANIO CHEMISTRY 
—The Secretary, The University, Edinburgh (May 8). _ ‘ 

, ASSISTANT LECTURER (with a good honours degree or equivalent qualifica- 

tion in pharmacy, specializing in pharmaceutical chemistry, pharmaceutics 
or pharmacognosy) IN THE DEPARTMENT OF PHaRMAOY—The Registrar, 
The University, Manchester 13 (May 8). 

ASSISTANT LEOTURER IN PHYSIOAL, INORGANIC or ORGANIC CHEMISTRY 
IN THE DEPARTMENT OF CHEMISTRY—The Secretary, The University, 
Edinburgh (May 8). 

LECTURER IN MATHEMATICS; and a LECTURER IN TECHNICAL MATHE- 
MATIOS—The Secretary, The University, Edinburgh (May 9). 

ASSISTANT LIBRARIAN (with professional qualifications, experience in 
library work, and preferably a university degree) at the University of Ife, 
Nigeria—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (May 10). 

LECTURER IN THE DEPARTMENT OF NATURAL PHILOSOPRY—-The Secre- 
tary, The University, Edinburgh (May 11). 

ASSISTANT LECTURER IN AGRICULTURAL Econostos—The Secretary, The 
University, Aberdeen (May 15). i 

CHAIR OF GENETICS—The Registrar, The University, Leicester (May 15). 

RESEARCH ASSISTANT (with an honours degree in metallurgy, physics or 
chemistry) IN THE DEPARTMENT OF ICAL METALLURGY, to undertake 
studies in phase transformations, leading to a highér degree, involving 
mainly X-ray diffraction and electrical resistivity techniques—The Head 
oh fhe aa of Physical Metallurgy, The University, Birmingham 15 

ay . 

ASSISTANT IN MATHEMATIOS—The Secretary of University Court, The 
University, Glasgow (May 17). | 

SENIOR LECTURER (preferably with previous experience of low tempera- 
ture physics) IN SOLID STATE ELECTRONICS IN THE ELECTRICAL ENGINEER- 
ING DEpaRTMENT—The Registrar, Manchester College of Science and 
Technology, Manchester 1 (May 25). s 

APPLIED STATISTICIAN (with a degree in mathematics or economies with 
statistics), to work in problems of biological statistics likely to involve 
the use of an electronic computer—The Secretary, Rothamsted Experi- 
mental Station, Harpenden, Herts. 

ASSISTANT LECTURER (preferably with a veterinary qualification), to be 
concerned mainly with morbid anatomy; and an ASSISTANT LECTURER. to 
be concerned mainly with bacteriology, IN THE DEPARTMENT OF PATHOLOGY 
—The Secretary, Royal Veterinary College, Royal College Strect, London, 

ASSISTANT LECTURER (with a good honours degree in pharmacy or miero- 
biology, and preferably some research experience) IN THE DEPARTMENT OF 
PHARMACEUTICS—The Clerk to the Council, School of Pharmacy (University 
of London), 29-39 Brunswick Square, London, W.C.1. 

ASSISTANT PROFESSOR (with a Ph.D. from a recognized university) or 
VERTEBRATE ZOOLOGY, to teach embryology and comparative anatomy 
and to develop a research programme in vertebrate zoology—Prof, M. Shaw, 
Biology Department, University of Saskatchewan, Saskatoon, Saskatchewan, 

anada. i 

D.S.LR. POSTDOOTORAL RESEARCH FELLOW IN THE DEPARTMENT oF 
ORGANIC CHEMISTRY, for work concerned with the preparation of isotopically 
labelled compounds for examination in a new high resolution mass spectro- 
meter—The istrar, The University, Liverpool 3, quoting Ref. 302. 

HEAD OF THE DEPARTMENT OF MATHEMATICS—The Headmaster, Cholten- 
ham Grammar School, Cheltenham. 

LECTURER (preferably with research experlence'in the physics of solid/ 
liquid, liquid/liguid systems or of Ppa IN THE DEPARTMENT OF 
PH. cguTIcs—The Clerk to the Council. School of Pharmacy, 29 39 
Brunswick Square, London, W.C.1. 
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LECTURER (with a degree in mathematics or statistics, and preferabl: 
experience in industrial work or commerce) IN STATISTICS —The Ti cademio 
Registrar, Brunel College, Woodlands Avenue, Acton; London, W.8. 

ESEARCH ASSISTANT (with a good honours degree or Grad.R.1.C.) IN 
INORGANIC CHEMISTRY IN THE DEPARTMENT OF SCIENCE—The Academic 
Registrar, Hatfield College of Technology, Hatfleld, Herts. 

carr pare? ASSISTANT (with biochemical training and preferably a medical 
pe ei w wor n rorum proteases The Pathologist, Institute of 
mom, Hidde.” al Orthopedic Hospital, Brockley Hill, Stan- 

ESEARCH FELLOW (with Ph.D. or equivalent research degree and some 
experience in cryogenics) IN Low TEMPERATURE Puysics, to study nuclear 
patio rae cee hons jn, magnetically Pa cio materials at very low 

t elium e Eryos 
The Universtiy, a otin I Ty! The Secretary and Registrar, 

; CH FELLOWS (2) (a Chemist and a Physicist with a Ph.D. or 
equivalent research experience), to join a team working on an investigation 
a bale onar S pare ar ne ee crystals being carried out in the 

ysics—The 
Bangor, North Wales, gistrar, University College of North Wales, 

EMPORARY LECTURER IN THE DEPARTMENT OF ORGANIO CHEMISTRY—- 

The Registrar, The University, Liverpool, quoting Ref. No. CV/309. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Dielectrics, Vol. 1, No. 1 (February, 1963.) Edited by J. B. Birks, R. W. 
Crowe and H. Raether. An International Journal of. Dielectric Research 
and Development. Pp. 60. Subscription Rates: 100s. per annum (4 issues). 
(London and New York: Heywood and Co., Ltd., 1963.) [262 
pene Marketing Board. “Twelfth Annual Report of the Production 

ivision, 1961/62. Pp. 159. (Thames Ditton, Surrey: Milk Marketing 
Board, 10039). Te. 8d. EY [gez 

oological Society of London. The Zoological Record, Vol. 97, Secti 
15: Pisces. Compiled by G. Palmer and Dr. É. I. White. Pp. 83. Peer 
The Zoological Society of London, 1963.) lis. {262 

Bulletin of the British Museum (Natural History). Entomolo y. Vol. 
13, No. 5: On the Trichoptera of Ethiopia, By D. Ẹ: Kimmins. Pp. 117- 
170. 18s. Vol. 13, No. 6: A New Genus of Lipteninae (Lepidoptera: 
Lycaenidae). By H. Stempffer and N. H. Bennett. . 171-194 +5 plates. 
lis. (London: British Museum (Natural History), 1963.) 262 
iene School of Hygiene and Tropical Medicine (University of London), 
corporating the Ross Institute. Report on the work of the School for the 

par ioe ES Pp, 112. London; London School of Hygiene and Tropical 
, 1963. . 272 

1962 Review of Equipment for Microtext. Prepared by Geo. H. Dia 
Pp. 146. (London: The Council for Microphotography and Document 
Reproduction, 1963.) 14s. [272 

The Carnegie Trust for the Universities of Scotland, Sixty-first Annual 
Report for the year 1961-62. Pp. viit+68. (Edinburgh: The Carnegie 
Trust for the Universities of Scotland, 1963.) (272 

Department of Scientific and Industrial Research: National Engineering 
Laboratory. The Condensation of Superheated Steam: Proceedings of a 
Conference held at the National Engineering Laboratory, Bast Kilbride, 
Glasgow on the 14th and 16th March, 1961. Pp. 204, (Edinburgh and 
London: H.M. Stationery Office, 1962.) 358. net. [2 
19688 in Technical Colleges. Pp, 8. ° (London : Ministry of Education 


J [53 
Agricultural Research Council: Radiobiological Laboratory. ARCRL 9: 
Interim Report on Radioactivity in Milk. Pp. vi+14. (London : AM. 
Stationery Office, 1963.) 2s. net. [53 
Colonial Office. Fishery Publications No. 17 : Observations on the Taxo- 
pede) and Biology Ey a paged ig Pacino Eine pe (Crustacea, Deca- 
y . «N. F. Hall. e Vit es. jat : HM. = 
tionery Office, 1962.) 92s. ” : pees eee “03 
Chelsea College of Science and Technology. Prospectus, Session 1968-64. 
Pp. 82, (London: Chelsea College of Science and Technology, 1963.) [53 
Department of Scientific and Industrial Research. Ergonomics for 
Industry No. 1: The Industrial Use of Ergonomics. By W. T. Singleton. 
Pp. 16. (Stevenage: D.S.I.R., Warren Spring Laboratory, 1962.) [53 
University of Leeds, Annual Report, 1960-61. Pp. 80. Annual Report, 
1961-62, Pp. 95. (Leeds: The University, 1963.) “ 53 
Central Advisory Water Committee. Report of the Sub-Committee on 
Water Charges. Pp. iv+20. (London: H.M. Stationery Office, 1963.) 


2s, net, [53 
„General Register Office. The Registrar General’s Statistical Review of 
England and Wales for the year 1961. Part 2: Tables, Population. Pp. 
xili-+189. (London : H.M. Stationery Office, 1963.) 15s. net. [53 
British Museum (Natural History). Instructions for Collectors, No. 4A : 
Insects. Compiled by Dr. John Smart. Fourth edition. Pp. vili+151. 
(London : British Museum (Natural History), 1962.) 6s, 6d. [53 
The Carnegie United Kingdom Trust. 49th Annual Report, 1962. Pp. 
viii-+66. (Dunfermline, Fife: Carnegie United Kingdom Trust, 1963.) [53 
Murphy Fruit Grower’s Booklet, 1968. Pp. 151. (Wheathampstead: 
The Murphy Chemical Co., Ltd., 1963.) ` 53 
Cement and Concrete Association. Concrete Road Performance in the 
AASHO Road Test: A Graphic Summary of the Performance of Test 


Sections in the Main Experiments. Pp. 14. (London: Cement and Concrete' 


Association, 1963.) 


Other Countries 


National Academy of Sciences—National Research Council. Publication 
1083: Chemicals in Modern Food and Fiber Production. (A Symposium 
conducted by the American Chemical Society and the Agricultural Research 
Institute, National Academy of Seclences—National Research Council, 
March 21-22, 1962.) Pp. ix+105. (Washington, D.C.: National Academy 
of Sciences—National Research Council, 1962.) - 202 

Tndian Forest Bulletin (New Series). No, 229 (Wood Seasoning): Season- 
ing of Timber Using Solar Energy. By M. A. m and O. P. Chawla. 
Pp. 13+ 4 plates. Rs. 3,35nP.; 5s. 6d. Indian Forest Records (New Series). 
Vol. 10, No. 7 (Entomology): Entomological Investigations on High Girdling 
of Salai, Boswellia serrata Roxb., in Sillari Forest (Madya Pradesh, India). 
By M. L. Roonwal, P. N. Chatterjee and R. S. Thapa. Pp. 149-162. Rs. 
2.05nP; 4s. 10d. Vol. 10, No. 8 (Entomology): Indian Bark and Timber 
Beetles—-IV. By Karl E. Schedl. Pp. 163-169. Rs. 105nP; 2s. 6d. (Delhi: 
Manager of Publications, 1962.) {262 
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ment Printing Office, 1962.) 1 dollar. 
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United States Department of Commerce: Weather Bureau. Technical 
Paper No. 46: Atmospheric Electric Measurement Results at Mauna Loa 
Observatory: Results of a One-Year Continuous and Simultaneous Measure- 
ment of Atmospheric Electric Variables at the Mauna Loa Geophysical 
Observatory, Hawaii, 1960-1961. Pp. v-+252. (Washington, D.C.; Govern- 
ment Printing Office, 1962.) 1.25 dollars. 262 

United States Department of the Interior: Office of Saline Water. Saline 
Water Conversion: a Program to Develop a New Source of Fresh Water. 
Ep Naat. (Washington, D.C.: Government Printing Office, 1962.) eee 
cents. 

United States Department of Commerce: National Bureau of Standards, 
Technical Note No. 152: Coordinated Color Identifications for Industry. 
By Kenneth L. Kelly. Pp.ii+9. (Washington, D.C.: Government Printing 
Office, 1962.) 15 cents. 262 

Durban Museum and Art Gallery. Annual Report for the Municipal Year 
1961-1962. Pp. 24. Durban Museum Novitates. Vol. 6, Part 17 (28 Decem- 
ber 1962): Notes on Mammals New to Kenya Colony. By. J. D, L. Fleet- 
wood. Pp. 208-212. 30 cents. Vol. 6, Part 18 (28 December 1962): Sys- 
tematic Notes on African Birds, 1. By Walter J. Lawson. Pp. 213-230. 
40 cents. Vol. 6, Part 19 (10 January 1963): Miscellaneous Taxonomic 
Notes on African Birds, 20. By P. A. Clancey. Pp. 231-264. 60 cents. 
Vol. 6, Part 20 (20 January, 1963): A Specimen of the Asteroid Acanthaster 
planci (Linnaeus) from the Mozambique Coast. By John R. Grindley. 
PD: 205208. 20 cents, Durban: Durban Museum and Art Gallery, 1388 
an 8 


National Museum of Canada., Bulletin No. 183 (Biological Series No. 
68): Contributions to Zoology, 1960-61. Pp. iv+122. (Ottawa: Queen's 
Printer, 1962.) 1 dollar. . 262 

New Zealand Forest Service, Wellington. Information Series No. 44: 
The Sika Deer (Cerous nippon) in New Zealand. By D. G. Kiddie. Pp. 35. 
Information Series No. 45: Introduction and Liberation of the Opossum 
(Trichosurus vulpecula) into New Zealand. By L. T. Pracy. Pp. 28. Well- 
ington: Government Printer, 1982.) 202 

nited States Department of the Interior: Fish and Wildlife Service. 
Report of the Bureau of Commercial Fisheries for the calendar year 1959. 
Pp. iii+78. (Washington, D.C.: Government Printing Office, 1962.) [262 

The Rhodesian Journal of Agricultural Research, Vol. 1, No. 1 (January 
1963). Published in January and July each year. Annual Subscription: 
30s., postage extra. Individual numbers 15s. Pp. 52. (Salisbury: Agri- 
cultural Research Council of Rhodesia and Nyasaland, 1963.) (262 

Companhia de Diamantes de Angola (DIAMANG). Servicos Culturais. 
Dundo-Lunda-Angola. Museu do Dundo, Subsidios para o Estudo da 
Biologia na Lunda. Publicacoes Culturais, No. 59: A Descriptive Catalogue 
of the Odonata of the African Continent (up to December 1959), Part 2. 
By Elliot Pinhey, Pp. 165-320 (plates 6-9). (Lisboa: Companhia de Dia- 
mantes de Angola, 1962.) 262 

United States Department of the Interior: Fish and Wildlife Service. 
Bureau of Sport Fisheries and Wildlife. Research Report No. 60: Limno- 
logical Organic Analyses by Quantitative Dichromate Oxidation. By John A. 
Maciolek. Pp. iv+61. 40 cents. Research Report No. 61: Bioassay and 
Use of Pituitary Materials to Spawn Warm-Water Fishes. By Howard P. 
Clemens and Kermit E. Sneed. Pp. iv+30. 25 cents. (Washington, D.C.: 
Government Printing Office, 1962.) 262 

International Scientific Radio Union. Proceedings of the 13th General 
Assembly held in London, September Sth-15th, 1960. Vol, 12, Part 6 bis 
Commission 6: On Radio Waves and Circults—Space Radio Relay Com- 
Pp. 101, (Brussels: International Scientific Radio Unton, 


-) 2 
New Zealand Forest Service: Forest Research Institute. Technical Paper 
No. 39: Threshold Values for Four Water-Borne Preservatives Determined 
by the Soil/Block Method. By A. J. McQuire. Pp. 23. (Wellington: Govor 

‘ 


ment Printer, 1962.) j 2 
United States Department of Agriculture. Farmers’ Bulletin No. 2189: 


-Controlling Rrosophilia Flies on Tomatoes Grown for Canning. By H. C. 


Mason and H. E. Dorst. Pp. 12. 10 cents. Leaflet No. 516: Thrips 
on Cotton: How to Control Them. Pp. 8. 5 cents. (Washington, D.C, : 
Government Printing Office, 1962.) [63 
Institutt for Atomenergi: Kjeller Research Establishment. Quarterly 
Progress Report, July~August~September, 1962. Pp. iii+32-++-14 figures. 
(Kjeller, Norway: Institutt for Atomenergi, 1963.) _, (53 
Norsk Polarinstitutt. Arbok,1961. Pp.169. (Oslo: Norsk Polarinstitutt, 
1962. Distributed by Oslo University Press.) 25 kr, (53 
Science, Technology and-Development: United States Papers Prepared 
for the United Nations Conference on the Application of Science and Tech- 
nology for the Benefit of the Less Developed Areas. Vol. 3: Agriculture. 
Pp. x+262. 75 cents. Vol. 4: Industrial Development. Pp. ix+190. 
55 cents. Vol.5: Transportation. Pp.ix+155. 50 cents. Vol. 6: Health - 
and Nutrition. Pp. vi+196. 60 cents. Vol. 7: Social Problems of Develop- 
ment and Urbanization. Pp. ix+89. 35 cents. Vol. 8: Organization, 
Planning and Programming for Economic Development. Pp. x+144. 
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Laboratory Specialities 


Two specialised pieces of equipment from the 
Hearson range. 
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on A.C. only, temperature is controlled by the 
improved hydraulic thermostat. Pans are made 
either 54” or 74” diameter and the chamber is 
effectively sealed by a polished plate glass cover 
resting on a rubber washer. 

Prices from £28 5s. 


Slide Drying Hot Plates 


A “must” for the histologist—designed for 
microscope slide drying, these hot plates are 
made with either a stainless-steel or polished 
copper working surface. Two sizes are avail- 


able—12” x 10” or 24”X10”. Electrically 

heated thermostatically controlled to within 

+1°C. over a working range of 40° C. 
Prices from £17 10s. 


Please send for illustrated literature. 
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WILLOW WALK, BERMONDSEY, S.E.1. 
Bermondsey 4494. 
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much of the work usually carried out by more elaborate and 
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supplied with an attachment to convert to a Michelson inter- 
ferometer, thus giving a dual purpose instrument, 
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Polished wooden case, extra £18 


Please ask for particulars “NY 
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SCIENCE AND PARLIAMENTARY EFFICIENCY 


TE address on the scientist and national policy 
which Dr. McGeorge Bundy, special assistant to the 
President for National Security Affairs, gave last Decem- 
ber to the American Association for the Advancement of 
Science at its Philadelphia meeting, and which has now 
been published in Science (139, 805; 1963), is of wide- 
spread interest to scientists. Dr. Bundy was less con- 
cerned with the administrative structure through which 
the scientist can influence national policy than with the 
actual participation of the scientist and the qualities 
which participation desiderates in the scientist. He was 
particularly concerned with the part of the scientist in 
the Processes of judgment and action that go beyond 
science itself and affect other parts of public policy. He 
affirmed unhesitatingly that nothing in the experience 
and training of the scientist as such disqualifies him from 
participation in any responsible activity in Government. 
Moreover, he recognized much force in the contention 
that the largest single problem of scientists in their 
relation to the political process is to ensure that science 
itself is understood, supported and advanced. 

On any count, however, it is obvious that the nature 
of the organization of Government will determine very 
considerably the effectiveness with which these processes 
are fulfilled. While Dr. Bundy was concerned primarily 
with men rather than with organization, organization 
must influence very decidedly the balancing of science 
and political judgment when the issue is not the advance- 
ment of science but some other issue of the nation. This 
is the main topic which Dr. Bundy discussed in his 
address, and he began by insisting that the first essential 
was that the scientist should be in the right place in such 
debates. The precise position might vary with circum- 
stances, but there are many situations in the business of 
Government when it is essential that the responsible 
officer should have a full technical background. Here 
Dr. Bundy gave us one criteria by which the effectiveness 
of the Advisory Council for Scientific Policy and even of 
tho Minister for Scienco and his Research Councils might 
woll be judged. Tf such a pragmatic test is unsatisfactory 
or indecisive there are substantial grounds for further 
inquiry as to whether the whole structure is either over- 
loaded or inappropriate to its purpose. 

Dr. Bundy was careful not to claim for the scientist 
Tesponsibilities which are rightly those of the political 
adviser, unless the scientist himself is serving in such a 
capacity, but he was no less firm as to the inescapable 
obligation on the scientist to participate in the adminis- 
trative process and that the scientist as such has an 
indispensable contribution to offer. Likewise, agreeing 
with Sir Charles Snow, he stressed the importance that, 
at the crucial points of counsel, judgment, decision and 
action, more than one scientist should be involved. 
Essentially, Dr. Bundy argued this point as a matter of 
communication, of ensuring that decisions are not based 
on a single channel of communication, and that there is 
every opportunity for a cross-check in the difficult task 
of presenting scientific propositions or scientific prob- 
abilities to laymen in language that does not mislead them. 

Thirdly, Dr. Bundy stressed the high importance of 
the scientist who is serving as a scientist in the processes 


of Government decision respecting his calling. This sense 
of professional responsibility is indeed of increasing 
importance, and the scientist should strictly limit the 
occasions on which he speaks ex cathedra, not to preserve 
a reputation for infallibility but to ensure that his pro- 
fessional responsibility is respected. This is the more 
important when the increasing complexity of many of 
the problems with which Government is concerned makes 
it almost impossible, and indeed undesirable, to separate 
sharply particular technical and political issues. The 
co-operation which characterizes the growth of opera- 
tional research, for example, depends fundamentally on 
mutual respect and confidence, as well as on professional 
competence. 

Dr. Bundy did not enlarge on the training which the 
scientist needs to fit him for responsible participation in 
the processes of Government. He appeared to be satisfied 
that the present system in the United States is adoquate 
for the purpose. Given a sufficiency of scientists in the 
right place, free from sole personal responsibility for 
interpretation at decisive points, and sufficiently respon- 
sible not to overstate their range of competence and skill, 
scientists cannot but serve effectively and profoundly 
influence the process of Government. 

Some of these points were raised in the discussion 
before the Parliamentary and Scientific Committee last 
January, and Sir Frederick Brundrett suggested that 
the relations between scientists and administrators in 
the Civil Service to-day needed particular attention. 
Scientists, he thought, were better used in the Defence 
Departments than in the Civil Service. However, while 
commenting that few administrators had a scientific 
background and that scientists tended to be obsessed. by 
the purely scientific aspect of any particular problem 
clearly reflected Dr. Bundy’s view, he did consider that 
the answer was more scientists in Government. What 
is of particular interest is the value of the Parliamentary 
and Scientific Committee itself in the light of the views 
expressed by Dr. Bundy. The composition of the Commit- 
tee is both a counterweight to party political views on 
any particular issue and offers some safeguard against 
reliance on & single scientific point of view. 

Whether the Committee at present functions sufficiently 
effectively as compared with its potential may be a matter 
of opinion, but its existence is something that should be 
considered in any appraisal of the existing arrangements 
for scientific advice in Britain. Likewise, the use of the 
Parliamentary ‘question’ is appropriate for consideration 
both as a means of communication and as a means of 
directing attention to defects. This aspect of Parliament 
has scarcely received attention in the recent discussions 
on Parliamentary reform and the relations between 
Parliament and the Executive, even in discussions in 
Parliament itself. Nevertheless, since D. N. Chester 
and N. Bowring published early last year their work on 
Questions in Parliament*® the extent to which Parlia- 
mentary questions have been concerned with scientific 
matters has increased out of all proportion. The Minister 
for Science and his Parliamentary Secretary are not even 


* Questions in Parliament. By_D. N. Chester and Nona Bowring. Pp. 
oe (Qxiord: Clarendon Press; London: Oxford University Press, 1962.) 
. net. 
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mentioned in this study, but scientific topics are now 
increasingly dominant not only in questions addressed to 
the Parliamentary Secretary for Science but in those 
addressed to numerous other ministers. 

The significance of this tendency merits examination, 
both from the point of view of communication and from 
that of the staffing of ministerial posts and those in the 
Civil Service. Whatever potential value the Parliamentary 
question may have is unlikely to be realized fully unless 
ministers themselves have something of a scientific back- 
ground or are supported by departments the staffs of 
which at the highest levels have something of that back- 
ground. Moreover, it might be added that if the device 

‘is to be used constructively and not for party political 
purposes, an increasing number of members of Parliament 
must themselves have something of a scientific back- 
ground or understanding. That much at least emerges 
from any examination of the questions addressed to the 
Parliamentary Secretary for Science over the past year 
or so, and indeed from almost any copy of Nature. 

All this amounts essentially to Dr. Bundy’s prescription 
for more scientists in the right places, and it is supported 
by & remark of Lord Strang which Mr. Chester and Miss 
Bowring quote: “There is little doubt that the weekly 
flow of questions in Parliament provides, by and large, 
the best means of keeping government policy broadly in 
step with popular sentiment, and at any rate of warning 
members of the Government if they are in danger of 
separating themselves widely from opinion in the country. 
The vigilance of Parliament sets up a state of tension at 
all levels in the administration, among Ministers and 
officials alike, which is relaxed as soon as Parliament goes 
into recess”. There is no reason to suggest that this is 
less true of scientific matters than of any other aspect of 
public affairs, and accordingly it may be assumed that as 
the public understanding of science’ develops through 
educational changes, the Parliamentary question may 
become increasingly important. 

If a device is to be used effectively, however, it must 
be used with discrimination and with understanding, and 
as a contribution to that end this book is timely and 
constructive. Questions on scientific matters are some- 
times puerile or partisan, and it is to be expected that 
they could not be fully effective without a considerable 
degree of understanding on the part of the questioner. 
The Parliamentary and Scientific Committee itself makes 
invaluable contributions to that end and it is worth while 
for professional institutions to consider further how this 
process of education can be facilitated and accelerated. 

However, the use of the Parliamentary question with 


responsibility and restraint as well as with understanding - 


on the part of science is only one aspect. What equally 
emerges from this work is the mounting importance of 
the Parliamentary question in the face of the growing 
powers of Government departments, its increasing value 
as a constitutional safeguard, and the dependence of its 
effectiveness on the restraint and responsibility with which 
it is used by the individual member of Parliament. 
Parliament in its present self-criticism has thus far shown 
little disposition to extend the time available for ques- 
tioning the ‘Exectitive’, and in scientific and other matters 
it is to be regretted that the limited time available is not 
always used wisely. Far too frequently questions are 
asked which are too trivial or petty to be justified and 
even when the information is already available. It is to 
be hoped that this careful study of the Parliamentary 
question will stir Parliament in its present heart-searchings 
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to see that the procedures of thə House of Commons 
keep pace with the growing power of the ‘Executive’. 

More scientists in the right places might help the pro- 
cess but scarcely provide the answer: the problem of 
science and national policy goes very much deeper. Some 
of the issues were uncovered by the Plowden Report on 
the control of public expenditure two years ago and others 
have been noted by Prof. W. J. M. Mackenzie in two 
recent broadcast talks published in the February 21 and 
28 issues of The Listener. In the first, Prof. Mackenzie 
examines the question whether Britain’s administration, 
in fact, needs reform and frankly condemns as the most 
discreditable factor in the present situation the practice 
of attacking Civil Servants as such. This is a public dis- 
service and hinders the recruitment not only of able men 
and women but of those with the essential instinct of 
public service. “The sense of the public worth of the 
job . . . makes good steady administration possible.” 

Prof. Mackenzie is right, and if Britain as a whole is 
weaker all round than fifteen years ago, irresponsible 
criticism is largely to blame. In this talk, however, Prof. 
Mackenzie was concerned with other factors which 
determine the entry of men and women into the public 
service and retain them once they enter. There are several 
overdue adjustments to be made, some of which were 
recognized in the Plowden Report and later in the Zucker- 
man Report. Prof. Mackenzie does not specifically discuss 
the problem of science and administration, but he recog- 
nizes its existence and that here too the administrative 
structure must be related to the structure of society, and 
be influenced by social and educational changes. 

In his second talk Prof. Mackenzie deals with the 
actual problems of administrative change, and he leaves 
the question of men and women save in so fac as adminis- 
tration must take account of the changes in conditions of 
entry required to ensure that the Civil Service is still able 
to recruit, in competition with industry and the univer- 
sities, a sufficiency of the ablest young minds, and, in 
particular, of inducing the scientists and technologists to 
compete. Even the most admirable administrative struc- 
ture may prove abortive if it is not staffed with a sufficiency 
of the able people required. This really seems to be Prof. 
Mackenzie’s main point: beyond a brief outline of the 
Treasury organization, in which he accepts as reasonable 
its five functions of finance, budget, economic planning, 
public services and audit, he scarcely examines the ques- 
tion of organization, though he points to some implications 
of the establishment of the National Economic Develop- 
ment Council. He reiterates the vital importance of the 
administrative class of the Civil Service commanding 
public respect and confidence and of ensuring that the 
system of recruitment will provide it continuously with 
men and women of the competence and integrity needed. 
Only through this will it be possible to proceed to 
the clear and constructive thought about the kind of 
administrative structure which will enable these men and 
women to deal effectively with the kind of problems with 
which they are confronted to-day. 

The appropriateness of the present structure is already 
under examination by the Trend Committee and else- 
where, but it is apparent that other factors have also to 
be considered. Some of the present criticism of Parlia- 
ment, even from within, is constructive and of high 
quality and there can be little doubt that measures which 
make Parliament better equipped and more efficient 
should st the same time enable it to deal more effectively 
with scientific and technical issues. This is the more 
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likely in the measure in which the power of Parliament 
as against the Executive is strengthened, though only on 
the condition that with such increasing independence goes 
increasing freedom from party politics. The scientific 
and technical issues demand impartial assessment even 
when the decisions to be taken are essentially political. 
We cannot wisely assume that all political decisions must 
be party political decisions. 

In the long run the key to the solution of the problem 
of science and Government lies in an educational system 
which ensures that legislators and electors, ministers and 
officials, have a sufficient understanding of scientific and 
technical matters to understand the advice which they 
receive on such issues and ask questions which are not 
warped by party politics. The need for constructive and 
ebjective thought will still remain, but it should become 
less difficult to prevent party politics determining decisions 
in the face of sound technical judgment. That should be 
a first result of any reforms aimed at making Parliament 
more efficient, and while it would tend to eliminate the 
risk of serious errors of judgment by the Executive, with 
this growth of public understanding, there need be no 
impairment of the power of the Executive to act with 
speed and authority. That is one of the virtues of the 
Parliamentary system, and it is conspicuously important 
in relation to scientific and technical affairs. The Parlia- 
mentary and Scientific Committee which is already 
rendering useful service in this field might well consider, 
out of that experience, how it could assist further the 
whole problem of Parliamentary reform and the relations 
between science and Government. 


‘NUCLEAR LIABILITY’ 


Law and Administration 

Vol. 3: Nuclear Liability. Edited by Jerry L. Weinstein. 
(Progress in Nuclear Energy, Series 10.) Pp. xxxiv + 483. 
(London and New York: Pergamon Press, 1962.) 140s. 
net. 


HE operation of a nuclear reactor or plant in which 

there is a criticality hazard raises safety and legal 
problems which are entirely new. Unless the dose is 
high, radiation injuries do not normally become evident 
for some time, possibly as much as 20 years after the 
event, so in this field the limitation period within which 
legal claims can be made must be extended far beyond 
the usual three years. If a major accident occurs, radio- 
active contamination can take place over a wide area, 
possibly even outside the national boundary, resulting in 
restriction in the use of foodstuffs. These are but two of 
many problems which nations having such plant have 
tried to meet with new legislation, which although it may 
differ in detail shows good agreement internationally 
on all major points. 

The normal concept of liability by fault is replaced by 
absolute liability, in which the operator of the plant is 
wholly liable for the consequences of an accident. The 
amount of money which must be available is clearly very 
large; under British law, the sum is £5 million, beyond 
which the Government undertakes to provide anything 
further. Other countries have similar amounts and 
regulations written into their legislation. Except where 
the Government is the operator, it is rarely possible to 
carry this risk, and it is normal, therefore, to cover it by 
insurance; even here, the amount is high, and special 
consortia, of insurers have had to be set up in various 
countries. 

Interesting points arise if an accident can be proved 
to be caused by a faulty part, supplied, for example, by a 
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small firm. -Each sub-contractor is not, however, ro- 
quired to cover himself, since the operator is wholly liable, 
though this does not exclude the possibility of his heing 
sued, by the operator. hed 

The transport of nuclear fuel and waste matorials is 
not an everyday occurrence, but an accident could have 
very serious consequences. In such an event, Who is 
responsible, the carrier, the shipper or the consignee? 
This is fairly clear at international level for sea and 
air transport, but not necessarily for lend transport. 

These are all problems which are discussed in con- 
siderable detail in the volume under review. Appropriately 
enough, the contributors are truly international, and 
even if some of the chapters are speculative, they arc 
none the worse for that. One most valuable chapter is » 
review of 384 nuclear accidents, ranging from those 
causing death or widespread contamination, to relatively 
minor spills of radioactive materials; though not u 
comprehensive list, it is international in scope. It shows 
clearly how few serious accidents have ocourred, and how 
difficult it is, therefore, to assess the probability of n 
nuclear accident; this in turn makes it very difficult to 
assess insurance rates, which are almost certainly too 
high at the present time. 

This book may not have a general appeal to the legul 
profession, since the subject is so specialized, but it 
is an important addition to any library on nuclear matters. 
It is to be hoped that further volumes of similar standard 
covering general legislation on radioactivity will follow. 

H. D. Evans 


A HISTORY OF MEDICINE 


A Short History of Medicine 

By Charles Singer and E. Ashworth Underwood. Socond 
edition. Pp. xv+854+21 plates. (Oxford: Clarendon 
Press; London: Oxford University Press, 1962.) 
63s. net. 


“le pleasure and attraction of history are undoniable. 
and its appeal extends to many who would make no 
claim to scholarship. Despite Henry Ford’s statement 
that it is bunk, and the dismal suggestion that interest 
in the past is fostered by desire for escape from a too 
painful present there is little doubt that history has a 
value beyond escapism and that of an intellectual disei- 
pline for those who study it professionally. In an cssay 
on ‘‘Progress as Created by Historical Thinking” Colling- 
wood pointed out that the history of science often ro- 
vealed the supersession of one theory by another and that 
knowledge of an existing system might prompt an investi- 
gator or thinker to evolve a better one. 

In his preface to this admirable book, Dr. Ashworth 
Underwood makes the more modest claim that. for the 
student of medicine and the medical sciencos, historical 
researches build a bridge between his present studies and 
advances made in the distant past. There is no doubt 
of his success and he may justly hope that somo students 
will find in it a stimulus to independent thought froin the 
description of the work of their predecessors. 

Although it began as a joint revision of the late Prof. 
Singer’s Short History of Medicine this volume is almost 
entirely new and very much larger. In Jess than one 
hundred pages there is an adequate account of medicine in 
primitive times, in Greece and Rome and through the 
Middle Ages. Rather more space is given to the scientific 
revolution of the sixteenth century and the period of 
consolidation that followed it—when progress in medicine, 
despite the work of Harvey, waited on the development 
of chemistry, physics and statistics. The third and much 
the longest part follows: it is entitled “Tho Period of 
Scientific Sub-division” and its form is as unusual as it is 
stimulating. Chronology is put aside and in five-hundred 
pages there are more than fifty short monographs oach of 
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which contains a terse and well-written account of major 
developments that have influenced medical practice. 
Admittedly, these essays are not all inclusive and scientific 
aspects are treated more fully than the clinical. Some 
may regret that nosology and medical ethics seem a little 
neglected. The word ethics does not appear in the index 
of subjects and yet the slow development of the conception 
of the true role of the physician is surely a matter of 
importance. The ideal was first enshrined in the Hippo- 
cratic Oath “The regimen I adopt shall be for the benefit 
of the patients . . . and not for their hurt or for any 
wrong”, but many centuries passed. before it won. general 
acceptance. The Nuremburg trials which led to the 
execution of several doctors who connived at, or assisted 
in, the destruction of prisoners in concentration camps 
proved the need to re-affirm it. 

The only criticism I make of this history is that a medi- 
cal student who reads it might gather the impression that 
knowledge of science and its method is all that is necessary 
for good clinical practico. That such knowledge is the 
essential basis of progress none would deny, but the day 
has passed since philosophers held that the propositions 
of natural science exhausted the whole range of significant 
statements and meaning. Sympathy and compassion 
are qualities that defy moasurement but nevertheless 
are of vital importance in the treatment of patients; 
restraint in clinical investigation of fellow human beings 
is essential and so is that curious ability we call judgment 
which enables a doctor to choose the better course when the 
availablo evidence is insufficient for a confident diag- 
nosis. 

I do not for one moment suggest that the author is 
unaware of these things; in some of his monographs— 
notably that “On the Changed Views of Insanity’’—ho 
pays tribute to the advances made when physicians 
relied on humane instincts rather than established 
scientific knowledge and devoted themselves to what 
Francis Bacon called the relief of man’s estate, but I 
wish the element of humanism was a little more 
prominent. 

As a whole the book is a monument to Dr. Underwood’s 
erudition and research; to teachers of medicine it will 
prove invaluable as a source book. Clinical lectures and 
demonstrations gain in interest and significance if they 
include short historical surveys of their subjects. The 
publication of this history makes inexcusable omission 
of such surveys. A. P. THOMSON 


A RECORD OF BRITISH PHARMACY 


History of Pharmacy in Britain 

By Leslio G. Matthews with a foreword by Sir Henry 
Dale. Pp. xiv + 427+ 37 plates. (Edinburgh and London: 
E. and S. Livingstone, Ltd., 1962.) 45s. 


HIS book, which will be of interest to all pharmacists 

and students of pharmacy, is written by one who is 
himself primarily a pharmacist. Indeed, from time to 
time the mantle of the historian is largely discarded to 
reveal the enthusiastic professional man. Thuson p. 174 we 
are given an account of the requirements which a graduate 
with the new B.Sc. (Pharmacy) Dublin must fulfil before 
he can be registered, although no students have yet had 
time to graduate, while the last chapter is entitled “The 
Future of Pharmacy” ! 

In. view of the common origins of medicine, pharmacy 
and chemistry, it is always difficult to know where to 
begin when writing a history of pharmacy. The preface 
tells us that “Pharmacy began when man first employed 
herba for dressing his wounds or to relieve pain”. The 
title is a help since it limits the work to pharmacy in 
Britain. However, the author does not confine himself 
to the history of herbal remedies and he does not hesitate 
to make reference to developments outside Britain when 
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and where these impinge on, or influence, British pharmacy. 
Since “it was not until the Roman conquest that systema- 
tic medicine, based upon Greek classical authors, began to 
be practised here and that no doubt sparingly” the first 
chapter traces the history of drugs from Roman times to 
the sevénteenth century. In the second chapter it is the 
pharmacist himself who is the centre of interest, his 
development being traced from the Pepperers via the 
Guilds and the Apothecaries. Even in these early times the 
increasing degree of specialization in the practice of 
medicine has to be emphasized. ‘The third chapter gives 
an account of the ways in which records of pharmaceutical 
formulations have been preserved. It ends with a descrip- 
tion of such books as the British Pharmacopeia (B.P.), 
the British Pharmaceutical Codex (B.P.0:3), and the 
National Formulary. 

Any history book, since it is written by an individual. 
contains elements of personal opinion even if such opinion 
is expressed only by choice of subject-matter and illustra- 
tion. It is a pity that here the section on tho B.P. 
should end with a page of criticism consisting of a quota- 
tion from a single report of a mid-southern regional 
conference held in 1958, where it was presumably claimed 
that less than one-third of pharmacists possess a copy 
of this most important work of reference which lays down 
standards for the best established and most reliable drugs 
known to medicine. One cannot help wondering whether 
in giving this lengthy quotation the author was acting as a, 
historian carefully evaluating all relevant evidence, or 
as the advocate of a modern sectional point of view. In 
the next two chapters we return from books to the evolu- 
tion of the pharmacist and his educational system, further 
specialization being involved. ‘With -reference to the 
account given, on p. 163, of the lectures in pharmaceutical 
chemistry given in 1824 by John Dalton, it is of interest to 
note that in the Pharmacy Department in Manchester 
there is preserved a certificate dated September 19, 1829, 
stating that “ ... attended my course of Lectures in 
Pharmaceutical Chemistry at Manchester in 1826”. It is 
signed “John Dalton”. 

Under the title “Makers of Modern Pharmacy” a 
historical account is given of a number of well-known 
pharmaceutical manufacturing firms. It is followed by 
brief biographies of some outstanding individual pharma- 
cists of the past three centuries. There is a chapter on 
the evolution of the pharmacy and its equipment while 
others deal with more recent development under the 
headings of “Newer Remedies” and “The Protection of 
the Public”. 

The principal difficulty in reading this book arises from 
the comparatively large number of times we are conducted 
from past ages up to the present time in dealing with 
successive topics. The method has, of course, its advan- 
tages, particularly if the book is used for reference pur- 
poses. Wo can obtain clear pictures of developments in 
education, drugs, apparatus, organization, etc., but these 
tend to remain separate pictures. This may well be an 
advantage for the pharmaceutical student or for the 

hharmacist interested in one aspect only of his calling. 
It has its difficulties from the point of view of the his- 
torian. We do not end with any clear feeling of the 
‘atmosphere’ of pharmacy during any particular period. 
It is difficult to obtain a clear picture of pharmacy in. 
say, the sixteenth or seventeenth century. Perhaps the 
author could be prevailed on to produce other books deal- 
ing with periods rather than with topics. 

This book, which makes a welcome addition to pharma- 
ceutical literature, ends with an sleven-page bibliography 
and a useful seventeen-page index. It is well bound and 
clearly printed. There are thirty-seven beautifully repro- 
duced plates illustrating articles, prints, etc., of historical 
interest housed in such places as the British Museum and 
the Wellcome Historical Medical Museum. 

Two drug jars from the author’s own collection are 
illustrated, one also on the dust-cover of the book. The 
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author is to be congratulated on producing a book, dealing 
with the history of pharmacy in Britain, which it is a 
pleasure to read. K. BULLOCK 


PLACE-NAMES OF THE WEST RIDING 
OF YORKSHIRE 


The Place-Names of the West Riding of Yorkshire 

By A. H. Smith. Part 7: Introduction, Bibliography, 
River-Names, Analyses. (English Place-Name Society, 
Vol. 36.) Pp. xvii+307. (Cambridge: At the University 
Press, 1962.) 35s. net; 6.50 dollars. 


HE place-names of the West Riding have been exam- 

ined one by one in six earlier volumes which have 
already been reviewed in Nature (191, 208; 1961, and 
193, 918; 1962). This seventh volume draws the evidence 
together and presents the general conclusions that emerge 
from the wealth of detailed evidence. It is a synthesis 
that is unusual, partly because of its length and partly 
because of the way in which place-names are related not 
only to archeological and historical evidence but also to 
the relief and geology. The distribution of woodland and 
of marsh and of land over 800 ft. above sea-level all take 
their place in the presentation of the material. 

There is a full acount for the first time of the Celtic 
names of the Riding as a whole in relation to the Celtic 
kingdom of Elmet, set between the Wharfe and the Aire; 
this account alone constitutes a notable contribution. 
We are left with an impression that much of West York- 
shire was but thinly settled and that its occupation by the 
English did not take place until the seventh century— 
maybe more than 150 years after the first coming of the 
Anglo-Saxons to Britain. Early names are rare or absent; 
the kingdom of Elmet was not conquered until some time 
between 616 and 632. English names constitute the 
majority, but they present few unusual features. The 
Scandinavian settlement of the ninth and tenth centuries 
was less intensive than elsewhere in Yorkshire. Scan- 
dinavian names of Domesday villages amounted to only 
13 per cent for the West Riding as compared with 38 
per cent for the North Riding and 40 per cent for the 
East Riding. This 13 per cent was unevenly distributed, 
and the unevenness is discussed in relation to the geography 
of the area and to the preceding Anglian settlement. The 
relative importance of Norse and Danish names is also 
examined. The evidence as a whole points to “the almost 
complete and early integration” of the English and the 
Scandinavians. The fourth group of names—Norman 
French—is relatively unimportant, but it is full of interest. 

One feature of the earlier volumes is the attention de- 
voted to minor names and field names. They continued 
to be formed as woodland was cleared, as marsh was 
drained and as moorland was nibbled. The evidence 
of these lesser names as a whole is conveniently sum- 
marized in its geographical, economic and social contexts. 
The word wulf or ulfr, for example, as found in these 
lesser names, shows that wolves were being actively. 
eliminated in the twelfth and thirteenth centuries. 
Through the West Riding, more or less .along the 
Wharfe, ran the linguistic boundary between Northern 
and Midland dialects. This is not only discussed 
generally in the Introduction, but also a special section 
of 18 pages is devoted to detailed points of “Phonology 
and Dialect”. 

The synthesis of the evidence as a whole is followed by 
accounts of river names and road names and by an 
unusually long and valuable analysis of the elements in 
West Riding place-names. There is a bibliography and 
six distribution maps. These all show marsh and land 
over 800 ft., so that the distribution of variotis types of 
names can be seen against the geographical background. 
There is even a geological map printed on tracing paper to 


NATURE 


325 


serve as an overlay. There is no index because a compre- 
hensive index covering the names of all three Ridings will 
appoar in an eighth volume. 

The task of surveying the place-names of such a large 
county as the West Riding must have been a formidable 
one. This seventh volume, with its synthesis and analysis 
of such an enormous mass of varied material, and with 
its meticulous scholarship, makes a major contribucion 
to the early history and geography of England. Prof. 
Smith is to be warmly congratulated on what can only 
be described as a tour de force. H. C. DARBY 


A RUSSIAN APPROACH TO WATER 
RESOURCES 


Ressources en eaux Souterraines 

Classification et Methodes d’Evaluation. Par Prof. 
N. A. Plotnikov, avec la collaboration de Prof. G. V. 
Bogomolov et Prof. G. N. Kamensky. Traduit par 
Madame M. Laronde. Pp. 194. (Paris: Gauthier-Villars 
et Cie, 1962.) 30 NF. 


HIS French translation of the standard Russian 

text on underground water resource exploitation 
has been prepared under the auspices of Unesco on the 
recoramendation of its Arid Zone Research Consultative 
Committee. In this way its ideas and methods are made 
available to specialists not conversant with Russian. 
The work itself begins with a consideration of the various 
categories of underground resources, stressing the diff- 
erences between permanent reserves and fluctuating 
resources, the influence of the mode of exploitation on the 
scale of reserves, and the additional relevance of hydro- 
geology and the ultimate use of the water. This section 
concludes with, and is summarized by, a lengthy table 
classifying reserves, and a detailed scheme for evaluating 
such reserves. The bulk of the book, however, is con- 
cerned with methods of determining the quality and 
quantity of different types of underground resources— 
from aquifers of various kinds, ascending and descending 
springs, etc. 

Throughout these chapters the approach is consistently 
one of instruction, and the method largely that of the 
primer. The purpose would seem to be to present a 
series of guides to action which ensure that a whole 
variety of themes are given their due consideration. Such 
a functional approach, while immensely valuable in a 
strictly practical sense, does not make for particularly 
interesting reading. save for the specialist. For the latter. 
however, the methods of quantitative assessment are 
presented clearly and systematically. Formule follow 
one another logically, and are applied to bodies of data, 
tabulated in detail, that are derived from numerous 
specific Russian examples. While this providos oxcollent 
instructional material, the virtually complete roliance on 
Russian data and Russian references in tho biblio- 
graphy prevents useful comparisons being made with 
work in other areas and countries. This orientation is 
also reflected both in the type of instructions given, 
which often assume a particular administrative back- 
ground, and in the inclusion of one chapter specifically 
devoted to the problems associated with permafrost con- 
ditions. 

The printing of this translation is perfectly adequate, 
formule are clear and legible save for the occasional 
suffix, while tabulated material is well organized and 
easy to use. The illustrations do not always reach the 
same satisfactory level, however, although they are 
usually intelligible. Certainly for anyone concorned with 
problems associated with underground water resources 
Mme. Laronde’s translation of Prof. Plotnikov’s work 
should prove of the greatest value and interest. 

S. GREGORY 
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Subantarctic Campbell Island 

By Alfred M. Bailey and J. H. Sorensen. (Proceedings of 
the Denver Museum of Natural History, No. 10). Pp. 
ili+ 305 (232 photographs). (Denver : Denver Museum 
of Natural History, 1962.) 7 dollars. 


HE Denver Museum of Natural History arranged an 

expedition during January and February 1958 to 
Campbell Island, south of New Zealand. As the authors 
admit, the result of two months field work cannot be 
the basis for a book, but with the idea of producing an 
interesting account of the natural history for people in the 
United States, the gaps have been filled from existing 
literature. 

The history of the island is given from its discovery in 
1810, and includes references to scientific expeditions 
from the Hrebus and Terror in 1840 to the Galathea in 
1952. The geology and flora are noted, but moro than 
three-quarters of the book is devoted to the fauna. Sight- 
ings of Right whales are given, and an account of the 
seals. The latter is slightly marred by the incorrect and 
confusing use of the term ‘sea bear’ for a female sea-lion, 
but this fault is redeemed by the inclusion of previously 
unpublished notes on seals that are not well documented. 

As is almost inevitable, the book is primarily for the 
ornithologist. The history of the ornithological work is 
given, and a list of recorded birds. All sixty-one of these 
are described, although less than half breed on the island, 
and there are numerous weights and measurements. 
Particular attention is paid to the Wandering and Royal 
albatrosses, with notes on the hatching and growth of the 
chicks. 

The book fulfils its purpose in giving a comprehensive 
account, is well presented, and the photographs in parti- 
cular are excellent, JupirH E. Kine 


The Theory of Ordinary Differential Equations 

By Dr. J. C. Burkill. (University Mathematical Texts.) 
Pp. ix+114. (Edinburgh and London: Oliver and 
Boyd, Ltd.; New York: Interscience Publishers, Inc., 
1962.) 8s. 6d. 


R. BURKILL’S clear and concise text is one of the 

best in an admirable series. It is not concerned 
with the elementary techniques of explicit integration, 
but gives in brief compass a remarkable amount of ïn- 
formation on what @ differential equation can reveal 
about a function which satisfies it. Existence theorems, 
the Sturm—Liouville oscillation theory, solution in series 
leading to Legendre and Bessel functions, solution by 
contour integrals and by asymptotic series, are all ex- 
pounded with rigorous simplicity and clarity. The new 
edition contains sections on the Laplace transform and 
on the equation P dw + Q dy + R dz = 0. 

T. A. A. BroapBent 


Fluorescent Protein Tracing 
Edited by Dr. R. C. Nairn. Pp. xv+280. (Edinburgh 
and London: E. and §. Livingstone, Ltd., 1962.) 428. net. 


HE use of fluorochromes as labels for antibodies was 

introduced by Coons some twenty years ago. This 
major advance resulted in the development of the tech- 
nique of immunofluorescence which combines the sensi- 
tivity and specificity of immunological reactions with 
the precise visualization afforded by microscopy. This 
technique makes it possible to detect and localize minute 
amounts of antigens and antibodies in biological mate- 
rials. Immunofluorescence has been applied with much 
success to many diverse research problems and is being 
used increasingly in routine clinical diagnosis. 

There has been a need for a convenient source of 
information on the practical details and applications of 
this important technique. The survey of the principles 
of the technique, the methods of preparing fluorescent 
conjugates, the use of these conjugates in medical and 
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biological research and the extensive bibliography given 
by Nairn and his colleagues in their monograph satisfies 
this need. The practical aspects of the method are 
emphasized and are dealt with authoritatively and com- 
prehensively. The chapter on fluorescence microscopy and 
photomicrography is excellent. The principles of the 
technique are dealt with briefly but adequately and the 
critical review of the applications of the method is satis- 
factory. The most successful parts of the book are, how- 
ever, those devoted to practical information and to the 
applications in which the authors have had personal 
experience. The book is attractively produced and there 
are some excellent illustrations. 

Immunofluorescence will, undoubtedly, be used in the 
future by many investigators of varied scientific disciplines. 
This book will be invaluable to them. 

M. J. Crumpron 


Geodesy 

By G. Bomford. Pp. xvi+ 561. (Oxford: The Clarendon 
Press: Oxford University Press, 1962, second edition.) 
90s. 


HE study of geodesy, the determination of the 

Earth’s shape is, of course, a venerable one dating 
back to the determination of the radius of the Earth by 
Eratosthenes, who measured the difference in the direction 
of the vertical at the two ends of a north-south arc. 

The present book contains an exhaustive account of 
the modern methods of determining the shape of the 
Earth by the methods of triangulation and traverse 
levelling and by astronomical] measurements. The subject 
soon becomes involved in the general problems of geo- 
physics, for verticals are deflected by the unequal distribu- 
tion of matter at the Earth’s surface. We find, therefore. 
in Brigadier Bomford’s book very useful accounts of the 
theory of the Earth’s gravitational field, isostasy and 
the subtle distinctions between the geoid and co-gooid. 

There are very useful discussions of the mathematical 
methods used in geophysics, such as spherical harmonics. 
The new editicn contains discussions, of course, on the 
use of Earth satellite observations. This work is pri- 
marily for the specialist rather than for a person generally 
interested in the subject. S. K. Runcorn 


Animal Health and Production 3 
Proceedings of the Thirteenth Symposium of the Colston 
Research Society, held in the University of Bristol. 
April 10th-13th, 1961. Edited by C. S. Grunsell and 
A. I. Wright. Pp. xi+ 224. (London: Butterworth and 
Co. (Publishers), Lid., 1962.) 42s. 


HE title on the book cover is not very helpful. The 
thirteen discussions at the thirteenth conference 
held by the Society covered a range of unrelated subjects. 
all of importance. Some of the subjects have received 
great attention in recent years, notably magnesium 
metabolism in cattle, by Th. de Groot (The Netherlands), 
and two on bovine ketosis, one by 8. J. Bach and the 
other by K. Peeters, W. Oyaert and J. H. Bouckaert (The 
Netherlands). Immunity was represented by papers on 
bacteriostatic properties of Cl. welchiz, Type A, by J. J. 
Bullen and A. Dobson; by the value of living viral 
vaccines, by S: E. Pierey; by immunity to helminths. 
by E. J. L. Soulsby; by antigens and antibodies in the 
new-born, by A. E. Pierce; and by non-specific resistance 
to infectious diseases, by A. W. Gledhill. Three papers 
concerned poultry: sex hormone balance, by J. G. 
Campbell; Marek’s disease and lymphoid leukosis. 
by P. M. Biggs; and avian visceral lymphomatosis and 
related neoplasms, by R. R. Burmeister and T. N. Fred- 
rickson. 
The discussions are dealt with by brief accounts of 
what each speaker said, but with nearly as much space 
for names as for text and are not very informative. 
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THE EAST MALLING RESEARCH STATION (1913-63) 


By Dr. F. R. TUBBS, C.B.E, 


Director 


EN years after the founding of the National Fruit 

and Cider Institute at Long Ashton, near Bristol, in 
1903, work began on a field of 22 acres in Kent—the Wye 
College Fruit Experiment Station and the nucleus of the 
‘East Malling’ to be. 

Its purpose was described by Wellington, its first 
director, as “the study of problems which are met with 
in the actual culture or growth of fruit trees and bushes”. 
Exporiments were envisaged to elucidate and apply that 
control of the growth and fruitfulness of a scion variety 
achievable through rootstock influence, and to provide 
fundamental knowledge for the improvement of such 
cultural practices as propagation, pruning and manuring, 
while work on problems affecting the culture of the small 
fruits and of hops was also planned. The early success 
of the Station owed much to the clear vision and direct 
approach shown by Wellington in the collection of root- 
stock types from many sources and in the initial plans for 
investigating them, foundations ably built on from 1914 
onwards by Hatton? (later Sir Ronald Hatton). From the 
first, Wellington had stressed the need to eschew empiri- 
cism and to work towards an understanding of the funda- 
mental processes involved in the growth of the tree; ne 
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placed considerable emphasis on the need to identify, and 
if possible control, the individual factors leading to differ- 
ences in growth, in yield and in response to cultural 
treatment. That, in 1912, such approaches were solidly 
supported by leading fruit-growers exemplifies the 
quality of those by whom the Station has had the 
good fortune to be so generously supported over the 
years. 

The history of the Station’s research over the past 
fifty years is reflected in the changing approaches of a 
steadily growing team of research workers to the problems 
presented by the fruiting tree, first, through oxamination 
of the effects on it of the biological and physical factors 
of its orchard environment and, later, increasingly through 
investigation of its structure and of the internal mecha- 
nisms controlling growth and its distribution over the 
treo. * 

The initial approach was largely based on botanical 
description and cultural comparison, successively enabling 
the standardization of the rootstock types, their clonal 
propagation, and the detailed investigation of the growth 
and cropping of chosen rootstock/scion combinations over 
many years. The degree of control of the scion afforded 
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by the rootstock and the predictable effects of clonal root- 
stocks, free of the admixtures that had befogged the use 
of ‘Paradise’ apple rootstocks for centuries, swiftly 
aroused keen interest the world over. This in turn led to 
agreement by the Ministry of Agriculture to support the 
expansion of research at Hast Malling through annual 
grant-in-aid of “The Kent Incorporated Society for 
Promoting Experiments in Horticulture”, incorporated 
as an independent body in 1921. Research on the long- 
term basis essential in the study of perennials could then 
be embarked on with increasing confidence. 

The ensuing detailed and prolonged assessment of the 
behaviour of the compound tree’, reflecting the interac- 
tions of scion on rootstock and rootstock on scion‘, 
during propagation in the nursery and through subsequent 
establishment, development, and maturity in the orchard, 
in turn led to the steady development of statistical tech- 
niques appropriate to the special problems posed by 
perennials, the behaviour of which in any one year is a 
reflexion, not alone of immediate history, but of complex 
interaction with its environment throughout the many 
years of its earlier life. 

In early days of orchard experimentation, soil hetero- 
geneity was the prime concern of the statistician; to-day 
the combined variability of tree and soil is taken into 
account by ‘calibrating’ the trees on an experimental 
area prior to applying the treatments, though this refine- 
ment is, of course, not available where treatments exert 
their influences from the start, as in experiments on root- 
stock/scion effects or with virus diseases. This and other 
statistical techniques allow far greater latitude in the 
use of limited numbers of orchard trees, while also provid- 
ing greater safeguards against the mischances which are 
inevitable in field experiments continuing for decades‘. 
Despite such aids, the magnitude of tree-to-tree variation 
remains the chief limitation to the examination of effects 
which, though small, may nevertheless be very important 
economically ; fortunately, access to computers at Rotham- 
sted and Alice Holt now opens up encouraging prospects 
of yet further advances in the examination of complex 
interactions of plant and environment’. 

Rootstock research at Hast Malling soon led to collabora- 
tion with the John Innes Horticultural Institution, as it 
then was, in breeding rootstocks resistant to woolly aphis 
(Eriosoma lanigerum), later selected for many improved 
qualities such as ease of multiplication, firm anchorage, 
tolerance of varied environmental conditions and the 
ability greatly to increase the yield potential per unit tree 
size of the scion’. Again, growing realization that root- 
stock-induced precocity in the scion had no adverse effect 
on the inherent longevity and fruitfulness of the compound 
tree was followed by efforts to extend the range of control 
attainable in the orchard through the breeding and 
selection of new dwarfing rootstocks, at first for apples’, 
later for pears and plums and, recently, for cherries. 
Such apple rootstocks have provided valuable material 
for work on rootstock/scion interaction and are now assist- 
ing the breeding of scion varieties by virtue of their 
influence in reducing the juvenile (pre-fruiting) period of 
seedlings worked on them’. 

While theso developments were occurring, work of 
great value to the culture of the bush fruits, of strawberries 
and of hops was in progress, its relatively short-term 
nature fitting in conveniently with work on the tree fruits. 
For example, the considerable extension during the past 
ten years of breeding work in Ribes and Rubus (based on 
- an extensive programme of inter-specific and inter-generic 
crosses, followed by back-crossing and selection involving 
assessment of resistance to pest and disease as well as 
other characters’) is now being interwoven effectively 
with the necessarily long-term programme of similar work 
on the tree-fruits. As a necessary prerequisite, detailed 
reviews of work on these crops have been preparedt!. 

The realization that the growth, precocity and fruitful- 
ness of the tree over its whole life could be governed— 
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predictably—by the rootstock, exerted a lasting influence 
on the Station’s work. It led to extensive investigations 
of the growth and form of the root systems of fruit-trees”, 
and of the influence of soil-type and water supply, .which, 
although allowed to lapse, were renewed and greatly’ 
extended in the 1950’s; glass-walled root-observation 
trenches now to be extended afford facilities only dreamed 
of in earlier days!*. Such studies of the roots behaviour 
in situ are now linking with notable developments in work 
on the nematodes of fruit rootsi, the ecology of soil 
fungi pathogenic to fruit and hops'®, and on the problems 
met with in the replanting of old orchard sites with trees 
of the same species*®. Nevertheless, it is to be confessed 
that the Station has far to go before it can be said that 
its investigations of the root and its environment’ are in 
balance with those of the rest of the tree. 

East Malling owes much to Long Ashton and to Prof. 
T. Wallace in its work on the mineral nutrition of the 
tree under orchard conditions; a classic field experiment on 
apples, laid down at East Malling in 1928, not only exten- 
ded Wallace’s observations on the importance of potash 
manuring in the culture of fruit in south-east England, 
but also clearly demonstrated inter-relationships between 
nitrogen—phosphorus—potassium nutrition- and the in- 
fluence of rootstock on scion. However, these and related 
investigations of trace-elements did not provide the 
sought-for clue as to the mechanism of such influence in 
general. This experiment is now serving as a unique 
source of fruit from trees of known nutritional history for 
collaborative investigations with the neighbouring Ditton 
Laboratory as part of a programme of work designed to 
ascertain to what extent cultural factors can be used to 
influence the life of harvested fruit under ‘cold’ or ‘gas’ 
storage?’. 

During the past twenty years increasing attention has 
been paid, with the loss of ‘London dung’ as a source of 
organic matter and nutrients, to long-term measures to 
maintain and improve the fertility and physical condition 
of orchard soils; investigations at Long Ashton and East 
Malling, with their differences in rainfall and soil type, 
have led to a revolution in orchard management}*. The 
almost universal use of long-term swards, with mulches 
during establishment, in the modern apple orchard accom- 
panied by the development of the fruit-growing industry 
northwards from Kent and Sussex through East Anglia 
to the. Wash, has required extensive work on the influence 
of such swards on the mineral and water-relations of the 
tree’. 

Long-term investigations directed towards applied ends 
could not for so long have maintained their impetus and 
excitement had they not been influenced by the conviction 
that better comprehension of the organization of the tree 
as a whole was essential to the solution of all but the most 
ephemeral of the fruit-grower’s problems. 

“The balance achieved over decades between ‘basic’ and 
‘applied’ work is a tribute as much to the research workers 
concerned as to those who have supported and advised 
them, among whom Prof. V. H. Blackman, of the Imperial 
College of Science and Technology, must ever stand high 
in our gratitude. Under his influence there began, in 1920, 
the examination of the growth and form of the developing 
tree as influenced by the rootstock; work checked in 
1939, but not before concepts had emerged of great 
assistance in the post-war development of investigations 
of the general theme in terms of competition and inter- 
action between the various organs of the tree, of the distri- 
bution of growth between its parts and of the part in this 
played by energy reserves, and by promoters and inhibi- 
tors of meristematic activity and of cell differentiation 
and enlargement*®, 

In the course of this work the concept of rootstock- 
scion interaction as expressed in the growth of the com- 
pound tree has been extended by the suggestion that the 
growth of seedling trees on their own roots reflects a similar 
interaction, either root or shoot exerting the predominant. 
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Fig. 2, Twelve-year-old trees of Cox’s Orange Pippin on a range of rootatocka showing the degree of control of size of tree obtainable through 
the rootstoc 


influence according to genotype®'. Again, the precocity 
and fruitfulness of the maturing tree provides more subtle 
and perhaps far more effective influence on its growth and 
ultimate form than the majority of cultural practices, 
including pruning. This has given impetus to a general 
swing in commercial fruit-growing towards lighter pruning 
and away from the rigid control of the tree growth and 
cropping sought in earlier days. In turn, the less-restricted 
expression by lightly pruned trees of tendencies towards 
irregular or biennial bearing, especially after a very heavy 
or light crop, has required more extensive investigations 
of spur formation and behaviour, now demanding relation 
to shoot growth and flower bud formation and interpreta- 
tion in terms of natural growth substances and their 
inhibitors. In such context the induction of partheno- 
carpic growth of the receptacle by growth substances after 
demage by spring frosts, the influence of nitrogen uptake 
and its season on effective development of the flower 
buds, the possible production and role of morphogenic 
substances by the roots, internal competition in relation 
to the growth of individual fruits or shoots, seasonal 
variations in leaf area, illumination, and amount and 
location of energy reserves within the tree, all demand 
investigation. 

To have in progress, cheek by jowl, work designed to 
olucidate the mechanisms controlling the growth and 
differentiation of individual organs and investigations as 
gross as that of the response of the whole tree to variations 
in intensity and timing of the artificial thinning of fortilized 
fruitlets continuously presents to every research worker an 
inescapable challenge constantly to base his interests on 
the normal tree and its responses to its orchard enviren- 
ment—rather than on isolated systems within the labora- 


tory, important indications though these may so often 
provide. 

Too often a mental gulf can develop between thos: 
engaged in a laboratory on the investigation of enzyme 
systems, auxins, tissues, or isolated organs and tho» 
who face the complex responses summed in tho behaviour 
of the plant in the field or the tree in the orchard. At 
East Malling this tendency has been limited by tho sucess 
attending research involving both approaches. Man) 
examples could be quoted; for example, the results of 
investigations in the best traditions of Haborlandt. linking 
the anatomy and histology of root, stem and leaf of the 
rootstock, not alone with the growth of tho individual 
clone, but also, and precisely, with its effect on tho growth, 
precociousness, and fruitfulness of the scion variety borno 
on it‘; the correlation between the ability of young stems 
to form adventitious roots and the histology of the primary 
phloem”; the relationship between the development of the 
epidermis and hypodermis of the fruit to russeting and 
other blemishes; suberization of the endodermis of tho 
hop and of other species as a factor in resistance to soil- 
borne pathogens such as Verticillium albo-atrum; the 
complex relationship between disease symptoms in tho 
field and the viruses that cause them; again, in difforent 
context, the manner in which investigations of the control 
of bacterial canker of cherry are accompanied and aided 
by research on the ecology and nature of tho caus.:] 
organism, Pseudomonas mors-prunorum, and its pha» 
and physiological relationships with similar plant patho- 
genic bacteria**; work on the influence of naturally occus- 
ring metabolites, such as chlorogenic acid and their 
analogues, on resistance to Venturia inaequalia®: wor: 
on the relationship between nematode and bacterium inth > 
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ztiology of cauliflower disease of strawberry?’ now leading 
on to developing investigations of the effects of the micro- 
flora, micro-fauna, and nutritional status of old orchard 
sites on the establishment and growth of replants of the 
same or related species. 

Similar trends can be seen in the research on the 
protection of the tree and its fruit from pest and disease. 
At first of directly applied nature, undertaken in support 
of the cultural advances being made, this work not only 
produced results of great practical importance to the 
developing industry but also, very early and to steadily 
increasing extent, justified its expansion as much on 
scientific as on economic grounds. The control, from 1920 
onwards, of an increasing range of pests brought its own 
problems, as the effects of disturbance of the predator 
balance”? became apparent—an aspect of increasing 
importance with the post-war introduction of highly 
efficient but generalized insecticides. 

In turn, work has been required on the complex problems 
presented by the development of pest resistance to groups 
of insecticides and by the discovery of the insidious side- 
effects of some insecticides and fungicides on the host 
plant, for example, the influence of parathion on apple 
fruitlet abscission®® and the inhibitory effects of phenyl- 
mercury compounds on flower bud development in the 
pear®?®, 

In mycology the emphasis has shifted from the disease to 
the pathogen. Chemical protectants for the control of 
airborne diseases are being increasingly supplemented 
by curative fungicides that may be applied soon after 
conditions favourable to infection have occurred. The 
use of more concentrated fungicides, with consequent 
radical changes in the design of spraying machines, has 
been based on work at East Malling™ and elsewhere. 
Present investigations are concerned with measures to 
limit over-wintering of the fungus and subsequent 
spore discharge. In soil-borne diseases of hops and 
fruits work is in progress to achieve contro] through better 
understanding of the influence of biological and physical 
factors in the soil environment on the balance between 
fungal pathogenicity and host resistance. 

The wide occurrence of systemic virus diseases of fruits 
of all sorts, and their spread and multiplication by both 
animal vectors and indiscriminate propagation led to 
serious problems; indeed, the strawberry and raspberry 
industries were successively imperilled by the degenera- 
tion of commercial stocks of all the important varieties. 
The great success attending re-selection in strawberries, 
and an ambitious breeding programme in raspberries, 
bought time for research at East Malling* and Mylnefield 
on the occurrence and spread of the virus diseases con- 
cerned and on the control of their vectors; proposals 
for the provision of propagation material of known 
health status and identity®* which led to the foundation 
of the Nuclear Stock Association in 1954 with the aid 
of the Development Council and the Ministry of Agri- 
culture. The virologists also turned their attention to the 
virus diseases of hop and of apple, pear, cherry and plum, 
and their clonal root-stocks**. During the past decade 
the Station has, through its Mother Tree Scheme*, 
provided the industry with re-selected material from which 
to propagate commercial varieties not only true to type 
but also free from a steadily increasing number of the 
many viruses reducing productivity. 

The Station has gained much over the years from its 
association with Long Ashton in the publication of the 
Journal of Horticultural Science, from its very happy 
association with its offspring and guest, the Commonwealth 
Bureau of Horticulture and Plantation Crops, and from 
its fruitful liaisons with Wye College, with the Universities 
of Cambridge, London, Reading, Oxford and now, we 
hope, of East Anglia and Kent. The extension of such 
contacts with universities has been greatly assisted by the 
generosity of the Station’s friends, who have created the 
V. H. Blackman postgraduate research studentships of 
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£600 per annum, tenable for up to four or more years. 
These are designed to afford the fullest facilities for widely 
based training of men of high potential value to the future 
of agricultural research. 

Particularly gratifying, too, is the steady development 
in the post-war years of contacts with research on planta- 
tion crops overseas, for example, rubber, coconuts, tea. 
coffee, cocoa, citrus, and cotton. This is an aspect of the 
Station’s life that, given the necessary resources of men. 
and money, would most gladly be considerably developed. 
Meantime, postgraduate workers are welcomed from all 
parts of the world, themselves contributing much to the 
life of the Station. 

The scientific staff, including some eighty graduates, 
is organized into seven research sections: Pomology, 
Statistics, Plant Physiology, Fruit Nutrition, Plant 
Pathology, Entomology and Plant Protective Chemistry, 
together with a small but valued Scientific Liaison Section, 
which undertakes many duties which would otherwise 
fall on the other sections. 

This brief account of the developing trends of research 
at East Malling over the past fifty years would not be 
complete without grateful acknowledgement to those who 
have made the Station what it is—to those fruit growers 
and friends who have but recently endowed it with yet 
another 150 acres in the interests of its future work, to 
the Ministry of Agriculture and, in recent years, to the 
Agricultural Research Council particularly, as stimulating 
and generous sources of that aid without which such long- 
term commitments in research could not be contemplated. 
In the post-war years progress has also been greatly aided 
by the two-way flow of information resulting from intimate 
collaboration with the National Agricultural Advisory 
Service, with its National Fruit Trials, experimental 
horticulture stations, and wide contacts with the problems 
of the grower. ž 

Thus over the past half-century East Malling Research 
Station has lived and worked and grown in intimate 
association with the fruit-growing industry, with its 
advisers, and with the biological departments of many 
universities. It has seen the change from the unsprayed, 
mixed orchards of a dozen varieties and more, on unknown 
rootstocks, to a highly organized and skilled industry 
exercising a discriminating choice of plant material and 
increasingly demanding in its requirements of basic 
research. 

The descriptive and comparative approaches of earlier 
day have provided the basis for new trends, requiring 
far more detailed conceptions of the fundamental organiza- 
tion, and the means by which it is achieved, of the com- 
pound tree throughout its life. In this, the meristem and 
the tissues it differentiates, its nutrition, and the influence 
on it of auxins, kinins and gibberellins demand the samo 
attention as leaf area, net assimilation rate, or that ‘crop 
per acre’ which is, in the growers’ terms, the ultimate 
expression of the mechanisms controlling the growth and 
form of the tree. 

At Cambridge, and at many other centres of funda- 
mental research, great and exciting advances have been, 
and are being, made in the realms loosely indicated by the 
terms ‘cell physiology’ and ‘molecular biology’; if the 
enormous potentialities of such advances are to be devel- 
oped, in time, towards the feeding of the world’s growing 
population, on any basis save that of sheer empiricism, 
much will depend on progress made in our understanding 
of the basic aspects of the physiology and pathology of 
crop plants growing under representative environmental 
conditions. In turn this depends on the support broadly 
based ‘crop research’ stations, preferably working on 
groups of crops, are given now, as much by ‘pure’ biologists 
as by Governments. It is not enough for such stations to 
make solid ‘bread and butter’ contributions to increasing 
the potential of agricultural production; outstanding 
effort in the next few years is essential, if our knowledge 
of the response of individual crops to variations in environ- 
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ment or cultural practico is to be based, to the extent 
necessary, on better understanding of the inter-related 
mechanisms of growth and reproduction, through which 
alone the internal mechanisms of cells can exert their 
influence on the whole plant in the field. 

A plant may be regarded as but a collection of cells; 
but these are seldom independent of the collective wholo. 
Thus while it is essential that generous facilities and man- 
power be directed towards extending our knowledge of 
the fundamental organization of the cell and tissue, man- 
kind will not benefit quickly enough from the fruits of such 
work if investigation of the organization and behaviour 
of the plant as a whole in its normal environment be neg- 
lected. Universities and crop research stations must 
collaborate even more effectively and with real urgency 
to attract to crop physiology, to applied gonetics, to such 
fields as host/parasite relations and the biological environ- 
ment of root systems, an adequate and steady-flow of 
able young research workers. Botany departments in 
universities are nowadays largely urban; crop stations have 
resources of land, plant material, and research experience 
that to-day are but very inadequately drawn on for the 
postgraduate training of biologists. 

The development of the physical sciences is providing 
biologists with means of the greatest delicacy for the 
investigation of the cell and its metabolism; action is 
long overdue to enable the young in their formative years. 
together with their teachers and ‘careers masters’, to 
realize the extent to which the future now depends, not 
alone on advance in the physical sciences, but on attract- 
ing the best and most able brains available to the exciting 
and rewarding fields of research awaiting them in botany 
and zoology. 
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PROTECTION AND DEVELOPMENT OF NATURE IN 
CZECHOSLOVAKIA 


HE Czechoslovak national anthem has two character- 

istic features: its rhythm is very difficult compared 
with others and its words*describe and laud a lovely and 
variegated landscape. The fact that the Czechoslovak 
countryside is rich in contrasts can be confirmed by 
anybody who has crossed its borders. There scarcely 
exists any other country where in the relatively small 
area of 128,000 square kilometres one may find such great 
natural variety. Its altitude varies from 100 m above 
sea-level to high mountains reaching to more than 2,600 m; 
it boasts geomorphological variety—with the exception 
of a sea coast, practically all the Central European types 
of land are represented in Czechoslovakia; variations 
of climate—districts growing maize in one place and 
having ideal conditions for cultivating potatoes and oats 
elsewhere are no exception. The wild life spreads widely 
over the plant and animal kingdoms; some 3,000 
different flowering plants are to be found, as well as 40,000 
different examples of animal life. 

The fact that such rich natural life has been preserved 
in a country with 105 inhabitants per square kilometre 
and occupying, in world industrial surveys, a very impor- 
tant position in comparison to its size, makes the protec- 
tion of this natural wealth imperative. The Czechoslovak 
State considers protection of Nature as one of its and the 
citizen’s basic duties; this has even been expressed in the 
Constitution, Chapter 1, Article 15, jthus: “The State 
shall make provisions for the conservation of Nature 
and the preservation of the beauties of the country so 
as to create an increasingly rich source of benefit to 
the people and suitable surroundings for the working 


people with a view to their health and their right to 
recreation”. 

Throughout the Republic there are numerous protected 
reservations—specific examples of natural features (Figs. 
1 and 2), plant and animal families, regions preserved in 
their original state and capable of both maintaining their 
inherent character and undergoing their own natural 


‘development. In the Sumava Mountains it is the Boubin 


forest—one of the world’s oldest protected territorios. 
Other protected forests are in the Tatra National Park. 
Spreading over an area of 50,000 hectares (1 hectaro = 
2:471 acres), it covers the base of the granite High Tatra 
Mountains and is open to visitors. 

Examples of rare meadowland forests have been pre- 
served in the South Moravian region. Protected also are 
the romantic sandstone rocks—something like whole 
towns of rocks, peat-bogs in several parts of the Republic 
and certain ponds (‘Novozdmecky’ near Česká Lípa, 
‘Velký’ and ‘Malý’ in the South Bohemian region. etc.) 
included among the most significant of European bird 
reservations. Visitors also show great interest in Karst 
reservations (Fig. 3)—the ‘Demänovská’ cave in the 
Low Tatra Mountains, for example, was visited last year 
by more than 600,000 tourists. In Southern Moravia 
there exist reservations of rocky and turf steppes, while 
in Central Bohemian Highlands are samples of European 
dry- and warm-climate flora. 

A great number of geological features are being pro- 
tected, many of which have bizarre shapes. The most 
picturesque example of tertiary volcanic activity has beon 
preserved near the town of Kamenicky Senov—those aro 
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‘Gentry Rock’, known also as ‘Kantor’s Organ’—an unusual basalt natural feature in Northern Bohemia 


Fig. 1. 





So-called ‘towns’ of sandstone rocks are part of the natural beauties of a region appropriately called the ‘Bohemian Paradise’ 


Fig. 2. 
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Recreation centre near a dam on the River Dyje—an example of systematic and 
harmonious landscaping 


Fig. 3. Little ‘water-lily lakes’ in the Karst territory of the Demiinovska grottoes 





basalt pillars reaching nearly 20 m high amt 
resembling pipes. They are called ‘Kantor’s 
Organ’ (Fig. 1). Slopes covered with a 
granite ocean of stones with wandering 
boulders on the hill-tops are to be seon 
in the Čertova stěna (‘Devil’s Wall’) natura! 
reservation near Cesky Krumlov. Kamajka 
in the vicinity of the East Bohemian 
town of Čáslav and Kaňk at nearby Kutni 
Hora reveal unusual fossil remnants of a 
chalk sea-coast. 

Those in charge of the protection of 
Nature are concerned with preserving the 
qualitative, and in many cases also quanti- 
tative, composition of the flora and fauna. A 
decree issued by the Ministry of Education 
and Culture in 1958 provides for the pro- 
tection of nearly two hundred plants. 
Among them are some species peculiar to 
Czechoslovakia; for example, the white 
blossoming Janthus arenarius bohermicus 
growing on protected plots in the surround- 
ings of Roudnice nad Labem, and Daphne 
arbuscula, the pink blossoms of which appear 
on the limestone slopes of the Muráň high- 
lands. Old trees also come under State 
protection, either for their scientific, econo- 
mic or cultural and historical significance: 
for example, the so-called ‘Oldfich’s Oak’ 
at Peruca under which, according to a 
legend, Czech Prince Oldřich met for the 
first time the young washerwoman, Božena. 
whom he later married. 

Animal life well worth protecting in- 
cludes the kingfisher. red heron and otter. 
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the last-named also being useful for its fine fur. Regard- 
ing game, it goes without saying in Czechoslovakia 
that huntsmen do not enjoy only the delights of the 
hunt, but consider it their duty to care for the wild 
animals all the year round and systematically renew 
the herds. 

The principles of Nature protection are obviously 
applied with regard to industrial and agricultural develop- 
ments which nobody can nor wishes to thwart. The aim 
is not to preserve the ancient character of the country, 
but rather to achieve a synthesis of natural conditions 
with scientifically directed human activity, the result 
being a harmoniously balanced landscape pleasing to the 
eye. An example is provided by the irrigated regions 
in the vicinity of new dams where recreation centres are 
being built according to a fixed plan (Fig. 4). 


NATURE 


April 27, 1963 vou. 198 


In Czechoslovakia, State protection of Nature falls 
within the purview of the Ministry of Education and 
Culture. Considerable responsibility in this respect has 
been given to the district national committees, while 
expert and scientific problems are dealt with by the State 
Institute for the Protection of Historical Monuments in 
Prague and its sister Institute in Bratislava. More than a 
thousand restorers and amateur research workers form 
a team of voluntary collaborators with the State institu- 
tions in charge of the protection of Nature. Besides this, 
a standing committee exists for the co-ordination of tasks 
connected with the protection of natural environment. 
Practical application of all the principles of Nature pro- 
tection is not a task for experts alone, but has become a 
respected civic duty of the country population, hikers 
and, above all, of Nature lovers. 


TECHNICAL EDUCATION IN BRITAIN” 
By Sir EDWARD BOYLE 


Minister of Education 


HE Association of Principals of Technical Institu- 

tions is the main channel through which contributions 
can be collectively made to policy-making in connexion 
with technical education. But it is not the only one, for 
there are many hundreds of committees and other advisory 
bodies throughout Britain which serve the cause of 
further education as a whole. It is easy and rather facile 
to say that there are too many committees: yet they are 
tke means by which we secure the intimate participation 
in policy-making—at every level—of all those most 
closely concerned—principals and teachers together with 
administrators, H.M. Inspectors, representatives of indus- 
try, and often the universities and the professional 
institutions. All take part as equals in the search for 
sensible practical solutions. 

This is undoubtedly the most exciting phase in the 
history of further education in Britain: it is worth while 
reminding ourselves from time to time of the quite remark- 
able speed at which change has been taking place. 

It was brought home to me when I reflected on the 
changes which had occurred in the comparatively short 
period since I left the Ministry in 1959. If one looks on 
the 1956 White Paper as the beginning of a new chapter 
we were still then in the early pages, and of course we 
were very largely concerned with the sheer logistics of 
expansion and in particular with the development of the 
colleges of advanced technology and advanced tech- 
nological education. In 1959, there were about 17,000 
full-time teachers; now the figure is approaching 25,000. 

Fulltime and sandwich-course students, in 1959, were 
just under 100,000. By 196]-62—the latest year for 
which we have statistics—they already exceeded 130,000, 
and the number is growing all the time. 

The most important single event since 1959 has, I 
should have thought, been the publication of the 1961 
White Paper on Better Opportunities in Technical Educa- 
tion. In a sense, this did for the technicians, craftsmen 
and operatives what the 1956 White Paper had done for 
the technologists. It was, in effect, an agreed statement 
of national policy about the lines on which the various 
partners in the further education system thought the 
provision of these levels should be developed. Between 
them the two White Papers laid down the framework of 
policy within which we are still working over a large part 
of the field. 

` I bave also been asking myself what changes in attitude 
—in the climate of opmion—have come about since I was 


ia Substance of an address to the Association of Principals of Technical 
Institutions delivered on February 20. 


Parliamentary Secretary. How far has the emphasis 
switched? What, if any, new trends have emerged ? 
These are not, of course, matters on which it is possible 
to be procise, and I shall not try to be comprehensive. 
But here are some of the points which have struck me in 
thinking about this subject. 

I hope that the engineers will not take it amiss, but I 
am personally glad to see that they do not dominate the 
scene quite as much as they did five years ago. There 
have not only been major developments in other technical 
fields, but also at last we seem to be making rapid progress 
in such important but hitherto backward sectors as 
agriculture and business studies. 

Let me take business studies to illustrate my point. I 
can well recall the interest aroused by the McMeeking 
Report when it appeared in 1959. At first the progress in 
giving effect to it was rather slow, but the process has 
been rapidly gaining momentum. The National Certificate 
scheme has been completely reorganized, and has met with 
a most encouraging response in its new form. In its first 
year of operation the Ordinary National Certificate courses 
attracted nearly 10,000 students compared with less than 
7,000 in the last year of the Ordinary National Certificate 
in commerce. In addition, the Ordinary and Higher 
National Diplomas have been introduced, with more than 
1,100 students in the first year of the former and some 
380 enrolled in tho first Higher National Diploma courses 
last autumn. To complete the picture, the Crick Com- 
mittee is, of course, examining the question of a still 
more advanced award in business studies at diploma in 
technology or honours degree level, and—no less important 
at the other end of the scale—I expect to be announcing 
shortly the scheme for a new national award in office 
studies for junior office workers aged 16-18. I believe 
that this will fill a gap for many employers, and that it 
will have a wide appeal to intelligent boys and girls who 
lack of Ordinary Level qualifications to take the Ordinary 
National Certificate. Last, but by no means least, I have 
been delighted to notice the increasing extent to which 
leading professional bodies are coming to appreciate the 
value of the contribution which the colleges can make to 
professional education in the commercial field. I believe 
this to be a most encouraging pointer to the future. 

Turning to wider questions, I think we have all 
become more conscious of a number of issues which were 
certainly being talked about when I was at the Ministry 
previously, but on which ideas have now become clearer. 

Great progress has undoubtedly been made in getting 
to grips with the important and difficult problems of 
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making systematic and adequate provision for tech- 
nicians. This was one of the chief themes of the 1961 
White Paper, and the Association of Principals of Tech- 
nical Institutions has co-operated fully in the steps which 
have been taken to give effect to its proposal on this 
subject. A great deal more needs to be done, but I hope 
we are now on the right lines. 

I also welcome the growing attention which is being 
given to another White Paper theme—tho importance of 
better methods of selection and diagnosis—and the 
Ministry is anxious to encourage further oxperiments 
with induction courses as an aid to selection and as a 
method of reducing the wastage of talent which much 
too often occurs at present. A circular recently issued by 
the Ministry of Education makes suggestions about the 
ways in which more time for study can be provided for 
craft and technician students. The provision of adequate 
time for study is essential if wastage is to be reduced 
to the minimum, but this is not the only purpose of the 
circular. It is being more and more widely recognized 
that English and other general studies are necessary if 
full benefit is to be derived from the more specifically 
technical work. There is a strong vocational case for this 
and it is just as important on wider social and educational 
grounds. 

Since 1959 there has also been an increasing awareness 
of the importance of closer links between schools and 
further education. The distinction between the two 
stages of education is basically only one of administrative 
convenience. The Government’s attitude on this subject 
was stated in the 1961 White Paper, and it is to be hoped 
that the Ministry’s pamphlet Forward from School showed. 
how much thought it is receiving and contained many 
good ideas collected from all over Britain. The 
Ministry will be following this up with another pub- 
lication which will direct attention to the opportunities 
for further education particularly in full-time and sand- 
wich courses, and this should be useful to schools, 
parents and others who are responsible for advising those 
about to leave school. For example, still too little is 
known about the opportunities for degree-diplomas in 
technology and other degree-level courses leading to 
valuable professional and other qualifications which exist 
not only in the Colleges of Advanced Technology but 
also—this is the point I want to emphasize—in the 
Regional Colleges and some of the Area Colleges. Many 
people, when they speak of ‘full-time higher education’, 
think only of the universities and the Colleges of Advanced. 
Technology. Yet, according to recent figures, in the 
technical colleges other than the Colleges of Advanced 
Technology there are no fewer than 25,000 students 
taking full-time and sandwich courses leading to advanced 
qualifications. Nearly 6,000 of them were working for 
internal and external degrees and diplomas in technology. 
The public at large and even the educational world are 
insufficiently aware of the contribution which these 
colleges aro making to full-time higher education—in 
addition to all their advanced part-time work. I am 
anxious that the existence of these facilities should be 
much more widely known. In view of the pressure for 
places in higher education it is a pity that some colleges 
should have vacancies in degree and other advanced 
courses. I am sure that it is mainly due to the widespread 
ignoranco about this important sector of the system of 
higher education. 

I could give a good many other examples of the changes 
I think I notice, but I will only briefly mention two others. 
Both are of great importance for the future. 

The first is research. I welcome the rapidly growing 
interest in all forms of research in education and the 
increasing volume of research into differont aspects of 
further education which is being done at the colleges and 
elsewhere. Whether it be a question of selection processes 
or examination techniques or teaching methods. or indeed 
organization and management, there is a much greater 
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readiness to recognize the inadequacy of largoly empirical 
and traditional methods. As in very many other spheres 
of our national life, we have suffered a great deal in the 
past from a readiness to believe that the experienced 
amateur could safely be allowed to lay down thu law, 
and I am pleased that there is now at last a more wido- 
spread realization of the need for a more professional 
approach. We shall certainly need the guidance which 
only research by qualified experts can give into tho 
psychological, sociological and other factors which should 
be taken into account in handling what are ultimatoly 
mainly human problems. I know how much intorest is 
being taken in these matters in so many of the colleges. 
It will certainly be my policy to encourage the dovolop- 
ment of all forms of educational rosearch, and I should 
like to take this opportunity of saying that if the Associa- 
tion of Principals of Technical Institutions has any sug- 
gestions to make as to specific lines of research which 
ought to be followed I hope that they will let me know, 
for this is something in which I have a very spocial 
interest. 

There has also, I think, since 1959 been an increasing 
awareness—not confined to the educational world- -of the 
importance of making the most effective and economicul 
use of resources. We are faced with a continuing neol 
both to improve the quality and the quantity of the 
provision which the education service is ablo to make, 
and we all of us operate within the limitations of resourecs 
—hbe they of qualified manpower or building or equip- 
ment—which despite the rapid rate of increase during 
recent years can never be adequate for all we would like 
to do. But how much we get out of the available resources 
is largely in our own hands. Obviously, we shall only bo 
able to do our best for the students, cope with the ever- 
increasing numbers which we are all anxious to sev, and 
render the service to industry which the national intorest 
demands if at the same time we doploy and uso the 
resources at our disposal to the maximum advantago. 
This is a matter which should be of concern to everybody 
who is in a responsible position in education. 

I have left to the last a recent development which is 
bound to be of the greatest importance for the future of 
further education in this country. I refor, of course, to 
the Government’s proposals on industrial training. Thoy 
represent a major departure from the traditional approach 
to industrial training. The Government has decided to 
accept entirely new and much more positive responsibilities 
for seeing that both the quantity and the quality of the 
provision are adequate to national needs: the concept 
for the future is of a partnership in which Government. 
industry and the education service all co-operate in 
ensuring that young people get the appropriate education 
and training. The White Paper acknowledges tho value 
of the existing full-time technical college coursos for 
apprentices and envisages their large-scale expansion. 
There will, of course, be educational represontution on 
the boards and other bodies which are responsible for 
giving offect to the scheme, and the Ministry of Educa- 
tion will be working closely with the Ministry of Labour. 
These will be the best guarantees that a broad viow is 
taken of the educational requiremonts of the young 
worker, and the opportunities which the proposals will 
open for the colleges will be vory groat indeed. Tho 
demand for part-time and other coursos of further 
education is bound to be greatly incroased, and if tho 
colleges are ready and able to play their full part in 
co-operation with industry, the scope for development- 
integrated and other courses involving industrial training 
will also be great. 

To make a success of the schomo the Minister of Labour 
and I believe that it will be essential to have the help 
and advice of principals and tochnical teachers at all 
levels in its administration. 

My predecessor, Lord Eccles, made a very groat con- 
tribution to the development of further education, an4 I 
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always felt that his mind, and his remarkable executive 
capacities, seemed to be especially well fitted to this part 
of the education service. Whether in Parliament, or in a 
committee of Ministers, or on the public platform, he 
always showed not just a knowledge of his brief but a 
profound grasp of the subject—and I am sure woe are all 
pleased that he can continue to stimulate further progress 
from his seat in the House of Lords, freed from the 
limitations of having to confine himself within the bounds 
of agreed Government policy. I understand the deep 
regrets which were felt in the world of the technical 

- institutions when Lord Eccles left the Government last 
July, nor can I pretend to have anything like his know- 
ledge and instinctive grasp of the problems of further 
education. One thing, however, has helped me, and that 
has been my knowledge, as a keen student of history, of 
the part which science, both pure and applied, has played, 
not just during the past two hundred years but also in 
every period of our national history. I am also totally 

. free from the illusion that pure science is the norm, with 
applied science a sort of not quite reputable academic 
second. best. 
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Prof. K. R. Popper, in his book The Open Society and 
its Enemies, denounces Aristotle’s ideal of the ‘leisured 
gentleman’, and he insists that “in our day no man 
should be considered educated if he does not take an 
interest in science”. I have always particularly liked 
Popper’s words in criticism of a purely literary and 
historical education which appear later on in the same 
footnote: “Only if a student experiences how easy it 
is to err, and how hard to make even a small advance 
in the field of knowledge, only then can he obtain a 
feeling for the standards of intellectual honesty, a 
respect for truth, and a disregard of authority and 
bumptiousness”. I hope that, as a humble historian, I 
have some regard for truth also. But Popper’s words do 
remind us that the disciplines in the technical institutions 
do more than just promote greater economic efficiency; 
they are also, in their own right, first-class educational 
disciplines for all those boys and girls who come to them 
with a sufficiently firm basis of general education. It is 
in this sense, above all, that the various stages of our 
national system of education are interdependent and 
indivisible. 


OBITUARIES 


Prof. John Read, F.R.S. 


Tue death of John Read on January 21, 1963, while 
still active as professor of chemistry in the University of 
St. Andrews, removed from us a personality unique in the 
field of modern science and letters. A Westcountryman, 
born at Maiden Newton in Dorset in 1884, he was proud 
of his Somerset ancestry, upbringing and education, first 
of all at Queen Camel, then at Sparkford, and later at 
Sexey’s School at Bruton in Somersetshire, and he retained 
throughout his life an interest in the West of England 
which even his deep affection for the more northern clime 
of St. Andrews did nothing to diminish. From Bruton 
he went to study at Finsbury Technical College (1901-05) 
and then to Zürich (1905-07), where he gained his doc- 
torate for research in chemistry under Alfred Werner. 
Following this, he worked for nine months in the School 
of Technology in Manchester in Pope’s laboratory. In 
1808 Pope was appointed to the chair of chemistry in the 
University of Cambridge and Read joined him there, 
spending eight fruitful years (1908-16) at Cambridge, 
continuing his investigations into various aspects of 
stereochemistry. 

In 1916 Read was appointed to the chair of pure and 
applied organic chemistry in the University of Sydney 
and he worked for the next seven years in Australia, 
where he found in materials from the almost unexamined 
flora of that continent a wealth of chemical problems 
which his previous experience had specially fitted him to 
tackle. 

Then in 1923 came Read’s lest move, this time to the 
Purdie chair of chemistry in St. Andrews. He soon 
settled happily in this very different environment, and 
during a period of very nearly forty years his tall spare 
figure cycling to and from the Chemical Laboratory was 
well known to all St. Andreans. He continued his work 
on natural products, with special reference to the chemis- 
try of the terpenes and essential oils, and in addition he 
was actively engaged in problems of stereochemistry, 
particularly with the study of simple asymmetric mole- 
cules and with methods of optical resolution. This work 
involved major contributions to organic chemistry and 
its value was recognized in 1935 by his election to the 
fellowship of the Royal Society and the award of the 
Sc.D. degree by Cambridge. In 1948 he was president of 
Section B (Chemistry) of the British Association. 

His scientific work, important as it was, nevertheless 
represented only a part of Prof. Read’s activities. As the 


years went by he became intensely interested in the 
history of chemistry and alchemy and in the contribu- 
tions made by chemistry to humanism and to cultural 
activities in general. His skill in languages—he was, 
among other things, an expert in the Somerset dialect, 
which he spoke fluently—and his delightful, easy style of 
writing, coupled with his scientific and philosophical out- 
look, fitted him admirably for these investigations, and 
the results of his work are recorded in a series of well- 
known books, among which may be mentioned The 
Alchemist in Life and Literature and Art (1947); Humour 
and Humanism in Chemistry (1947, translated into Spanish 
in 1953); Through Alchemy to Chemistry (1957, with a 
French edition two years later and Spanish and Italian 
editions in 1960). His skill as teacher and expositor is 
shown. also in his text-books of organic chemistry, which 
have served as an inspiring introduction to organic 
chemistry for many generations of students. His Text- 
book of Organic Chemistry, first published in 1926, has 
passed through many editions and is in great demand in 
its latest form (1958) revised in collaboration with Dr. 
F. D. Gunstone. The smaller Introduction to Organic 
Chemistry (1931 onwards) has been equally popular. 

Special mention must be made, however, of two of 
Prof. Read’s achievements in the way of exposition. 
During the War he published in the Pelican Series an 
account of the chemistry of explosives which was given 
a whole-page review in Punch and of which more than 
120,000 copies were sold. In 1948 came his popular 
account of the field of organic chemistry entitled A Direct 
Entry to Organic Chemisiry. The clarity of this and the 
easy style ensured for it a truly phenomenal success both 
in Britain and abroad. It gained for Prof. Read the 
Premio Europeo Cortina Prize in 1949, and very shortly 
afterwards Italian, German and American editions of it 
were published, while its author was invited to lecture 
in Italy, Switzerland, Germany and Austria—in each 
country in the appropriate Janguage. 

Nevertheless, it is probably true to say that the work 
Prof. Read most enjoyed writing was not to be found 
among his scientific or historical contributions, but was 
instead his altogether delightful study of a bygone age in 
Dorset and Somerset which he depicted in Farmer’s Joy. 
published in 1949. His insight into human character, his 
versatility and his highly characteristic sense of humour 
are further shown in the series of plays he wrote in the 
Somerset dialect. So authentic is the language in these 
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that scenes from them have been recorded for various 
dialect surveys. Many of us, whether chemists or not, 
will recall his discovery of a group of epigrams written in 
Latin elegiac couplets embodying alchemical doctrines 
and set to music by Count Maier, alchemist to Rudolf II. 
These set in modern musical notation by F. W. Sawyer 
were sung by a choir from St. Andrews University at the 
Royal Institution by invitation of Sir William Bragg. 

It is not altogether surprising therefore to learn that the 
first British recipient of the American Chemical Society’s 
Dexter Award for distinguished contributions to the history 
of chemistry was John Read, who received it in 1959. The 
citation for the award aptly sums up much of his achieve- 
ment in that it commemorates “the meritorious services 
over a long period of time” of “one of the most versatile 
of Scientists as well known for his literary accomplish- 
ment as for his researches in organic chemistry”. 

In 1916 Prof. Read married Ida Suddards, who survives 
him, with one of their two sons, the other son having lost 
his life tragically in a mountaineering accident just over 
& year ago. E. L. Hirst 


Prof. G. A. Clark, C.B. 


GEORGE CLARK, who died on February 9, was professor 
of physiology and dean of the Faculty of Medicine in the 
University of Sheffield from 1933 until 1946, when he left 
to join the staff of the Ministry of Health. 

He graduated at the University of Durham during the 
First World War, and his studies were interrupted by 
two years’ service as surgeon-probationer in the Royal 
Naval Volunteer Reserve. He was released from service 
to complete his degree course and. graduated with honours 
in 1917. He then rejoined the Royal Navy for two years 
as surgeon-lieutenant. He never lost his love for the Senior 
Service and after the First World War he served with the 
Royal Naval Volunteer Reserve for many years. 


In 1919 Clark was appointed lecturer in physiology in. 
the University of Durham, where he remained until 1924. 


He then joined the Department of Physiology in Sheffield 
under the late Prof. J. B. Leathes, for whom he had the 
greatest admiration and affection. When Leathes retired 
in 1933, Clark succeeded him to the chair. Leathes had 
given. much thought to the revision of the medical cur- 
riculum, with the view of attaining a much closer relation- 
ship between the pre-clinical and clinical subjects. Therein 
he was enthusiastically supported by George Clark, whose 
talents for organization were soon recognized. As a 
result he was elected dean of the Faculty- of Medicine 
soon after his appointment to the chair of physiology, 
and he served as dean until he left in 1946. 

Clark had a very clear and penetrating mind, and 
initiated a number of schemes for the better welfare and 
teaching of students. The clinical professorial chairs were 
held on a part-time basis, and teaching was often sub- 
servient to the demands of private practice, and relations 
between the clinical departments and the University were 
often tenuous. In order to provide better organized 
teaching, Clark pressed for the establishment of full-time 
chairs in the major clinical subjects. He also supported 
the plan for building a University Teaching Hospital, a 
single building providing complete facilities for under- 
graduates, and replacing the four separate hospitals where 
clinical teaching is still provided. At the time, these 
revolutionary ideas aroused anger and opposition among 
some clinicians and led to quarrols. Nevertheless, it is 
now recognized that Clark’s ideas were right and a 
number of full-time chairs have been created, and their 
advantage in organizing teaching and advancing research 
is apparent. 

Clark was also instrumental in setting up a University 
Student Health Service, which provides medical care for 
undergraduates and has served as a model for other 
universities. He also played a large part in the formation 
of the School of Nursing. 
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During his time in Sheffield, George Clark served on a 
great many committees, including the General Medical 
Council, and took an active part in them all. So much 
was he preoccupied that he had less and less timo to 
devote to physiology. In 1946 he resigned and joined the 
Ministry of Health as a principal medical officer. Thore 
his experience and capabilities were available for the 
integration of medical education with the Health Service. 
He continued to serve on the General Medical Council 
and completed twenty-four years in 1962. His loyal 
services were recognized by the C.B. in 1954. 

George Clark made firm and lasting friendships, which 
he greatly valued. Although he visited Sheffield only 
rarely after he left, he kept in touch with many of us. and 
his friends were always welcome to call on him at the 
Ministry. 

George will long be remembered by his many friends, 
and his former students will remember him with gratitudo 
and pleasure. J. WILEIE 


Dr. S. E. Jacobs 


Dr. Srantey E. Jacoss died on January 27, following 
a short stay in hospital necessitated by a chest infvction. 
Although he had not been particularly robust in hoalth 
for a number of years, it is certain that tho extremoly 
bad London smog in December did not holp his condition. 
Ho will probably be best remembered as oditor of the 
Journal of Applied Bacteriology. 

Stanley Jacobs was born in London on June 23, 1905. 
Before he entered the Imperial College of Science and 
Technology in 1923 he attended the Strand School, 
London. In 1925 he obtained his associateship of the 
Royal College of Science in chemistry, being first in the 
diploma list. He was also awarded tho Frank Hatton 
Prize for proficiency in advanced chemistry. In 1926 ho 


‘gained a B.Sc. degree with honours in chemistry. Threv 


years later he was awarded a Ph.D. in bacteriology by 
the University of London. Prior to that time, ho was 
appointed as a demonstrator in bacteriology for Dr. 
Paine in the Department of Biology under the direc- 
tion of Prof. Farmer. This position he retained until 
1933, when he was appointed assistant lecturer in tho 
Department of Bacteriology under the direction of Prof. 
V. H. Blackman. Thereafter he was successively lecturer 
in the Department of Botany in 1938, senior lecturer in 
the Department of Botany and Plant Physiology in 1946, 
and in 1950 was appointed reader in bacteriology in tho 
University of London and assistant professor of bacterio- 
logy of the Imperial College, positions which ho held 
until his death. 

The contributions Stanley Jacobs mado in the world of 
microbiology in original research and teaching have beon 
outstanding. In spite of recurrent poor health, he engaged 
in a number of outside activities. He lectured for somo 
years in bacteriology at the Sir John Cass Technical 
Institution in London and also for a short time at the 
Chelsea Polytechnic. He was for a number of yoars 
chairman of the Special Advisory Board in Microbiology 
in the University of London and was a momber of the 
Panel on Co-ordination of Research Contracts on selocted 
topics in radiobiology under the auspices of tho Inter- 
national Atomic Energy Agency, and he contributed to 
the Vienna meetings of this body in 1960 and 1961. He 
was consultant to the Rubber Research Institute of 
Malaya, and it was on a trip to Kuala Lumpur by air in 
1961 that he was taken seriously ill with a spontancous 
pneumothorax leading to serious damage to the ling 
which undoubtedly weakened his resistance against the 
polluted London atmosphere. Ho was a prime movor in 
initiating a postgraduate M.Sc. course in microbiology at 
the Imperial College. This course was much in demand 
and it is hoped it will not die along with its originator. 

In the field of original research, Stanley Jacobs was 
interested in a wide variety of subjects, as was to be 
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expected from a tutor of research students. Nevertheless, 
many of the subjects in which hoe was interested he worked 
on and published on his own. Examples of this were the 
decomposition of naphthalene in soil by micro-organisms, 
sterilization by ultrasonics, nitrogen-fixing bacteria in the 
soil and microbial control of the flower moth Ephestia 
kuehniella Z. However, his main investigational work 
concerned studies in the dynamics of disinfection. His 
main collaborator in this work was Dr. R. C. Jordan, 
from the Physiology Department of the University 
College of South Wales and Monmouthshire. These two, 
with an occasional other collaborator, wrote a classical 
series of papers in the Journal of Hygiene between 1944 
and 1947. In a series of fourteen papers, these investi- 
gators made a fundamental study in this field, using 
Escherichia coli and phenol. They studied the effect on 
rate of reaction of disinfection of concentration and 
temperature, pH, food supply, etc., and from the experi- 
mental data resulting were able to attack those investi- 
gators who held that death of micro-organisms by dis- 
infection followed an exponential curve. These workers 
showed quite clearly, with the system set up, that dis- 
infection curves were basically sigmoid in nature but that 
when the rate of disinfection was rapid, these sigmoid 
tendencies could not be observed; furthermore, by 
altering the conditions of the system, the shape of the 
curve could be varied so that if portions of the curve only 
were examined, it would appear that the death of micro- 
organisms in contact with the disinfectant followed a 
straight line on a somi-logarithmic plot. For this work, 
both he and Dr. Jordan were awarded the degree of D.Sc. 
in the University of London in 1948. 

In 1960 Dr. Jacobs addressed the British Pharma- 
, ceutical Society at a symposium on “Chemical Disinfec- 
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Scientific Attaché in British Embassies at Bonn and 
Vienna Mr. R. Ashton 


Mr. Ronatp Asaron has been appointed scientific 
attaché to the British Embassies in Bonn and Vienna 
with residence at Bonn, and will take up his post in the 
autumn. He succeeds Brigadier C. F. C. Spedding, who is 
retiring on completion of his term of appointmont. Mr. 
Ashton, who is fifty-one, is at present head of the Over- 
seas Liaison Group of the Department of Scientific and 
Industrial Research. As scientific attaché, Mr. Ashton 
will advise the British Ambassadors on scientific matters, 
promote sciontific contacts and report on scientific and 
technological development in the civil field in the terri- 
tories to which he is accredited. He will continue to 
hold his present rank of Senior Principal Scientific Officer. 
Mr. Ashton read mathematics, physics and chemistry at 
King’s College, London, for a year before going to the 
University of Oxford with a Meyricke Exhibition. After 
graduating with first-class honours he did research in 
organic chomistry at Oxford, and then joined the research 
staff of Imperial Chemical Industries, Ltd. 


Electronics Group, Royal Radar Establishment: 
Dr. G. L. Hutchinson 


Dr. G. L. Hurconrmson has been promoted deputy 
chief scientific officer and has taken up a new appointment 
—head of the Electronics Group of the Physics and Elec- 
tronics Department at the Royal Radar Establishment. 
After gaining honours in physics and his Ph.D. at King’s 
College, London, Dr. Hutchinson was awarded a Keddey 
Fletcher War studentship in 1937, and for the next two 
years was engaged in research on properties of dielectrics 
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tion”, summarizing these theories and bringing forward 
new information concerning the simultaneous death and 
multiplication of micro-organisms in low concentration of 
disinfectant. So recently as 1961 he published his research 
on the viability of bacteria damaged by phenols, and there 
is little doubt that his fertile mind had plannod further 
similar investigations for the future. 

Stanley Jacobs used to love to roam the countryside of 
Europe in his car with his wife, Joyce, but undoubtedly 
his greatest hobby was editing the Journal of Applied 
Bacteriology. This occupied most of his leisure hours. He 
was a perfectionist here, as elsewhere, as most of the 
contributors to the Journal knew. This was, however, 
not merely slavishness to a certain style or format but a 
striving for correctness of expression and scientific detail. 
Furthermore, he was not a harsh editor, but one who 
would go to endless trouble to make suggestions to 
authors by way of pencilled notes on the typescript or 
even complete re-writing of whole sections to show them 
how their material could best be presented. For this he 
endeared himself to many a young research worker or 
one whose mother tongue was not English, and also 
brought about a chastening reaction to well-known and 
experienced writers. I myself had the honour to be 
associated with Stanley Jacobs as co-editor of the Journal 
during its formative years when it emerged as a fully 
fledged journal of international repute. 

Stanley Jacobs was married in 1931 and is survived by 
his wife, Joyce, and their son, Barry, who has in some 
measure followed in his father’s footsteps in that he 
obtained an honours degree in mechanical engineering in 
the City and Guilds College of the Imperial College of 
Science and Technology and is now a lecturer in that 
College. L. F. L. CLEGG 
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at centimetric wave-lengths under Prof. (now Sir) C. D. 
Ellis. In 1939 he joined the Air Ministry Research Estab- 
lishment, Dundee—the forerunner of the Telecommunica- 
tions Research Establishment and the Royal Radar 
Establishment. He was later seconded to the Royal Air 
Force to assist with the installation of the coastal radar 
chain. In 1943 he joined tho staff at the Telecommunica- 
tions Research Establishment, Malvern. From 1948 until 
1954 Dr. Hutchinson was at the Royal Aircraft Estab- 
lishment, Farnborough, and in 1954 he was posted to the 
British Joint Staff Mission (now Defence Research Staff) 
in Washington. He returned to the Royal Radar Estab- 
lishment in 1957. 


Engineering at the Queen’s University of Belfast : 
Prof. T. M. Charlton 


Mr. T. M. CHARLTON, who has recently been appointed 
to the chair of engineering at the Queen’s University of 
Belfast, was born in 1923. He was educated at Doncaster 
Grammar School, Derby Technical College and University 
College, Nottingham, and graduated in 1943 as an external 
student of the University of London. After graduating, 
he joined the Ministry of Aircraft Production at the 
Telecommunications Research Establishment, Malvern, 
as junior scientific officer. In 1946 he became an assistant 
engineor of Newcastle upon Tyne. and in 1954 he was 
appointed a lecturer in the Department of Engineering, 
University of Cambridge. He was elected into a follow- 
ship at Sidney Sussex College in 1959. Mr. Charlton’s 
work has been mainly in the theory of structures and has 
included the development of energy methods, in par- 
ticular the method of complementary energy and uses of 
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virtual work, and techniques for the use of scale models 
in structural analysis. He has been a member of the 
Steel Structures Committeo of the British Welding 
Research Association and is a consultant to the Directorate 
of Extramural Research of the National Coal Board. He 
is the author of Model Analysis of Structures, Energy 
Principles in Applied Statics and Analysis of Statically- 
indeterminate Frameworks. 


Science in Parliament: 
The Overseas Information Services 


Tue debate on the Overseas Information Services in 
the House of Lords on March 26 was notable for the 
constructive and authoritative speeches from Viscount 
Massereene, Lord Taylor, Lord Bridges, Lord Eccles 
and the Earl of Lucas. Viscount Massereene said that 
the net expenditure of the Overseas Department of the 
Central Office of Information was about £3 million and 
nearly five million copies of British Government-produced 
magazines were distributed in seventeen languages. 
Lord Taylor, stressing the importance of accuracy and 
of personal contact, briefly mentioned the importance of 
work for students and also the need for independent 
assessment of the value of information services. Lord 

‘Bridges dealt more especially with the work of the 
British Council, which he thought had the right set-up 
and gave the nation very good valuo for its expenditure, 
which had risen in the past six or seven years from about 
£3 million to £9 million a year and was now proceeding in 
75 countries. He thought more could be done for English 
language teaching and in assisting other countries to 
build up their own public library services. Lord Eccles 
also urged more generous support for the teaching of 
English but suggested that it would be worth while 
inquiring further into the relative allocation of resources as 
between one type of overseas aid and another. The Earl 
of Lucas aiso referred to the need to do moro for students 
in Britain, and tho Duke of Devonshire, who replied 
on the debate for the Government, said that it was 
planned to provide over ten years some £3 million to 
provide 5,000 new student places in hostels, clubs, etc. 
This would include places for some 10-15 per cent of 
British students so as to avoid segregation and nearly 
2,000 beds had already been provided. 

Viscount Massereene, pointing out that the current 
expenditure on the Overseas Information Services, includ- 
ing broadcasting and television, was about £23-5 million, 
urged the Government to set up a fund of £10 million to 
enable Britain to equip the emergent nations with tele- 
vision stations, the cost of such stations averaging about £1 
million. The Duke of Devonshire said that the Govern- 
ment planned to spend during the next four years £4:5 
million on building four relay stations to extend the areas 
where the B.B.C. programmes may be heard and to 
strengthen the signal in existing fields. He also referred 
to the striking increase in television and in the demand for 
television material while the demand for reading material 
under the cheap-book scheme and for information about 
Britain was continually outstripping supply. The research 
work of the Centre for Educational Television set up last 
year had largely been completed and the centre was now 
trying out package programmes. Speaking for the Govern- 
ment earlier in the debate the Earl of Dundee said that the 
inquiry undertaken by the Secretary for Technical 
Co-operation, Mr. D. Vosper, had concluded that, apart 
from some minor economies, a substantial increase in ex- 
penditure on the Overseas Information Services was justi- 
fied, and the Government has now agreed to increase 
Britain’s total expenditure from £20-8 million in the current 
year to £25:8 million in 1963-64. Of this increase, about £1 
million would be for entirely new services and the British 
Council’s work in teaching the English language would be 
strengthened. Considerable funds were being provided 
for new techniques, such as television and language 
laboratories. 
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The British Museum Bill 


In the debate in the House of Lords on April 9, when the 
British Museum Bill received its second reading. the Earl 
of Cranbrook strongly pressed the need for more funds 
for the British Museum (Natural History) if it was to 
fulfil its function of research. Claiming that this was the 
greatest research institution of its kind in the world, he 
pointed out that its needs had been deliberately neglected 
by successive Governments for a generation and its 
allocation for the acquisition of books for the library and 
material for the collections, including the necessary travel 
abroad by scientists in 1961, was still only tho £8,000 
allocated in 1931. He thought too that for such a research 
institution the composition of the Trustees should approxi- 
mato to that of a research council and that at loast fifty 
per cent of the members should be actively engaged in 
research, including a proportion of younger men. Lord 
Shackleton also stressed the importance of rosearch and 
pressed for more information about the National Reference 
Library for Science and Invention, but he strongly criti- 
cized the present limited opening hours of the British 
Museum. He thought it intolerable that the Museum 
closed at 5 p.m. and that the Reading Room was opon 
for only two evenings a week, nor did he think the Govern- 
ment appreciated the importance of the new Referenco 
Library for Science and Invention. Beyond admitting 
the substance of these criticisms the Earl of Dundee, who 
replied on the debate, gave no indication of immediate 
Government action to improve tho situation. 

In the debates on the British Museum Bill in the House 
of Commons some concern was expressed at the separa- 
tion of the British Museum, Bloomsbury, and the British 
Museum (Natural History), but the main criticism was 
in favour of separating, and moving the Departments of 
Antiquities rather than the Library itself. The criticism 
in general was constructive and was aimed at unproving 
the use made of the Museum and its Library, by removing 
administrative practices no longer appropriate, aid in 
concluding the ‘Third Reading’ debate on March 27, the 
Chief Secretary to the Treasury, Mr. J. Boyd Carpentor, 
fully recognized this. He thought that the Library 
project was the greatest contribution this gonovration 
could make to the British Museum, and he would bo deoply 
disappointed if there were any check or delay in its 
execution. The capital cost of the new Library building 
would be about £10 million and the National Roferonce 
Library for Science and Invention on tho South Bank 
would cost more than £1 million. The British Museum 
Vote had risen from £350,000 in 1952-53 to £1,122,000 
in the current year. 


Scientists in the Civil Service 


In a written answer in the House of Commons on April 9, 
the Financial Secretary to the Treasury, Mr. A. Barber, 
gave the number of entrants to the Scientific Officer 
Class of the Civil Service in 1950 as 194, of which 82 
had first-class honours degrees; for 1962 the corresponding 
figures were 204 and 50. On April 10, the Civil Lord of 
the Admiralty, Mr. C. I. Orr-Ewing said that more than 
7,000 people were employed in the Admiralty’s research 
and development establishments and annual expenditure 
totalled £26 million. 


The National 
nology 


Tue National Referral Centre for Science and Toch- 
nology, established last August in the Library of Congress 
with the support of the National Science Foundation, 
has initiated its referral service, but is still in tho early 
stages of developing the comprehensive inventory required. 
The four major responsibilities of the Centre aro: to 
identify all significant information resources in the fields 
of science and technology; to acquire, catalogue, and 
correlate substantive and procedural data defining tho 
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nature, scope and capabilities of these resources; to 
provide advice and guidance about these resources; and 
to study the roles and relations that exist, or should 
exist, among the many organizations and institutions 
constituting the scientific and technical information com- 
plex. The Centre is at present concentrating on developing 
an information processing system appropriate to its func- 
tions and on establishing the necessary preliminary 
liaisons. Scientific Information Notes for February—March 
1963 (No. 1, 5) also notes a National Science Foundation 
Grant to the System Development Corporation, Santa 
Monica, California, for research directed to the establish- 
ment of a computer-derived classification system for 
scientific documentation, and the University of Illinois 
has received a Foundation grant for programming, testing 
and evaluating an integrated, computerized data pro- 
cessing system for university library procedures. 


The Library Association 


Tue annual report of the Library Association for the 
year ended December 31, 1962, deals briefly with a wide 
variety of topics (Pp. 24. London: Library Association, 
1963). A sub-committee of the National, University, 
College and Medical Librarios Committee set up to review 
the needs of libraries in the Colleges of Advanced Tech- 
nology is urging that librarians of the Colleges should have 
the status of head of department and be members of the 
Academic Board. A committee has also been established 
to review the existing provision of specialist library 
servicos for scientists, technologists and other specialists 
in Government departments, public authorities, univer- 
sities, collegos, research establishments and industry. 
Brief reports are included from representatives of the 
Association on joint committees and other bodies, in- 
cluding British Standards Institution committees and the 
International Federation of Library Associations. 


Reference Libraries and Documentation Centres in 
France 


Tue Library Administration Department of the French 
Ministry of Education has published a new Directory of 
Reference Libraries and Documentation LEstablishmenis, 
under the egis of the General Delegation for Scientific 
and Technical Research. The Directory is published: in 
three volumes: the first lists, in alphabetical order, refer- 
ence libraries and documentation centres in Paris and the 
Departments of Seine and Seine-et-Oise; the second 
volume covers the rest of France; and the third contains 
maps and an alphabetical index. The subscription to this 
publication will cost 80 N.F. until April 30; after that it 
will be 85 N.F. Further information can be obtained 
from tho Service de vente des catalogues de la Biblio- 
thèque nationale, 58 rue Richelieu, Paris. 


The Milk Marketing Board 


Marxetine Boards are now an established feature of 
our national life, and it is important that they should 
report on their work from time to time. The twelfth 
annual report of the Production Division of the Milk 
Marketing Board contains a wealth of information on 
dairy farming in England and Wales and on what this 
Division does and the records it keeps (Pp. 159. Thames 
Ditton, Surrey: Milk Marketing Board, 1963. 7s. 6d.). 
Among its chief concerns are artificial insemination and 
progeny testing, two of the great modern aids to the 
officient and economic production of good quality milk. 
In March 1962 the Board had 916 bulls in its stud, and 
the ways in which these bulls are tested, selected and 
used are discussed. There is a short section also on the 
famous and controversial Charolais trials which began in 
1962 and of which the results are eagerly awaited. Details 
are given also of the Division’s veterinary service, its 
consulting officer service and the many surveys and 
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investigations made by the Division. A study of the 
economics of milk production has shown that in 1961-62 
the dairy farmer, by improved efficiency in feeding and 
management, achieved economies that more than offset 
rising costs. In spite of this overall achievement, it is 
found that the number of milk producers continues to 
fall at a rate of about 3 per cent a year. Abstracts are 
given of papers published by members of the staff of the 
Division, and in the appendixes to the report several 
tables and graphs are included showing the average yield 
of recorded herds, the number of milk producers in each 
county and much information of that type. The report is 
well produced and profusely illustrated; it is a publication 
of which the Production Division can be justly proud. 


Radioactivity in Milk 


In this nuclear age it is vitally important that every- 
thing possible should be done to minimize the amount of 
radioactivity to which man and animals are subject, and 
for this reason it is well that the Medical and Agricultural 
Research Councils are keeping a constant watch on the 
radioactivity in the human diet through the Agricultural 
Research Council Sub-Committee on Monitoring. A recent 
report contains the results of measurements of iodine-131 
in milk for the past six months of 1962 and of strontium-90 
for the period April-September 1962 (ARCRI 9: 
Interim Report on Radioactivity in Milk. Pp. vi+14. 
London: H.M.S.0., 1963. 2s. net). The results were 
obtained in a survey that included more than 200 depots 
which handle more than 40 per cent of Britain’s total 
milk supply. From May until the end of August 1962 
little or no iodine-131 was detected in milk. From early 
September onwards, however, measurable quantities were 
present, but the country-wide average for twelve months 
did not at any time reach 20 per cent of the radiation dose 
which the Medical Research Council has specified as being 
the maximum acceptable. Levels of strontium-90 in milk 
increased in all areas in the late spring and early summer 
of 1962, probably as the result of fall-out from nuclear 
weapon tests made in 1961. Again the values even in 
localized areas did not exceed 20 per cent of what the 
Medical Research Council regards as permissible working- 
levels for the assessment of dietary contamination, and 
for a twelve-month period the average value was less 
than 8 per cent of the working-level for the population 
as a whole. While it can be concluded from these results 
that the amounts of radioactivity in our diet are well 
below the danger point, it is only too obvious that every- 
thing possible should be done by all countries of the 
world to prevent the amounts in the diet from increasing. 


Dairy Research in Australia 


Tse Commonwealth Scientific and Industrial Research 
Organization Division of Dairy Research at Melbourne 
increases year by year in the amount of work it does and 
in the value of that work to the dairy industry with 
which it obviously enjoys a close degree of co-operation 
(Annual Report for year ending June 30, 1962. Pp. 18. 
Melbourne: Commonwealth Scientific and Industrial 
Research Organization, 1962). It is actively engaged in 
research on the role of starter bacteria in cheese-making, 
on the mechanization of cheese-making and on the drying 
of cheese. It has done much work also on the nature of 
the casein complex in milk, particularly on the prepara- 
tion, by a chromatographic method, of x-casein and the 
action of rennin on it. Another topic that has been 
intensively studied is the manufacture of butter powder, 
& free-flowing powder containing 80-82 per cent of fat, 
which is prepared by spray-drying a dispersion of butter- 
fat in an alkaline caseinate solution. The advantage of 
the product in baking is that it permits dry mixing. One 
of the most interesting and important items of research 
in the Division is its well-known work on the substances 
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that cause distinct off-flavours in milk even when they 
are present only in minute traces. By means of mass 
spectrometry and infra-red spectroscopy it has now been 
possible to identify the substance which sometimes causes 
a metallic favour in milk as being vinyl n-amyl ketone. 
The flavour of this substance can be detected when it is 
present to the extent of only one part in 10! parts of 
water. The annual report for 1962 ends with a list of 
twenty-five publications issued by the Division during 
the year. 


Scarab Beetles 


SCARAB beetles of the genus Onthophagus is the subject 
of a paper published as the Proceedings of the US. 
National Museum, Smithsonian Institution (114, No. 3467: 
Scarab Beetles of the Genus Onthophagus Latreille North of 
Mexico (Coleoptera: Scarabaeidae). Pp. 1-135+9 plates. 
Washington, D.C.: Government Printing Office, 1963). 
The paper is by Messrs. H. F. Howden and O. L. Cart- 
wright and the main purpose of their work was to facilitate 
the identification of the species of Onthophagus in the 
United States and Canada and to include information on 
habits and life-histories. Twenty-three species and sub- 
species are described from North America, two species 
introduced from Europe and Africa and eleven previously 
unrecognized species are also included. A key to the 
species, bibliographical references, complete new descrip- 
tions, photographs of both sexes and distribution maps 
are given. 


Middle Palzofithic Industry in Greece 


PaLo.iruic industries in eastern Europe are not too 
common and the discovery of a number of sites in Mace- 
donia and western Greece is of particular interest. An 
expedition from the Department of Archeology and 
Anthropology at Cambridge visited the region with the 
view of relating environmental and climate changes to 
Stone Age finds. A report of this expedition occurs in the 
January issue of Man. Between Joannina and Prevesa, 
near the village of Pantanassa, in a deposit not far from 
the Louros River, a number of Middle Stone Age sites 
were discovered. There appears to be quite a local 
stratigraphy and the tools—very deeply patinated—are 
not just surface finds. From a typological point of view, 
the industry could certainly be classed as late Levallois. 
Typical points on flakes with. striking platforms occur, 
as well as cores. One or two tools, which, had they been 
found in Somaliland or South Africa, would have been 
called ‘Still Bay points’, can also be noted. Many pre- 
historians by and large accept the idea of the existence of 
three main ‘provinces’ in Harly Stone Age times. That 
characterized by core tools covers much of western 
Europe, Africa and southern India; another can be located 
in regions from the Rhine to China, and here the industries 
are for the most part made on flakes (the new finds in 
Greece fall in with this classification). The last province 
is situated from northern India through Burma to south- 
east Asia, and is characterized by the presence for the 
most part of pebble tools. Naturally there is nothing 
rigid about this triple subdivision. E. S. Higgs and his 
party are to be congratulated on making an important 
discovery and filling in a gap in our knowledge. 


Hydration of Tricalcium Aluminate with Lignosulphon- 
ates 


Ir is well known in the field of concrete research that 
certain salts of lignosulphonic acid, produced from waste 
liquors obtained from the wood-pulping industry, are 
surface-active agents with the properties of lowering the 
water requirement and retarding the setting time of a 
concrete mix. Apart from this, such additives are bene- 
ficial to concrete in other important directions, for 
example, increase in mechanical strength, but such 
increase has been found to be too large to be ascribed 
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solely to lowering the water/cement ratio. It is believed 
that such added strength may be the result of changes in 
hydration products, with corresponding changes in 
structure in the set cement. Normally, hydration of 
tricalcium aluminate produces hexagonal crystals of a 
platy type, easily identified with the aid of the electron 
microscope. In the presence of lignosulphonate, however, 
acicular crystals tend to form instead of hexagonal plates. 
Such a marked change could be due to formation of 
different hydration products or to some modification of 
crystal habit of the usual hydrates determined by the 
presence of lignosulphonates in the water. These new 
acicular crystals posed a problem of their nature and 
significance, and their investigation has recently been 
undertaken by J. F. Young in the Department of Scientific 
and Industrial Research Laboratory (Dominion), New 
Zealand. His conclusions are set forth in a paper pub- 
lished in Concrete Research (14, 137; November 1962). 
By utilizing X-ray diffraction, differential thermal analysis, 
electron and optical microscopic procedures, Mr. Young 
shows that these acicular crystal forms can represent 
more than one hydration product, differences being 
attributed to small changes in hydration conditions. 
They can be the result of either crystallization of an 
unusual hydrate (C,AH,.,) or the morphological modi- 
fication of the hydrates C,AH, and C,AH,,;. In pastos 
of tricalcium aluminate, lignosulphonates favour forma- 
tion of C,AH, and C,4H,, with modified crystal habit. 
The final hydration products, low sulpho-aluminates, aro 
changed from their more normal hexagonal plate form. 
It is argued that the interlocking tendency of acicular 
crystals would be expected to produce an increase in 
strength in pastes where the normal hexagonal crystal- 
growths are thus replaced. The results are of value in 
explaining the effects of lignosulphonate additives on 
cement pastes or concrete. 


Continental Drift 


Tux close fit of the coastlines of South America and 
Africa was one of the original facts which led A. Wegener 
to suggest his theory of continental drift. Dr. H. Martin, 
in his du Toit Memorial Lectures of the Geological Society of 
South Africa, considers again the evidence for the geological 
similarities of these continents, a matter about which 
Wegener wrote but on which much new field evidence is 
now available (The Geological Society of South Africa. 
Alex. L. Du Toit Memorial Lectures No. 7: The Hypo- 
thesis of Continental Drift in the Light of Recent Ad- 
vances of Geological Knowledge in Brazil and in South West 
Africa. Annexure to Vol. 64 of the Transactions and 
Proceedings of the Geological Society of South Africa. By 
H. Martin. Pp. 48+5 plates. Johannesburg: The 
Geological Society of South Africa; The South African 
Association for the-Advancement of Science; The South 
African Geographical Society; Rondebosch: The Royal 
Society of South Africa). 


The Beilby Medal and Prize 


Tue Administrators of the Sir George Beilby Memorial 
Fund, representing the Royal Institute of Chemistry, the 
Society of Chemical Industry and the Institute of Metals, 
have announced awards from the Fund in 1963—each 
consisting of the recently instituted gold medal with a 
prize of 100 guineas—to the following: Prof. R. W. K. 
Honeycombe, professor of physical metallurgy at the 
University of Sheffield, in recognition of his work in 
physical metallurgy, with special reference to the study 
of precipitation processes and the modes of plastic 
deformation of metals and alloys; Dr. R. W. B. Nurse, 
head of the Materials Division of the Department of 
Scientific and Industrial Research Building Research 
Station, in recognition of his work on the chemistry and 
technology of cement, with special reference to the study 
of the fundamental chemistry of cement and its applica- 
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tion to the practical problems encountered in the setting- 
up of a coment industry in Uganda. The Administrators 
have decided in future to revert to the practice of awarding 
the Beilby Medal and Prize annually, provided there is a 
candidate of sufficient merit. The next award will, there- 
fore, be made in 1964. 


Alfred P. Sloan Foundation Awards 1963 


ALFRED P. Stoan Foundation Awards for the advance- 
ment of cancer research have been conferred on the follow- 
ing: Prof. J. W. Berg, associate attending pathologist of 
the Memorial Hospital for Cancer and Allied Diseases, 
associate of the Sloan-Kettering Institute for Cancer 
Research, Division of Pathology, also assistant professor of 
pathology of the Sloan-Kettering Division of the Graduate 
School of Medical Sciences, Cornell University Medical 
College; Dr. J. H. Burchenal, member of the Sloan- 
Kettering Institute for Cancer Research and chief of the 
Division of Clinical Chemotherapy, also attending 
physician and co-chief of the Chemotherapy Service of 
Memorial Hospital for Cancer and Allied Diseases, and 
professor of medicine at Cornell University Medical 
College; Dr. J. G. Fortner, associate member of the Sloan- 
Kettering Institute for Cancer Research, Division of 
Experimental Surgery, also assistant attending surgeon 
of Memorial Hospital for Cancer and Allied Diseases, and 
clinical assistant professor of Surgery at Cornell University 
Medical College; Prof. Mary L. Petermann, associate 
member of the Sloan-Kettering Institute for Cancer 
Research, Division of Nucleo-Protein Chemistry, and 
also associate professor of biochemistry in the Sloan- 
Kettering Division of the Graduate School of Medical 
Sciences, Cornell University Medical College. The awards 
each consist of a grant of 10,000 dollars. 


First Wild Life Exhibition in Britain 


ON May 17 the Right Hon. Lord Hailsham, Minister 


for Science, will open the first Wild Life Exhibition to be 
held in Britain. The Exhibition, which is sponsored by 
the Observer for the Council for Nature, will be held in 
the Royal Horticultural Society Halls during May 17-25. 
The Exhibition has attracted a great deal of interest both 
in London and the provinces, and will be the focal point 
of National Nature Week. Many of the most prominent 
associations interested in conservation of wild life have 
also taken stands at the Exhibition. Included in the 
Exhibition are a B.B.C. cinema showing its latest Nature 
films; the stand taken by the Forestry Commission 
showing the efforts being made to encourage wild life to 
live in newly-forested country; the National Trust stand 
demonstrating their project on Farne Islands for con- 
serving seals and sea birds; the World Wild Life Fund, 
which will demonstrate the vital need to conserve the 
endangered wild life of the world. There will also be a 
wide range of commercial exhibits, including cameras, 
binoculars, books on natural history and camping equip- 
ment. The Council for Nature, with ten of its affiliated 
societies, will demonstrate their efforts to study and 
preserve British wild creatures. 


Courses of Postgraduate Study at Glasgow 


Coursss of postgraduate study, offered by the Royal 
College of Science and Technology, Glasgow, are listed in 
a brochure issued by the College under that title (Pp. 28. 
Glasgow: The Royal College of Science and Technology, 
1963). The courses are open to Associates of the College, 
graduates of a university and others who satisfy the 
Board of Studies that their qualifications are adequate. 
Courses are offered in mathematics, natural philosophy, 
chemistry, chemical technology and chemical engineering, 
metallurgy, mechanical, civil and chemical engineering, 
electrical engineering, mining engineering, naval archi- 
tecture, pharmacy, applied microbiology and biology, 
food science, textile technology, and’ architecture and 
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town planning. The brochure indicates the work covered 
in the advanced courses and tutorial work. 


Announcements 


Pror. Hans A. Berar, professor of physics at Cornell 
University, has been awarded the Rumford Premium of 
the American Academy of Arts and Sciences for his 
“contributions to the theory of energy production in 
stars”. Dr. Bethe is the fifty-third recipient of the 
Premium, which was established in 1796 by Benjamin 
Thompson, Count Rumford, and which from the beginning 
consisted of “two medals struck in the same dye, the one 
of gold, and the other of silver, and of such dimensions 
that both of them together may be equal in value... 
to three hundred dollars”. At the present time an award 
of five thousand dollars accompanies the medals. 


A List of Publications to December 31, 1962, issued by 
the Commonwealth Scientific and Industrial Research 
Organization, Australia, includes publications issued by 
the Organization and its predecessors (Pp. 55. Melbourne: 
Commonwealth Scientific and Industrial Research Organ- 
ization, 1963). Hand-books and monographs are listed 
first, followed by bulletins, pamphlets, circulars, publica- 
tions in the Land Research Series, soil publications, 
divisional publications, liaison publications, annual 
reports, and research reviews. There is also a subject 
index. 


A cottoguium on “Topics in Plant Biochemistry”, 
arranged jointly by the Biochemical Society and De 
Neederlandse Vereniging voor Biochimie, will be held at 
Leyden during May 16-17. Further information can be 
obtained from’Dr. H. R. V. Arnstein, National Institute 
for Medical Research, The Ridgeway, Mill Hill, London, 
N.W.7. 


Tae seventh international Instrument Show will be 
held at 4 Tilney Street, Park Lane, London, W.1, during 
May 27-31, in conjunction with the first environmental 
engineering symposium, which will be held at the Dor- 
chester Hotel, Park Lane, London, W.1, during May 
28-30. Further information can be obtained from B. and 
K. Laboratories, Ltd., 4 Tilney Street, Park Lane, 
London, W.L. 


A ¥FOUR-WEEK full-time course on “Marine Nuclear 
Propulsion”, organized by the Whitehaven College of 
Further Education, will be held in the College during 
June 10-July 5. The course will cover the problems 
involved in placing a reactor in a ship or submarine. 
Further information can be obtained from the Head of 
the Physics and Mathematics Department, Whitehaven 
College of Further Education, Flatt Walks, White- 
haven. 


Tas sixth carbon conference, arranged under the aus- 
pices of the American Carbon Committee, will be held in 
the University of Pittsburgh during June 17-21. The 
programme will include sessions on: high-temporature 
and pressure properties; electronic properties; mechan- 
ical properties; X-ray and electron diffraction studies; 
formation and reaction of single crystals; radiation 
damage; kinetics of gas-solid reactions; chemistry of 
carbon-oxygen complexes; pore structure of carbons; 
pyrolytic graphites; carbon binders; carbon technology. 
Further information can be obtained from Prof. S. 
Mrozowski, Carbon Research Building, State University 
of New York, at Buffalo, 10 Power Drive, Buffalo 14, 
New York. 


Erratum. It is regretted that a Note added in proof 
which should have been appended to the communication 
by Dr. J. J. Gilvarry and Dr. A. R. Hochstim, appearing 
on p. 624 of the February 9 issue of Nature, was errone- 
ously added to the following communication, and hence 
appeared on p. 626. 
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EFFECTS OF ATOMIC RADIATION 


OUR years after its first report on the “Effects of 
Atomic Radiation’, the United Nations Committee 
has issued a second one which integrates information 
received up to March 1962*. This is not a revised version 
of the first report but an entiroly new document, laid out 
along the lines of the first. About nine-tenths of the 
volume consist of ‘annexes’ dealing with the various 
physical and biological aspects of the subject. These and 
the numerous tables accompanying them embody an 
enormous amount of information from a great variety of 
souress and will be of great value to anybody interested 
in any particular aspect of radiation physics or biology. 
In the first part, the evidence from the annexes is sum- 
marized and evaluated in a number of ‘chapters’. The 
presentation of the material is better arranged and less 
repetitive than in the first report, but it remains exceed- 
ingly difficult to collect all relevant information on any 
particular item. An index would overcome this difficulty. 
The ‘chapters’ can be read with great profit by experts 
as well as by the broader public. I still feel that some 
of the annexes are overloaded with scientific details, 
more suitable for specialized reviews, but specialists may 
welcome these condensed reports of evidence from many 
widely scattered sources. Of particular interest are the 
exhaustive literature lists, but readers must be warned 
that only items mentioned in the annexes can be located 
in these lists. Practically all reference numbers in the 
chapters are wrong, presumably because they were not 
altered when the original lists were increased by last- 
minuts additions. 

Insufficient integration of late information is apparent 
also in the sections dealing with the genetical effects of 
the atom bomb explosions in Japan. ‘While the early 
evidence for such effects was at the best only weak, data 
in & recent publication? show not only a significant shift 
in the sex ratio of the offspring depending on the sex of 
the exposed parent, but also an increased incidence of 
certain defects and of early deaths. A reference to this 
paper can be found in one of the paragraphs of the annex 
on hereditary effects, but the concluding paragraphs of 
the same annex and the relevant portions of the summariz- 
ing chapter take no account of it. 

The estimate of background radiation from natural 
sources has been increased by about 30 per cent through 
inclusion of neutrons from cosmic rays. Among man-made 
sources, medical irradiation, in particular X-ray diagnosis, 
still plays the major part. On the basis of all information 
received, largely from countries with advanced medical 
facilities, the gonad dose due to this source is calculated 
as 30 per cont of radiation from natural sources, the bone- 
marrow dose (responsible for the leukemia risk) as be- 
tween 40 and 80 per cent. “Bvitish data show considerable 
variability within the country and indicate that, if the 
best techniques and equipment were used throughout 
the country, substantial reduction of the genetically 
significant dose (i.o. the average gonad dose weighted 
by the expected number of children) would be achieved.” 
The risk due to fall-out from tests up to December 1961, 
again measured as a percentage of natural radiation, is 
calculated as 11 per cent for hereditary damage, 15 per 
cent for leukemia, and 23 per cent for bone tumours, 
while the corresponding risks from continued testing at an 
assumed yearly rate of 1 Me. strontium-90 and 108 atoms 
of carbon-14 are estimated as 23, 28 and 43 per cent. 


* Report of the United Nations Scientific Committee on the Effects of 
Atomic Radiation. General Assembly. Official Records: Seventh Session, 
Supplement No. 16 (4/5216). Pp. iv+442. (New York: United Nations; 
London: H.M.S.0., 1962.) 5 dollars; “SB. 6d.; 50 Swiss frances. 


An attempt at a more realistic appraisal of radiation 
risks from fall-out is made by the introduction of the 
concept of “dose commitment”, namely, “the total doso 
contribution that is being, and will be, delivered by tho 
material injected during past explosions”. In calculations 
of dose commitment, account is taken of geographical 
and population factors affecting the risk from fall-out. 
Dose commitments from natural sources in m.rems por 
year are estimated as 125 for the gonads, 130 for the cells 
lining bone surfaces, and 122 for the bone marrow. Doso 
commitments for these three systems from the assumed 
practice of testing during 1954-61 are estimated as 
111, 244 and 154m.rems. About half the dose commitment 
will be reached by the year 2,000, the exception boing the 
contribution of carbon-14 which, with a half-life of 
5,760 years, will have completed less than 1 per cent of its 
action by that time. If future testing is continued at the 
rate specified here, dose commitments per year will be 
29 m.rems to the gonads, 57 m.rems to tho colls lining bone 
surfaces, and 35 m.rems to the bone-marrow. Included in 
the calculation of the dose commitment are the short- 
lived isotopes ®°Sr, “°Ba 10 + La, and I, with half-lives 
of 51, 12 and 8 days. The dose commitment of strontium- 
89 is less than 1 per cent of that of Sr, while that of 
1400Ba, 140 + La is negligible. TIodine-131, in spite of its 
short half-life, is of major importance for children (sco 
later). During periods of testing, inhaled short-lived 
isotopes of cerium, rubidium and zirconium may provide: 
an additional lung exposure of 5 m.rems. 

Several nuclear accidents are discussed. The LD;, for 
humens exposed to short-term whole-body radiation is 
estimated to lie between 300 and 500 rads. In the Oak 
Ridge accident ia 1958, five persons receive 1 doses near 
the lower limit of this range. All of them recovered without 
visible damage. To this, however, must now be added 
the more recent cytological finding’ that in 1962 the blood 
of all these persons showed a high proportion of abnormal 
chromosome counts and of chromosome abnormalitios. 
A smaller proportion of similar abnormalities was found 
in the blood of persons who, in the same accident, had 
been exposed to lower doses. After the Windscale accident. 
the ™I content of milk in neighbouring farms was more 
than 1 po./l, a dose that is considered equivalent to 
130 rads, that is, to more than half the dose (200 r.) that. 
given as X-rays to the necks of young children, produced 
cancer of the thyroid in about 3 per cent of them. Although 
this highly contaminated milk was withdrawn from the 
market, there remains the disturbing fact that the controls. 
that is, milk samples taken in this same area before 
the accident, contained 44 puc. iodine-131/l. as compared 
with 5-6 in the United Kingdom as a whole. 

The special danger of 1*1I for children lies not only in 
their high intake of milk but also in the fact that, for the 
same milk consumption, the thyroid of children concen- 
trates more iodine than that of adults. For a ten-week 
period and with a level of 125 upc. iodine-131/1. milk the 
thyroid dose in m.rems is estimated as 170 for children of 
6 months, 45 for children of 3 years, 25 for 10-year-old 
children, and 4 for adults. . Similarly, strontium isotopos 
accumulate to a higher degree in the bones of children 
than in those of adults. In a survey of Sr in human 
bones, carried out in North America in 1960. the amount 
as measured in pye./g calcium dropped from 2-3 in 
children less than 4 years, over 1-5 in children in the ago 
range 5-10, to 0-3 in individuals past the age of 19. The 
figure for new-born infants was 1-1, showing that the 
foetus concentrates maternally received Sr in its bones. 
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In addition to accumulating disproportionate amounts of 
isotopes, the foetus may also be more sensitive to their 
damaging effects. This has been found to be true for 
exposure to external sources of radiation. Even low 
doses may induce developmental disorders or malignant 
changes in embryos. Doses of 3-5 rads given to pregnant 
women during the months 6-6} of pregnancy led to 
a highly significant increase in the presence of aberrant- 
colour sectors in the iris of the new-born children. 
Although this abnormality is entirely harmless, its 
increase after such low doses indicates the unusually 
high sensitivity of embryonic tissue. At the time of 
this report, the question whether maternal irradiation 
during gestation may cause leukemia of the child was 
still under debate. Meanwhile, a recent investigation 
by MacMahon‘ supports Alice Stewart’s findings. The 
increased risk to the child of developing leukemia, or 
other forms of cancer after irradiation in utero has been 
estimated as 40 per cent. Whether there exists a threshold 
dose for the production of leukemias and other malig- 
nancies in adults is still an unsolved question. Shortening 
of life-span has been proved for animals and is considered. 
probable also for man. 

The genetical risk is expressed in terms of the ‘‘genetic- 
ally significant dose”, that is, the average gonad dose 
weighted by the expected number of children. The newly 
recognized chromosomal abnormalities due to non-dis- 
junction, occasionally to translocation, have been included 
among genetically caused abnormalities. It is estimated 
that about 1 per cent of all new-born carry some such 
chromosomal abnormality, while another 1 per cent suffer 
from some harmful trait with clear genetical basis (mainly 
a dominant autosomal gene). To this are added 4 per cent 
suffering from developmental malformations and sorious 
constitutional disorders, including mental illness, the 
hereditary basic of which is not clearly understood. The 
overall estimate of 6 per cent born with some hereditary 
defect is a minimal figure for “it is generally accepted 
that there is a genetic component in much, if not all, ill- 
ness”. The possibility that some harmful traits may be 
maintained not through mutation pressure but through 
heterozygous advantage is considered as applying mainly 
to localized areas with special environmental conditions. 
The general frequency of such traits is considered to be 
exceedingly low. This is important because the frequency 
of this type of-mutation is more or less independent of 
the amount of radiation received. The membors of the 
Committee, as indeed all geneticists, consider it as “‘reason- 
ably certain that the overwhelming majority of newly 
arising mutations have detrimental consequences and 
that, if beneficial mutations arise at all, the frequency of 
their occurrence is so low as to be unlikely to offset the 
burden occasioned by the harmful ones”. 

There is evidence from recent work on mice and, it 
should be added, from very old work on Drosophila that 
chromosomal abnormalities due to non-disjunction are 
inereased by X-rays. For gene mutations, the linear dose- 
effect relationship has now been established down to doses 
of 8-5 r. in bacteria and 5r. in Drosophila. The absence of a 
threshold for the genetical effects of radiation, which is 
strongly indicated by these findings, is in no way in- 
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validated by the fact that the absolute amount of damage 
from a given dose of radiation varies with a number of 
factors: type of radiation, rate of delivery, type of 
genetical change scored, type of exposed tissue, degree of 
oxygenation as well as various other environmental and 
physiological conditions. In mice, dose-rate (or intensity 
of delivery) influences mutation frequency in immature 
germ cells but not in spermatozoa, chronic radiation at 
8-5 x 10-* r./min being less effective by a factor of about 
4 than acute radiation at 90 r./min. There is, however, 
no reason to suppose that lowering the dose-rate even 
more would result in a further decrease of mutation 
frequency; intensities of 8-5 x 10-* r./min and 1 x 10-3 
r./min had the same effect. Estimates of actual genetical 
risks are again expressed by the “doubling dose”, that is, 
the dose that, if present as a permanent background, 
would double the present burden of hereditary defects. 
While the 1958 report suggests a doubling dose between 
10 and 100 rads, with 30 as the most probable value, it 
is now estimated that, for acute radiation, the combined 
value for both sexes is somewhat lower than 30 rads but 
not less than 15, while for chronic radiation the most 
probable value is 100 rads or possibly more. Since results 
with Drosophila suggest a 2 per cent dominance of lethals 
and semi-lethals, most of the impact of a permanent 
doubling dose would be felt in about 50 generations. 
Some, or perhaps most, of this dominant damage may be 
expressed as an increased death-rate in early life; in 
experiments on mice, the offspring of irradiated parents 
had a higher mortality than control animals during the 
early part of life. 

In its concluding remarks, the Committee states: 
“There should be no misunderstanding about the reality 
of genetic damage from radiation. Although individual 
mutations vary greatly in their effect, there is no doubt 
that any increase in mutation is harmful”. “The exposure 
of mankind to radiation from increasing numbers of 
artificial sources, including the world-wide contamination 
of the environment with short- and long-lived radio- 
nuclides from weapons tests, calls for the closest attention, 
particularly because the effects of any increase in radia- 
tion exposure may not be fully manifested for several 
decades in the case of somatic disease, and for many 
generations in the case of genetic damage.” “The Com- 
mittee therefore emphasizes the need that all forms of 
unnecessary radiation exposure should be minimized or 
avoided entirely, particularly when the exposure of large 
populations is entailed; and that every procedure in- 
volving the peaceful uses of ionizing radiation should be 
subject to appropriate immediate and continuing scrutiny 
in order to ensure that the resulting exposure is kept to 
the minimum practical level.” ‘As there are no effective 
measures to prevent the occurrence of harmful effects of 
global radioactive contamination from nuclear explosions, 
the achievement of a final cessation of nuclear tests would 
benefit present and future generations of mankind.” 

C. AUERBACH 


1 Auerbach, O., Nature, 182, 1543 (1958). 

3? Bellefouille, P. de, Acta Rad., 56, 65, 145 (1961). 

3 Bender, M. À., and Gooch, P. O., Rad. Res.,16, 44 (1962). 
4 MacMahon, B., J. Nat. Cancer Inst., 28, 1173 (1962). 


THE INTERNATIONAL BRAIN RESEARCH ORGANIZATION 


By Pror. H. WAELSCH 
Columbia University, New York, N.Y. 


HE International Brain Research Organization 
(IBRO) was founded under the auspices of Unesco 
in response to the demand from scientists of different 
disciplines from many countries for the creation of an 
organization on a world-wide scale for the better mobiliza- 


tion and utilization of scientific resources of research on 
the brain. Although details of its short history may be 
found in the IBRO Bulletin (I, No. 1; 1962) it may be 
recalled here that the creation of the Organization stems 
directly from a resolution passed by the members of the 
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International Colloquium on Electroencephalography of 
Nervous Activity held in Moscow, during October 1958. 
The resolution expressed the conviction that there was a 
great need for a continuing, international and inter- 
disciplinary organization for the promotion of brain 
research. A delegation from the colloquium presented the 
resolution to Unesco and at its tenth session, in 1958, the 
General Conference of Unesco recommended that its 
responsibility in the field of natural sciences be extended 
to brain research. Later, the Council for International 
Organizations of Medical Sciences was charged with the 
task of drawing up for Unesco a complete plan of 
action. 

A study group at Unesco House in Paris, in October 
1959, formulated the main outlines of the organization to 
be named the Interdisciplmary Brain Research Organiza- 
tion, a name later changed to the International Brain 
Research Organization. Elected compilers drew up lists 
of scientists to serve on seven international panols, 
corresponding to those disciplines most directly concerned. 
with brain research. More than 250 men of science, in 
more than 30 countries, were invited to join the different 
panels and to elect delegates to represent their respective 
disciplines at the inaugural meeting of the Central 
Committee. 

The inaugural meeting of the Central Committee of the 
International Brain Research Organization, organized by 
the Executive Secretary of the Council for International 
Organizations of Medical Sciences, Dr. J. Delafresnaye, 
was held at Unesco House in Paris, in October 1960. It 


was attended by the elected representatives of the seven. 


scientific panels of the International Brain Research 
Organization and by representatives from other organiza- 
tions. These panels were as follows: neuroanatomy, 
neurochemistry, neuroendocrinology, neuropharmacology, 
neurophysiology, behavioural sciences, neurocommunica- 
tions and biophysics. It was decided that the International 
Brain Research Organization should be established as an 
independent, non-governmental, international organiza- 
tion, incorporated in a country which would provide it 
with freedom of action anywhere in the world and with 
authority to engage in joint programmes with Unesco. 

During the first two years of its existence the Inter- 
national Brain Research Organization, through the efforts 
of its first executive secretary, Prof. H. H. Jasper, took 
shape as an international organization (incorporated in 
Canada) for the support and development of inter- 
disciplinary research in brain sciences. In addition to 
many officials of Unesco and members of national and 
international scientific organizations who put their 
experience and advice at its disposal, the International 
Brain Research Organization has from its inception 
benefited from the interest and counsel of René Maheu, 
director-general of Unesco, and Prof. V. Kovda, the 
director of the Department of Natural Sciences of 
Unesco. 

At the last meeting of the Central Council in February 
1962, the International Brain Research Organization 
represented 578 elected members distributed over the 
seven original panels, originating from 38 countries. The 
Central Council, the governing body of the Organization, 
is composed of eighteen elected delegates and a corre- 
sponding number of alternates and seven members-at- 
large. The delegates have a staggered tenure of four 
years and they elect, for two-year terms, the Executive 
Committee (at present, P. K. Anokhin, A. Fessard, G. 
W. Harris, H. W. Magoun, W. A. Rosenblith, J. Szentago- 
thai, and alternates, D. Bovet, V. Chernigovsky and R. 
Jung; the honorary executive secretary, H. Waelsch; the 
honorary deputy executive secretary, P. C. Dell; and the 
honorary treasurer. W. A. Rosenblith). The deputy 
executive secretary is at the same time responsible for the 
liaison with Unesco. 

In order to implement the aims of the International 
Brain Research Organization and to advise the Executive 
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Committee, a number of sub-committees were established 
and the scope of the Organizations’ activities will becomo 
evident from a description of these committees. 

(1) The Sub-committee on History of Brain Sciences, with 
H. W. Magoun as chairman, organizes its meetings in 
association with International Congresses in difforent 
fields of neurobiology; it collects and displays historical 
material and considers the translation and re-publication 
of certain classical works in brain sciences with contom- 
porary commentaries. It will establish a centre for these 
activities, probably in the Division of Medical History of 
the University of California at Los Angeles. In Septembor 
1962, an international symposium on “The Development 
of Neurophysiology in Continental Europe in the 18th and 
19th Centuries” was held in Miinster (Westphalia) under 
the sponsorship of the International Brain Research 
Organization. 

(2) The Sub-committee on Publications and Scientific 
Meetings, under the chairmanship of R. W. Gerard, is 
participating in the preparation of the IBRO Bulletin 
and assumes the editorial responsibility for publications 
sponsored by the International Brain Research Organiza- 
tion or resulting from the Organization’s activities. This 
sub-committee is also responsible for the organization of 
international interdisciplinary symposia under the spon- 
sorship of the International Brain Research Organization. 
with the restriction that only one symposium per year 
may be organized and supported by the Intornational 
Brain Research Organization itself. Of symposia already 
held under the sponsorship or co-sponsorship of tho 
International Brain Research Organization, thore may bo 
mentioned the colloquium on “Brain Mechanisms: 
Specific and Unspecific Mechanisms of Sonsory-motor 
Integration” (organized by G. Moruzzi) held in Septembor 
1961 at the Physiological Institute of the University of 
Pisa, and the symposium on “Information Processing in 
the Nervous System” (organized by R. W. Gerard) held in 
conjunction with the International Congress of Physio- 
logical Sciences in Leyden, in September 1962. 

(3) The Sub-committee on Education, under the chair- 
manship of J. Elkes, is organizing at the prosent time 
visiting regional seminars in various countries on subject» 
in which the local men of science have a particular 
interest. These seminars should serve, to underscore some 
aspects of brain sciences not strongly developed in tho 
host country, or to orient the local men of science in some 
particular aspect of the field of their interest. A visiting 
team of up to fifteen men of science and a local audience 
of not more than fifty colleagues is considered the optimal 
size for the regional seminars, an essential part of which 
are laboratory demonstrations and presentations of the 
men of science of the host country. The first visiting 
regional seminar is to be held in Warsaw, during May 
6-24, 1963, with neuropsychopharmacology as its subject. 
Invitations for the organization of visiting seminars have 
been received from India, Hungary, Italy and Israel. 

(4) The Sub-committee on Grants and Fellowships, with 
V. Longo as chairman, is working in close co-operation 
with the International Exchange Service of Unesco in the 
administration of a joint fellowship programme. Tho 
International Brain Research Organization has agreements 
with seventeen countries which have offered about thirty 
fellowships in the institutes of their respective academies 
and other institutions. These fellowships include subsis- 
tence for the fellow in the host country but not funds for 
travel, which are the joint responsibility of the Inter- 
national Brain Research Organization and Unesco. In 
addition, there are available International Brain Research 
Organization/Unesco fellowships which include not only 
support for travel but also a maintenance allowance for 
the Fellow in the institution where he is accepted. A 
further activity of this committee is concerned with the 
support of inter-disciplinary research teams in order to 
facilitate the collaboration of senior men of scieneo of 
different disciplines from various countries. 
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Guide lines for applications for fellowships have been 
established and are available at the International Brain 
Research Organization’s Secretariat, Unesco House, 
Paris; a number of International Brain Research Organi- 
zation fellowships as well as research teams organized by 
the International Brain Organization are alroady in 
operation. 

Certain projects are assigned to ad hoc committees or 
are the direct responsibility of the Secretariat. Into the 
first group falls the preparation of a survey of manpower 
and laboratory facilities in brain sciences. This project 
is under the guidance of Dr. H. H. Jasper, with Dr. Stella 
Deignan as survey officer, and will, in time, compile a 
directory of men of science working in the various 
disciplines of brain sciences as well as of tho laboratories 
available to them. A questionnaire with detailed inquiries 
as to the scientific interests, accomplishments and labora- 
tory facilities are being sent out to all members of the 
International Brain Research Organization. This survey 
is essontial for the operation of the research team and 
fellowship programmes and for many other activities 
of the International Brain Research Organization. 
Moreover, the Secretariat has been given the responsibility 
for the preparation of a hand-took on growth and 
development of the nervous systom, which was considered 
by the Central Council an essontial and primary task for 
the stimulation of research in this field. A planning 
session in March 1962, under the chairmanship of Dr. 
L. Flexner, in co-operation with the World Health 
Organization and the Council for International Organiza- 
tions of Medical Sciences was held in Goneva. Tho Central 
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Council has also expressed great interest in the subject of 
Brain Mechanisms of Learning and Memory. 

In addition to its affiliation with Unesco as a non- 
governmental agency on a consultative basis, the Inter- 
national Brain Research Organization. has official relations 
with the World Health Organization and various other 
international organizations. The presence of the repre- 
sentatives of these various international bodies and 
unions at the meetings of the Central Council has been 
greatly appreciated and found to be of great use to 
the International Brain Rosearch Organization. 

In addition to the subvention by the Department of 
Natural Sciences of Unesco, the major support for specific 
projects, such as the regional seminars, symposia and the 
world survey, has como from the U.S. Public Health 
Service through international grants. Funds have also 
beon provided for specific purposes by the National 
Scionce Foundation and the National Aeronautic and 
Space Administration. In addition, private individuals 
interested in brain sciences have contributed to the 
unassigned funds of thé International Brain Research 
Organization. 

Detailed information about the objectives and activities 
of the International Brain Research Organization may be 
found in the IBRO Bulletin, published several times 
during the year by the Secretariat. Information may also 
be obtained directly from the International Brain Research 
Organization’s Secretariat at Unosco House, Place do 
Fontenoy, Paris. The Secretariat would appreciate any 
suggestions for the further development and implementa- 
tion of intornational intordisciplinary brain research. 


PLACE OF TAXONOMY IN THE TEACHING OF BIOLOGY 


SYMPOSIUM on the above subject was organized 

by the Systematics Association in the University of 
Birmingham, by invitation of Prof. J. Heslop-Harrison, 
on January 26. 

Prof. J. G. Hawkes (University of Birmingham) pointed 
out that, up to about eighty years ago, taxonomy com- 
prised the whole of botany, but that from then until the 
mid-thirties it suffered a decline, being largely replaced 
by the newer disciplines of plant physiology, ecology and 
genetics. At the present timo, taxonomic teaching and 
research have come back, to occupy a place of importance 
equal to those other disciplines. 

The place of taxonomy in a botany course must depend 
on how it is taught and on the intorests of the lecturer. 
Most teachers have now moved away from giving descrip- 
tions of one family after another. It is necessary now to 
show students something of the great diversity within 
the plant kingdom, yet they cannot be expected to learn 
more than a fraction of this in a three-year course. 
Consequently, they must be givon a reasonable knowledge 
of the British flora, and shown the theoretical bases of 
taxonomic research, and their taxonomic invostigations 
linked with other aspects of botany. 

The links between taxonomy and plant morphology 
and anatomy are obvious. No less important is the relation 
between taxonomy and plant ecolegy, for one must be 
able to identify the plants with which one is working in 
the field. Discussion of ecological and geographical 
barriers in species formation gives the student a back- 
ground of ecological thought to apply when examining 
plants in field or herbarium. 

Taxonomic teaching should link closely with genetics 
and cytology, since these investigations can show by 
experiment how plants are related to each other, and how 
they are evolving. Attention should be directed to 
cytological criteria in classification. Chromosome investi- 
gations in natural and artificial hybrids can be most 


stimulating, and should include examples from cultivated 
plants, where cytologists and plant breeders have been 
able to elucidate the evolutionary relations of cultivated 
to wild species. Though relatively few plant species have 
been investigated genetically, enough knowledge exists 
to provide an understanding of the different sorts of 
variation. Many geneticists have gone over to the field 
of experimental taxonomy, yet would be surprised to bo 
told they were engaged in taxonomic research. 

Too much stress should not be laid on nomenclature, 
though this aspect must not be wholly neglected, and can 
be linked with the history of botanical thought. The value 
of biometrical and statistical investigations needs no 
stressing, and these can profitably be pursued by students 
who are mathematically inclined. Latterly it has become 
more and more possible to draw on comparative investi- 
gations in plant biochemistry and serology to help in 
classifying both species and higher categories. Thus, 
students can use the taxonomic approach to fit otherwise 
unrelated information into a unifying framework of ideas. 
Without such a focal point, work in other fields is very 
liable to be incorrectly assessed or invalidated. 

In conclusion, Prof. Hawkes gave his ideas on how 
taxonomy might be taught in sixth forms in schools, and 
an outline of tho taxonomy course ho himself has used 
in Birmingham. 

Prof. O. W. Richards (Imperial College of Science and 
Technology) reminded his audience of the varied opinions 
as to how zoology should be taught and said his view was 
that not all students should receive the same typo of 
training, but that the greater the variety of course 
available the better it would be. However, in a programme 
concerned mainly with functions and procosses common to 
many groups, there was need of a short course in taxonomy, 
to inculcate an understanding of the variety of creatures, 
wheroas in ono organized around the ideas of classification 
and evolution there was less need for formal instruction 
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in taxonomy at the undergraduate-level. He had always 
been in a department with the latter orientation, and 
hence proceeded to deal with this aspect. 

Practical considerations regarding animal material 
arise. In most birds, many mammals, butterflies and 
mosquitoes, the greater part of the primary taxonomy 
has alrvady been done; but in most insect groups outside 
and many within Europe it has not, and in these fields 
little manpower can be spared for cytogenetic investiga- 
tions and the like. On the other hand, adequate collections 
of birds and mammals can only be housed in large 
museums, whereas small animals can be collected and 
stored without great expense, and conveniently worked 
by student or amateur. An interest in such work is 
regarded as a favourable point for the admittance of a 
student to the Imperial College of Science and Tech- 
nology. 

In the Department of Zoology and Applied Entomology 
at the Imperial College of Science and Technology, 
olomentary students receive a course in comparative 
anatomy, in which the principles of classification and 
characterization are learned. Concurrently they study 
botany with a taxonomic bias, on account of the 
importance of plants to those working with insects and 
nomatodes which attack them. In vacation field-work, 
much collecting and identifying is done. Third-year 
students receive instruction that is more overtly taxo- 
nomic, and in the inter-related fields of geographical 
distribution, genetics and evolutionary theory. 

Imperial College is favourably placed, on account of 
its proximity to the British Museum (Natural History) 
and the Commonwealth Institute of Entomology, for the 
training of postgraduate students in taxonomy, and 
often receives such students sent by overseas Governments. 
A student will take on a group of perhaps 50 species from 
a chosen area, for example, India, and will catalogue, 
reclassify and redescribe the genera and species concerned, 
making comparisons all the time with material from 
outside his area. He will make a full, illustrated morpho- 
logical description of a typical species in his group. 


Although good taxonomists are more born than made, - 


the most naturally born taxonomist can be introduced to 
ideas with which he may be unfamiliar, and he will receive 
instruction in, for example, theories of variation and of 
sympatric and allopatric distribution as affecting the 
status of taxa. The student is encouraged to compound 
his classification of as wide a correlation of characters as 
possible, differences in both external and internal structure 
of adult and immature form, differencos in distribution, 
habit, physiology and ecology, etc. 

At the present time much identification of species is 
done by people without degrees. From this it has been 
argued that such work requires only a limited training, 
but what is more likely is that too few men and women 
receive training at a university. 

Prof. P. C. Sylvester-Bradley (University of Leicester) 
reminded those present that biology as a sciencé-had been 
characterized by phases of explosive activity. The best 
known was triggered off by Darwin. Another began in 
1938, when Sir Julian Huxley founded the Systematics 
Association and initiated the ‘new systematics’, and when 
complementary reviews were published by Rensch, Mayr 
and Simpson which established the synthetic theory of 
evolution. Disciplines which previously had been self- 
contained spread into other fields and, by cross-fertiliza- 
tion, infused new vigour into old systems. A science 
which had become over-specialized found itself integrated, 
young and adaptable. 

The most recent explosion of ideas culminated in 1962 
with reports on the nature of the genetic code; and just 
as 1938 gave birth to the ‘new systematics’, so has 1962 
produced a ‘new biology’. Every university in Britain 
is seeking to integrate this new biology into its teaching 
and research programme, but is discovering obstacles to 
such integration. 
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The new advances foreseen lie in the field of molecular 
biology, and if these are to be applied to the whole field 
of human endeavour they must be integrated with the 
whole of biological science. This cannot occur if we just 
add new departmental walls to our existing structure; we 
need a discipline to exploit the common ground linking 
the old with the new. Twenty-five years ago systematics 
led to the synthesis of evolutionary theory; Can it play 
a similar part again ? 

An important development was the publication, 
two years ago, of Simpson’s Principles of Taxonomy. 
Simpson draws a distinction between ‘taxonomy’ dealing 
with the principles of classification, and ‘systematics’, as 
concerning the investigation of diversity and the process 
of differentiation. It is in this latter sense that systematics 
stands out as a potential integrating force: it can be 
applied ‘at all levels, and is linking the small with the 
great. An example is in the field of genetics where 
‘epigenetics’ deals with the investigation of differentiation. 
at the level of the molecule, the cell, the organism, and 
‘population genetics’ at the level of the population and 
the species. 

Systematics must also embody the disciplino of com- 
parison: comparative morphology, physiology, othology 
and biochemistry all contribute to the now systematics, 
and thus find their way into classification and form 
part of taxonomy. The recent conference at Kansas on 
taxonomic biochemistry, physiology and serology, explored 
how these comparative aspects can be applied to taxonomic 
problems. But if systematics is to act as an integrating 
force in biology it must not only embody new ideas but 
also initiate its own programme of discovery, for it is 
necessary to know much more about the mechanisms of 
differentiation at all levels and how they have come about. 
Such a programme of functional and evolutionary 
systematics will hold the key to integration, and may well 
yield answers to urgent problems concerning the future 
of mankind. 

Paleontology is sometimes regarded as only being on tho 
fringe of biology, yet its full integration can be achioved 
if systematics as interpreted here is applied to its teaching. 
A paleontological systematist would be investigating the 
process of differentiation in time, and his problems need 
genetical, physiological and taxonomic participation. No 
paleontologist can understand his subject if he is not a 
biologist, and no university can omit biology from his 
training. What is true of this is true of every branch of 
biology; the walls must come down. 

In opening the discussion, Prof. H. Heslop-Harrison 
said that this was an important time to consider the placo 
of taxonomy in the teaching of biology, for throughout 
Britain there are moves toward new ways of presenting 
the subject, arising from the enormous accretion of new 
material, and an awareness that subdivision insulates 
complementary branches which should feed ideas one to 
another. Taxonomists must state what their contribution 
is and how it should be made, otherwise their opportunity 
was likely to disappear. 

We need a realistic assessment of the place of taxonomy 
in biology in general. That its relative importance has 
declined is beyond denying, for at one time it was virtually 
the whole of biology; yet a case can still be made for the 
view that its significance as a unifying force is all pervasive 
for, as Simpson has said, taxonomy is at once the most. 
elementary and the most inclusive part of biology. It has 
the potentiality for gathering data from all branches of 
biology and of providing the means of orientation: its 
method is the principal one for the investigation and 
codification of organic variation and as such it is indis- 
pensible. ` 

Taxonomists should so order their work that othor 
biologists find tools that can contribute to their own 
investigations. Lack of esteem for the discipline might 
be caused by those who are over-obsessed with nomen- 
clatural wrangles, and by those who will not rationalize 
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their methods and adopt precise ways of thought. Yet 
there is no need for the investigation of organic variation 
to be based on subjective foundations: it can be treated 
as rigorously as any physiological problem, and its results 
can. be stated in almost as precise terms. Shorn of legalism 
and imprecision, taxonomy can discharge its unifying 
function in the new biology. In the context of biological 
teaching, it can form the principal agency through which 
the student can learn of the diversity of living things, the 
pattern of diversity and the evolutionary mechanisms 
through which that pattern has arisen. 

Dr. P. H. A. Sneath supported Prof. Sylvester-Bradley 
on the central role of systematics in relating the small 
and the large scale, molecular and population biology. 
These sciences will produce a flood of information which 
will need correlation and classification, and mathematical 
methods would be invaluable here. Nomenclature should 
be taught simply with emphasis on the reasons for the 
rules, which were seldom understood by students. Dr. 
A. J. Cain (University of Oxford) said that intuition in 
taxonomy, meaning the rapid appreciation of many 
characters and their comparison, was perfectly respectable; 
but when authors included irrational biases, their work 
was deservedly in disrepute. Prof. Heslop-Harrison said 
that correlations put intuitive results into an analytical 
form. Prof. D. G. Catcheside (University of Birmingham) 
said that problems of classification were encountered in 
many fields outside biology, for example, librarianship 
and organic chemistry, and that all biology students 
should be introduced to these problems in their first year. 
Those who are potential specialists would develop their 
specialization later, after making a particular investigation. 
of those parts of biology most basic to systematics, 
especially genetics, cytology and ecology. Dr. Cain spoke 
of the use in Oxford of a block-course of a solid fortnight’s 
taxonomic teaching, in which students made more progress 
than in the same amount of time spread out. Prof. J. G. 
Hawkes said that in the Botany Department in the 
University of Birmingham they offered four five-week 
block courses of taxonomy options for final-year students, 
enabling those students to concentrate their thoughts on 
taxonomic lines for that period. Dr. L. H. Finlayson 
(University of Birmingham), replying to the chairman’s 
question on the possible place of taxonomy in the new 
integrated syllabus in biology in Birmingham, said there 
was very little time in the first-year course, but that it 
was hoped to present some of the basic taxonomic problems 
in the investigation of the physiology of species, etc. In 
later years there will also be a time problem, but this can 
be overcome by teaching taxonomy with morphology and 
ecology in field courses. Prof. Catcheside said that even 
in the first year some aspect of the subject should be 
investigated in depth: Dr. Finlayson agreed, commenting 
that no course could be completely comprehensive without 
being superficial. Prof. O. W. Richards said that integra- 
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tion might be a polite synonym for omission: whatever 
is done, biology is now too large to be taught in three or 
even five years. The continued teaching of classical 
biology and practice of primary taxonomy were essential 
supports for agriculture. Dr. Sneath asked whether it 
would be possible to think ahead to what biologists 
would be doing in fifty years’ time so that teaching 
methods could be devised accordingly. A wide view of 
the variety of Nature may be very stimulating and 
encourage students to think for themselves. The new 
American High School syllabus books may suggest the 
sort of wide approach needed. 

Dr. Cain, summing up, said there was clearly very 
considerable agreement that all students must receive 
some instruction in the range of diversity in the plant 
and animal kingdoms, its origin, nature and fate in 
evolution if they were to call themselves whole biologists. 
It was also agreed that this was a time when all must 
rethink their roles, to fit in with the extremely good new 
developments in biological teaching and research; though 
unfortunately some so-called rethinking masked a design 
to gain greater advantage for some fields of investigation 
at the expense of others. 

Systematics could offer a broad and comprehensive 
view, backed by experiment, of the organism as moulded 
by selection, speciation, and evolution for particular 
modes of life. Every living thing was as much the product 
of these factors as of those of gene-action, development, 
intermediate metabolic activity, regulation and the other 
basic biochemical and physiological processes, and all 
aspects must be investigated. 

Another contribution that could be made at university 
level was a thorough investigation of techniques of 
comparison of all forms, of mathematical as well as 
descriptive techniques, of technical terms and of scientific 
nomenclature, and systematics could institute a really 
searching investigation. Recent developments in numerical 
taxonomy were here of particular importance. 

A third aspect, rightly stressed by Prof. O. W. Richards, 
was the mapping of the diversity of the animal and plant 
kingdoms. The number of new species, each a different 
solution of the problem of living and a source of infor- 
mation for all sorts of biologists, even in Britain was 
appalling. This was a matter of the greatest seriousness, 
and the Royal Society had set up a committee to consider 
the provision of taxonomists in Britain, since it was often 
difficult or impossible to get the accurate identifications 
needed for all good work. 

Systematics, in all these aspects, had positive contribu- 
tions to make to university teaching; but in order that 
such contributions can be made, it must receive as 
adequate recognition as that accorded to other branches 
of the subject. Stultification of any one approach could 
only lead to the impoverishment of the whole of biology. 

G. J. KERRIOH 


PRACTICAL SCIENCE IN SCHOOLS” 


HE report on Practical Work in School Science, by 

J. F. Kerr, fully deserves the attention it will receive 
from teachers of science in schools pursuing a grammar 
school type of curriculum, as well as from members of the 
Boards which hold examinations for the General Certificate 
of Education at Ordinary and Advanced Levels. It should 
also receive consideration by all people who are concerned. 
with education since it reveals an urgent need for a 
complete re-assessment of the practical aspects of science 

* Practical Work in School Science: an Account of an Inquiry sponsored 

by the Gulbenkian Foundation into the Nature and Purpos of Practical Work 
in Schoot Science Teaching in mre a and Wales. y J. F. Kerr, assisted 


b E Boulind, M. J. Rolls Soott and Es Stafford. Pp. 142. 
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teaching in which “the pattern of work has become 
inflexible, repetitive, and outmoded and often inadequately 
integrated with the theory”. 

The inquiry was financed by a grant to the University 
of Leicester by the Trustees of the Calouste Gulbenkian 
Foundation. In carrying it out, the chief author had the 
assistance of four other lecturers in science teaching 
methods at university departments of education, and they 
could refer to an Advisory Committee on which represen- 
tatives sat from the Ministry of Education and the then 
Science Masters’ Association and Association of Women 
Science Teachers. The inquiry was conducted mainly by 
means of questionnaires and personal visits; 701 teachers 
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took part from 151 schools, and the three sciences were 
fairly evenly represented. Nine Examining Boards were 
also approached and, to round off the inquiry, the views 
were obtained of 624 students at universities and colleges 
of advanced technology who had specialized in science 
at school. 

The teachers were found to be generally in favour of 
the British tradition of laying emphasis on individual 
practical work, giving as their reasons, in order of impor- 
tance, its value in encouraging accuracy in observation, 
in fostering comprehension, and in serving as an integral 
part of the process of discovery of new facts and principles. 
With those objects the students were in agreement except 
that they placed first that of making the work more real 
and interesting. 

The inquiry, however, brought out a wide discrepancy 
between objects like these and what was actually achieved. 
There were, for example, few signs of any spirit of inquiry 
in sixth-form practical work: in physics, an excess of time 
was spent on the verification of known constants; in 
chemistry, on qualitative and volumetric analysis, while 
exercises in physical chemistry were neglected; and in 
biology, on dissections and microscopic investigations, 
along with a great deal of drawing. In all the sciences, 
only to a small degree was thore a close tie-up between the 
practical work and theoretical considerations, although in 
this respect the situation was more ‘satisfactory in work 
at Ordinary Level. 

For this state of affairs, the present system of public 
examinations is in part responsible. Even the simple 
logistics of practical examinations has its effect. One of 
the chief requirements is a large supply of uniform 
specimens and materials not subject to rapid deterioration. 
In 1961, one Board alone sent out to schools more than 
100,000 biological specimens. At the other end, difficulties 
arise over impure reagents, unreliable standard solutions, 
and faulty apparatus which the schools are asked to 
provide. The time-factor in itself is a serious bar to the 
inclusion of tests in organic chemistry. In most cases the 
examinations are supervised by invigilators, since, because 
of the increasing numbers of candidates, only some of the 
smaller Boards can hold tests at centres where the 
examiners themselves can take charge. 

The report contains some other points which have 
already been under discussion. In most schools, the actual 
time allotted for teaching science was thought to be 
sufficient, yet while in 80 per cent of direct-grant and 
independent schools the provision of lahoratory facilities 
seemed to be adequate, the proportion fell to 56 per cent 
in maintained (local education authority) schools. Particu- 
larly in girls’ schools an acute shortage of well-trained 
science teachers was found to persist, and almost generally, 
the supply of laboratory assistants remained seriously 
below requirements, among other things compelling the 
teaching staff to waste valuable time on elementary 
chores. 

As a whole, the team of inquiry are content to let the 
facts speak for themselves; few specific recommendations 
are made. Throughout the report, however, they 
imply that a spirit of finding-out should permeate all 
practical work so that it might foster a scientific way of 
thought and behaviour. It is suggested that trained 
technicians should give some assistance with demonstra- 
tions and the supervision of practical work. While to get 
round some of the difficulties in carrying out practical 
examinations, it is recommended that the teachers should 
be granted a larger measure of autonomy, so that, under 
suitable arrangements (of which teachers’ training colleges 
have already had considerable experience) they should 
be allowed to set, supervise and mark their own tests. 

The facts revealed by the report are disquieting. They 
ought to be taken up at once. On this question, apart 
from what has already been mentioned, it is to be regretted 
that an inquiry conducted by specially qualified men and 
supported by such influential resources was not carried 
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further and more guidance given on the lines along which 
further changes might be made. In this respect the 
Examining Boards are in a key position, all the more 
because through their constitution they serve as bridgos 
between the universities and the schools. It is open to 
each of them to take such steps as might be thought fit; 
but that would be a clumsy procedure when progress 
would be more rapid if they were all to come together and 
adopt a common policy. . 

The inquiry reflects the amateurish approach to the 
teaching of science, as well as to other educational matters, 
which has prevailed in England up to the present time. 
There are few signs in it of the spirit of original discovery 
which it so strongly recommends. But the occasion of its 
publication should be taken to initiate a fresh development 
in which all aspects of science teaching might be thrown 
open to investigation by scientific means, making use of 
statistical techniques, control groups and standardized 
procedures. 

From this point of view there are important problems 
which are crying out for investigation. One is to devise 
methods of testing ability and achievement which are 
detached from the competitive spirit which prevails at 
present in all advanced-level examinations. It is this 
spirit which intensifies emphasis on memorized knowledge 
and the acceptance of what is looked on as authoritarian 
sources of information. This kind of learning makes heavy 
inroads into the time available for individual investi- 
gations. An associated problem is the relation between 
practical and theoretical considerations in science teaching. 
If, as the report shows, practical work is carried out with 
only slender contacts with theory, it follows that much of 
the book-work is undertaken without much referonce to 
practical confirmation. In addition, emphasis on text-book 
learning tends to inhibit individual thought. Creative 
thinking is a tender plant. Under present teaching 
conditions sixth-form specialists are compelled to assimi- 
late knowledge and deepen their comprehension at a rate 
far faster than they would do if moved solely by their own 
personal interests, and an attitude of genuine inquiry 
cannot be switched like a searchlight, on demand, from 
one sector to another of a very extensive syllabus. Like 
mature research workers, young people need time to brood, 
and teachers should be always on the look-out for signs of 
what is beginning to be called ‘creativity’. This should 
also be one of the primary objects of public examinations 
in science. 

There can be no doubt that a spirit of inquiry should 
illuminate all teaching work. A major difficulty, however, 
in pursuing this object is that if not carefully planned, 
learning by finding-out takes up a great deal of time. It 
was chiefly because of this that the heuristic methods so 
strongly advocated by H. E. Armstrong failed to attract 
a greater following. The same time-factor has always 
prevented much reference to the history of scienco in 
school teaching and to theories which in earlior times held 
the field. Then again, young students do not view with 
much enthusiasm practical investigations under school 
conditions of problems to which they are aware that 
solutions have already been arrived at by experienced men 
using superior techniques. Points like these only serve to 
emphasize that the whole of this field should be opened up 
to research on the findings of which new teaching and 
examination procedures might be based. 

As a final point, it needs to be recognized more clearly 
that almost the whole of sixth-form work in science is for 
vocational purposes. That realization discloses a great 
weakness in our present-day civilization, in which the use 
of science for material interests takes priority over that 
for ideological ends. If science were really looked on as a 
powerful cultural force its orientation would bo entirely 
different, and in teaching work the relationship between 
theory and practical exemplification would almost 
certainly be brought out more clearly than it is now. 

R. WEATHERALL 
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DETERMINATION OF AGE IN SCOTTISH RED DEER FROM 
GROWTH LAYERS IN DENTAL CEMENT 


By BRIAN MITCHELL 


Nature Conservancy, Speyside Research Station, Aviemore, Inverness-shire 


CCURATE life tables, age/birth schedules and other 
measures of the age specific performance of red 
deer (Cervus elaphus L.), are essential tools for the scientific 
management of red deer stocks in Scotland. An accurate 
age-determination technique, using samples: of dead 
animals, would allow such information to be collected 
more rapidly than by the alternative method of studying 
known-age animals tagged as new-born calves. 

Sergeant and Pimlott! demonstrated age-d termination 
in moose (Alces alces) from seasonal differences in the 
type of dental coment laid down. Recent investigations 
have shown that red deer can be aged similarly. This 
work has involved teeth from more than five hundred 
animals shot or dying naturally throughout the year in 
many parts of the Highlands and islands of Scotland. 

As with other cervids, the permanent teeth of red deer 
continue to erupt throughout life due to the growth of 
dental cement which occurs as a sheath around each root 
and as a pad between the roots of the molariform teeth 
(Fig. 1). Although the rate of eruption of each tooth 
never completely compensates for the rate of wear of the 
crown, the rate of growth of cement is clearly related 
to the rate of wear, for example, molariform teeth have 
thicker depositions of cement than incisors or canines, 
and teeth showing abnormal wear have corresponding 
thicker deposits. 

The structure of dental cement is readily seen in trans- 
vorse sections (Fig. 2). The tooth is cut with a fine hack- 
saw, polished on a fine ‘Carborundum’ stone, and examined 
(dry) by reflected light undsr a binocular dissecting 
microscope. 

Teeth of old deer (with flattened tooth crowns) have 
alternating layers of white opaque and translucent cement, 


yearling 
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Fig. 1. Diagrammatic sections of lower first molar teeth, from a yearling 

and a deer of moderate age, Showing the development and distribution 

of cement. a-b indicates the simplest section plane for exposing the 
layers of the cement pad 


* 





Fig. 2. Section of a lower first molar cement pad showing five white 
layers and indicating the animal to be six years old ( x 20) 


whereas teeth from younger deer (with sharp cusps) have 
fewer layers and thinner depositions of cement. The 
layers are most easily seen and counted in the relatively 
thick coment pads between. the roots of molariform teeth 
(Fig. 2). Viewed by transmitted light, thin sections 
of dried tooth show the white opaque layers to be com- 
posed, of aggregations of comentoblast cells—or of the air- 
filled spaces originally occupied by such cells—and the 
translucent layers to contain fewer cells and more fibrous 
material. The white appearance of the cementoblast 
layers under reflected light is due to reflexion from the 
cell cavities. Hence with facial sections, correct orientation 
of the specimen in relation to the light is important. 

The numbers of layers counted on the different teeth of 
individual deer are consistent with the order of tooth 
replacement “and corresponding teeth from both sides 
show the same number. Red deer calves are born with 
eleven milk ‘teeth on each side, comprising four lower 
incisiform teeth, an upper canine, and three upper and 
three lower pre-molars. The full complement of perma- 
nent teeth is generally present at threo years, and, al- 
though pre-molar replacement is often delayed, the order 
of appearance is as follows: first molar (functional at 4-6 
months), second molar and first incisor (12-15 months), 
second incisor (19 months), third incisor (21 months), 
fourth incisor (= lower canine), upper canine, and pre- 
molars (21-28 months), third molar (33 months). The 
first molar, the first permanent tooth to appear, has the 
greatest number of white layers, and the third molar 
has the least, (generally up to three layers less than the 
first). The second molar often has the same number 
as the first, but usually one less. 

The lower first molar is the most convenient tooth to 
collect and examine for age-determination purposes. 
Although functional at 4-6 months, it retains a fully open 
root until about 12 months, when the tip becomes con- 
stricted by the continued growth of dentine in the pulp 
cavity and at the root apex. The only detectable cement 
on or between the roots during the early yearling stage 
is a thin layer of translucent cement, the first white layer 
appearing when the animal is about two, that is, during 
its third summer. 
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Teoth from animals shot in almost every month over the 
past two years show that white cement is associated with 
‘summer’ growth and translucent cement with ‘winter’ 
growth, that is, teeth from animals shot between May and 
December show a white layer outermost and those from 
animals shot between January and April a translucent 
layer. Similarly, teeth from natural ‘winter’ deaths, of 
which most occur in early spring, show a distinct outer 

layer of translucent coment. 

Determining the age (in years) of red deer from the num- 
ber of white layers present in the cement of the lower first 
molar involves adding one to the number of layers counted, 
since the first white layer is laid down when the animal 
is two years old, that is, from 1 year 11 months to 2 years 
6 months. Two stags, the ages of which were known, 
confirm the technique. A stag tagged as a new-born 
calf in June 1959 was shot in January 1962 (2 years 7 
months); the first molar showed one distinct layer of 
white cement with a thin layer of translucent cement 
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outermost. A park stag 17 years 4 months old showed 
sixteen layers of white cement on its first molar. 

In spite of the wide range of sampling sites and material, 
the only exceptions to the foregoing observations are 
from one estate where some of the yearlings (21 months 
old), in a herd killed in an avalanche, showed a thin layer 
of white cement with a thin layer of translucent cement 
outermost on their first molars (cf. the tagged stag alroady 
described). 

Work on the relations between cement growth and 
environmental conditions is continuing and it is hoped to 
publish a more comprehensive account elsewhere. 

I thank the Red Deer Commission (Inverness), the 
estates of Glen Fiddich (Banffshire), Invermark (Angus), 
and Brodick (Arran) and M. J. W. Douglas (a former 
Nature Conservancy warden) for the collections of 
material. 


s Sergeant, D. E., and Pimlott, D. H., J. Wildlife Management, 23 (3), 315 
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OXIDATION OF REDUCED NICOTINAMIDE-ADENINE DINUCLEOTIDE 
PHOSPHATE IN RAT LIVER MICROSOMES 


By ANNE BELOFF-CHAIN, RAFFAELLA CATANZARO and G. SERLUPI-CRESCENZI 


International Centre for General Biochemistry and Chemical Microbiology, 
Istituto Superiore di Sanita, Roma 


ORK on the mode of action of insulin which has 

been in progress over a period of many years in 
these laboratories gave rise to the concept that the 
diverse actions of insulin on synthetic reactions could be 
explained by a single effect on the nicotinamide-adenine 
dinucleotide oxidative reductive system!. Jt is known 
that under normal conditions the nicotinamide-adenine 
dinucleotide phosphate of the tissue is present mostly 
in the reduced form (NADPH,) (ref. 2), which must there- 
fore be reoxidized to supply NADP as required by the 
tissue. A programme of work was therefore planned to 
study various systems for the oxidation of NADPH, in 
different animal tissues and to see whether an effect of 
insulin could be shown to occur on one of these reactions. 
During the early part of this investigation it was observed 
by polarographic measurements that when NADPH, 
was added to a suspension of liver microsomes there was 
an uptake of oxygen which occurred concurrently with 
the disappearance of NADPH, and the formation of 
NADP, and that the uptake of oxygen under these condi- 
tions was greatly stimulated by adenosine diphosphate 
(ADP). This system for the oxidation of NADPH, by 
liver microsomes is being studied in detail and a pre- 
liminary account of the findings are reported in the 
present article. 

ADP, UDP, GDP, CDP and ATP were obtained from 
Pabst Laboratories: NADPH, NADP and glucose-6- 
phosphate and glucose-6-phosphate dehydrogenase from 
C. F. Boehringer and S. G.m.b.H., and hexokinase, 
NADH,, succinate and cytochrome c, from Sigma Chemical 
Co. Reduced cytochrome ¢ was prepared by reduction 
with hydrogen and palladium asbestos as described 
by Smith’. 

Male Wistar rats (about 150 g) were used. Tho animals 
were killed by a blow on the head and decapitation and the 
livers rapidly removed, cooled on ice and weighed. All 
the subsequent procedure was carried out at 2°-4°. The 
tissue was cut into small pieces and homogenized in a 
Potter-Hivehjem ‘Teflon’ homogenizer with 10 vols. 0-25 
M sucrose. The homogenate was centrifuged in a refriger- 
ated centrifuge at 600g for 10 min and the supernatant 


recentrifuged at 15,000g twice for 10 min each time. The 
supernatant was then centrifuged in the Spinco prepara- 
tive ultracentrifuge (No. 30 rotor) at 105,500g for 30 min 
to separate the microsome fraction. The microsomes 
were re-suspended in 0-25 M sucrose and recentrifuged. for 
45 min at 105,500g. The washed microsomes were then 
suspended so as to give a preparation containing micro- 
somes from 2 g liver/ml. suspension (about 6 mg protein] 
ml.). 
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Fig. 1. Influence of ADP on NADPH, oxidation to NADP and on 
uptake of oxygen by rat liver microsomes 

0-3 ml. of microsome suspension (containing 6 mg protein/ml, was 

added to a polarograph cell containing 0-7 ml. of pho sphate buffered 

reaction medium (pH 7-4); 0-1 ml. NADPH, and 0-1 ml. ADP (1 4M) 

were added as indicated in the figure. Concentration of oxygen measured 

polarographically and NADPH, concentration fluorimetically. NADP 

was measured by addition of glucose-6-phosphate and glucose-6-phs- 

hate dehydrogenase as indicated in the fizure 

ptake of oxygen; — -~ ~, concentration of NADPH, 
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Fig. 2. Influence of concentration of ADP on uptake of oxygen by rat 
liver microsomes in presence of NADP 
1 ml. microsome suspension (6 mg protein) added to a Warburg vessel 
containing 0°6 ml. tris buffered medium pH 7-4 + ADP. Total volume 
1-9 ml. 0-1 ml. NADP (1 aM) added from side-arm after incubation 
for 10 min. Results expressed as wl. oxygen uptake per ml. microsome 
suspension at 37° C in oxygen 
ADP concentration (uM): 1, 2:6; 2,5; 3,10; 4, 20 


0-5 ml. of microsome suspension was added to 0:5 ml. 
of 10 per cent trichloroacetic acid and the protein pre- 
cipitated was determined by the method of Lowry‘. 

In experiments in which a phosphate buffer was used 
the reaction medium was identical to that described by 
Chance and Williams’. In those experiments in which 
a reduced concentration of inorganic phosphate was 
required the reaction medium contained 0-02 M tris 
(hydroxy methyl) amino methane buffer pH 7:4 instead 
of phosphate, and is referred to as ‘iris buffered 
medium’, 

The polarographic determinations of uptake of oxygen 
were made with a silver-wire vibrating electrode coated 
with ‘Araldite D’ resin (Ciba, Basle) and vibrated by the 
reed of a converter from the Brown Instrument Co.*, a 
silver anode and a simple direct-current polarographic 
circuit? coupled with a Leeds and Northrup Speedomax 
H recorder. In most experiments the polarographic cell 
contained 0-7 ml. of reaction medium, 0-2 ml. or 0-3 ml. of 
microsome suspension and other additions as indicated 
in the illustrations. However, in the 
experiments in which fluorimetric measure- 
ments were made contemporaneously all 
the volumes were doubled. The reaction 
vessel was at room temperature (about 
20°). 

Fluorimetric measurements were made 
with a Coleman PH model 120 photo- 
fluorimeter (Coleman Instruments Inc., 
Maywood, TIl.) using filters 12221 as 
primary and 14211 as secondary. A tube < 
containing the microsome reaction medium 
and other additions as described above to 
give a total volume of 2 ml. was used so 
that the polarographic measurements of 
uptake of oxygen could be made contem- 
poraneously with the fluorimetric measure- 
ments of NADPH, concentration. A small 
adaptor permitted the use of small tubes 
instead of the large ones supplied with the 
apparatus. 

I ml. of microsome suspension was added 
to Warburg vessels containing 0-6 ml. of 
reaction medium and other additions to give 
a total volume of 1-9 ml. 0-1 ml. NADP or 
NADPH, was added to the side-arm of 
the vessels. The vessels were gassed 
fof 5 min with oxygen, then incubated 
at 37° C for 10 min before the addition of 
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Fig. 3. Influence of concentration of ADP on uptake of oxygen by rat 
liver microsomes in the presence of NADPH, 
Experimental conditions as in Fig. 2, 0:1 ml. NADPH, (1# M) added 


from side-arm of Warburg vessel 
ADP concentration (uM): 1, 0; 2, 1:0; 3, 25; 4, 5'0; 5, 10 


NADP or NADPH, and for a further period, as indicated. 
in the results, after addition. Consumption of oxygen was 
measured by the conventional Warburg manometric 
technique. 

The results reported here are given as typical figures 
taken from one experiment. However, in each case the 
findings have been confirmed in a large number of experi- 
ments carried out with different preparations of liver 
microsomes. 

From the results of polarographic measurements given 
in Fig. 1 it can be calculated that the addition of 1 pM 
NADPH, to 0-3 ml. of liver microsome suspension. (1-8 mg 
protein) produced an uptake of oxygen of 0-66 ul./min. 





Fig. 4. Uptake of oxygen by rat liver mtorosomios in the presence of ADP, NADPH, and 
succinate 
Experimental conditions as given in Fig. 1. Additions as indicated in figure 
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Fig. 5. Influence of GDP, CDP, UDP and ADP on oxygen uptake by rat Hver microsomes 
in the presence of NA 
Experimental conditions as given in Fig. 1. ‘Additions as indicated in figure 


By the addition of 1 uM of ADP the uptake of oxygen 
was increased to 8-1 ul./min. By fluorimetric measure- 
ments it was shown that a decrease in NADPH, paralleled 
the uptake of oxygan (Fig. 1) and that the NADPH, was 
oxidized to form NADP. In experiments in which the 
Warburg manometric technique was used under the 
experimental conditions described here, uptake of oxygen 
was measured over a much longer period in the presence 
of NADP or NADPH,. It was found that the rate of 
uptake of oxygen was dependent on the concentration of 
ADP added, and that a maximum was obtained in the 
presence of 10 uM ADP per 6 mg microsome protein 
(Figs. 2 and 3). Fig. 2 shows that the uptake of oxygen 
after the addition of NADP was relatively slow and then 
increased, whereas with NADPH, there was a rapid uptake 
of oxygen immediately after its addition to the system 
(Fig. 3). 

The polarographic measurements given in Fig. 4 
show that when NADH, was added to the system instead 
of NADPH, there was very little uptake of oxygen and 
there was.no stimulation by succinate or by ADP. This 
finding was later confirmed using the Warburg mano- 
metric technique. 

Polarog:aphic measurements showed that UDP, GDP 
and CDP had the same stimulating effect on uptake of 
oxygen as ADP (Fig. 5) in the presence of NADPH, 
whereas ATP and AMP had no effect (Fig. 6). 

The inhibitory effect of potassium cyanide was tested 
on this system using the polarographic technique. No 
inhibition of uptake of oxygen was obtained at concentra- 
tions less than 10-3 M; at higher concentration an inhibi- 
tory effect was obtained. Antimycin A at a concentration 
of 20 y/ml. had no effect. 

In order to ascertain whether there were alterations in 
the inorganic phosphate concentration of the reaction 
medium during incubation of the microsome system, 
experiments were carried out in 0-02 M tris reaction 
medium and low concentrations of inorganic phosphate. 
Tt was found that the concentration of inorganic phosphate 
had no influence on uptake of oxygen in this system. 
The results given in Table 1 show that the phosphate 
groups from ADP, ATP, UDP and CTP were nearly 
quantitatively hydrolysed after 15-min incubation at 
37° C. 

In experiments in which glucose (5 uM) and hexokinase 
were added to the microsomes in the presence of ADP 
(1 pM) it was possible to show that very small amounts 
of glucose-6-phosphate (about 0-3 pM) were formed. 
However, the presence of the yeast hexokinase preparation 
was found to inhibit uptake of oxygen. 

In order to test for the presence of cytochrome oxidase 
as a possible mitochondrial contamination in the micro- 
somo preparation, polarographic measurements of up- 
take of oxygen were made when reduced cytochrome e 
was added to the system in substrate concéntrations. 
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No uptake of oxygen was observed 
either in the absence or presence of 
ADP. 





Discussion 


- Enzyme systems located in liver micro- 
somes which by & variety of mechanisms 
oxidize drugs and other aromatic com- 
pounds foreign to the body, and all of 
which have a specific requirement for 
NADPH, and oxygen, have been investig- 
ated for many years; of these the aromatic 
hydroxylation reactions have been studied 
most extensively®-°. Gillette, Brodio 
and La Du! have described an onzymo 
system, referred to as NADPH, oxidase, 
in the microsomes of rabbit liver which, 
even in the absence of added sub- 
strate, catalyses the oxidation of 
NADPH, to NADP and forms peroxides in the presence 
of oxygen. 


LIBERATION OF INORGANIC PHOSPHATE PROM NUOLEOTIDE DI- 
AND TRI-PHOSPHATES BY RAT LIVER MIOROSOMES 


Table 1. 


Results expressed as uM of inorganic hosphorus liberated from 5 #M of 

ATP, CTP, ADP and UDP (0-1 ml.) incubated with 1 ml. of microsome 

suspension, 0-8 mil. tris Diena reaction medium and 0-1 ml. of NADPH, 
(1 uM) for 15 min at 37° 


Addition Increase in inorgonio phosphorus 
ADP 9-5 
UDP X 105 
ATP 17-5 
CTP 17-5 


In the investigation recorded here a liver microsomo 
system has been examined in which uptake of oxygen 
occurred concurrently with the oxidation of NADPH, to 
NADP and these two reactions were greatly stimulated 
by the addition of ADP and other nucleotide diphos- 
phates. That this stimulatory effect-of ADP was due to 
contamination with mitochondria or mitochondrial frag- 
ments was made unlikely by the eare with which tho 
microsome fraction was prepared (no mitochondria wero 


























Fig. 6. Influence of, AMP, ATP and ADP on oxygen d nese by rat 
liver microsomes in the presence of NADPH, 
n Additions as indicated in 
gure | - z5 - 
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in fact visible on a microscopic examination of this 
fraction) and the following experimental results provided 
conclusive evidence against such a hypothesis: (1) The 
addition of NADH, to the microsome system produced 
very little uptake of oxygen and no effect was obtained by 
addition of substrate and ADP. (2) A spectrophoto- 
metric examination of the microsomal fraction showed no 
cytochrome c to be present, although cytochrome bs, 
typical of liver microsomes'?, was very evident. (3) 
Cytochrome oxidase could not account for the uptake of 
oxygen observed, as on addition of substrate amounts of 
reduced cytochrome c, there was no uptake of oxygen. 
It therefore seems reasonable to assume that the system 
studied provides a microsomal mechanism for the oxida- 
tion of NADPH, which is bound in some way to ADP, 
thus suggesting a new mechanism of oxidative phosphoryl- 
ation. 

It has not so far been possible to demonstrate con- 
clusively the formation of ATP either directly or by adding 
glucose and hexokinase (although small amounts of 
glucose-6-phosphate were formed) but this may be due to 
the fact that microsome fraction contained some adenosine 
triphosphatase as well as a 5-nucleotidase acting: on 
adenosine monophosphate and a glucose-6-phosphatase". 
The question of NADPH,-linked oxidative phosphoryla- 
tion is being further studied. 

The microsome system investigated must have some 
mechanism for the reduction of NADP to NADPH. 
Thus, on addition of NADP to the system uptake of 
oxygen was observed, although this was much slower 
in the initial stages than when NADPH, was added. 
Furthermore, the uptake of oxygen (about 7 uM) observed. 
in the presence of 1‘uM of NADPH, over a period of 25 
min can only be explained by a cyclic process in which 
the NADPH, is oxidized and the NADP formed is reduced. 
The mechanism by which NADP is reduced to NADPH, 
has not yet been elucidated. 

It appears very probable that the cytochrome system 
of the microsome fraction is involved in the transfer of 
electrons from NADPH, to oxygen. Considerable 
evidence has now accumulateds5 that the hepatic 
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nicotinamide adenine dinucleotide phosphate reductase!” 
is located in the liver microsomes, and, furthermore. it has 
been shown by Phillips and Langdon that this enzymo 
transfers hydrogen from NADPH, to cytochrome b; at 
approximately the same rate as to cytochrome c. Omura 
and Sato'® have described another cytochrome in livor 
microsomes with different properties to those of cyto- 
chrome b; and which is very rapidly re-oxidized by 
oxygen. Spectrophotometric studies on the role of the 
microsome cytochrome systems in the oxidation of 
NADPH,, with particular reference to the influence of 
ADP on these systems is now in progress in this laboratory. 
The purpose of these investigations is to find out whether 
there is a microsome electron transport mechanism 
bani aa with the formation of high-energy phosphate 

onds. 

We thank Miss D. Venettacci for assistance in some of 
the polarographic and fluorimetric measurements. 
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CLEAVAGE OF SPERM WHALE MYOGLOBIN WITH CYANOGEN BROMIDE 


By Cr. ALLEN B. EDMUNDSON 
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge 


LTHOUGH neither the chemical!-* nor the X-ray5.® 
investigations are sufficiently complete to allow the 
writing of a relatively unambiguous amino-acid sequence 
of sperm whale myoglobin, such a result can be achieved 
if the data from the two approaches are combined. The 
completion of the chemical examination has been delayed 
because of the presence in the tryptic hydrolysate of an 
insoluble fraction representing approximately one-third of 
the protein molecule and containing at least three as yet 
unresolved peptides. Recently, application of the method 
of Gross and Witkop’ for the cleavage of peptide bonds 
involving the carbonyl groups of methionine residues has 
permitted the fission of myoglobin into large soluble 
peptides which together contain the sequences present in 
the insoluble fraction as well as those in the remainder of 
the molecule. The isolation and characterization of three 
of these large peptides are described in the present article. 


Cleavage of Globin with Cyanogen Bromide and 
isolation of the Peptides 


Experimentally (cf. ref. 7), globin was reacted with 30 
molar quantities of cyanogen bromide for 24 h at room 
temperature in 0-1 N hydrochloric acid, which was chosen 
as solvent because globin is denatured at low pH values, 


and denaturation enhances the extent of the reaction. 
After the excess reagents and volatile products had been 
removed by lyophilization, the residue was subjected to 


AMINO-AGID COMPOSITION OF THREE LARGE PEPTIDES RELEASED 
FROM GLOBIN BY CLEAVAGE WITH CYANOGEN BROMIDE 


The composition of each peptide is presented in terms of the molar ratios of 
the constituent amino-acid residues. The peptides are designated by the 


Table 1. 


numbers given in Figs. 1 and 2, The composition of myoglobin is included 
‘or comparison 


Total No, 
of Myoglobin 


Amino-acid Peptide 1 Peptide2 Peptide 3 
(C-terminal) (N-terminal) residues 
Aspartic acid 2-00 3-02 2-86 8 8 
Glutamic acid 310 727 8°28 18 19 
Glycine 200 -~ 5-96 3°08 11 11 
Alanine 2-99 9-65 4:02 17 17 
Valine 0-02 3-05 4-39 7 8 
Leucine 2-94 8-11 8°57 18 18 
Isoleucine 0-99 5°63 216 9 9 
Serino 0-08 4-00 2-01 6 6 
Homoserine — 074 0-73 2 9 
Threonine 0-03 3°02 1-99 5 5 
Methionine — — „> 0 2 
Proline — 3-02 1-00 4 4 
Phenylalanine Q99 2-00 2:75 6 6 
yrosine 173 0-96 0-07 3 3 
Histidine 0-05 7-96 3-96 12 12 
Lysine 3-95 9-95 4:97 19 19 
A G] 1:00 0-98 1-89 4 4 
Tryptophan — — 1:94 2 2 
Integral No. 
of residues 22 76 53 151 153 
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gel-filtration over a.3-8 x 150 cm column 
of ‘Sephadex G-25’. The eluent in this and 
all subsequent experiments to be dis- 
cussed was 0-2 M acetic acid. The 
peptides emerging from the column were 
detected by the photometric ninhydrin 
method of Moore and Stein® after alkaline 
hydrolysis of small aliquots from each 
fraction by the procedure of Hirs et al.°. 

The fractionation achieved is shown 
in Fig. la, in which the ninhydrin colour 
value is plotted against the effluent 
volume, and the peptides are represented 
by peaks on the chromatogram. It is 
evident that at least one component, 
peptide 1, was of sufficiently small size 
to permit its removal from the mixture. 
The pattern obtained when peptide 1 
was re-cycled over the same column 
(cf. Fig. 16) indicates a minimum of 
contamination from the larger products 
present in the first band eluted from the 
‘G-25° column (cf. Fig. la). The larger 
peptides were concentrated under reduced 
pressure and placed on a 10 x 45 cm 
column of ‘Sephadex G-75’. The result- 
ing separation, illustrated in Fig, 2a, 
was incomplete, and fractions comprising 
approximately the latter half of the 
broad second band (ef. points between 
the arrows in Fig. 2a) were collected, 
concentrated and filtered on a 3-8 x 159 
em column of ‘G-75°. Fig. 2b shows that 
peptides 2 and 3 were separated by this 
procedure, and Figs. 2c and 2d indicate 
that these peptides travelled as single 
bands when refiltered on the same 
column. 

When the first half of the broad second 
band from the 10x45 em column (cf. 
Fig. 2a) was refractionated on the 3-8 x 
159 cm column, peptide 2 was found to 
be the major component, and peptide 3 
and one or more polypeptides similar 
to those in the first sharply defined band 
were recovered ag minor constituents. 
Small quantities of unreacted globin were 
probably present in this first band 
because the overall amino-acid composi- 
tion included methionine and methionine 
sulphoxides, but in molar amounts only 
about 3 per cent as great as those in the 
starting material. The components 
of the first zone could not be separated 
and purified by the reapplication 
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of the aforementioned methods of 
gel-filtration and therefore were 
not investigated further at this 
time. 


Amino-acid Analyses and End-group Determinations 


Peptides 1, 2 and 8 were subjected to quantitative 
amino-acid analyses by the method of Spackman, Stein 
and Moore, and the tryptophan content of péptide 3 
was determined by the procedure described by Beaven 
and Holiday"; (cf. also Goodwin and Morton™). The 
amino-terminal residues of peptides 1 and 3 were identified 
by Edman’s pheny1-iso-thiocyanate method®, with modifi- 
cations incorporating both a subtractive procedure similar 
to that introduced by Hirs et al.1*, and direct identification 
of the phenylthiohydantoins by the chromatographic 
techniques of Sjöquist and Edman**'*. 

It is evident from the results of the analyses, as sum- 
marized in Table 1, that the ratios of the molecular weights 
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Fig. 1. Isolation of peptide 1 by gel-filtration on à 8-8 x 150 em column of 
‘Sephadex G-25', with 
when peptide 1 was refiltered on the same column js indicated in Fig. 1b 


0-2 M acetic acid as eluent. The pattern obtained 
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Fig. 2. Separation of peptides 2 and 3 from larger polypeptides by filtration 
over a 10 x45 cm column of ‘Sephadex @-75’ is shown in Fig. 2a. Resolution 
of the mixture of peptides 2 and 3 on a 3-8x159 cm column of ‘G-75’ is 
indicated in panel 2b, and the chromatograms obtained when each peptide 
Was re-cycled over the same column are illustrated in panels 2c and 2d 


of the three peptides are approximately 1:2:3, a property 
allowing the use of the two types of ‘Sephadex’ for separa- 
tions based principally on the differences in size alone. 
The molar ratios of the amino-acid residues are generally 
close to integral values and the levels of impurities are 
lower than 10 per cent. If the two residues of homoserine 
or homoserine lactone (cf. ref. 7) formed from the 
methionine residues during the cleavage are included, the 
three peptides collectively contain 151 residues, with only 
the glutamic acid and valine values being lower than those 
obtained after analysis of the intact protein'*. The 
discrepancy between the glutamic acid values, when not 
rounded off to the nearest integral numbers, is within the 
limits of error of the combined hydrolytic and analytical 
procedures, but the difference in the valine values cannot 
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Fig. 8. Partial structural formule of peptides 3, 2 and 1, arranged In their order of alignment from the amino to the carboxy] ends of the polypep- 
tide chain of sperm whale myoglobin. Principal bonds hydrolysed by the action of trypsin and chymotrypsin are designated by the letters T and O. 
The sequences within the groups marked I, JI and ITI in the middle of the structure for peptide 2 were determined by chemical methods, but the 


alignment of the groups is that predicted from the X-ray analysis by Kendrew and 


Watson. With one exception the locations of the amide groups 


are not indicated 


be explained on this basis, It is unlikely that the valine 
value for myoglobin is incorrect, and since the three valine 
residues in peptide 2 have been located, it will be tenta- 
tively assumed that peptide 3 contains five and not four 
of these residues. 

Peptide 1 does not contain homoserine or homoserine 
lactone and therefore represents the carboxyl-terminal 
peptide liberated by cleavage at the carbonyl group of the 
second methionine residue in the polypeptide chain. The 
amino-terminal residue of peptide 3 was found to be valine, 
which also occupies this position in the intact protein. 
From the compositions of the two tryptic peptides con- 
taining methionine, Tryp 17 and Tryp 21 (for designations, 
ef. ref. 3), it is known that the cleavage at either methionine 
residue could not lead to the release of a peptide with 
valine as N-terminus. Therefore, peptide 3 must represent 
the 54 residues at the amino-end of myoglobin, and 
consequently peptide 2 must form the link between the 
two ends of the molecule. The amino-terminal residue of 
peptide 1 was identified as asparagine (or aspartic acid), 
a constituent of Tryp 21, but not Tryp 17. Moreover, 
recent investigations have. demonstrated that the methio- 
nine residue in Tryp 21 is followed by the sequence 
Asp. Lys. It may be concluded that peptide 1 is preceded 
by the methionine residue in Tryp 21 and therefore that 
peptide 2 is preceded by the comparable residue in Tryp 
17. By correlation of the foregoing information with the 
compositions and sequences of peptides isolated from 
tryptic??? and chymotryptic!’ hydrolysates of myoglobin 
it-is possible to deduce the sequences of large segments 
of the protein molecule. Those. sequences will now be 
considered as they occur in peptides 3, 2 and 1, arranged 

. in the order of alignment from the amino to the carboxyl 
end of the polypeptide chain. 


Structural Formulz of Peptides 3, 2 and | 


Peptide 3 is the least well characterized of the three for 
two principal reasons: (1) the first 15 residues are probably 


represented by a peptide in the insoluble fraction of the 
tryptic hydrolysate; and (2) the chymotryptic peptides 
corresponding to the first 13 residues have not as yet been 
isolated and purified, although two tryptophan-containing 
peptides from this region have been detected. The 
approximate composition of this N-terminal segment has 
been determined by subtraction of the combined composi- 
tions of the sequences represented by soluble tryptic and 
chymotryptic peptides assigned to peptide 3 from the 
overall composition given for this peptide in Table 1. The 
partial structure of peptide 3, as deduced from chemical 
data alone, is presented in Fig. 3. The major bonds 
hydrolysed by the action of trypsin and chymotrypsin on 
the intact protein are indicated by the letters T and O 
following the abbreviations for the appropriate residues. 
The sequences listed were determined by the phenyl- 
isothiocyanate procedure and by enzymatic end-group 
methods. The process of distinguishing glutamic and 
aspartic acid from glutamine and asparagine residues is 
incomplete and therefore the abbreviations are generally 
listed simply as Glu or Asp. : 

All 76 residues of peptide 2 have been identified as 
constituents of chymotryptic peptides, and the sequences 
of tryptic and chymotryptic peptides together representing 
the entirety of peptide 2 have been established. From 
overlapping sequences it has been possible to determine the 
alignment of peptides containing the N-terminal 21 and 
the C-terminal 16 residues, as well as those within the 
blocks of sequences designated I, II and III in Fig. 3. 
The presence of 31 of the residues in the insoluble fraction 
of the tryptic hydrolysate prevents the assignment of 
these remaining overlaps from the present chemical data, 
and the block sequences are arranged in Fig. 3 in the 
order predicted from the X-ray analysis by Kendrew and 
Watson. 

The structure given for peptide 1 in Fig. 3 was derived 
from chemical information alone, and indicates that its 
composition can be accounted for by the combined 
sequences of both chymotryptic and tryptic peptides, 
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including Tryp 16, the hexapeptide already assignedt 
to the C-terminal region of myoglobin. Of the 22 residues 
only the last two remain in doubt. My most recent (unpub- 
lished) results support a sequence of Glu-NH,.Gly, but 
earlier degradative investigations of Tryp 16 (ref. 4). 
indicated, though not conclusively, the inverted order. 

In retrospect it is of interest to deduce from the chemical 
and X-ray evidence the following probable structures of 
the three peptides representing unique sequences in the 
insoluble fraction of the tryptic hydrolysate: 


(1) Val(Glu,, Gly, Val,» Leus, Ser, His, Try,)Ala.Lys 


(2) His.Gly.Val.Thr. Val.Leu.Thr.Ala.Leu.Gly.Ala.Teu. 
Leu.Lys.Lys 


(3) Tyr.Leu.Glu.Phe.Ieu.Ser.Glu.Ala.Meu.Deu.His.Val. 
Leu.His.Ser.Arg 


Each of these peptides contains 15-16 residues, including 
a high proportion of those with hydrophobic side-chains. 
These properties are consistent with the tendency of the 
peptides to form insoluble mixtures resistant to the usual 
fractionation techniques. 

The major remaining problems in the chemical investiga- 
tion of myoglobin are the location of the N-terminal 
segment in soluble peptides smaller than peptide 3 and 
the establishment of the overlapping sequences in the 
middle region of peptide 2. The products in enzymatic 
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hydrolysates of peptides 2 and 3 are at prosent being 
examined in order to solve these problems, as well as to 
compare the results with those obtained in the investiga- 
tions of the more complicated digests of the entiro 
protein. 

I thank Dr. John Kendrew for his support and 
encouragement of this work; Mrs. Margaret Ross and 
Miss Pauline Sorrell for their assistance; the U.S. 
Public Health Service for a fellowship and for provision of 
an amino-acid analyser (grant Nos. A-3032 and A-3032 
(S1)); and the Medical Research Council for aid in pro- 
viding equipment and supplies. 
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REACTION OF TRYPSIN WITH p-NITROPHENYL ACETATE IN 
DIMETHYL SULPHOXIDE 


By Pror. FREDERICK A. BETTELHEIM and Pror. AARON LUKTON 


Chemistry Departments, Adelphi College, Garden City, New York and Brooklyn College, 
Brooklyn, New York 


IONEERING work on protein solubility and con- 

figurational changes in non-aqueous media was 
performed by Levine}, and Singer et al.2-*. Inagami and 
Sturtevant’ have demonstrated that trypsin has an 
esterase activity in aqueous dioxane and aqueous dimethyl 
sulphoxide (DMS) solutions. 

In one of our earlier studies on protein-lipid complexing® 
we used DMS as a solvent and trypsin as the complexing 
protein. The amount of complexing was determined 
by residual tryptic activity when it was transferred to 
aqueous medium. The results obtained indicated that 
trypsin may also act on an ester in non-aqueous 
systems. 

In this work it was expected that trypsin would react 
in DMS similarly to a-chymotrypsin in aqueous media’ 
so that using p-nitrophenyl acetate (PNPA) as substrate 
acylation would occur which could be observed spectro- 
photometrically by the liberation of p-nitrophenol. 

Stock solutions of commercial 2x crystallized and lyo- 
phylized trypsin (Worthington Biochemicals) were pre- 
pared daily. Trypsin was dissolved in freshly distilled 
DMS to give a concentration of 2-0 x 10-4 M. p-Nitro- 
phenyl acetate was synthesized and purified according to 
Balls and Woods’ and a 5-52 x 10-3 M stock solution in 
DMS was prepared daily. Spectrophotometric measure- 
ments were made on a Perkin-Elmer Spectracord model 
4000A using l-cm and on occasion 2-cm silica cells. 
Variable volumes of stock solutions were mixed to give 
different protein and ester concentrations in a final 
volume of 3 ml. In all cases the blank eontained the 
appropriate amount of ester in DMS, and it was prepared 
simultaneously with the sample. 


The change in optical density which resulted on addition 
of the enzyme to the ester, was followed at 432 mu in the 
visible and 320 and 280 my in the ultra-violet regions. 
Separate runs were made for each wave-length region. 
Initial readings were obtained within 20 sec of mix- 
ing. A scanning speed of 3 myu/sec was used and the 
region from 350 to 250 my was observed at regular 
intervals. 

The reaction of PNPA with trypsin in DMS was spectro- 
photometrically observed to be a two-step reaction as 
shown in Fig. 1. First, there was a shift of the enzyme 
peak from 280 mpu to longer wave-lengths. This shift 
was very rapid, and under normal mixing and spectro- 
scopic scanning conditions its kinetics could not be ana- 
lysed. Following this shift a slower reaction occurred as 
indicated by the appearance of peaks at 320 my and 
432 mu. Both these peaks correspond to the libera- 
tion of p-nitrophenol as substantiated by the absorption 
spectrum of the pure compound in DMS. The molar 
absorption co-efficients of p-nitrophenol in DMS wore 
determined at 320 and 432 mp as 22-2 and 0-245 mole-* 
cm? respectively. The rate of the appearance of the two 
peaks in terms of molar concentrations were found to be 
identical. 

The kinetics of the overall reaction, based on the 
appearance of p-nitrophenol, was second order, that is, 
first order with respect to both PNPA and trypsin and the 
rate constant at 27° C was 3-8 x 1071. mole-? min-1, 

The shift of the enzyme peak at 280 my was concentra- 
tion dependent. The extent of the ‘red shift’ of the peak 
and the change in its absorbance are given as a function 
of substrate concentration in Table 1. 
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Fig. 1. Absorption spectra of trypsin, 3-3 x 10, in DMS versus DMS 
(solid Hne) and of the reaction of trypsin with PNPA in DMS at 
different time-intervals. The numbers above the staggered lines indicate 
the time in min elapsed since mixing when the 320 mz absorption peak 
was scanned, 3-3 x 10“ M trypsin + 5:52 x 10+ M PNPA in DMS 

versus 5°52 x 10+ M PNPA in DMS. 


1-em cuvette 

In these experiments the molar substrate concentra- 
tions were a magnitude greater than the molar enzyme 
concentrations. When the substrate concentration was 
of the same magnitude as the trypsin concentration no 
appreciable shift in enzyme peak could be observed. 

In addition to the shift in the absorption maximum 
there was a change in the absorbance as the concentra- 
tion of the substrate increased. This decrease in absorb- 
ance, however, was not continuous. The absorbance 
levelled off after a certain saturation concentration of the 
substrate was achieved while the shift in the absorption 
peak continued. 

The intermediate complex which could have been re- 
sponsible for the shift in the enzyme peak was not stable. 
If the reaction mixture was allowed to stand for a longer 
time (24 h or longer) after the apparent termination of the 
reaction the shifted enzyme peak disappeared and the 
original enzyme peak reappeared but now with decreased 
absorbancy. 

An attempt was made to isolate the trypsin after reac- 
tion with PNPA which would demonstrate the shift in the 
enzyme peak. To achieve complete saturation of the 
enzyme with substrate a 100 times molar excess of PNPA 
was used. On mixing the enzyme and substrate solutions 
a yellow colour immediately appeared. Ethyl ether was 
added quickly and a white colloidal precipitate was ob- 
tained which was filtered off and washed with ethyl ether. 
The precipitate was then dried in vacuum obtaining about 
50 per cent yield. The precipitated protein was rə- 


Table 1* 

Concentration of s 

PNPA moles/i. Amex (M4) Absorbance 
0 y 280 1:10 
1°84 x 10-4 285 0-85 
3-68 x 10-* 290 0-46 
5:52 x 10-* 295 0-21 
7°36 x 10-+ 300 0-22 
9-20 x 10-+ 307 0-22 


* The trypsin concentration was in all cases 3-30 x 10~ M. 
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dissolved in DMS. Its absorption spectrum in the ultra- 
violet is given in Fig. 2, curve B. As the graph indicates, 
the precipitate had two absorption peaks at 320 and at 
280 mu. The 320 mp peak may indicate the presence of 
entrapped p-nitrophenol in the precipitate. The 280 mp 
peak, however, indicates that the enzymatic species which 
was responsible for the shift was not present in the 
precipitated protein. 

Since only a 50 per cent yield was obtained by the 
precipitation procedure the filtrate was dialysed aguinst 
DMS until no presence of p-nitrophenol was visible in the 
dialysate. The absorption spectrum in the ultra-violet 
of the dialysed trypsin solution was taken and it is given 
in Fig. 2, curve O. The striking feature again was the 
reappearance of the enzyme peak at 280 myu. The spectrum 
of trypsin in DMS (curve A) is also given for comparison. 
The indication is, therefore, that the enzymatic species 
responsible for the ‘red shift’ was not stable and it dis- 
appeared on precipitation with ethyl ether. 

Finally, to determine whether the spectral shift was 
caused by an acetylation the absorption spectrum of 
acetylated trypsin (Mann, 7 equivalents/10 g) was obtained. 
The acetylated trypsin also had an absorption maximum 
at 280 my. Moreover, when acetylated trypsin was 
allowed to react with PNPA the same type of phenomenon 
was observed as in the caso of trypsin, namoly, a fast shift 
of the enzyme peak at 280 my to longer wave-length and a 
slower appearance of a peak at 320 mu owing to the libera- 
tion of nitrophenol. One can observe that when the shift 
of the enzyme peak was large (280-300 mu) near to the 
evolving nitrophenol peak (320 my), and as the liberation 
of the substrate proceeded, an increase in the height of 
the enzyme peak was obtained owing to the contribution 
of the increase of the absorption band at 320 mu. The 
two peaks eventually merge. 

The most striking spectroscopic feature of the reaction 
was the large shifts to longer-wave-lengths of the enzyme 
peak. This shift occurred very rapidly and by analogy 
with aqueous media’-?° one can consider it as an indica- 
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Fig. 2. Absorption spectra of: (A) acetylated trypsin in DMS; (B) 


protein precipitated from the trypsin-PNPA reaction with ethyl ether; 
{C) protein ronmaining in solution after the addition of ethyl ether and 
afterwards dialysed against DMS 
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tion for the formation of a protein-ester complex. How- 
ever, in DMS this shift was much larger and, moreover, it 
increased with increasing substrate concentration. The 
shift was not observed on addition of p-nitrophenol, 
acetic acid or acetic anhydride separately or together 
to the trypsin in DMS. Theory of the ‘blue shift’! 1? on 
denaturation of proteins and the ‘red shifts’!%13-15 on 
protein folding have been attributed to hydrophobic 
bonding of proteins. Acetylation experiments!*-!? proved 
that trypsin in DMS has a greater number of exposed 
amino-groups than in water. This indicates a somewhat 
unfolded structure in DMS. If on complexing in aqueous 
media a ‘red shift’ is observed one would expect a greater 
‘red shift’ in DMS where the trypsin exists in a much more 
unfolded conformation. This assumes that the complexing 
enhances a folded protein conformation. The trypsin 
being in a somewhat unfolded state in DMS may have 
more than one site available for complexing. Hence with 
increasing PNPA concentration more and more folding 
will occur on complexing until saturation of all available 
‘sites’ is achieved. This would then explain the increas- 
ing ‘red shift’ with increasing PNPA concentration. 

Since the shift occurred before any nitrophenol was 
formed, and since the. subsequent rise of the peak at 
320 my did not influence either the position or the height 
of the shifted peak during the initial part of the reaction 
(up to 10-20 min), it is apparent that the shift did not 
result from the combination of two peaks. The constant 
absorbance of the shifted enzyme peak during the course 
of the reaction suggests that the trypsin-PNPA com- 
plex is in a quasi ‘steady state.’ The fact that after a 
certain initial ester concentration (16 moles of PNPA/ 
mole enzyme) there is no decrease in the absorbance of the 
trypsin peak (Table 1) may indicate that at this concen- 
tration full saturation of the protein surface was achieved. 
This interpretation assumes the molar absorption co- 
efficients of these trypsin-PNPA complexes are the 
same. 

In any event, the complex is not stable and it dis- 
appears on long standing. When the equilibrium of the 
system is disturbed as on the addition of ethyl ether 
and subsequent precipitation of a fraction of the pro- 
tein, the complex disappears. Thus the shift in the tryp- 
sin peak is not due to covalent bond formation, trans- 
acetylation, but rather to the dispersive forces operating 
in complexing which changes protein conformation by 
enhancing internal ‘hydrophobic bonding’. 
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The experiment with acetylated trypsin reinforces this 
argument. At 16 moles of PNPA/mole of acetylated 
enzyme (assuming the same molecular weight for the 
acetylated trypsin as-for the native enzyme) the ‘red shift’ 
is greater than in native trypsin. The shifted trypsin 
peak has the same absorbance as does the corresponding 
native trypsin, indicating that the number of complexing 
sites available were not altered by the acetylation. In 
addition, the rate constant of the reaction was the same 
as with the native trypsin. The extent to which the 
reaction may go is largely limited by the number of sitcs 
on the enzyme surface to which the acetylated groups 
of the substrate may migrate. We obtained a maximum 
number of p-nitrophenol liberated and presumably acetyl 
groups transferred to the enzyme surface of 18 moles/ 
mole of enzyme when 100-fold excess of initial ester con- 
centration was used. Vratsanos'? observed a maximum 
of 28 acetyl groups/mole of trypsin when it was acetylated 
by acetic anhydride in DMS. Out of this 28 only about 
11 were stable on dialysis against water. He also ob- 
served that the enzyme was inactivated after 15 acetyl 
groups were introduced on the enzyme. 

Preliminary experiments indicate that similar effects 
may be obtained with other proteins such as «-chymo- 
trypsin, chymotrypsinogen, pepsin and ribonuclease. 
Albumin and trypsinogen gave negative results owing to 
their relative insolubility. 

This work was supported in part by U.S. Public Health 
Service grants C3984 BBC and A6063. 
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ANALYSIS OF THE LIFE-CYCLE IN MAMMALIAN CELLS 


By V. DEFENDI* and L. A. MANSON 
Wistar Institute of Anatomy and Biology, Philadelphia 


NTIL a few years ago the only periodic phenomena 
that could be characterized in a growing cell popula- 
tion were the various stages associated with mitosis and 
meiosis. By the use of labelled specific deoxyribonucleic 
acid precursors and by autoradiographic techniques, it 
is now possible to define, in addition, the period of DNA 
synthesis. The life-cycle of the cell has therefore been 
divided into four periods, conventionally called M, G1, S 
and G2 (M the period of mitosis; S the period during which 
isotopically labelled nucleosides are incorporated into 
DNA and believed to coincide with the period of DNA 
synthesis of the cells; G1 the phase preceding and G2 the 
phase following 5S). 

The length of the generation time found in various cell 
populations varies considerably depending on the function 
and conditions of the cells. Leblond et al.1 have summar- 

* Leukemia Society Scholar. 


ized the length of the generation times of different cell 
populations in the animal. In previous work? the life- 
cycle of murine lymphoblastic cells has been determined, 
and it was found that with a generation time of approxim- 
ately 11-5 h these cells had an S period of 6-9-7-4 h, a G2 
period of 2 h, the remaining time being spent in mitosis 
and in G1. The generation time of these cells was unusu- 
ally short and yet the length of the S period was not con- 
siderably different from values reported for other mam- 
malian cells in vitro and in vivo. A study of the length 
of the S period was therefore extended to several other 
cell lines, each one selected because of some characteristic 
biological properties. 

The following cell lines have been used in these oxpori- 
ments: (a) three strains of human origin with diploid 
chromosome complement? at different passage-lovels: 
these cells exhibit fibroblast morphology. (b) A hamster 
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tumour line, originated from the 31st transfer of a trans- 
plantable fibrosarcoma induced in hamster by polyoma 
virus‘. The cells are pleomorphic and no polyoma virus 
can be recovered from it. The chromosome complement 
is aneuploid with a mode around 46. (c) The L-5178Y 
line originated from a lymphoblastic leukemia of the 
DBA/2 mouse strain; the chromosome complement. is 
aneuploid with a mode at 43 (ref. 2). These cells were 
tested in vitro, and in vivo as ascites tumour in the DBA/2 
mouse. (d) Two lines of Ehrlich ascites carcinoma, cyto- 
genetically related. The ÆLD line has a chromosome mode 
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of 46, while the ELT has one around 92. The growth 
characteristics of these cells have been reported’. 

The S period was determined by examining the incor- 
poration of tritium-labelled thymidine into DNA. All 
the cell lines used, except the L-5178Y lymphoblast, 
adhere to glass.and were grown on cover-slips in Petri 
dishes placed in a 5 per cent carbon dioxide incubator; 
the medium was Eagle in Earle’s supplemented with 10 
per cent calf serum. JZ-5178Y cells were grown in è 
medium similar to that reported by Fischer*, the only 
difference being that a defined amino-acid mixture’ is 
substituted for the casein hydrolysate and the amino- 
acids. Pulse-labelling was achieved by exposing 48-h-old 
cultures for 15-20 min to medium containing tritium- 
labelled thymidine (Schwarz Bioresearch, Inc., Mount 
Vernon, New York) (1 uc./ml.—specific activity 1-9 ¢./mM), 
removing the medium and substituting with medium that 
had already been in contact with the cells to which cold 
thymidine had been added to a 200-fold excess. Samples 
were taken every hour or every third hour for periods up 
to 36-b and fixed in Carnoy solution. 

In studying the growth of the ascitic tumour cells in 
vivo (L-5178Y, ELT and ELD), mice were given a single 
injection (1 e./g body-weight) of tritium-labelled thymi- 
dine 5 days after tumour inoculations. It is widely 
accepted that such a single administration of isotope in 
vivo serves the purpose of pulse-labelling®. Two mice were 
then sampled at random from each group at the times 
indicated on the figures; smears were prepared of the 
ascitic fluid and fixed in Carnoy solution. 

After exposure to Kodak ‘NTB’ emulsion for 5-10 days 
the slides were developed and stained in a 0:05 per cent 
solution of toluidine blue at pH 3:5.. The number of 
labelled and unlabelled metaphases, anaphases and 
telophases was determined for 650-100 mitoses per 
sample, and the period during which 90-100 per cent of 
the mitoses was labelled was considered the equivalent 
of the S period. This choice is somewhat arbitrary since 
the length of S is-not identical in all the cells of a popula- 
tion as demonstrated by the time-interval between 0 
and 100 per cent of labelled mitosis, and by the slow 
decline of the curve. Whenever possible the results 
obtained by this method were checked by two other 
methods: 

(a) By determining the percentage of cells labelled at 
any time. In an asynchronous cell population in exponen- 
tial growth, the percentage of the population that will 
become labelled in a short time coincides with the portion 
of the generation time that the cells spend in the S period. 

(6) By determining the time required for a cell popula- 
tion to become 100 per cent labelled in the continuous 
presence of isotopically labelled thymidine. In this latter 
case, the last cell to become labelled is that which is 
just at the end of the S period and ready to enter the G2 
period at the time of addition of isotope. Thus this period 
of ‘time is the sum of G2, M and G1. If this time is sub- 
tracted from the generation time, the time for the S 
period is obtained. This method can only be applied to 
asynchronous cell populations. 

The results of these experiments are illustrated in Fig. 1 
for the Z-5178Y line im vitro and in vivo, in Fig. 2 for the 
hamster tumour cells and one representative human 
diploid strain, and in Fig. 3 for the ELD and the HLT 
Ehrlich tumour. The time passed by the cells in each 
phase is: presented in Table 1. The pattern of the appear- 
ance of labelled mitosis was essentially similar in all the 
cells tested except for some variation in the slope of the 
ascending and descending ‘portions of the curves. For all 
the cell lines, except thé HDT, the generation time was 
determined by noting the time interval between similar 
points on the first and seeond wave of appearance of 
labelled mitoses; the generation times: observed varied 
between 11:5 and 18h. The generation time of the HLT 
was longer than 38 h. Since this tumour was still in 
logarithmic growth throughout the experiment as demen- 
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strated by the constant number of labelled interphase 
cells at any time, the long generation time can be taken 
as truly characteristic of these cells. The S period varied 
between 6-5 and 8h. Again Ehrlich ÆLT cells were an 
exception since they averaged 13-14 h. The G2 period 
also had similar values for the various cells tested (Table 1). 
The greatest variation was observed in the length of the 
G1 period. If the results obtained in these experiments 
are compared with data reported in the literature (in 
Table 1 only a few complete examples have been selected, 
but others are available that follow a similar pattern) 
several facts become quite evident: (a) the period of time 
spent in DNA synthesis is of the same order of magnitude 
, in various cell lines (between 6 and 8 h) whether growing 

in vitro or in vivo, with the exception of the Ehrlich ELT 
and possibly the mammary tumour; (b) the G2 period 
also has similar length (a minimum of 1 h and a maximum 
of 6 h); (c) the G1 period is the one that shows a greater 
variation in cell lines tested and accounts for most of the 
differences encountered in the length of generation time 
of the cells. It can then be stated that most mammalian 
cells of normal and tumour origin, in vivo or in vitro, 
pass a similar period of time in DNA synthesis and in 
preparing for mitosis irrespective of the generation time. 
Modification of environmental factors such as pH (ref. 15) 
and nutritional conditions!* appear to affect mostly the 
length of the G1 period. 


Table 1 
DNA DNA 
content Gener syn- 
Chromo per ation thesis @1 
some cell time time @2* and M 
Cells No. (mg) (h) (h) (h) (hb) 
In vivo 
Ehrlich (ref. 9) 51 18 8:5 
Ehrlich ELD 46 111x10- 15 65-7 4 25—45 
Ehrlich ELT 92 20-6x10-" >38 13-14 6 >16 
L-5178Y 43 11:5 69-74 2 155 
C3H mouse mamm, 1-3} 9-138 3 
tumour (ref. 10) days 
C57 brown mouse int. 42 _ 75 2 
epit. (ref. 11) 
In vitro 
Chinese hamster (ref. 12) 24-25 14 6-7 2 5-6 
Hamster tumour 43 17 8 4 3-7 
L- cells L60 (ref. 13) 60 10x10-* 20 6-7 3 O11 
L cells L607 (ref. 13a) 60 10x10-° 16 8 3 4-5 
Human diploid 46 18 7:5 4 45-8 
(3 strains) 
HeLa 28 8-5 5 14 
J-5178Y 43 7x10-° same as in vivo 








* Time after addition of labelled thymidine at which about 50 per cent of 
the mitoses is labelled, 


In Table 1 are also reported some of the cell parameters 
that could be a factor in determining the length of the S 
period—amount of DNA per nucleus and chromosome 
number. It is apparent that the length of the S period is 
not related to the chromosome number. The relationship 
between S period and the cellular content of DNA is 
not clear since very few reliable quantitative determina- 
tions are available, and the discrepancies -reported are 
often greater than two-fold. This relationship could 
be a determining factor since with the HLT’ and ELD 
ascites a doubling of the DNA content results in an S 
period twice as great. 

The fact that no cell lines or strains have been found 
with an S period shorter than 6 h strongly suggests that 
this is the minimum time required by a mammalian cell 
to duplicate its DNA complement. Labelled thymidine 
is incorporated into acid insoluble DNA in about 65 
per cent of L-5178Y cells in 10 min. This indicates that 
the phosphorylation steps and the DNA polymerase 
reaction are rapid reactions. Other experiments have 
shown that the isotopically labelled cytidine and uridine 
are incorporated after a delay into the DNA (ref. 16). 
The S period observed using cytidine or uridine was 7 h. 
Since the de novo pathway of synthesis of deoxyribo- 
nucleotides proceeds via the ribonucleotide pool, it can 
be concluded that the length of the S period as observed 
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using thymidine as a precursor is not an artefact due to 
the periodic operation of the thymidine phosphorylase but 
truly represents the period of DNA synthesis of the cells. 
Chromosomes, being structural units of DNA complexes. 
the individuality of which is genetically determined. 
could be one of the regulating factors of DNA synthesis. 
in the sense that individual chromosomes or groups of 
chromosomes could be synthesized at certain intervals in a 
particular sequence?!?+1*, 

During the entire period of DNA synthesis some portions 
of each chromosome are engaged in replication with the 
exception of the heterochromatic X chromosome and of 
pairs No. 19-20 (refs. 17 and 18). It is still conceivable 
that groups of DNA molecules, representing gene units. 
duplicate asynchronously. Actually, since some intra- 
chromosomal asynchrony in DNA duplication has been 
demonstrated!’, the period of synthesis for a specific 
portion of a chromosome may be only a fraction (1/3 to 
2/3) of the total S period. 

The fact that the S and @2 periods in mammalian cells 
have a fairly uniform value has also important implica- 
tions for the problem of cell division. It suggests that. 
under normal conditions, DNA synthesis, once initiated, 
proceeds through and is followed by the G2 and mitosis 
at a constant rate. In other words, the primum movens of 
cell division has to be searched for not at the initiation 
of mitosis but farther back in the cycle at the time of 
initiation of DNA synthesis. It can then be excluded 
that cellular growth is the direct trigger for division, as 
already suggested by Swann!*. The only apparent 
exception to this generalization reported is a special class 
of cells of the mouse epidermis, which remain in @2 for 
an indefinite period of time, acting as a reservoir of cells 
immediately ready to undergo mitosis. This would then 
represent a unique type of cell that has differentiated 
toward a specific function along the cycle of DNA synthe- 
sis?°, 

If the previous considerations are correct it can be 
predicted that the generation time of the L-5178Y cell 
may very well approach the minimum (11-11-5 h) for a 
mammalian cell in vivo or in vitro, with a G1 period of 
only about 1 h. 
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ALKALI-INACTIVATION OF THE SUCCINOXIDASE SYSTEM AND ITS 
REACTIVATION (‘RECONSTITUTION’) 


By Dr. TOKUJI KIMURA, JOSEPH HAUBER and Dr. THOMAS P. SINGER 


Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detroit 


NVESTIGATIONS aimed at the reconstruction of the 
mammalian respiratory chain from its components 
date back many years and have utilized two distinct 
approaches: efforts to elicit an interaction between com- 
plex particles derived from the respiratory chain and 
attempts to re-incorporate a soluble enzyme into a 
respiratory chain preparation deficient in that component. 
Although there have been several reports of positive 
results in demonstrating an interaction between particles, 
except for the reversible removal of cytochrome c (refs. 
1 and 2) there has been only one instance of the apparent 
reconstitution of the respiratory chain from soluble, 
purified components**. This is also the only instance 
where enzymatic interaction between a primary dehydro- 
genase derived from the respiratory chain and the rest 
of the electron transport system has been noted. A 
measure of the importance of these observations of Keilin 
and King*-‘ is that they represent the first experimental 
approach toward the reconstruction of the electron trans- 
port system from well-defined components and the first 
available tool for the examination of the structural and 
functional link between the respiratory chain-linked 
dehydrogenases and the cytochrome system. 

The investigations of Keilin and King** were based on 
earlier findings by Keilin and Hartree? in 1940 that 
treatment of Keilin—Hartree heart muscle preparations 
for 1 h at pH 9-0 (presumably at room temperature) 
results in almost complete loss of succinoxidase and suc- 
cinate-methylene blue activities (the latter was thought 
to be a measure of succinate dehydrogenase activity at 
the time), attended by relatively slight inactivation of 
cytochrome oxidase activity. Keilin and Hartree inter- 
preted these experiments as indicating that succinic 
dehydrogenase was destroyed in the course of the alkaline 
treatment and suggested that its destruction “may be 
due to the oxidation of some groupings the integrity of 
which is essential for enzyme activity”. In 1958, Keilin 
and King? extended these observations to show that: (1) 


in terms of the phenazine methosulphate assay, by then ` 


recognized as the best available measure of the activity 
of the dehydrogenase®*, treatment at pH 9-3-9-4 for 
90 min at temperatures ranging from 18° to 38° results in 
progressive abolition of both succinic oxidase and suc- 
cinic dehydrogenase activity; (2) succinoxidase declines 
more rapidly than does succinic dehydrogenase activity ; 
(3) the higher the temperature during the alkaline treat- 
ment, the more rapid is the inactivation of either system: 
(4) the addition of soluble succinic dehydrogenase and of 
cytochrome c to the alkali-treated preparation restores 
the succinoxidase activity as well as the ability of the 
preparation to catalyse the oxidation of succinate by 
methylene blue or 2,6-dichlorophenolindophenol; (5) a 
stoichiometric relation appears to exist between the 
alkali-treated particulate material and the added, soluble 
dehydrogenase so far as restoration of these activities is 
concerned; (6) the added soluble dehydrogenase becomes 
intimately associated with the alkali-treated particulate 
material in that the resulting complex could be repeatedly 
washed by high-speed centrifugation without loss of the 
restored succinoxidase activity. The conclusion that the 
restoration. of activity was not due to ‘‘mere contact of 
soluble succinic dehydrogenase with the particles of the 
heart muscle preparation, but its re-incorporation within 


the respiratory chain” was supported by the observation 
that the dehydrogenase taken up by the particles was 
much more stable than the soluble enzyme? 4. 

These observations were interpreted’ as indicating that 
alkali treatment causes a ‘displacement’ of endogenous 
dehydrogenase, “reflected in loss of its accessibility to 
other components of the respiratory chain”, while the 
restoration of activity was viewed as a reincorporation 
of the added dehydrogenase ‘“‘possibly in the original 
site left free by the endogenous dehydrogenase”’. 

In an extensive series of subsequent papers’-!? King 
greatly extended the interpretations of these investiga- 
tions although relatively little new information was added 
on the chemical basis of this reversible inactivation. pro- 
cess. Inter alia it was reported that: (1) the reconstitution. 
is devoid of species specificity since preparations from 
diverse mammalian species could serve as source of either 
the soluble dehydrogenase or of the particulate com- 
ponent’; (2) that the reconstituted structure is in every 
respect identical with the original one and that the recon- 
stitution is a physiological phenomenon’ *; (3) that the 
alkali treatment actually solubilizes the dehydrogenase 
and that on simple readjustment to neutrality the dehydro- 
genase recombines with the respiratory chain®. This 
conclusion was based entirely on activity measurements 
and not on analysis for bound flavin. Despite a wealth 
of contra-indications in the literature!® it was concluded? 
that the “linkage between the dehydrogenase and the 
respiratory chain may not be covalent in nature but 
may be due to hydrogen bonding or simply electrostatic 
attraction”. King also claimed®-1* that only the dehydro- 
genase extracted by the method of Wang ef al.!® was 
active in reconstitution, while the earlier preparation of 
Singer et al.1*, which differs only in the starting material 
and the extraction method, was inactive. Since both 
preparations are active in conventional catalytic assays, 
King®:?-14 cautioned against the use of artificial electron 
acceptors in enzyme assays, saying® that “Only physio- 
logical reactions, like the reconstitution, can be used with 
certainty in the final judgment of the nativity of the 
enzyme isolated. ...” This view was juxtaposed to the 
earlier advice of Keilin and King’ against concluding that 
a purified dehydrogenase is a degraded enzyme on the 
basis of ill-defined criteria. The discrepant behaviour of 
these two preparations in reconstitution experiments was 
later explained on a different basis by King’:*, when he 
recalled that the preparation of Wang eé al.15 contains 
succinate, the presence of which is now believed to be 
necessary for interaction with the alkali-treated particles, 
whereas the preparation of Singer et al.!® does not. Thus 
the differences in behaviour were not, after all, reflexions 
of different degrees of “nativity” of the two preparations. 

The conclusions and hypotheses mentioned were 
based exclusively on activity measurements which 
cannot distinguish between the absence of succinic 
dehydrogenase in a given particulate preparation and its 
presence in inactive form. It was clearly desirable to 
follow the fate of the succinic dehydrogenase molecule 
during the entire cycle of alkali inactivation and reactiva- 
tion by some method which measures both the active and 
the inactive forms of the enzyme. Such a method recently 
became available when Singer et al." elaborated a fluoro- 
metric micro-method for the estimation of the succinic 
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dehydrogenase content of heart muscle preparations, 
which was based on the extensive studies of Kearney?! on 
the characteristics of the bound flavin moiety of the 
mammalian enzyme. 

Tho initial phase of our investigations was intended to 
answer three questions. Is succinic dehydrogenase indeed 
dissociated from the respiratory chain under the conditions 
of the alkali inactivation, as defined by Keilin and King?* ? 
Is the restoration of activity on addition of soluble succinic 
dehydrogenase indeed accompanied by a “parallel increase 
in the succinic dehydrogenase content of the respiratory 
chain preparation” ? Is the ‘reconstituted’ structure 
indeed identical with the original one in respects relevant 
to the nature of the bond between succinic dehydrogenase 
and the respiratory chain and in regard to catalytic 
activities characteristic of the bound form of the dehydro- 
gonase ? The last question is particularly germane to 
any appraisal of the “physiological” nature of the recon- 
stitution process. Previous work in this regard merely 
domonstrated the qualitative reappearance of certain 
activities** characteristic of tho bound form of the 
dehydrogenase (for example, methylene blueandindophenol 
reduction), the stabilization®.* of the dehydrogenase on 
reaction with the alkali-treated residue, which does not 
define the naturo of the interaction between the com- 
ponents, and the fact that the regenerated oxidase 
activity is antimycin-sensitive’, a circumstance expected 
from the lack of auto-oxidizability of the dehydrogenase 
and the absence of a known by-pass around cytochromes 
b and c, in the respiratory chain of heart. 

Keilin—Hartree preparations from beef heart were made 
following King’s method’ and were used within 24 h. 
Soluble succinic dehydrogenase was purified through the 
gel eluate stage by the procedure of Wang et al.!5, as 
modified by Keilin and King‘? and were used within 
Lh of preparation. Succinate dehydrogenase content was 
determined according to Singer et al.. Catalytic activi- 
ties were assayed by methods previously described at 
Vmax with respect to electron acceptor, except in the 
caso of succinoxidase measurements, with precautions to 
ensure maximal activation; phenazine methosulphate 
reduction spectrophotometrically!, oxidase activity!® (at 
saturating cytochrome ¢ concentration), methylene blue 
reduction®*, and FMNH, oxidation? manometrically. 
Specific activities were based on protein content, determ- 

‘ined by the biuret method, following precipitation of the 
protein with acid-acetone?’. 

For consistent results in reconstitution experiments 
both the isolation of succinic dehydrogenase and the 
alkali treatment of the Keilin—Hartree preparation had to 
be rigorously controlled. As to the former, unless the 
gel was very tightly packed in the calcium phosphate 
adsorption step, inhibitory material (presumably butanol) 
was present in the gel eluate with the result that, instead 
of a plateau, an apparent optimum was reached in titrating 
the alkali-treated preparation with the dehydrogenase; 
that is, an ‘excess’ of the latter was inhibitory. In the 
alkali treatment a 3 per cent suspension of Keilin— 
Hartree preparation in 0-05 M borate buffer, pH 7-4, was 
adjusted with 6 N potassium hydroxide to pH 9-3-9-4 at 
0° over a period of 15 min. The sample was then brought 
to room temperature (21°--22°) and maintained at that 
temperature with slow stirring in the dark. Aliquots were 
periodically assayed for succinoxidase and the alkali 
treatment was halted when the inactivation reached 95 
per cent or more. This occurred in 100-120 min. The 
suspension was then rapidly cooled to 0° and slowly 
neutralized to pH 7-4 with 1 N acetic acid. The resulting 
preparation, whether or not first centrifuged to remove 
liberated protein, was 60-65 per cent reactivable with 
regard to succinoxidase activity and 80-100 per cent 
reactivable with respect to phenazine methosulphate 
reduction on treatment with soluble dehydrogenase and 
re-isolation of the resulting reaction product by repeated 
centrifugation. If the time required for nearly complete 
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inactivation of the oxidase differed materially from that 
stated here, or if the alkali treatment was conducted at 
higher pH (for example, pH 9-7), reactivation of the 
resulting particle was variable and less extensive. 

Fate of succinic dehydrogenase during alkali treatment. 
The characteristic differences in the behaviour of succinic 
dehydrogenase in soluble and bound forms aro the ability 
of the latter but not of the former to reduce dyes like 
methylene blue, brilliant cresyl blue, etc., at appreciable 
rates?*2 and the fact that a part of the succinate - 
phenazine methosulphate reaction? and all the metlivl- 
ene blue reductase activity*4 is abolished on incubation 
with cyanide. Even these differences are not certain to be 
properties of the dehydrogenase molecule per se. although 
cyanide, as well as dyes of the methylene blue class are 
now thought to react in the immediate vicinity of tho 
dehydrogenase in respiratory chain preparations??. In 
addition, the turn-over number of the fumarate FMNH, 
reaction is much higher in soluble than in particulate 
samples**. It appears that the interaction between 
external FMNH, and the bound flavin of succinie dehydro- 
genase is impeded when the enzyme is structurally linked 
to the respiratory chain. 

Table 1 compares the rates of loss of those proporties 
during the incubation of a Keilin—Hartroc preparation 
at pH 9-3. Although the rate of inactivation of tho 
oxidase was slower than required for optimal reactivabil- 
ity, the conditions were well suited for comparison of the 
rates of loss of the diverse properties, since the timo 
required for neutralization was negligible compared with 
the total time elapsed at alkaline pH. The results may 
be expressed as follows: oxidase = CN--sensitive phen- 
azine site > phenazine reduction = methyleno blue re- 
duction > FMNH, oxidation. Thus in this, as in other 
similar experiments, the rate of inactivation of the 
oxidase was greater than that of the succinato—phenazine 
interaction, in accord with earlier work, while the rate 
of inactivation of the fumarate-FMNH, reaction wus the 
slowest. It is shown later in this article that the slow 
inactivation of the fumarate-FMNH, reaction is in part 
due to oxidative modification of the FMNH, reaction site. 
resulting in an increased turn-over number, in part due 
to the greater resistance of this basic reaction of the 
dehydrogenase to alkaline conditions as compared with 
other catalytic activities. The results are more com- 
patible with the interpretation that alkali inactivates 
the dehydrogenase than with the one postulating its 
dissociation from the cytochrome system’. 

Evidence for the former interpretation is presented in 
Table 2, which shows that after an interval at pH 9-3 -9-4 
when inactivation of the dehydrogenase and oxidase 
activities is 93-100 per cent complete, only minor 
fraction (10-12 per cent on the average) of the succinic 
dehydrogenase content of the preparation is dissociated 
in soluble form. (Although not shown in Table 2, the sum 
of bound flavin in the supernatant solution and ultra- 
centrifuged pellet always equalled the amount presont 
originally.) This is in accord with earlier investigations! 
which showed that unless heart muscle preparations arc 
pre-treated with organic solvents, only slight dissociation 
of the dehydrogenase occurs at mildly alkaline pH values. 


Table 1. Ture COURSE OF INACTIVATION AT pH 04 


Per cent of initial activity remaining 


Suecinate- CN- 
Hours Succin- phenazine Fumarate- Succinate- sensitive 
at oxidase metho- FMNH, methylene = pheuaz:ne 
pH 9-4 sulphate blue activity 
1 54 68 109 72 15 
2 28 42 75 41 34 
4 31 9-9 45 Sd 22 


Samples were removed at the times indicated during ong treatment. 
neutralized and assayed. The activities of the untreated Keilin Hartree (ref. 
1) preparation in terms of zmoles substrate removed/min/mg proteiu at pH 
7-6, 38°, were: oxidase, 0:92; succinate-phenazine methosulphate. =-03; 
fumarate-FMNH,, 0-051; suecinate-methylene blue, 0-32. The cyanide- 
sensitive part of the phenazine methosulphate activity? was that fraction 
which disappeared on incubation of pH 8-3 with 0-02 M ON- for 2 h at 30°. 


364 


0-20 


Q 
p 
on 


Bound flavin content of reactivated particle 
(mumoles/mg) 


0-10 


1-0 20 
Bound flavin added (mumoles/mg Keilin-Hartreejpreparation) 


Fig. 1. Relation between added and incorporated succinic dohydro- 
genase. Aliquots of an alkali-inactivated, neutralized Keilin-Hartree 
preparation (0-6 ml., containing 18-1 mg protein) were mixed at 0° with 
varying amounts (0:3-6-0 ml.) of soluble succinic dehydrogenase In 
0:075 M phosphate buffer, pH 7-8, prepared by the method of Wang et 
al, (ref. 15) and containing 3-77 mg protein per ml. The mixtures were 
diluted to 6-6 mi. with 0-075 M phosphate, pH 7-8, centrifuged for 15 min 
at 144,000 gmax; the supernatant solution was discarded and the pellet 
washed twice with 6-6 ml. of the same buffer by centrifugation. Aliquots 
of the untreated Keilin-Hartree preparation and of the alkali-inactivated 
one to which no dehydrogenase had been added were similarly centri- 
fuged and washed. Aliquots of the final pellet in each case were assayed 
for bound flavin, succinic dehydrogenase, and succinoxidase. The values 
for the original sample were 0-129 myzmoles bound flavin per mg protein 
and 1:47 and 0-897 moles succinate oxidized/min/mg protein in the 
dehydrogenase and oxidase assays, respectively, The correspondin, 

figures for. the alkali-treated samples were 0-115 mymoles/mg, 0-198 an 

0-041 pmoles/min/mg. The values on the ordinate represent total 
succinoxidase and dehydrogenase aomi present in the reconstituted 

materia 


As also reported elsewhere, no evidence could be found 
for the contention™ that the dehydrogenase dissociates in 
soluble form under the conditions of the alkali-inactivation 
of Keilin and Hartree and that it reassociates on neutral- 
ization, since inactivated samples centrifuged at pH 
9-3-9-4 and at neutral pH differed only slightly or not at 
all in the content of the dehydrogenase (Table 2). In any 
event, the notion that the effect of pH is merely one of 
controlling dissociation and association of a loosely bound 
dehydrogenase fails to explain why the process requires 
hours and is progressive in nature, and why relatively 
drastic means are needed to extract the dehydrogenase in 
good yield during its isolation. 

Reactivation of alkali-treated preparations. The experi- 
mental findings of Keilin and King*4 were fully confirmed 
in regard to the restoration of succinoxidase and succinate— 
methylene blue activities on the addition of soluble 
dehydrogenase to the inactivated preparation. the exist- 
ence of an apparent stoichiometry between added soluble 
enzyme and alkali-treated particles, the fact that the 
restored activity withstood repeated centrifugation, 
and the finding that succinic dehydrogenase was greatly 
stabilized against oxygen-inactivation on reaction with 
the alkali-treated particles. 

In order to explore the chemical basis of this reactiva- 
tion, the increase in activity was correlated with increase 


Table 2. COMPARISON OF BOUND FLAVIN CONTENT OF UNTREATED AND 
ALKALI-TREATED KEILIN-HARTREE PREPARATIONS 


Type of Bound flavin content (muemoles/mg protein) 
preparation preparation 
i 2 3 4 

Untreated 0-140 0-129 0-112 0-105 
Alkall-treated 0-130 0-115 0-095 0-098 
Alkali-treated and centri- 

fuged at pH 9-4 before 

neutralization 0-136 


The figures refer to the flavin content of the pellet obtained on ultra- 
centrifugation of samples {untreated or alkali-treated and neutralized). The 
bottoni ine refers to a sample ultracéntrifuged while at pH 9-4 and then 
neutralized. 
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in bound flavin content on titration of an inactivated 
sample of Keilin-Hartree preparation with purified 
succinic dehydrogenase. Fig. 1 shows that, although the 
alkali-treated preparation retains most of its original 
succinic dehydrogenase content (Table 2), it will never- 
theless take up an additional, fixed amount of added 
dehydrogenase. The amount of additional bound flavin 
taken up approaches that originally present in the sample. 
Further, there is a good correlation between the bound 
flavin taken up by the particle and the resulting increase 
in succinic dehydrogenase and succinoxidase activities 
(Fig. 2). (Failure to find a good correlation in earlier 
investigations? was traced to the presence of inhibitory 
material in the soluble enzyme, when isolated without 
the precautions already noted.) Even with strictly fresh 
preparations of the soluble enzyme, however, in a typical 
experiment only some 22 per cent of the added dehydro- 
genase is capable of being bound and of eliciting reactiva- 
tion (Fig. 1 and Table 3). 

If one were to assume that the activity appearing on 
complex formation between the added dehydrogenase 
and the inactivated particle is due to the newly incor- 
porated dehydrogenase molecule (rather than to the one 
still present but inactivated by alkali), it could be shown 
that, despite the incompleteness of the reactivation, the 
turn-over number of the incorporated dehydrogenase in 
the succinate-phenazine methosulphate reaction increases 
to that characteristic of relatively intact respiratory 
chain preparations (11,000-13,000) (ref. 25). In the 
experiment presented in Table 3 the turn-over number of 
the added Wang et al. preparation™ in the phenazine 
assay was 3,600, which is in the normal range for this 
type of preparation®>, but the activity of the incorporated 
part, on the basis of the assumption, mentioned, increases 
to about 12,000. The turn-over number in the oxidase 
assay would also approach the value characteristic of 
Keilin~Hartree proparations*®. 

It should be emphasized that despite the agreement in 
turn-over numbers calculated on the basis of the assump- 
tion that the newly acquired dehydrogenase molecule 
is responsible for the restored activities, this assump- 
tion remains to be proved. Experiments designed to 
present which of the two succinic dehydrogenase molecules 
decide in reactivated samples is functioning are now in 
progress. 
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Fig. 2. Relation between the incorporation of bound flavin and the 
reactivation of succinic oxidase and dehydrogenase. Experimental 
conditions as in Fig. 1 
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Table 3. CATALYTIO ACTIVITIES AND TURN-OVER NUMBERS IN ALKALI-TREATED AND REACTIVATED PREPARATIONS 
4 Succinic dehydrogenase activity Succinoxidase activity 
Soluble Bound Turn-over ; Turn-over 
8.d. added flavin in Turn-over number of Turn-over number of 
(muzmoles/mg resulting Specific number incorporated Specific number incorporated 
Keilin-Hartee complex activity (thousands) flavin activity (thousands) avin 
preparation) (mumoles/mg) (thousands) . (thousands) 
None (untreated) 0-129 1:47 lls a 0-897 6-95 = 
None (AT) 0-115 0-198 1-72 — 0-041 0-36 — 
0-132 0-145 0-558 3°83 11-9 0-232 1:60 6-37 
0-263 0-175 0-926 529 121 0-406 2-32 6-08 
0-395 0-197 1-22 619 12-5 0-582 2-96 6-60 
0-652 0-205 1:39 6-78 13-2 0-655 3-20 6-80 
0-980 0-211 1-39 6-58 12-4 0-807 2-88 5-90 
1831 0:207 1:31 6-33 121 0-625 3-02 8:35 
2-61 0-209 145 6-94 13-3 0-614 2-04 6-10 


Each sample was assayed after isolation of the reaction produet of the alkali-treated preparation plus soluble dehydrogenase by repeated washing in the 


ultracentrifuge. Succinic dehydrogenase activity refers to 


he spectrophotometric phenazine assay. 


-over number is expressed as moles of substrate 


oxidized/min/mole bound flavin. Specific activity is zmoles/min/mg protein. AZ, alkali-treated Keilin-Hartree preparation; s.d., succinic dehydrogenase. 


Table 4. 
Suecin- Phena- 

Sample oxidase zine M.B FMNH; 
Untreated 0-96 172 0-28 0-058 
Alkali- -0-046 - O16 0-022 0-081 

treated (5%) (10%) (8%) (54%) 
Reactivated 0-60 1:37 -22 -085 

(63%) (80%) (79%) (112%) 


COMPARISON OF CATALYTIC CONSTANTS OF UNTREATED, ALKALI-INACTIVATED, AND REACTIVATED KEILIN-HARTREE PREPARATION 


CN-- 





Activity ratios 
CoQ aaye Phenazine Phenazine Phenazine 
reduction Oxidase M.B. FMNH, 

172 0-67 18 62 30 

o5 — 3-6 — 53 

9 O; 

{ye 0-48 23 6-2 21 
(79%) (72%) 


Activities are expressed as ømoles substrate removed/min/mg protein at 38°. Figures in parentheses under activities denote percentage of original 


activity. 


Comparison of untreated and reactivated preparations. 
As is clear from the foregoing, the reactivated respiratory 
chain preparation differs from the original one at least 
in the fact that the former contains approximately twice 
as much succinic dehydrogenase as the latter. Table 4 
compares the catalytic properties of untreated and 
reactivated samples. It may be seen that the ratio of 
activities with phenazine methosulphate and methylene 
blue or coenzyme Qo are the same and the cyanide sensi- 
tivity of the succinate—phenazine methosulphate reaction 
is quite similar in the untreated and reactivated samples. 
There is a significant difference, however, in the phenazine 
methosulphate/oxidase and phenazine methosulphate/ 
FMNHA, activity ratios. 

The circwmstance that the relatively high activity of 
reactivated samples in the fumarate~-FMNH, assay is 
partly due to oxidative modification of the dehydrogenase 
incurred during the exposure to pH 9:3 is shown in Table 5. 
The alkali-treated sample once again retains much more 
fumarate-FMNH, than succinic dehydrogenase activity. 
Further, the Ky for FMNH, is extensively changed by 
this treatment. (In contrast, the Kar for phenazine 
methosulphate is changed slightly, in other experiments 
not at all.) When the untreated sample is incubated with 
10 mM glutathione, no effect is discernible. The same 
treatment, when applied to alkali-treated or reconstituted 
samples, lowers both the rate of the fumarate~-FMNH, 
reaction and the Ky for FMNH,. As regards succinate 
oxidation, glutathione has no significant effect on the Km 
for phenazine methosulphate, although it is somewhat 
inhibitory to the activity both in untreated and recon- 
stituted samples. 

It appears, then, that oxidation of certain —SH groups 
is one of the many effects of alkaline exposure on the 
succinoxidase system of heart muscle. This is reflected 
in an increased reactivity of the dehydrogenase in the 
fumarate-FMNH, assay and increased Ky for FMNH.. 
This is further evidence that incubation at pH 9-3 causes 
primarily an inaetivation and modification, rather than a 
dissociation, of the respiratory chain-bound dehydro- 
genase. 

It should be noted that in all experiments of the type 
shown in Table 5 the phenazine methosulphate/FMNH, 
activity ratio of reconstituted samples was always higher 
than that of untreated samples, even after glutathione 
treatment. This would imply that the fumarate-FMNH, 


M.B., methylene blue; phenazine, phenazine methosulphate; CoQ, externally added coenzyme Quo. 


activity is less readily damaged by alkali treatment than 
the other catalytic activities. , 
The identical behaviour of succinic dehydrogenase in 


“untreated and reactivated preparations in several cata- 


lytic assays provides strong support for the hypothesis® 
that some type of functional reconstitution occurs on 
combination of the soluble enzyme with alkali-inactivated 
respiratory chain preparations. There still remains a 
measure of uncertainty about which of the two dehydro- 
genase molecules present in reactivated samples functions 
in electron transport to the cytochrome system. Further, 
the question of the identity of the bonds uniting the 
dehydrogenase with the respiratory chain in the two types 
of preparation remains open, since their chemical nature 
is not established for either material. 

From the chemical point of view the untreated and 
reconstituted preparations are not identical since: (a) the 
latter contains twice as much succinic dehydrogenaso as 
the former; (b) since one of the two dehydrogenase moieties 
present in reconstituted samples is functional in some 
assays but not in others. Whether the reconstructed unit 
is viewed as identical with the original in a physiological 
or functional sense depends on the criteria choson. For 
these reasons it seems premature to conclude that this 
approach is a more reliable index of the ‘nativity’ of an 
enzyme preparation than are catalytic critoria. 

Despite the patent need for more caution in the inter- 
pretation of this process and our present lack of under- 
standing of the mechanism whereby succinic dehydro- 
genase restores the activity of alkali-inactivated particles, 


Table 5. EFFECT OF GLUTATHIONE ON SUCCINIC DEHYDROGENASE AND 
FUMARATE-FMNH, ACTIVITIES 
Succinate-phenazine Fumarate-FMNHE, 
methosulphate reaction reaction 
Sample max Ky for Vma EY for 
{umole} dye (umole/ dye 
min/mg) mM min/mg) mM 
Untreated 1:97. 0-22 0-064 0:15 
Untreated + GSH 1-69 0-19 0-064 0-15 
Alkali-treated 0-13 0-14 0-028 23 
Alkali-treated + GSH 0-12 0-15 Q-011 0-33 
Reactivated 1-39 6-16 0-079 0-33 
Reactivated + GSH 1-22 0-20 0-055 0-23 


Treatment with glutathione (GSH) was performed by incubation with 
10 mM GSH at pH 7-4 in the cold for 10 min, followed by re-lsolation of the 
article by repeated ultracentrifugation in order to remove unreacted GSH. 
Prior to assay, GSH treated samples were passed through ‘Sephadex G-25". 
‘Reactivated’ denotes samples treated with excess soluble succinic dehydro- 
genase and re-isolated by ultracentrifugation prior to the addition of GSH 
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the phenomenon remains one of the intrinsically fascinat- 
ing properties of succinic dehydrogenase. 

. This work was supported by contract No. Nonr 165€ 
(00) between the Office of Naval Research, U.S. Navy, 
and this Institute, and by grants from the National 
Institutes of Health (HH-1995), the National Science 
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IS THE RECONSTITUTION OF RESPIRATORY SUCCINATE OXIDASE 
REALLY A PROCESS OF REACTIVATION? 


By Pror. TSOO E. KING 


Laboratory for Respiratory Enzymology and the Department of Chemistry, Oregon State University, Corvallis 


HE reconstitution of the succinate oxidase system 

of heart musclé was first demonstrated in' 1958 by 
using a soluble succinate dehydrogenase and alkali-treated 
heart muscle preparation as reactants!?. Soluble suc- 
cinate dehydrogenase or alkali-treated preparation alone 
did not catalyse succinate oxidation by molecular oxygen 
or methylene blue; but in combination, an integrated 
succinate oxidase particle which showed all the properties 
of the original preparation’? was formed. 

The soluble preparations of Singer et al. and of Wang 
et al. are completely inactive in reconstitution, although 
both react with artificial electron accoptors?®. Only the 
dehydrogenase prepared by our modification! of the 
original method of Wang et al.‘ is active in reconstitution 
as well as toward phenazine methosulphate and ferricyan- 
ide. The critical difference introduced by the modification 
is the deletion of cyanide in the pre-incubation mixture. 
The inactivity of the preparation of Wang et al. is evidently 
due to cyanide interaction with the succinate dehydrogen- 
ase moiety of heart muscle preparation. This interpreta- 
tion has been borne out by experiments with cyanide 
labelled with carbon-14. Radioactive carbon is actually 
incorporated into soluble succinate dehydrogenase and 
heart muscle preparation®: Electron spin resonance 
behaviour’ of our enzyme has led us to the finding of the 
reason for the reconstitutive inactivity of Singer’s enzyme 
and, in turn, to an appreciation of the indispensability® of 
succinate (or other suitable reducing agent) in the incuba- 
tion mixture’ prior to solubilization. The omission of 
succinate in the pre-incubation mixture gives solubilized 
enzyme active only toward artificial electron acceptors 
and inactive in the reconstitution®. 

Singer et al. have fully confirmed our reconstitution 
of succinate oxidase from alkali-treated heart muscle 
preparation and soluble succinate dehydrogenase prepared 
by our method. They have related “in regard to the 
restoration of succinoxidase and succinate—methylene 
blue activities . . . the existence of an apparent stoichio- 
metry between added soluble enzyme and alkali-treated 
particles . . . the restored activity withstood repeated 
centrifugation . . . against oxygen inactivation . . . The 
turn-over number in the oxidase assay would also approach 
the value characteristic of Keilin~Hartree preparations” +°. 
However, they®™! have interpreted the phenomenon as 
reactivation rather than reconstitution because of: (1) 


the lack of correlation between flavin uptake and recon- 
stitutive activity®; (2) the difference between the untreated 
heart muscle preparation and the reconstituted particle of 
the phenazine methosulphate/oxidase and phenazino 
methosulphate/FMNH, activity ratios; (3) the flavin 
content of the reconstituted particle®°; (4) “Contrary to 
King’s report (1962) [ref. 11] it makes no difference in our 
experiments whether the alkali-treated particles [heart 
muscle preparation] are centrifuged before or after 
neutralization’, and thence concluded that “the results 
cannot be explained as a re-association [reconstitution] of 
dissociated dehydrogenase on neutralization’. 

In this article I shall briefly examine these points and 
outline some experimental evidence pertinent to this 
problem—treconstitution or reactivation. 

Regarding point 1, the latest paper by Singer et al.?° 
has shown the precise correlation of flavin uptake with 
reconstitutive activity (cf. Fig. 2, ref. 10). Their earlier 
observation has been attributed to experimental artefact’. 

As to point 2, the activity ratio, phenazine/FMNH,. 
according to Table 4 of Kimura et al.}*, is 21 in the recon- 
stituted particle and 30 in untreated heart muscle prepara- 
tion. The respective values for phenazine/oxidase are 
2-3 and 1-8. This calculation has neglected the activities 
of the dislocated and/or dissociated dehydrogenase retained 
in the alkali-treated preparation. As shown in the entry 
“Alkali-treated”’ of Table 4 (ref. 10), considerable activities 
toward these artificial electron acceptors (phenazine 
methosulphate reduced riboflavin-5’-phosphate (FMNH,)) 
remained in the preparation. Singer et al.? have reported 
that those preparations of succinate dehydrogenase 
inactive in the reconstitution but active toward phenazine 
methosulphate readily reacted in the fumarate-FMNH, 
system. In other words, the residual activities retained 
in the alkali-treated preparation have nothing to do with 
the reconstituted particle. This fact accords with our 
finding that the turn-over number of the reconstituted 
particle calculated on incorporated succinate dehydro- 
genase-linked flavin is identical with that of the heart- 
muscle preparation based on its succinate dehydrogenase 
flavin content. Indeed, Kimura et al.!° have reported the 
same result. In view of these considerations, the residual 
activities in the ‘alkali-treated’ particle should be cor- 
rected. The corrected values are given in Table 1. It 
can be seen that the deviation of the reconstituted particle 
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Table 1, Activity RATIOS (PHENAZINE/OXIDASE AND PHENAZINE/FMNH;) 
OF HEART MUSCLE PREPARATION AND RECONSTITUTED SUCCINATE ỌXIDASE * 


Values calculated by Correct 
Kimura et al. (ref. 10) values 
Sample Phenazine Phenazine Phenazine Phenazine 
Oxidase FMNH, Oxidase FMNH: 
Untreated 1:8 30 1:8 30 
Reconstituted 23 21 22 36 
(‘reactivated’) 


* Data given in Table 4 of Kimura, Hauber and Singer (ref. 10). 
+ Residual activities are corrected (see text). 


from the intact preparation is less than 20 per cent. 
But the fact that the phenazine/FMNH, ratio is not lower, 
but now somewhat higher, in the reconstituted system 
than in the intact preparation would render the argument, 
with respect to the oxidative modification, inaccessible 
by new results. In addition, in our hands, the spectro- 
photometric assay for the determination of phenazine 
methosulphate activity by coupling with 2,6-dichloro- 
phenolindophenol and then extrapolating to infinite 
concentration of phenazine has proved very difficult and, 
indeed, gives poor reproducibility. Likewise, it is labori- 
ous to conduct the FMNH,-fumarate reaction: FMNH, is 
extremely sensitive to air and produces hydrogen peroxide 
in oxidation. 

During the alkali treatment of heart muscle preparation 
in air (point 3), the succinate dehydrogenase is first 
dissociated, then inactivated, denatured and precipitated 
in part along with the particle. It is true that actual 
separation of these (precipitated dehydrogenase and the 
particle devoid of dehydrogenase) has not been achieved. 
But about 50 per cent of the succinate dehydrogenase- 
linked flavin was found in the precipitate after the solution 
was exposed to air for 2 h at pH 9-5, 37°. However, this 
experiment still differs from the actual happening as 
depicted in Table 2 of Kimura et al.!° because, during the 
alkali treatment, the dehydrogenase is progressively 
dissociated from the particle. As a rule, protein is more 
labile, and its denaturation. occurs more rapidly in dilute 
solution. 

Singer et al.” have promoted a re-statement of what we 
consider to be critical conditions in our reversible dissocia- 
tion of succinate dehydrogenase (point 4). We have 
conducted the experiment! in the absence of oxygen, 
at 0-4°, with pre-incubation of heart muscle preparation 


Table 2. DISTRIBUTION OF SUCCINATE DEHYDROGENASE FLAVIN IN SUPER- 
NATANT AND PARTICULATE FRACTIONS FROM ALKALI TREATMENT OF HEART 
MUSCLE PREPARATION 


Succinate dehydrogenase 
flavin content * 


System Conditions Supernatant Residue 
mymole per whole (Supernatant) 
fraction (Residue) 
I Neutralization after 

centrifugation 316 24-1 131 

u Neutralization before 
centrifugation 2:2 50-1 0-04 

iit No alkali treatment <10 55-3 <0-02 


AN operations carried out at 0-4° and without delays, unless otherwise 
indicated. Keilin-Hartree heart muscle preparation containing 40 mM 
succinate in 60 {mM phosphate-borate buffer was incubated for 1h, then 
rapidly but efficiently adjusted to pH 9-95 with 1 N sodium hydroxide. 
Mixture immediately transferred to round bottom flask, subsequently 
evacuated with aid of efficient oil pump. Flask refilled with helium. Process 
repeated three times in order fo remove as much dissolved oxygen as possible, 
finishing with helium atmosphere. Aliquot quickly withdrawn into centri- 
fuge tube (system I). Another aliquot neutralized to pH 7-8 and placed in 
a similar tube (system II). Tubes centrifuged in Spinco-preparative centri- 
fuge, 30,000 r.p.m. for 1 h. Supernatant fraction from system I neutralized 
to pH 7:8. Supernatant fraction from system IL used directly for assay. 
Residues of both systems separately restored to original volumes with phos- 
phate-borate buffer and pH values re-adjusted to 7-8. Flavin content given 
Was correcied, for volume changes and for retention of supernatant liquid in 
residue. 

* Succinate dehydrogenase flavin determined as previously (ref. 12). 
Fluorometric measurement at pH 3-2-3-3 was, however, used. Mixture 
obtained after proteolytic digestion (ref. 12) was treated with 10 per cent 
trichloroacetic acid, 38°, 16 h. After cooling to room temperature, it was 
centrifuged. Aliquots at four different levels of the supernatant liquid and 
the riboflavin-5’-phosphate (FMI) standard were made up in 33 mM citrate 
buffer, pH 3-2-3°3. Fluorescence was measured at excitation wave-length 
of 465 my and fluorescence wave-length of 520 my in Farrand grating spectro- 
fluorometer equipped with xenon light source. Fluorescence readings linear 
to FMN content in standard and to flavin concentration in sample. Small 
‘carry over’ flavin not from succinate dehydrogenase originally in residue 
was corrected by measuring fluorescence at pH 7-0. 
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in the presence of 40 mM succinate prior to the adjustment 
to an alkaline pH value. In addition te the demonstration 
on the functional basis", the correctness of tho process 
has also been proved by structural analysis. Table 2 
gives the evidence along this line of the reversible dis- 
sociation of succinate dehydrogenase and reconstitution 
of succinate oxidase. Chemical analysis showed that the 
content of the succinate dehydrogenase flavin in the 
supernatant fraction of the system in which neutralization 
was obtained after centrifugation (system I of Table 2) 
was much higher than the content under the conditions 
of neutralization before centrifugation (system 1I). The 
reverse was true for the flavin content of the residue 
fraction. 

On the other hand, Singer eż al.? slowly adjusted heart 
muscle preparation, which was not pre-incubated with 
succinate, to the alkaline pH value and then loft the 
mixture with stirring in air at room temperaturo for 2 h. 
The reconstitutively active soluble succinate dehydrogen- 
ase is extremely labile in air. Its exposure at 25° for 
10 min results in the loss of more than 50 per cent of the 
reconstitutive activity, as shown in Table 3. But the most 
important difference lies in the pre-incubation of heart 
muscle preparation with succinate.’ In the absenco of 
the pre-incubation, reconstitutively active succinate 
dehydrogenase has so far not been produced by us. Under 
the conditions of Singer et al.* results probably would be 
anticipated. Actually, their observations®:!° have once 
again suggested the indispensability of succinate’. 


Table 3. EFFEOT of TEMPERATURE ON ACTIVITY OF SUCOINATE DEH\ DRO- 
GENASE WITH RESPECT TO RECONSTITUTION OF SUCOINATE OXIDASE AND 
TO PHENAZINE METHOSULPHATE REACTION 


Activity 
Temp- Reconstitution Phenazine methosulphate 
erature % %) 
mA x min? remaining mM x min! remaining 
0 11:3 100 12-4 100 
25 5-0 43 11-8 95 
37 3-3 28 11-4 92 
45 1:8 15 68 55 
60 0-0 0 05 4 


Soluble succinate dehydrogenase prepared by method II of ref. 8 up to 
gel eluate with precaution to exclude air during preparation. After isolation. 
enzyme heated in air to indicated temperatures within 1 min and held there 
for 10 min. At end of thermal treatment, enzyme solution cooled to 0’ 
and immediately assayed. Phenazine methosulphate activity is Vmax 
(maximum velocity) value extrapolated to infinite concentration of phenazine 
methosulphate and assay performed spectrophotometrically at 37° from 
decrease of absorbancy at 600 my in systems containing 50 mM phosphate 
buffer, 1-5 mM cyanide, 20 mM succinate, 0°05 mM 2,6-dichlorophenolindo- 
phenol, 0-1 per cent crystalline bovine serum albumin and phenazine metho- 
sulphate (0:18-1:38 mM), pH 7-6. Reconstitution performed by procedure 
described previously (ref. 13) at 37° with limiting amount succinate dehy dro- 
genase. All activity expressed in reaction velocity of succinate in mM 
oxidized per min on basis of 1 mg eluate protein per ml. 


Our view (for example, ref. 13) that the test by recon- 
stitution for succinate dehydrogenase or other isolated 
respiratory enzymes is more physiological than the test 
by those reactions with artificial electron acceptors has 
been challenged’®. Here, it is not desirable to belabour 
the point; Table 3 of this article, as well as the non- 
parallelism of the succinate dehydrogenase activities with 
respect to reconstitution and phenazine methosulphate 
documented previously®, have substantiated our think- 
ing. 

From the foregoing presentation, it is doubtful that there 
is sufficient support to the claims that reconstitution is 
actually a process of reactivation. Naturally, we are 
aware that the proof of the identity of two such complox 
systems, the reconstituted and the original particles. 
requires circumstantial evidence as well as inductive 
reasoning. But just as important is the apprehension 
of the modern concept of organization. Organization is an 
element in the set of the universe. It exists in ators. 
molecules, crystals and, of course, biological systems. 
In spite of vast numbers of other possibilities, the folding 
of protein molecules and synthetic polypeptides, for 
example, follows only a few patterns. This fact. from the 
consideration of quantum chemistry, is due to thermo- 
dynamic feasibility. Advances of chemistry and physics 
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will eventually be able to explain the limited patterns, 
among almost infinite possibilities, of biological organiza- 
tion. With this understanding, the. successful reconstitu- 
tion of a respiratory chain would not be regarded as either 
a freak or a fortuitous event. Indeed, analogous dis- 
coveries in varying degrees of complexity, such as the 
reconstitution of aldolase! and tobacco mosaic virus", 
and even the reconstitution of multicellular structures 
from. dissociated cells*®, have appeared in the literature. 
Recently, the reconstitution!’ of respiratory chains has 
also been demonstrated with the same aims and designs 
as, but different components and procedures than, our 
project. 

This work was supported by grants from the National 
Science Foundation, the U.S. Public Health Service, the 
Oregon Section of the American Cancer Society and the 
American Heart Association. 
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ONSET OF STIMULATED EMISSION: FROM GALLIUM ARSENIDE 
SEMICONDUCTOR OPTICAL MASERS 


By R. F. BROOM, C. H. GOOCH, C. HILSUM and D. J. OLIVER 


Services Electronics Research Laboratory, Baldock, Herts. 


REVIOUS reports!? of maser action in gallium arsenide 

junction diodes have indicated that at 77° K there is no 
sign of stimulated emission at current densities less than 
8,500 amp/cm?. We have made diodes which show signs 
of coherent emission at much lower current densities. The 
diodes were essentially similar in size to those of Hall, 
being cubes of edge 0-4 mm, with the junction on a plane 
parallel to one of the faces. Two opposite faces perpen- 
dicular to the junction were optically polished. The 
diodes were operated on a heat sink which was conduction 
cooled with liquid nitrogen, so that the diode temperature 
was about 100° K. 

In the best diode, at current densities up to 1,500 
amp/em? the junction as seen in an image-converter 
appeared to be emitting incoherent radiation uniformly 
along its length, but a careful measurement showed that 
this was not so. Some regions were emitting more 
efficiently, the difference between the brightest and darkest 
parts being as much as a factor of 3. At 1,500 amp/cm* 
the brightness of the most efficient part of the junction 
suddenly increased. An intense bright spot could be seen, 
the emission from which was plane polarized. Much more 
radiation was emitted from this spot than from the 
remaining area of the junction, so that the total radiation 
emitted increased markedly at the critical current density 
(Fig. 1). At slightly greater currents other spots along the 
line of the junction began to behave in the same way. The 
development of three spots on a typical diode is shown in 
Fig. 2, which illustrates the light output as a function of 
position along the junction. These spots appeared within 
a region 100 microns long, and at a current density of 
1,000 amp/cm? the emission of incoherent radiation along 
this region varied by about 30 per cent. In some diodes 
the spots were all polarized in the same plane, but in 
others this was not so, and the spots could be said to be 
behaving as independent sources of coherent radiation. 

The spectral emission from the diode varied markedly 
with the current density. With the first appearance of a 
bright spot the emission was a single line of width less 
than 1 A. This determination was limited by the resolution 
of the spectrometer. At slightly higher current densitios 
other lines of similar width appeared within a total 
wave-length range of 25 A. These lines were emitted from 
the same bright spot. With further increases in current 
other spots appeared, and the emission was a series of 
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overlapping spectral lines, now tending to fill a spectral 
rango of 25 Å. 

Some experiments were made at temperatures above 
90° K. As the temperature increased the current required 
for maser action also increased (Fig. 3). With the heat 
sink at 210° K the most efficient part of the junction still 
emitted coherent radiation, but the critical current density 
was now about 45,000 amp/em?. 

The appearance of the bright spots could be a sign that 
the current is not distributed uniformly over the area of 
the junction, and that the local current density is much 
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Fig. 1. Light output from a gallium arsenide maser as a function of 
earrent density. A comparison of tines results with those reported 
earlier - - 
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Fig. 2. Development of bright spots along the junction 
(1) 3,700 ampjem?; (2) 4,700 amp/eay j (3) 4,750 ampjem?; (4) 5,000 
amp/em* 


higher than the mean cwrent density. This is unlikely to 
be the complete explanation of the effect, though it may 
be a contributory factor. The appearance of a bright spot 
on one optically polished face is always matched by the 
appearance of a spot on the opposite face, the line joining 
them being perpendicular to these faces. The integrated 
current density along such a line is scarcely likely to vary 
much from the mean in a large number of diodes. Further, 
when the current density is four or five times greater than 
that required for the appearance of the first spot, most of 
the junction is emitting coherent light. If a large fraction 
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Fig. 3. Dependence of operating current on temperature 


of the current were passing through the first spots to 
appear, the other regions must be showing maser action 
at effective current densities which are reduced in 
proportion. It seems more likely that in our diodes the 
conditions as a whole are more favourable for maser action 
than in those previously reported. In particular regions 
the impurity level, the defect concentration and the 
abruptness of the junction transition region are slightly 
nearer the optimum for efficient conversion of electrical 
current into infra-red radiation, and these regions emit 
coherent radiation at lower current densities than the 
rest of the junction. 

We thank a number of our colleagues for assistance in 
this work, and in particular Mrs. J. Trezise. Messrs. H. 
Gilbey, B. R. Holeman, T. James, K. H. Marshall and 
A. Milsom for their help. Permission to publish has boen 
given by the Admiralty. 
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RADIATION-INDUCED FRAGMENTATION OF FISSILE 
OXIDES IN AQUEOUS SUSPENSION 


By H. S. G. SLOOTEN 
N.Y. Kema, Arnhem, Holland 
AND 
Dr. R. G. SOWDEN 


Chemistry Division, Atomic Energy Research Establishment, Harwell 


E have irradiated aqueous suspensions of fissile 
oxides in a nuclear reactor and have observed a 
hitherto unreported effect. Under suitable conditions, 
fragmentation of the oxide particles occurs with the 
formation of lyophobic colloidal solutions. This be- 
haviour is shown by aqueous suspensions of plutonium 
dioxide and of the solid solutions (Th,Pu)O, and (Th,U)O.. 
Radiation-induced fragmentation was first observed in a 
dilute suspension (about 2 g 1-1) of plutonium dioxide in 
water at pH 7. The oxide had a mean particle size of 
1-2u and a surface area (measured by the Brunauer— 
Emmett—Teller technique using adsorption of nitrogen) 
of 29 m*g-1, Following irradiation for 15 min (nvt, 1:6 x 
1015 neutrons cm-*) in an evacuated silica capsule at 80°C, 


the bulk oxide was separated by centrifuging at 1,000g. 
The clear supernatant liquid was bright green in colour. 
and analysis by «-counting established that it contained 
about 40 per cent of the original plutonium. This ‘solu- 
tion’ could be kept for several weeks without deteriora- 
tion: however, prolonged centrifuging at 7,000g brought 
about separation of the plutonium as a slime, indicating 
that the solution was in fact a lyophobie colloid contain- 
ing particles of the order of 100 A in diameter. Further 
work established that colloid formation oceurs with 
suspensions of plutonium dioxide having a wide range of 
physical characteristics and in dispersing media of water or 
10-7 M nitric acid, though the fragmentation per unit of 
dose falls with the surface area of the bulk oxide (Fig. 1). 
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Fig. 1. Variation of percentage PuO, in colloidal form with irradiation time and solid surface area 


The decrease in the apparent rate of colloid formation is 
in all probability due to recrystallization of the colloidal 
debris that is formed during the irradiation. 

Extended work with solid solutions of (Thy.,U.2)O. 
(spherical particles 5—6y in diameter), which gave yellow- 
brown colloidal aqueous solutions on irradiation, has 
-established that dose rate has little effect on the degree 
of colloid formation per unit of dose over the range 
3 x 107—2 x 10? fissions mg-! sec-?. The most important 
parameters affecting N (the number of atoms per fission 
. removed from the bulk solid at low concentration of 
colloid) appear to be: (a) the surface area of the bulk 
solid; (b) the dispersing nature of the aqueous medium. 
Under dispersing conditions N is approximately propor- 
tional to the original surface area of the powder. Under 
flocculating conditions (for example, (Th,U)O, at pH 6) 
N was reduced by more than a factor of 20 (Fig. 2). 
Irradiation of the bulk solid either dry or under fioccu- 
lating conditions, followed by prolonged agitation in a 
dispersing medium, failed to produce more than traces of 
colloidal material. 

It should be pointed out that the absolute values of 
N given in Fig. 2 must be regarded with reserve, as 
recrystallization of the colloidal material may have a 
large influence on the results of the «-activity measure- 
ments. However, this does not alter the qualitative con- 
clusion to be drawn from these graphs, namely, that the 
influence of the surrounding medium on the rate of break- 
down is profoundly important. 

Electron microscopic examination of (Th,U)O, bulk 
particles before and after irradiation confirmed the 
results of the «-counting experiments. It was shown that 
radiation damage had produced pits several hundred A 
in diameter on the surface of the originally smooth 
particles (Fig. 3). This was accompanied by an increase 
in surface area (approximately tenfold for material 
originally 0-2 m?g-! after a dose of 6-6 x 1013 fissions 
mg). Examination of the colloidal fragments con- 
firmed that their diameter was about 100A. When the 
bulk solid was irradiated in the dry state or under non- 
dispersing conditions neither significant pitting nor an 
increase in surface area was detected. 

On the basis of these results it is possible to make 
suggestions about the mechanism of the process. In 
partieular, some possibilities can be eliminated. Thus it 
seems unlikely that fragmentation is brought about solely 
by intercrystalline weakening followed by dispersion 
of the crystallites, for the electronmicrographs have shown 
that colloidal particles from oxides of surface area 3 and 
0-8 m? g have the same mean diameter (~ 100 A) 





surface area. 

Moreover, work carried out b 
Wait on single crystals! and b 
Bloch on polycrystalline UO, (ref. 2 
has established that no decrease i: 
crystallite size takes place after irradia 
tion of the dry material to doses tw 
powers of ten higher than those c 
the present investigation. It is mos 
unlikely that a different situatio: 
will obtain for PuO, and (Th,U)O. 
and crystal fragmentation in th 
bulk of the solid must therefore b 
ruled out. 

We conclude that the formation c 
colloidal fragments of sub-crystallit 
size takes place by a surface mech 
anism. This hypothesis is qualitativel: 
supported by the large influence o 
both the surface area of the solid ani 
the nature of the liquid mediun 
surrounding the particles. 

The following mechanisms could play an importan 
part in this type of process: 

(a) The passage of a fission fragment through the sur 
face layers would be expected to create a short-live 
region of amorphous material. This could becom 
electrically charged by interaction with the solvent, anı 
so be dispersed to form a stable colloid. 

(b) It is known that the passage of a fission fragmen 
through the surface causes a considerable number o 
atoms to be ‘evaporated’. If ejected into an aqueou 
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Fig. 3. Electron micrographs of particles of 80 per cent ThO,, 20 per cent UO. 


a, Before irradiation (x c. 2,600; b, irradiated to 4-0 x 10° 


neutrons em“, non-dispersing conditions (x 2,600); c, irradiated to 2-0 x 10'* neutrons em~*, dispersing conditions (x e. 8,000) 


medium the atoms would be hydrated and at pH>4 
hydrolysed, the product eventually condensing to particles 
of colloidal dimensions. Under non-dispersing conditions 
the fragments would return to the surface, and could 
become permanently sintered there under the influence 
of the localized high temperatures in subsequent fission 
tracks. At pH-values lower than ~ 4 or under dispersing 
conditions no restoration of the primary damage could 
take place, because either no condensation to colloidal 
dimensions is possible or the colloidal fragments cannot 


reach the surface of the bulk particles because of their 
surface charge. 

We thank Messrs. B. R. Harder and A. E. Truswell for 
help in the experimental work, and Dr. J. K. Dawson 
and Mr. M. E. A. Hermans for discussions. 

The electronmicrographs were made by Mr. L. Moscou 
of N.V.Koninklijke Zwavelzuurfabrieken v/h Ketjen. 


1 Wait, E. (unpublished work at Atom. Energy Res. Est., Harwell). 
? Bloch, J., J. Nucl. Materials, 8, 237 (1961). 
* Adam, J., and Rogers, M, D., J. Nucl. Materials, 6, No, 2, 182 (1962). 


RANGE-ENERGY RELATIONS FOR PROTONS AND ALPHA-PARTICLES 
IN VARIOUS EXPLOSIVES 


By Leut. JOSEPH CERNY, MAURICE S. KIRSHENBAUM and Lieur. ROGER C. NICHOLS 


Explosives Research Section, Picatinny Arsenal, Dover, New Jersey 


| the course of some investigations of heavy-particle 
radiation damage to explosives, we have noted the 
absence of any accurate range-energy relations for these 
materials in the literature. (Though a Picatinny Arsenal 
Technical Report! has calculated ranges in 


representative of the other secondary high explosives; 
(2) lead styphnate; and (3) lead azide, which is also 
representative of mercury fulminate. 

These results were obtained following standard pro- 








explosives for «-particles and fission frag- © 
ments, the method used was inapplicable 
to a-particles.) To remedy this situation, 
differential energy loss (MeV/mg/cm?) and 
range (mg/cm?) data have been calculated 
for low and medium-energy protons and 





-particles in various explosives. The ° 
calculations of most general interest are 
summarized here; the complete results 
will be available as a Picatinny Arsenal 
Technical Report. - 
Ranges for protons of energies up to 25 
MeV were calculated and are presented in © 





Table 1 for the following explosives: cyclo- 
nite (RDX), cyclotetramethylene tetra- 
nitramine (HMX), 2,4,6-trinitrotoluene 
(TNT), pentaerythritol tetranitrate (PETN) ; 
2,4,6-trinitrophenyl methyl nitramine 

(Tetryl), lead styphnate, mercury fulminate 10? 




















and lead azide. Figs. 1, 2, and 3 present ie 
proton and «-particle range-energy curves 
for: (1) RDX and HMX, which arə also 
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Fig. 1. Range-energy relation for protons and a-particles in RDX or HMX 
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where: 
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Here e is the electronic charge, = is the 
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ratio of proton to electron masses, N’ is the 
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oO, 


number of atoms (or molecules) per mg, and 
B is the atomic (or molecular) stopping 
number. 

Experimental proton differential energy 
loss data are available primarily for energies 
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of 1 MeV and less and are summarized by 
Whaling®, These data were used to establish 
atomic stopping number versus energy 
curves for hydrogen, carbon, nitrogen and 
oxygen between 20 keV and ~1 MeV, and 
for lead between 50 keV and ~1 MeV; the 
lower limits were chosen arbitrarily and 
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Fig. 2. Range-energy relation for protons and a-particles in lead styphnate 


10° some minor extrapolations were necessary 
to cover this range. Whaling’s evaluation 
~ was followed whenever the experimental 
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data on the same element differed. signifi- 
cantly. The results of several theoretical 
computations were then used to extend 
these curves to 25 MeV: (1) the calcula- 
tions of Aron and Hoffman? were used for 
carbon, nitrogen and oxygen; (2) Hirsch- 
felder and Magee’s‘ calculations for hydrogen, 
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Fig. 3. Range-energy relation for protons and a-particles in lead azide 


cedures and utilizing reported experimental and theoretical 
data. Proton ranges (in mg/cm?) were calewated by 
graphical integration of: 


f a 
re =| R 
0 


Table 1, RANGES OF ~ 0-25 MEV PROTONS IN VARIOUS EXPLOSIVES 
Range (mg/cm?) in : 


RDX 
Energy or Lead Mercury Lead 
(MeV) HMX TNL PETN Tetryl styphnate fulminate azide 
0-020 0:069 0:070 0:073 0-072 — _ — 
0-040 0-10 0-10 ‘10 0-10 — —— — 
0-050 — — _ — 0-22 0-35 0-34 
0060 0-12 0-13 0-13 0-13 — — — 
0-080 0-15 0°15 0-15 0-15 0°29 0-45 0:44 
0:100 0-17 0'18 0:18 0'18 0-33 0 ‘52 0-51 
0-150 0-24 0:24 0-25 0:25 0-44 0-69 0-67 
0-200 0-31 0-31 0-32 0-32 0-56 0-86 0:85 
0-250 0-40 0-40 0-41 0-41 0-69 1-06 1-05 
0-300 0-49 0:49 0-60 0:50 0'85 1'27 1:27 
0:400 0:71 0-71 0°72 0-72 1-19 1:75 1-76 
0-500 0-96 0-96 0-98 0-98 1-58 2-31 2°33 
0-600 1-26 1-25 1-27 1-27 2-03 2-94 2:97 
0700 1-57 1:57 1:59 1:80 2:52 3°63 3°68 
0-800 1:92 1-92 1-05 1-96 3-06 4:39 4:45 
0-900 2:30 2-31 2-33 2:35 3-64 5-20 5:28 
1-00 2-71 2-72 2°75 2°78 4:27 6-06 6-17 
1-50 515 5-19 5-22 6-23 7:95 li-l 11-4 
2-00 8'22 8°32 8-36 8:37 12°5 17-5 17-8 
3-00 6-3 16-4 16-8 16:8 24-1 33-3 34-1 
5-00 39-65 39-7 40-0 401 57-1 76-7 73:9 
700 71-5 72-0 72-6 72°38 102 134 138 
10-00 135 136 137 137 190 244 251 
13:00 216 217 219 220 300 382 392 
16-00 315 316 318 319 433 545 560 
19-00 430 431 433 435 587 733 753 
22-00 561 562 564 567 761 944 969 
25-00 707 708 711- 715 957 1,177 1,209 







above 1 MeV, agree well with Whaling’s 
evaluation? of the experimental data and 
were used here (these data were extrapolated 
from 15 to 25 MeV using Aron and Hoffman’s 
results for hydrogen? as a guide over this 
interval); (3) Sternheimer’s® calculations 
for lead were used. In those cases (hydrogen, 
carbon) in which two or more theoretical 
curves were available over this energy 
region, those used agreed best with the 
data of Brolley and Ribe? for 4:4+ MeV 
protons. Finally, where necessary (carbon, 
nitrogen, oxygen), these theoretical data 
were adjusted by a constant, multiplicative 
factor to agree with the 4-4+ MeV data. 

Molecular stopping numbers were obtained 
from atomic stopping numbers using: 


Bmo(XrYe...) = rBat(X) + eBar(¥) +... 


(The data for mercury fulminate aro less reliable than the 
rest, since Byg was assumed equal to Bpp.) Experimental 
measurements’:® indicate that this additive relationship 
holds for protons of energy > 150 keV. Although ranges 
are given for energies less than 150 keV in Table 1, both the 
effects of chemical binding on the additivity and the 
greater experimental error in this region decrease their 
validity. 

The ranges at 20 keV for the secondary explosives and 
at 50 keV for the primary explosives were estimated by 
assuming* that the form of —-d#/dR over this interval is 
proportional to #3. Lastly, «-particle ranges were 
obtained from the established proton ranges; the difference 
in range caused by variations in electron capture and 
loss were estimated from the known value for air® by 
assuming that this effect depended only on the molecular 
electron density. 

1 Ling, R. C., Picatinny Arsenal Tech. Rep. 2393. 

? Whaling, W., Handbk. Phys., 34, 193 (1958). 

3 Aron, W., and Hoffman, B. G., reproduced in Siri, W, E., Isotopic Tracers 
and Nuclear Radiations, 97 (McGraw-Hill, 1949). 

‘Hirschfelder, J. O., and Magee, J. L., Phys. Rev., 78, 207 (1948). 

* Sternheimer, R. M., Phys. Rev., 115, 137 (1959). 

€ Brolley, J. E., and Ribe, F. L., Phys. Rev., $8, 1112 (1955). 

7 Reynolds, H. K., Dunbar, D. N. F., Wenzel, W. A., and Whaling, W., Phys. 
Rev., 92, 742 (1953). 

8 Jorgensen, T., Penetration of Charged Particles in Matter, 20 (Nat. Res. 

ounce, Pub. 752, 1960). 
“Berre, Eos Experimental Nuclear Physics, 1, 177 (John Wiley and Sons, 
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l Negatively Skewed Distributions of Silica 
and Potassium in Igneous Rocks 


Tue distributions of several elements, including some 
which are abundant, have been found to be positively 
skewed in specific igneous rocks!-*. Many such distri- 
butions are either lognormal or approximate lognormality ; 
some may be described as double or multiple lognormal 
distributions’. The most notable exceptions to positive 
skewness are silica, the most abundant of all constituents, 
and potassium, each of which has been found to exhibit 
decided negative skewness*. No specific statistical type 
has yet been assigned to these negatively skewed distri- 
butions, a problem which we now consider. We will use 
the example of silica only, as the distribution of potassium 
may show closely similar characteristics and can be 
handled in the same way. 
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Fig. 1. Cumulative frequency distribution of silica in 440 granitic rocks 
of Japan 
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Fig. 2. Constructed normal distributions of silica, corresponding to 
the slopes of Y and Y in Fig, 1 
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Fig. 3. Truncated normal distributions of silica 


Fig. 1 is a cumulative frequency distribution diagram 
of silica in 440 granitic rocks of Japan®. The data have 
been extracted from histograms published by Hattori 
et al. and Ahrens*®. The presence of a discontinuity in the 
vicinity of 73 per cent silica indicates that the distribution 
of silica can be described in terms of two distributions; 
these have been labelled X and Y. As the X distribution 
is a straight line and as the Y distribution likewise is, 
or approximates, a straight line—one point is somewhat 
displaced—both X and Y may be treated as normal 
distributions. As the slope of X > Y, the dispersion of the 
X distribution is greater than that of the Y distribution, 
a relationship which is shown clearly in Fig. 2 where the 
constructed norma] curves correspond to the respective 
slopes of X and Y. Fig. 3 shows the distribution of silica 
as parts of the twonormal curves of Fig. 2, each termina- 
ting at 72-8 per cent silica, the intercept in Fig. 1. From 
Figs. 1 and 2, silica, may be said to follow a double-normal 
(truncated) distribution. (Whether the discontinuity at 
73 per cent silica is in fact razor-sharp or not cannot be 
ascertained at the moment, but this uncertainty does not 
significantly alter the main substance of this discussion.) 
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Fig. 4. Histogram (negatively skewed) of silica in 440 granitic rocks 
of Japan. Constructed from the fitted lines of Fig. 1 
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Double-normal (truncated) distributions give rise to 
negative skewness in a histogram, provided the distri- 
bution corresponding to the higher concentration range 
has the smaller dispersion, as here. This may be illus- 
trated with the help of Fig. 4. This negatively skewed 
histogram has been constructed as in Figs. 2 and 3, from 
the fitted straight lines of Fig. 1. Plotted points corre- 
sponding to either the X or the Y distributions would fall 
at the mid-points on the tops of each block, except 
that marked with an asterisk. The lower limit (71 per 
cent) of the range corresponding to this block intercepts 
the X distribution and the upper limit (73 per cent) the 
Y distribution, each of which contributes, but in varying 
proportions, to the height of the block marked with an 
asterisk. The use of a finite interval range in a histogram 
has the effect, therefore, of blunting a possible sharp 
discontinuity unless of course the chosen interval limit 
happens to correspond precisely with the distribution 
limit. Apart from a few small differences, Fig. 4 closely 
matches the histogram (Fig. 1 of ref. 6) which was con- 
structed from the original data. 

A fuller account of double-normal (truncated) distri- 
butions, including those of potassium, together with 
possible petrological implications, will be presented later. 

L. H. AHRENS 


Department of Geology and Geophysics, 
Massachusetts Institute of Technology. 

t Ahrens, L. H., Geochim. Cosmochim. Acta, 5, 49 (1054). 

2 Ahrens, L. H., Geochim. Cosmochim, Acta, 6, 121 (1054), 

3 Ahrens, L. H., Geochim. Cosmochim. Acta, 11, 205 (1957). 

t Beus, A. A., Geokhimya, No. 5, 415 (1961). 

3 Bous, A. A., and Fabrikova, E. A., Geokhimya, No. 10, 875 (1961). 

€ Ahrens, L. H., Geochim. Cosmochim. Acta (in the press). 

7 Ahrens, L. H. (in preparation). 


3 Hattori, H., Nozawa, T., and Saito, M., Intern. Geol. Congr. Rep, Twenty- 
first Session, Nordon, Pt. 14, 40. 


GEOPHYSICS 


Periodicities of the Geomagnetic Variation 
Field at Huancayo, Peru 


Recent analyses of stratospheric winds have uncovered 
the rather fascinating phenomenon of an equatorial 
stratospheric wind oscillation of approximately 26 months?. 
Although the apparent wind oscillation seems to have its 
largest amplitude at about 25 km, it has been suggested 
by Stacey and Westcott? that these stratospheric fluctua- 
tions extend to ionospheric heights. They performed a 
spectral analysis of the mean monthly values of the 
horizontal component of the geomagnetic field on magneti- 
cally quiet days, Hq, for Huancayo (12° S.), Apia (14° S.) 
and Alibag (19° N.). Their results indicated spectral 
peaks at periods of approximately 26-27 months for 
Alibag and Apia but not for Huancayo. For all three 
stations there was also an increase of spectral density at 
a period of about 12 months. These resulte were somewhat 
surprising in view of the fact that at stratospheric levels 
the maximum amplitude of the 26-month wind fluctuation 
is found close to the equator and then decreases poleward. 
Thə amplitude of the annual variation, on the other hand, 
increases with increasing latitude. The two seem to be 
equal at a latitude of about 15°. To the extent that 
ionospheric oscillations as manifested by the oscillation 
of Hq are related to the stratospheric wind oscillation, 
one should find the more pronounced 26-month period at 
the lowest latitude station. 

Of more immediate interest, however, is the apparent 
lack of any other periods in the spectral estimates of the 
data resulting from the analysis by Stacey and Westcott. 
Of particular concern is the absence of a spectral peak 
corresponding to @ period of 6 months. We believe that 
this is due to the data used for their analysis of the geomag- 
netic field. We have re-analysed the data for Huancayo 
using as the basic statistic the monthly average of the 
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Fig. 1. Spectral estimate of the monthly average daily amplitude of 


Hq at Huancayo, Peru (1922-59) 


daily amplitude of H for the ten quiet days of each month 
(1922-59). The results of our spectrum analysis are 
shown in Fig. 1. Spectral energy is shown corresponding 
to periods of about 3 months, 4 months, 6 months and 
12 months, the most significant peak being that at 6 
months. Nothing is evident in the neighbourhood of 26 
months. 

Earlier analysis of these results by Matsushita? showed 
that the periodic fluctuation of the average quiet day 
amplitude of H is associated with strong maxima during 
the equinoctial months. Huancayo is located at 12°58. 
where the Sun is overhead at noon approximately on 
November 4 and February 9. Thus, any variation in the 
daily amplitude of Hq which is associated with solar 
radiation would be expected to have dominant periods 
of about 3 months, 9 months and 12 months. This is not 
evident from Fig. 1. 

The daily amplitude of H is a good indication of the 
intensity of the electrojet at about 100 km. The electrojet 
arises mainly out of the solar daily quiet current system, 
Sq, and has been suggested by Egedal! to lie along the 
magnetic equator. Its intensity, according to Matsushita, 
is about 50 per cent larger during equinoxes than during 
the solstices. Thus, it is reasonable to expect a pronounced 
6-month period in phenomena related to the electrojet. 
Also, since Huancayo lies very close to the magrietic 
equator one should find the amplitude variations of Hg 
much more pronounced at Huancayo than at higher 
magnetic latitude stations. 

We thank our colleague Dr. Paul Julian for computing 
the spectrum analysis of the geomagnetic data. 


JULIUS LONDON 
SADAMI MATSUSHITA 


Department of Astrophysics and Atmospheric Physics, 
University of Colorado, 
and 
High Altitude Observatory, 
National Center for Atmospheric Research, 
Boulder, Colorado. 
1 Reed, R. J., and Rogers, D. G., J. Atmo, Sci., 19, 127 (1962). 
£ Stacey, F. D., and Westcott, P., Nature, 196, 730 (1962). 
3 Matsushita, S., Jonospheric Sporadic E, 344 (Pergamon Press, 1962). 
+ Egedal, J., Terr. Mag. Atmo. Elect., 52, 449 (1947). 
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A Revised Devonian Pole for Britain 


PALEOMAGNETIC surveys of Devonian rocks from Great 
Britain have been carried out on the Old Red Sandstone 
rocks from the Anglo-Welsh Cuvette!, and on Lower 
Devonian lavas from the Midland Valley of Scotland?. 
Two well-defined but significantly different axes of mag- 
netization were obtained (Fig. 1). These will be referred 
to as A and B; the corresponding pole positions are 
situated at 159° E. 30° N. and 130° E. 10° S., respec- 
tively. 

The problem of which of these results indicates the 
true Devonian field, or whether perhaps both do, has 
puzzled workers in paleomagnetism for a number of 
years; for both appeared equally valid. There are two 
plausible explanations: (1) The pole may have undergone 
relatively rapid changes in its position during the 
Devonian; (2) the magnetization of the Old Red Sand- 
stone may be younger than the rocks themselves. It is 
not our purpose now to discuss the relative merits of these, 
but to report the results of progressive thermal demag- 
netization experiments, which are relevant to the third 
explanation. 

It can frequently be established beyond roasonable 
doubt that lavas acquire their primary magnetization 
when they cool down so that their magnetic age is 
the same as their geological age. This cannot be proved 
for sediments, the magnotization of which may be chem- 
ical in origin and thereforo could be younger than the 
rocks themselves. The thermal demagnetization experi- 
ments were carried out on samples from tho steeply 
folded Old Red Sandstone beds in Pembrokeshire, and 
the flat-lying formations in Brecon Beacons. The results 
showed that for all sites samples could be found which 
had two distinct components of magnetization: (1) A 
dominant component in the direction of A, which has a 
Curie point of 575° C and is therefore due to magnetite; 
(2) a weaker component in the direction of B, which has 
a Curie point of 675°C, and is therefore due to hem- 
atite. 

Application of the fold test shows that component (2) 
was acquired before folding and component (1) during 
or after folding. Since the folding is Hercynian, com- 
ponent (2) is likely to be of Devonian age and component 





Fig. 1. A, Mean direction of magnetization of the Old Red Sandstones 

from the Anglo-Welsh Cuvette; 8, mean direction of magnetization for 

the Lower Devonian lavas; C, mean direction of the Old Red Sandstones 

from the Anglo-Welsh Cuvette after heating to 600° C and cooling in 

zero-field. Open circles indicate upward inclinations, closed circles 

indicate downward inclinations, cae shows the corresponding pole 
positions 
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(1) may be of Permian age. This conclusion is supported 
by the two following observations: first, direction (1) is 
very close to the Permian direction!, and secondly, 
direction (2) agrees well with Stubb’s result for the Lower 
Devonian lavas (Fig. 1). 
It therefore seems that a strong magnetization could 
have been superimposed on a weaker Dovonian mag- 
netization by the Permian field in the case of Old Rod 
Sandstones of the Anglo—~Welsh Cuvette. The discrepancy 
between the two Devonian pole positions is oxplained 
on this interpretation of the results of the thermal do- 
magnetization experiments, and we suggest theroforo that 
direction B should be considered as the more roliablo 
estimate of the Devonian field for Britain. It has been 
previously pointed out? that if direction B is accoptcd 
as giving the true Devonian pole, a strong retrogressive 
discontinuity is produced in the British polar wandering 
curve. 
However, paleomagnetic work in the U.S.S.R. prin- 
cipally on red beds, both east and west of the Urals’, 
yields a pole in agreement with the polo of A, and not 
with that of B, which the foregoing oxperimonts have 
led us to prefer to accept as the Devonian pole. It 
would be interesting to see whether similar heating 
experiments on the Russian red beds reveal likowise 
a small component of magnotization in the direction 
of B. 
F. H. CHAMALAUN 
K. M. CREER 
Department of Physics, 
King’s College, 
Newcastle upon Tyne. 

1 Creer, K. M., Phil. Trans. Roy. Soc., A, 250, 111 (1957), 

? Stubbs, P. H, S., thesis, Univ. London (1958). 

3 Kalashnikov, J., Acad. Sci. U.S.S.R., Geophys. Ser., No. 9, 1243 (1961). 


GEOLOGY 


Rocks Beneath the Bristol 
Channel 


THE first results from a geological survey of the floor of 
the Bristol Channel, carried out during the spring of 1960, 
have already been reported!. Jurassic rocks wore found 
“from the Holms westwards to beyond Ilfracombe” which 
were thought to be of Liassic age, but macrofaunal 
evidence was scanty and no estimate could be made of the 
extent of the Jurassic sequence. 

Subsequent micropaleontological investigations of selec- 
ted samples largely confirmed these first results. Tho 
foraminiferal faunas from the eastern part of the Channel 
indicated horizons from the Angulatum to Raricostatum 
Zones of the Lower Lias (Hettangian—Sinemurian). To 
the north-west of Ilfracombe there were, in addition, 
indications of Lower Pliensbachian rocks. The overall 
appearances of these faunas were remarkably similar to 
those described and figured by Bartenstein from north- 
west Germany* and permitted age-determinations at tho 
sub-stage level. For the recognition of zones, however, it 
was necessary to identify variants within the ‘Lingulina 
tenera and ‘Frondicularia sulcata’ plexi, as described by 
Barnard?*4. 

In this first suite of samples there were two which 
yielded totally unexpected faunas. The first, takon 
between Morte Point and Worm’s Head, yielded a large 
and varied assemblage characteristic of the Mutabilis 
Zone of the Kimmeridgian. The second, from a point some 
15 miles to the east, contained a typically Lower Oxfordian. 
assemblage. Further samples from this critical area, 
taken by R.R.S. Discovery II in May 1962, contained 
foraminiferal faunas which confirmed the occurrence of 
Upper Jurassic rocks and revealed the presence of the 
Middle Jurassic as well. 

In the present state of our knowledge the following con- 
clusions can be drawn. The syncline found by Asdic and 
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boomer surveys has an axis in Kimmeridgian rocks. The 
highest horizon yet found is near the base of the Rotunda 

Zone, but it is unlikely that the succession goes any higher. 
To the north of the axis Oxford Clay has been found in 
close proximity to Lias of the Obtusum Zone, while to the 
south the age of a sandy series lying between samples of 
Mutabilis and Opalinus Zone ages has yet to be proved. 

Clearly, the extent of the Jurassic sequence requires 
further investigation which, it is hoped, will be carried out 
in the near future. ; 

. This communication has been prepared at the suggestion 
of the other members of the team who are investigating 
the floor of the Bristol Channel, namely, Prof. D. T. 
Donovan, Dr. R. J. G. Savage and Mr. A. H. Stride. 


ADRIAN J. LLOYD 
Department of Geology, 
University College, London. 


1 Donovan, D. T., Savage, R. J. G., Stride, A. H., and Stubbs, A. R., Nature 
189, 51 (1981). 

* Bartenstein, H., and Brand, E,, Abh. Senckenb. Naturf. Ges., No. 439, 

3 Barnard, T., Micropaleontol., 2, 271 (1958). 

«Barnard, T., Micropaleontol., 3, 171 (1957). 


OCEANOGRAPHY 


Measurements of Currents along the Equator in 
the Indian Ocean 


In recent years large, high-speed, eastward flows 
beneath the surface along the equator have been dis- 
covered and/or rediscovered?. The structure of the 
Cromwell Current in the central and eastern Pacific has 
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been described in some detail?. The current is symmetrical 
about the equator, has a transport as great as 40 x 10°m?j 
sec and has a maximum speed in the thermocline of about 
three knots. The current appears to be steady and to be 
in geostrophic balance to within a half a degree of the 
equator. The distributions of oxygen, salinity and other 
properties indicate upwelling of water along the equator 
and strong vertical mixing. The observations in the 
Atlantic Ocean indicate that the current structure there is 
remarkably similar’, 

Although it is generally believed that these under- 
currents are in some way related to the overlying wind 
field, the driving mechanism and method of maintenance 
of these currents are still not certain. For this reason an 
investigation of the equatorial circulation in the Indian 
Ocean during different monsoon conditions is part of the 
programme of the International Indian Ocean Expedition. 
The first part of this expedition has been completed. 
During June 28-September 24, 1962, Argo of the Scripps 
Institution of Oceanography, University of California. 
occupied a zonal line of stations along the equator and four 
cross-sections from 5° N. to 5° S. (Fig. 1). Ninety-seven 
hydrographic stations and twenty-one current-measuring 
stations were occupied. Some ninety velocity soundings 
were made at these twenty-one stations. The current- 
measurement technique was similar to that previously 
described. 

During the period of observation there was no strong 
eastward, subsurface flow similar to that found in the 
other two oceans. Maximum speeds were not necessarily 
found at the equator. The maximum speeds at a given 
position were associated with the top of the thermocline 
and ranged from one to two knots. On the average, 
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Fig. 1. Station pattern for Argo, June 27-September 24, 1962. Small dots indicate hydrographic stations; large dots current meter ond 
hydrographic stations 
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Fig. 2. Dynamio topography of the sea surface (surface referred to 1,000 decibars). Solid line is the Indian Ocean based on Argo data; dash- 


dot line is the 


tlantic based on Crawford cruise, November 1958; dotted line is a composite of all available Pacific data ` 
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higher current speeds were found in the western than in 
the eastern Indian Ocean. In many instances the north— 
south component of velocity exceeded the east-west 
component. 

The most characteristic feature of the three months of 
measurements was the variability of the flow. Although 
the current structure at a given location remained constant 
over a 24-h period, it did not remain constant over periods 
of three weeks, and on some occasions was not steady over 
periods of 3-5 days. This is in marked contrast to the 
observations in at least the central and eastern Pacific. 

Preliminary indications are that the observed current 
was not in geostrophic balance. In one of the four cross- 
sections (53° E.) this was obviously the case. The north— 
south pressure gradient force from 2° N. to 1° S. based on 
seven hydrographic stations was 5 x 10-4 dyne/g. The 
gradient appeared to be constant and did not reverse itself 
at the equator. A zonal geostrophic current of 200 cm/sec 
(3:9 knots) at 1° N. would be necessary to balance such a 
pressure gradient force—a current 10 times greater than 
what was observed. 

There was no evidence of upwelling, ‘spreading of the 
thermocline’ or vertical mixing of the water at the equator, 
all features which are associated with the equatorial under- 
currents in the Atlantic and the Pacific. i 

One of the reasons for looking at the equatorial circu- 
lation in the Indian Ocean was the indication that the east— 
west pressure gradient in this ocean was different from that 
found in the Atlantic and the Pacific. In the Atlantic and 
Pacific the sea surface slopes down to the east along the 
equator. Although the magnitude of the slope varies with 
longitude and probably with time, there is no evidence 
that it changes sign. During the three-month period we 
were in the Indian Ocean the gradient was constant, of 
approximately the same magnitude as that in the Atlantic 
and Pacific, but of opposite sign (Fig. 2). It seems reason- 
able to assume that the marked difference in the current 
structure between the Indian Ocean and that observed in 
the Atlantic and Pacific is related to the change in sign 
of the pressure gradient. The east—west pressure gradient 
may be different during the other monsoon season. We 
expect to make further observations during the period 
February 15-May 15, 1963. 

This work reported was part of the Lusiad Expedition— 
a joint University of California, University of Rhode 
Island venture, and a United States contribution to the 
International Indian Ocean Expedition. Support for the 
work was provided by the Office of Naval Research and 
the National Science Foundation. 

JOHN A. KNAUSS 
Narragansett Marine Laboratory, 
University of Rhode Island, Kingston, Rhode Island. 


Bruce A. TAFT 
Scripps Institution of Oceanography, 
University of Califcinia, La Jolla, Califcrnia. 
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3 Knauss, J. A., Deep-Sea Res., 8, 265 (1960). 
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PHYSICS 


Internal Circulations within Liquid Drops 


Ir has long been recognized that under certain condi- 
tions some sort of axisymmetric flow is induced within 
liquid drops as they pass through a viscous medium. 
The factors which promote and inhibit such internal 
circulations have been established experimentally for 
liquid-liquid systems, but there -is little or no direct 
evidence that comparable vortical flows are formed within 
water drops falling through the atmosphere. In liquid- 
liquid systems the pattern of flow is generally mapped 
on a photographie film by the images of small opaque 
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Fig. 1. Circulation pattern within water drop of diameter 9 nun moving 
through mineral oil at a velocity of 3 cm;sec 


particles moving with the fluid. Garner and Haycock? 
made some velocity measurements by obtuining such 
photographs with a carefully calibrated moving-picture 
camera and noting the change in position of the particle 
during a known time interval. However, most of the 
velocity data have been inferred from terminal velocity 
measurements and rates of heat and mass transfer bo- 
tween the drop and continuous phases. 

Although an internal circulation theory has been very 
attractive in considerations of m2teorological phenomena, 
there appears to be little experimental evidence to sub- 
stantiate such a theory. The hypothesis that large water 
drops falling through the atmosphere break up du» to 
internal circulations has been considered sinco it was 
postulated by Lenard? in 1904. The intractability of 
the water-air system may be responsible for the lack of 
experimental evidence, but Blanchard? was unable to 
observe circulation patterns within large drops suspended 
in the air stream of a vertical wind tunnel. MacDonald 
concluded that if such vortica]l motions exist the vulocitios 
associated with them were too insignificant to influonce 
such measurable parameters as drop shapes. 

In this communication we discuss a technique which 
affords velocity measurements and at the same time 
outlines the vortical core within 2 liquid drop falling 
through a second liquid phase. In addition to tho cireu- 
latory axisymmetric flow, velocities with components 
perpendicular to meridional planes aro measured. 

The streamlines within the drop are recorded photo- 
graphically by means of dye trails and instantaneous 








Fig. 2. Flow pattern inside water drop of diameter 8 mm moving through 
mineral oil at a velocity of 2-5 em/sec 
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Fig. 3. Flow pattern and stagnant cap on drop of carbon tetrachlorids 

of diameter 6 mm moving through a weak*sugar solution at a velocity 

of 6 cm/sec - 

photography as contrasted with the technique of long 
time exposures of illuminated opaque particles. The 
vortical core of the drop is demarcated by the streak-lines, 
and the same sort of quantitative measurements as 
reported by Garner and Haycock? are obtained by moving 
picture techniques. Due to the persistence of the dye 
trials, long sections of the streamlines can be photo- 
graphed with flashes of very short duration.- 

The streak-lines are formed by allowing the drop liquid 
to flow past a minute dye particle lodged at the interface 
of the two phases. The dye particle, soluble and insoluble 
in the drop and field phases respectively, is initially posi- 
tioned near the leading pole of the drop and allowed to 
flow along the interface to a point where the vector sum 
of the forces acting on it is zero. A single particle of dye 
is placed on the surface of the continuous liquid and the 
drop is disengaged from the tip of a capillary tube from a 
point several mm directly above the floating particle. 
The dye particle is trapped at the interface of the two 
liquids and as internal circulation builds up the particle 
flows along the boundary to a position above the equator 
where the forces on it are in equilibrium. The dye trails 
within the drop are formed as the drop liquid streams 
past the static soluble dye particle. With a little practice 
the lines of flow within the drop are made visible. 

Figs. 1 and 2 indicate the streak-lines due to the motion 
within water drops moving through mineral oil. The 
‘trails are formed as the wator streams past a minute 
particle of potassium permanganate. Velocities of circu- 
lation are determined from a consideration of the spiral 
geometry and the framing rate of a moving-picture 
camera. As the dye particle moves with the drop, the 
technique affords an excellent method of noting the rate 
at which internal circulations build up and decay. 
‘We have obtained a great deal of velocity data with 
this method, but in no case has a value been obtained 
. which exceeded one-half the gross velocity of the drop 
through the continuous phase. 

Fig. 3 shows the flow pattern inside a carbon tetra- 
-chloride drop falling through a weak sugar solution. This 
‘type of photograph admits no velocity determinations, 
but will indicate the pattern formed over a wide range of 
conditions. Paste particles in which there is a trace of 
dye soluble in the drop liquid are introduced into the 
‘liquid before the drop is formed. The photographs are 
-taken by means of high-speed photographic techniques. 

This work was supported in part by the Defence 
‘Research Board of Canada and in part by the Nova Scotia 
“Research Foundation. 

R. H. MAGARVEY 
Department of Physics, JURIS KALEJS 
Acadia University, Canada. 
“1 Garner, F. H., and Haycock, P, I., Proc. Roy Soc., A., 252, 457 (1959). 
“* Lenard, P., Meteor. Z.,21, 248 (1904). 
‘8 Blanchard, D. C., Occasional Rep. No. 17, Project Cirrus, 22 (1949). 
-t MacDonald, J. E., J. Meteor.,11, 478 (1954), 
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Heights of Sessile Drops and Meniscus Properties 


In an attempt to determine the relationship between 
the height of a sessile drop and its shape and size, an 
equation analogous to that of Bashforth and Adams! was 
derived. The equation is exact, is easy to compare with 
experiment and may be used to calculate the angle of 
contact or surface tension from the volume and dimensions 
ofany drop. In this respect it offers advantages over that 
of Bashforth and Adams. 

Suppose a vertical tube of internal radius r, inserted in 
a liquid, causes a depression of the meniscus below the 
general level AD as shown in Fig. 1. The angle between a 
tangent to the liquid-air surface at the periphery and the 
vertical is 0, and the actual volume of liquid displaced is 
given by the section ABPCD. Thus the volume displaced 
is the volume of the cylinder ABCD less the volume, V, of 
the meniscus of section BPC. In the symbols shown, the 
total volume displaced, Vp, is : 

Vp=nr-(h+y.)—V (1) 

If yz is the surface tension, p the density difference 
between the two phases and R the radius of curvature at 
the point P on the vertical axis then: 


2yr 


R= Yoo (2) 


The total weight of liquid displaced is thus: 





y2 

egVD = mrtheg + ERE — Veg (3) 

The weight, ọg Yp, is balanced by surface tension forces 
acting at the periphery, the total of which, according to 
Laplace’, is given by 2nryz cos 8. For the condition shown 
in the diagram, 2nryz cos 9 is negative, since 0 is greater 
than 90°. For convenience, h, y, and V are all regarded 
here as positive, therefore the weight of liquid displaced is 
—2nryz cos_0. Consequently: 


reg (4) 

If now the liquid below the horizontal plane BC is 
replaced by a solid material such that the angle 0 remains 
unaltered we have a true sessile drop of which the angle of 
contact, p, equals 0— 90°. If 8 equals R*eg/yz, the equation 
may be written in the non-dimensional form: 


-h BV 2 sin ọ 
Bg Pa É GIR) | 


and may be compared with the equation of Bashforth and 
Adams: 


(5) 


h 1 sin ọ 
Pee Lem GIB) 


where p, is the radius of curvature at the periphery in a 
vertical plane. 

Equations (4) and (5) also apply to an overhanging 
meniscus produced when @ is greater than 180° (p> 90°), 
and to a captive bubble under a plate. 

Equation (4) was tested by comparing heights calcu- 
lated from the experimental data on mercury drops of 
Bashforth and Adams with their measured drop heights. 
The results are given in Table 1, together with the surface 
tension of mercury calculated in each case from their value 
of B. 


(6) 


Table 1 
Mercury 
Drop No. (dynes/em) k (cale. om) h (measured, cm) 
1 361 0-227 0-235 
2 344 0:260 0-265 
3 364 0-283 0-287 
4 357 0:263 0-298 
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Fig. 1. Cross-section of a capillary meniscus representing a sessile drop 


The calculated values are all slightly lower than the 
measured values but this arises from the difficulties in 
estimating R accurately and the variable values of yz, 
which for pure mercury should be 480 dynes/om. Low 
surface tension due to dirty mercury was also suggested 
in the computational analysis by Staicopolus®. 

For drops of greater volume than 1 ml. it has been 
shown‘ experimentally that the term 2yz1/pgR is insignifi- 
cant, and that h is constant; thus, a plot of V/nrr? as a 
function l/r, according to equation (4), gives a slope 


2yL 


sin ọ and an intercept k. h derived from such a 


plot for the system water wetting a pure rough surface of 
paraffin wax gave an intercept of 0:450 cm which agreed 
reasonably well with the measured values of 0-457 cm. 
The slope of this plot gave the contact angle o. 
J. F. Pappay 
Research Laboratories, 
Kodak Limited, 
Wealdstone, Harrow, 
Middlesex. 


1 Basbforth, F., and Adams, J. C., An Attempt to Test the Theory of Capillary 
Action (Oxford, 1883), 

3 Laplace, See Bouasse, H., Capillarité Phénomènes Superficielles No. 121 
(Paris, 1924). - 

* Staicopolus, D. N., J. Coll. Sci., 17, 439 (1962). 

‘Padday, J. E., Proc. Second Intern. Cong. Surface Activity, 3, 136 (Butter* 
worth, London, 1957). ` 


A Lorentz-invariant Universe with Charge 
Excess 
RECENTLY, Lyttleton and Bondi! put forward the 
suggestion that the expansion of the universe is caused 
by the absolute values of the charges of the proton and 
electron not being equal, thereby giving a net charge to 


the hydrogen atom and causing mutual repulsion in the ` 


universe which may be considered as composed of a uniform 
distribution of hydrogen atoms. Inspection of the theory 
shows, however, that the 4-vector defined by electric 
current and charge is not Lorentz invariant and it is 
therefore of interest to see whether a Lorentz invariant 
system can be obtained. 

Using Watson’s creation potential®, Maxwell’s equations 


modify to: 


eB 
V xE+ 7 =0 (1.1) 
V .B=0 (1.2) 
D 
V xH- 2 =J-VN (1.3) 
aN 
V D= p+ pote OE (1.4) 
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the creation rate being given by: 


de E N 
VJ+ g “VN pote ar (1.5) 
(An alteration of a factor u has been made in N.) 
This creation potential has been used previously by me 
to give a simpler treatment of the Lyttleton—Bondi theory. 
Consider now the charge current system defined by: 


r 


J= po Gop (2.1) 
P= Po Bore (2.2) 
Rewriting (2.1) in the form: 
1 r 
J= po (ean T (2.3) 
(2.4) 


P= Po (Tamer 


it can easily be seen that this current-charge 4-vector 


represents a charge distribution of proper density pp and 
that its velocity viewed from any point is defined by: 


r 


Y= — 


; (2.5) 


This distribution has been considered by Milne* but 
with conservation of matter. Here the creation rate is 
given by: 


r d t il ] 
PL [acr] +3 lwo] 
=" 30 
= (£? ~72/e2)2/2 
It will be seen that the Hubble time is ż, the age of the 
universe, and that the creation rate is given by 3po/t 
at the origin. That is, at any point the local creation rate 
is 3 (density)/(Hubble time). For the Lyttleton—Bondi 
theory this is the creation rate everywhere in space at all 
times (the steady state). 
The value of N is obtained from the differential equation: 
N _ 3p 
VIN ~ poto gE = ejo 
It may be shown without much difficulty that the 
Lorentz invariant solution of this which is non-singular 
is given (save for an arbitary constant) by: 
N = — poe? (t? — r? fc”) (3.2) 
It can easily be seen that: 


(2.6) 


(3.1) 


r 
VN=p CTIE (3.3) 
and: 
oN t 
Hoto Gp = Po Gm piji (3.4) 
It follows that: 

J-VN=0 (3.5) 

and: è 

aN 

P+ HoE ay = (3.6) 


and that a possible solution of Maxwell’s equations is the 
null solution. 

Thus, if the mechanical forces are such that a motion 
of the kind defined by (2.6) holds, there will not be any 
electric fields in the large, no matter what the magnitude 
of the electric proper charge density. The implication of 
this is that if e is the proton charge, — (e — Ae) the electron 
charge and M the mass of a hydrogen atom, it is impossible 
to determine the ratio {(Ae)®/(4:e,)}/(yMZ*) by cosmo- 
logical considerations as there are no electric fields 
present, and so no electric forces on the hydrogen atoms. 


~ 
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The quantities which may theoretically be determined 
by observation are the red shift and the density distri- 
bution, both of which are functions of the distance from 
the point of measurement. The special relativity Doppler 
effect, which is equivalent to the red shift, can easily be 
seen to boë: 


Pe 
Ay = i+ PS ) i i+ a 
, v ~ r 

1—- Pa 1-— T 

and the density distribution being given by (2.4). 

However, the signal seen by an observer at time ¢ 
represents phenomena occurring at time t—r/c, this being 


the time at which the signal started, and so the apparent 
v distribution of red shift is given by: 


We Ge By 


1/2 


-1 (41) 








(4.2) 


P= Po 
7 1a (4.3) 
Q- z) 
and both become infinite when r= (ct)/2. 
It may be seen that if r/{ct) is small 
Ay r 
7 ee (1+0 (r/ct)) (4.4) 
and 
P= po(1 +0 (r/ct)? ) (4.5) 


Lu. Q. CHAMBERS 
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University College of North Wales, 
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METALLURGY 


Distribution of Tellurium in Free-cutting 
Steels 


Tax addition of lead to high sulphur steels is widely 
used in order to improve their machinability. Extensive 
metallographic investigations!-* have indicated that the 
lead is distributed as discrete particles in the steel matrix 
and, more particularly, as envelopes around the man- 
ganese sulphide inclusions. The use of scanning electron 
probe microanalysis convincingly confirms these earlier 
observations. 

Recently, in the United States, additions of tellurium 
have been made to free-cutting steels to improve further 
their machining properties*:’, It is clearly of interest to 
determine the distribution of tellurium in these steels. 
Examples of leaded and non-leaded steel billets containing 
tellurium have been examined; their compositions are 
shown in Table 1. 


Table 1 
Material ©(%) Mnu(%) 8(%) P(%) 8i(%) Pb(%) Te(%) 
Steel I O11 1-03 0-298 0-054 0-017 0-26 0-083 
Steel II 0-05 1-05 0-308 0-074 0-007 nil 0-056 


Metallographic examination of steel I revealed that the 
manganese sulphide inclusions were of the rounded type, 
often regarded as necessary for good .machinability®. 
Associated with some of the inclusions were sheaths or 
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Fig. 1. Optical micrograph of sulphide inclusions in steel I | 
‘tails’ of a constituent which was pale yollow-g. 
colour (Fig. 1). Electron probe microanalysis 
constituent showed that it contained 64 per cent l 
38 per cent tellurium, a composition closely corres} 
to lead telluride. The sulphide inclusions themsel\ 
tained about 0-5 per cent tellurium. Other mai 
sulphides had ‘tails’ of lead only. 

The morphology of the manganese sulphides in 
was similar to that of the sulphides in steel I; bw 
former two distinct’phases could. be associated wit] 
One was of dark appearance and the other light; ex 
of both phases are shown in the electron scanning ii 
Fig. 2. By means of lineal analysis it was estimat 
the dark phase was associated with about half tl 
number of sulphides. X-ray microanalysis reveal 
both phases contained manganese, tellurium an 
the dark phase containing, in addition, silicon. 
analyses of the two phases gave the compositions st 
Table 2. 


Table 2 
Phase Mn(%) Te(%) Fe(%) Si (%) 
Light 38 60 5 _ 
Dark 37 3 24 10 





Fig. 2. Electron scanning nierograph of sulphide inclusions in t 
x 
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Point analyses within the sulphide inclusions themselves 
showed that, as in steel I, they contained about 0:4-0-6 
per cent tellurium. 

It will be seen, from Table 2, that the dark phase 
contains at least one element not detectable by electron 
probe microanalysis. The appearance of the dark phase 
in the electron scanning image indicates that its average 
atomic number is less than that of manganese sulphide and 
from metallurgical considerations it would not be un- 
reasonable to suppose that the balance is largely oxygen. 
Results of measurements of the current flowing through 
the specimen during electron bombardment are consistent 
with this supposition. Thus it appears that the dark 
phase is essentially a complex, iron—manganese silicate 
containing a small amount of tellurium. 

In neither steel was tellurium detected in the matrix 
(limit of detectability 0-079 per cent). It is therefore 
concluded that in both lead-bearing and lead-free high 
sulphur steels most of the tellurium is distributed in asso- 
ciation with the manganese sulphide inclusions. 

We thank Dr. T. Emmerson, director of research, for 
permission to publish this communication. 
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CRYSTALLOGRAPHY 


Crystal Structure of (CH3)3$.Hgl; and the 
Configuration of the Hgl3- lon 


One of the most common heavy-atom groups now being 
used in the analysis of protein structures by the isomor- 
phous replacement method is a mercuri-iodide ion derived 
from K,HglI,. The nature of this ion and the mechanism 
of its attachment to protein molecules are, however, still 
unknown. It has been suggested! that the mercuri-iodide— 
protein complexes may be related to the complexes 
formed by mercuric iodide with dialkyl thio-ethers? and 
we have accordingly examined a number of these and 
related compounds by X-ray diffraction methods. 

(CH,),8S.HgI, was prepared from dimethyl sulphide, 
methyl iodide and mercuric iodide by the methods 
described by Smiles? and by Ray and Adhikary? and 
suitable crystals for X-ray analysis were grown from 
solution in acetone. These crystals are monoclinic with 
space group P2,/c, cell dimensions a=8-47, b=15-51, 
e=11-58 A; B= 127-8°, and with 4 molecules per unit cell. 
Three-dimensiona] intensity data were measured with the 
linear diffractometer‘, using molybdenum radiation, and 
the structure was determined from three-dimensional 
Patterson and electron-density syntheses. The atomic 
arrangement, bond-lengths and angles are shown in Fig. 1. 

Ray and Adhikary? decided from conductivity measure- 
ments that the structure is ionic and this conclusion is 
confirmed by our results. The HgI,~ ion is approximately 
planar and trigonal but with the mercury atom some 
0-08 Ao ut of the plane of the three iodines. On the other 
hand, the (CH,),S* ion, the configuration of which is less 
accurately determined, appears to be pyramidal. 

Crystals of ( (CH,);8). HgI,, which probably incorporate 
an Hgl,= ion, are also being examined. They are 
orthorhombic, space group Pna2, or Pnam, with cell 
dimensions a= 13-06, b= 16-81, c= 9-27 A and 4 molecules 





(b) 


© O O O 


Hg I S C 
Fig. 1. Projections of thestructure (a) on 100) and (b) on 





_— 





NATURE 


cell. Full details of both investigations will be 
d elsewhere. 
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CHEMISTRY 


mal Decomposition of Benzyl Xanthate 


4AL decomposition of esters has been examined 
ely in recent years, and the primary decom- 
mechanism has been shown to be a cis elimina- 
‘he existence of secondary pyrolytic mechanisms 
been amply described by Hurd and Blunck’?; 
, only sparse information has been obtained on the 
f these mechanisms**. In an attempt to clarify 
„ction pathways, a study of the decomposition of 
anthate was initiated. 
tkin and Kursanov' have reported that the major 
_ of the decomposition of this ester are stilbene 
ene. These results are in marked contrast with 
lucts formed in the decomposition of benzyl 
and benzoate. These esters afford benzaldehyde 
wone under similar reaction conditions’. In an 
to isolate compounds which might clarify the 
pathway, a lower temperature degradation was 
ut. The pyrolysis was performed in the following 
benzyl xanthate was prepared by the method 
by Alexander and Mudrak’. This ester (1-86 g, 
e) was then heated in an oil bath to 185° ©. At 
perature, the reaction became exothermic and the 
sure rose to 235° C (ref. 7). After a few minutes 
erature fell to 190° C, and this temperature was 
ved for 30 min. At the end of this time, the tem- 
was adjusted to 160° C, and the pyrolysis was 
d'at this temperature for 48 h. The reaction 
was then cooled and dissolved in 10 ml. of ben- 
is solution was then chromatographed on alumina. 
«cedure afforded stilbene (0-347 g, 38 per cent), 
sulphide (0-082 g, 8 per cent), and methyl benzyl 
sbonate (0:226 g, 13 per cent). All the pro- 
xe identified by a comparison of their infra-red 
1 with the spectrum of authentic samples. 
olation of dibenzyl sulphide appears to clarify the 
to some extent. This sulphide has been studied, 
‘decomposition products are toluene and stilbene®; 
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the olefine being formed via thiobenzaldehyde*. Therefore, 
the mechanism may be similar to the decomposition path- 
ways suggested for benzyl benzoate and related esters**. 


GERALD E. RISINGER 


Department of Chemistry, 
Louisiana Polytechnic Institute, 
Ruston. 
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New Compounds with Cobaltite Structure 


CoAsS is known to exist in the form of the mineral 
cobaltite. Its structure and the total number of valence 
electrons of its components are the same as those of iron 
pyrite (FeS,). It was to be expected, therefore, that the 
electronic configuration of cobalt in cobaltite should be 
the same as that of iron in pyrite, so that, like pyrite, 
cobaltite should also exhibit semiconducting properties. 
This expectation has since been substantiated by electrical 
measurements!. Two similar compounds, NiAdsS and 
NiSbS, are also known to exist as minerals (gersdorffite 
and ullmannite respectively). They also have a pyrite- 
type of structure, but the number of their valence electrons 
corresponds to that of the metallic pyrite phase CoS,, 
that is to say they contain one unpaired electron which 
makes them metallic. 

I have succeeded in substituting the cobalt in- CoAsS 
by rhodium or iridium, the arsenic by phosphorus, 
antimony and bismuth, and the sulphur by selenium 
and tellurium. In this way it was possible to obtain a 
series of ternary compounds which are all semiconductors. 
They are listed in Table la together with the corresponding 
lattice constants, as determined from X-ray powder 


‘diffraction patterns. In agreement with the expected 


Table J}. a, SEMICONDUCTING AND b, METALLIO COBALTITE-TYPE PHASES 
a b 
Compound a (å) Compound a (Å) 
CoPS. 5-422 NiPs 6544 
CoAs8 5:578 *NiAsS - 5-688 
*NiSbS 5-933 
CoAs&e 5-76 NiAsSe 5:845 
*NiSbSe 6-090 
*NiBiSe 6-214 
RhPs 5-640 
RhAsS 5-780 *PdAsS 5'949 
*RhSbS 6:027 *PdSbS 6-185 
*RhBiS 6:138 
*RhPSe 5795 
RhAsSe 5-934 *PdAsSe 8-002 
*RnSbSe 6-176 *PdSbSe 6-328 
*RhBiSe 6-283, *PdBiSe 6:432 
RhåAsTe 6:165 
RhSbTe 6:392 PdSbTe 6-533 
RhBiTe 6-504 
IrPs 5-650 
TrAss 5-791 PtAsS ` 5929 
*IrSbS 6-036 *PtSbS 6-174 
*TrBiS 6-143 
*IrPSe 5-798 
TrAsSe 940 *PtSbSe 6°33 
*IrSbSe 6-184 *PtBiSe 6-42, 
*IrBiSe 6-290 
TrAsTe 6-164 
*IrSbTe 6-397 PtSbTe 6°48 
IrBiTe 6-500 *PtBiTe 6-59 


The compounds marked with an asterisk opata lize in a superstructure 
of the Syrie type (for example, ullmannite type) 

Accuracy better than 0-003 A except for CoAsSe and some of the palladium 
and platinum compounds, 
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cationic configuration t8,, which is responsible for the 
non-metallic properties, the rhodium and iridium com- 
pounds are diamagnetic’. 

Similarly I substituted the components of gersdorffite 
and ullmannite by their chemical analogues. The resulting 
metallic phases and their lattice constants are listed in 
Table 16. The magnetic properties of these compounds 
are of some interest because the nickel compounds obey 
a Curie-Weiss law with too small a magneton number 
while the palladium and platinum compounds exhibit a 
weakly tempoerature-dependent para- or dia-magnetism 
typical of metallic phases. 

It is noteworthy that if in a series of the semiconducting 
compounds containing one common element this element 
is replaced by an element of the same group then the 
corresponding differences between the lattice constants 
are very nearly the same (RhPS—-RhAsS: Ad=0-140 A, 
RhPSe+RhAsSe: Aa=0:139 A, IrPS—-IrAsS: Aa= 
0-141 A, etc.). In the metallic compounds these differences 
have a much wider spread. This is probably due to the 
presence in them of an extra electron and it is likely that 
this extra electron is responsible also for differences 
observed between the lattice constants of different samples 
of the same compound. Such differences would seem to 
indicate that at least some of the metallic compounds 
(for example, PtiSbTe, PtBiTe) have a range of 
homogeneity. 

It should be pointed out that Tables la and b are not 
complete. In fact, I also expect the compounds RhPTe 
and IrPTe to exist and to be semiconductors. There is 
some indication that the missing cobalt compounds exist 
but crystallize in a different structure which at best might 
be a distorted form of the cobaltite type. Metallic 
cobaltite-type phases which are also expected to exist are 
NiBiS, NiPSe, PdPS, PdBiS, PdPSe, PtPS, PtBiS, 
PtPSe, PtAsSe, PtPTe and PtAsTe. 

I thank Dr. E. Mooser for valuable discussions. 


F. HULLIGER 
Cyanamid European Research Institute, 
Geneva. 
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BIOCHEMISTRY 


Aminoadipylpenicillin in Penicillin Fermen- 
tations 


THE isolation of 6-aminopenicillanic acid (6-APA)! has 
led to renewed investigation into compounds of a penicillin- 
like nature found in penicillin fermentations. Wolff and 
Arnstein? oxamined acetone extracts of mycelium and 
reported the presence of small amounts of unidentified 
phenylacetyl chloride-reacting substances in addition to 
6-APA. No evidence was given, however, as to the nature 
of these substances. In the course of our own work we 
also examined extracts of the mycelium of Penacillium 
chrysogenum. 6-APA could be detected readily together 
with two hitherto unidentified penicillins, one of which is 
probably identical with the ponicillin obtained recently by 
thee et al.” and shown to be epimeric with cephalosporin 
Mycelium of P. chrysogenum grown in a corn steep/ 
lactose medium was washed exhaustively with water and 
the wot cake extracted with 70 per cent aqueous acetone 
(4 g wet mycelium to 10 ml. of acetone). Examination of 
the acetone extract by paper chromatography using the 
systems n-butanol/pyridine/water (1:1:1 v/v, Whatman 
No. 1) and ether/water* showed the presence of 6-APA, 
penicillins X, G, F, dihydro F, K and two unknown anti- 
biotic zones. In the n-butanol/pyridine/water system these 
unidentified zones had Rr’s of 0-25 and 0-57. The zone 
of Rr 0-57 is a usual constituent of penicillin fermentations 
and is chromatographically indistinguishable from the 
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inactive oil removed by extraction with other. 
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N-acetyl derivative of 6-APA, that is, methylpenicillin. 
Cell contents obtained by disrupting mycelium in the 
‘X-Press’® gave similar results to those of the acetone 
extract. The zone at Rr 0-25 was designated penicillin M. 
This substance was found to be acid labile, destroyed by 
B. cereus penicillinase and not extractable into the usual 
solvents at acid pH. 

Chromatographic comparison of the penici'lins present 
in the washed mycelium and the fermentation broth 
revealed marked differences. In the broth the penicillins 
X, G, F, dihydro #, and K were prodominant. In the 
mycelial extracts, however, these penicillins were minor 
components and the greater amount of the penicillinasc- 
labile material was in the form of 6-APA, penicillin M 
and the compound believed to be methylpenicillin. 
Penicillin M was detocted in the fermentation broth andl 
in the mycelium even when phenylacctic acid was added 
as a precursor. 

Preparations of penicillin M wore obtained by extracting 
the mycelium with 70 per cent acetone. The acetone 
extract was concentrated under reduced pressure and an 
The 
penicillin M was then adsorbed on to charcoal and eluted 
with acetone®. The acetone was removed from the active 
fractions and an aqueous solution was adsorbed on io 
‘DeAcidite F.F’ resin in the chloride form and cluted with 
0:05 N hydrochloric acid. Further purification was 
achieved by chromatography on a column of powdered 
cellulose using the »-butanol/pyridine/water systom 
followed by preparative eloctrophoresis using the Beckman 
Spinco apparatus (pH 7 collidine/acetic acid buffer 0-05 M 
with respect to acetic acid). 

Penicillin M was compared with a preparation of 
cephelosporin N isolated from a fermentation of Cephato- 
sporium IMI 49137 and more recently with a preparation 
kindly provided by Dr. E. P. Abraham and Dr. G. G. F. 
Newton. In the solvent systems 2-butanol/pyridine/water. 
1:1:1 v/v, m-butanol/ethanol/water, 4:1:5 v/v, and 
n-butanol/acetic acid/water, 12:3:5 v/v, penicillin M and 
cephalosporin NV were indistinguishable, having Rr values 
of 0-25, 0-0 and 0-38 in the respective systems. , Electro- 
phoretic migrations were also identical using 17 V/cm 
with pyridine/acetic acid, pH 4-3, and collidine/acetic 
acid, pH 7-0. As with cephalosporin N tho antibiotic 
penicillin M could be detected on paper chromatograms 
by reaction with ninhydrin. After reaction with phonyl- 
acetyl chloride the products from penicillin M and 
cephalosporin N were again chromatographically identical. 
Like cephalosporin N, acid hydrolysis of penicillin M gave 
rise to a new ninhydrin positive substance which by paper 
chromatography and paper electrophoresis was indis- 
tinguishable from «-aminoadipic acid. In all these 
respects penicillin M appeared to be identical with 
cephalosporin N. In cephalosporin N the amino-group 
in the side-chain is § to the acetamido linkago; this is 
probably the case in penicillin M in view of the similar 
properties of the two penicillins. 

Penicillin M production was found to be stimulated by 
the addition of pu-x-aminoadipic acid to the fermenta- 
tion, although this has not been reported to be tho case 
with cephalosporin N formation by species of Cephalo- 
sporium. The yield of penicillin M did not appear to be 
affected by the addition of methionine to the fermentation 
but lysine caused a marked reduction. 

Examination of antibacterial activity showed that. 
while the activity of penicillin M against B. subtilis was 
similar to that of cephalcsporin N, the activity against 
S. typhimurium was significantly less.“As the antibacterial 
activity of penicillins is known to be influenced by the 
configuration of the side-chain’, the difference in activity 
between penicillin M and cephalosporin N suggested that 
the penicillin MM might have a side-chain with the L 
configuration instead of the p configuration as in cephalo- 
sporin N. This theory is supported by the fact that the 
g-aminoadipic acid isolated by Arnstein and Morris! from 
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the mycelium of P. chrysogenum was predominantly the 
L-enantiomorph and is confirmed by the isolation of 
isopenicillin N from a P. chrysogenum fermentation by 
Flynn et al.®, Isopenicillin N and our penicillin M appear 
to be the same compound and both may well be the same 
as penicillin W detected by Hale, Miller and Kelly’. The 
presence of §-aminoadipylpenicillin in P. chrysogenum 
fermentation is of interest in connexion with the pathway 
for penicillin formation involving the 8-(a-aminoadipyl)- 
cyst(e)inylvaline tripeptide as suggested by Arnstein and 
Morris®. 

We thank D. Gazzard and Marian V. Hart for assistance. 
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Separation, Purification and Identification of 
Some Common Barbiturates in Toxicological 
Analyses 


Baxsrrurares isolated from biological fluids and 
tissues are not sufficiently pure for characterization by 
crystal tests. Purification and separation, if one or more 
barbiturates are present in the isolated product. are pre- 
requisites for such tests. Paper chromatography and 
sublimation. techniques have been reported in numerous 
publications to attain sufficient purity of barbiturates for 
these purposes. Sublimation technique for purification 
is not consistently successful on barbiturates isolated from 
biological specimens. A combination of paper chromato- 
graphy and sublimation was successfully applied to obtein 
the barbiturates in pure state for characterization by 
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crystal tests. This method was used by us on micro- 
quantities of barbiturates isolated from blood and other 
tissue materials. 5 

Chromatography. Barbiturates were extracted from the 
biological specimens in the usual manner. The impure 
extract was spotted on Whatman No. 1 filter paper strips 
and the chromatography carried out according to the 
method òf Neil and Payton!. A much better separation 
was obtained from a mixture of barbital, phenobarbital 
and butabarbital, when 10 per cent dioxane in methanol 
was used as the stationary phase. Barbital, phenobarbital, 
butabarbital, sandoptal, seconal, amobarbital, pento- 
barbital and cyclopal were purified and separated by this 
technique. A mixture of amobarbital and pentobarbital 
could not be separated completely by this technique. 
When. the latter was applied in the form of a band, 
slight separation occurred and the two barbiturates were 
obtained in sufficiently pure state by cutting the topmost 
and bottommost parts of the spot in 2 mm wide strips. 
Chromatograms were exposed to ammonia and observed 
under ultra-violet light (253 my wave-length), when dark 
spots of barbiturates were readily indicated. 

Sublimation. A modified Eder type of sublimation 
apparatus (Fig. 1) was used for subliming the barbiturates 
directly from the paper. The apparatus consisted of 
cold finger (C), cover-slip (@), attached to the flat end of 
the cold finger with the help of silicone or high vacuum 
grease, the outer vessel (B) with bulb (A) and vacuum 
outlet (D). ; , 

The barbiturate spot was cut out from the paper 
chromatogram and placed in the bulb (4) in the form 
of thin strips. The cold finger, with cover-slip attached 
to it, was pushed through the rubber cork as far down 
as it would go and rest over the opening of {the bulb. The 
bulb was immersed in an oil bath and heated to the desired 
temperature (80°-100° C). Vacuum was applied through 
(D) (0-5-1-0 mm mercury pressure). After 4-5 h the 
cover-slip was removed and crystals observed under the 
microscope. One tiny drop of 6N ammonia was placed 
over a few crystals on the cover-slip. When the crystals 
were dissolved, one microdrop of concentrated sulphuric 
acid wag added. The characteristic crystals thus pro- 
duced were observed under the microscope. 

R. ©. GUPTA 
J. Korozmp 
Attorney-General’s Laboratory, 
Toxicology Section, 
Toronto, Canada. 
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In vivo Anti-Tumour Activity of Ethyl 
Heptyloxyacetate against Ehrlich Ascites 
Cells 


Previous investigations'-* have shown that whole 
royal jelly, a fraction from royal jelly (10-hydroxy-2- 
decenoic acid) and certain closely related dicarboxylic 
acids, some of which are also found in royal jelly*, will 
inhibit the development of transplantable AKF leukemia 
and ascites tumours when added in vitro just prior to 
transfer. This activity was associated mainly with 9- 
and 10-carbon straight-chain monocarboxylic acids, par- 
ticularly decanoic acid in the ethyl ester form. These 
compounds showed no activity in vivo. 

To test the theory that lack of activity in vivo might 
be due to a rapid degradation of the organic acid or its 
ester due to B-oxidation, 1-14C-decanoic acid was injected 
both subcutaneously and intraperitoneally into Swiss 
mice. Within 3-5 min “CO, was respired, and 60 per 
cent of the injected material was respired in the first 
hour in both instances. 

In order to block the f-oxidation, ethyl heptyloxy- 
acetate was synthesized in which an oxygen atom was sub- 
stituted for the third carbon atom of decanoic acid. When 
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mice were injected with 1-“C-heptyloxyacetate no “CO, 
was respired over a period of 24 h. 

Ethyl heptyloxyacetate was found to be just as effective 
as ethyl decanoate in blocking AKR leukemia transfers 
im vitro. 

In vivo investigations were conducted on Ehrlich ascites 
cells carried in the non-specific Connaught mouse line 
using transfers developed according to the technique of 
Morgan et al.” and provided by J. F. Morgan. 

Ascites cells were collected by intraperitoneal puncture, 
mixed with 2 vol. water to lyse red cells present, centri- 
fuged and resuspended in Gey’s balanced salt solution® 
to the desired cell count, and injected at the rate of 
approximately 7 million cells per mouse. The ethyl 
heptyloxyacetate was suspended in Gey’s solution by the 
addition of one drop of ‘Tween 80’ and mixed with a 
‘model ZS-75 Branson sonifier at setting 7 for 10 sec. 
The compound was injected intraperitoneally in a volume 
of 0-2 ml. per mouse. All controls received 0-2 ml. of 
Gey’s solution only. The pH of each solution was 
measured with a Beckman pH meter just before inocula- 
tion and was found to range between 7-0 and 7-6. 

Female white mice weighing 25-30 g, purchased from 
Connaught Medical Research Laboratories, University of 
Toronto, were used in all tests. Treatments with the 
compound under test were started 1 day after cell transfer 
and continued for 5 days, using single doses ranging from 
2-5 to 15 mg per day. On the sixth day after transfer the 
mice were killed and the total packed cell volume was 
determined by multiplying the ascites volume in each 
mouse by the percentage of packed cell measured in a 
cytocrit®. The ascites volume was determined by weigh- 
ing the mouse before and after total removal of the 
ascites fluid. The changes in body-weight from cell trans- 
fer to cytocrit reading were also recorded. The ratio of 
large cells to small cells in the ascites fluid was determined 
by counting in a hemacytometer. 

Table 1. EFFECT or ETHYL HEPTYLOXYAOETATE ON TOTAL PACKED CELL 


Vorme (TPCV), BODY-WEIGHT AND RATIO OF CELL SIZE IN EHRLIOH 
ASCITES TUMOUR 


Compound Cells per 0-01 mm? Body-wt. 
mg No, of TPCV of ascites fluid change 

per treatment mice (ml.) Small Large (gm) 
0 15 1-94 + 0-14 88 900 + 59 

25 5 1:78 + 0-18 66 422 + 38 

50 5 1:02 + 0-16* 62 254 + 27 

10:0 80 0-14 + 0-02* 160 98 — 02 
15-0 10 0-02 + 0-003* 162 12 — 24 

*P < 0-001. 


The results as shown in Table 1 indicate that 10 mg 
of ethyl heptyloxyacetate injected once daily for 5 days 
starting 1 day after transplant of Ehrlich ascites cells 
reduced the totel packed cell count on the sixth day to 
approximately 10 per cent of the control and at the same 
time had only a slight effect on the total body-weight of 
the animal. The demonstrated effect seems to be almost 
totally on the large cells, as the reduction in their number 
was in almost the same proportion as the reduction in 
total packed volume. 

Levan and Hauschka observed that the stem cell (s) 
of Ehrlich ascites carcinoma was a near tetraploid’ 
while high (s) cells with 400-500 chromosomes were also 
observed quite frequently™. The great reduction in the 
number of large cells in the ascites fiuid in treated mice 
seems to suggest that the action of ethyl heptyloxyacetate 
is related to the destruction of the giant, high (s) cells. 

No increase in length of survival of test animals has 
yet been demonstrated under the conditions described 
here. At the 15 mg per day treatment for a 5-day 
period 10 per cent survival has been recorded, while no 
animals have survived the transfer in the control groups. 

Work is continuing on a study of the degradation 
products and the mode of action of ethyl heptyloxyacetate. 

We thank Sir Robert Robinson for suggestion and 
synthesis of ethyl heptyloxyacetate and for his suggestions 
as to the procedure for making various changes in the 
compounds. 
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Selective Inhibition of Biosynthesis of 
Ribonucleic Acid in Mammalian Cells by 
Chromomycin A; 


Ir has been reported that chromomycin Ás a new 
antitumour agent produced by Streptomyces griseus No. 
7, has inhibitory effects on the growth of inoculated 
sarcoma 180 of mice as well as on cultured cells of the 
HeLa strain? and transplentable tumours*. Evidence has 
been obtained in our laboratory which indicates that 
chromomycin A, selectively inhibits biosynthesis of RNA 
in mammalian cells. 

Approximately 5 x 10? nucleated cells of rabbit bone 
marrow were suspended in a mixture of 1-0 ml. of Tyrode’s 
solution and 0-5 ml. of rabbit serum. The cell suspension 
and 0-15 umole (0-30 uc.) of adenine-8-4C were incubated 
at 37° C for 3 h, shaking at 100 oscillations por minute in 
the presence, as well as in the absence, of chromomycin As. 
After incubation, RNA and DNA were extracted from the 
cells by the method of Hecht and Potter? and quantitated 
spectrophotometrically at 260 mu. The phosphorus 
contents of the fractions were calculated from the extinc- 
tion values. Radioactivities were determined in a gas- 
flow counter of 35 per cent efficiency. 

The incorporation of adenine-4C into the RNA of 
rabbit bone marrow cells was inhibited significantly at o 
concentration of 10 ug/ml. of chromomycin As; on the 
other hand, the incorporation into DNA was unaffected, 
as shown in Table 1. The incorporation of adenine-“C 
into DNA was scarcely affected by even as much as 100 
pg/ml. of chromomycin A, Similar effects on the incor- 
poration of adenine-“C into DNA and RNA. were observed 
in peripheral leukemic human leucocytes (Table 2). These 
cells were obtained by the method of Skoog and Beck‘ 
from a patient with acute lymphoid leukemia whose 
leucocyte count and percentage of immature cells were 
20,400 and 55-5 per cent, respectively. 

Table 1, EEFEOTS OF CHROMOMYCIN A, ON INCORPORATION OF ADBNINE-‘C 
INTO NUCLEIO ACIDS OF RABBIT BONE MARROW CELLS 


Concentration of Specific activities (c.p.m./nmole P) 
chromomycin A3 


(ug{ml.) RNA DNA 
o 14,900* 4,500 

10 10,800 4,020 
100 6,800 4,050 


* Mean value of triplicate determinations. 


Table 2, EFFECTS OF CHROMOMYOIN Ás ON INCORPORATION OF ADENINE-“O 
- INTO Nucigic ACIDS OF LEUKÆMIO HUMAN LEUCOOYTES 


Concentration of Specific activities (c.p.m./zmole P) 


chromomycin A 
(ug/ml) > RNA DNA 
6 8,9709 mI 
5,971 
ig 109 


100 4,850 
* Mean value of duplicate determinations. 
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From the result described here, it is suggested that 
chromomycin A, selectively inhibits the biosynthesis of 
RNA in mammalian cells. It is interesting to note that 
this agent selectively inhibits biosynthesis of RNA and 
permits formation of DNA to proceed. This is in contrast 
to other antitumour substances, such as alkylating agents 
and mitomycin C, which selectively inhibit biosynthesis of 
DNA. Further work on the mode of action of chromo- 
mycin A, are now in progress using various labelled 
precursors of nucleic acid. 

We thank Prof. O. Hayaishi and Assistant Prof. Y. 
Sugino for their advice and for facilities. 
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Synthesis of Naphthotocopherol 


Tue method of Tishler et al. for the synthesis of 
naphthotocopherol consistently yielded a product con- 
taminated with as much as 5 per cent of naphthotoco- 
pheryl acetate. The contaminant was detected by infra- 
red spectroscopy and was isolated by thin-layer chroma- 
tography’. Since thin-layer chromatographic purification 
was not suitable for preparing sufficient quantities of the 
naphthotocopherol for investigations in biological systems, 
the method reported here was developed. 

Compounds similar to the tocopherols, and specifically 
naphthotocopherol, have been suggested as possible inter- 
mediates in the chemical reactions leading to the formation 
of adenosine triphosphate by mitochondrial electron 
transport*-§. Recently, Brodie? has also reported that a 
naphthotocopherol-like intermediate has been isolated 
from a bacterial system capable of carrying out oxidative 
phosphorylation. In our work on the phosphorylation 
mechanism, the contamination found in the original 
synthetic naphthotocopherol caused a number of diffi- 
culties in the synthesis of derivatives postulated as inter- 
mediates in these reactions’. The ester contaminant in 
many instances could not be separated from the products 
when naphthotocopherol was the starting material and 
consequently led to erroneous results when synthetic com- 
pounds were studied in various mitochondrial systems. 

The procedure reported here utilizes p-dioxane instead 
of acetic acid as the reaction medium. There are two 
advantages in this; (1) it avoids ester formation; (2) it 
serves as a solvent for the reactants and products rather 
than as a suspending medium. 

A solution of 5-0 g of phylloquinone (2-methyl-3-phytyl- 
1,4-naphthoquinone), 10-0 g of stannous chloride and 5-0 
ml. concentrated hydrochloric acid in 50-0 ml. of p-dioxane 
was refluxed for 6h. The hot solution was decanted on to 
50 g crushed ice, and extracted twice with 50 ml. ether. 
After washing the ethereal layer three times with water, 
three times with 5-0 per cent aqueous bicarbonate solution 
and again with water, it was dried over anhydrous sodium 
sulphate. A pale, yellow, oily liquid was obtained after the 
ether was removed by evaporation, using a rotary vacuum 
evaporator. The oily product was purified by passing 
three times successively through 36 em x 3 cm columns 
containing 50 g of 4 per cent water-deactivated silicic acid, 
using chloroform as solvent. After removal of the chloro- 
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form the product was obtained as a pale straw-coloured 
viscous liquid. The yield was 90 per cent of starting 
material (when refluxed for only 4h, the yield was 82 per 
cent). 

Anal. calculation for C,,;H,,0,: ©, 82-24, H, 10-68 
found: ©, 81-88, H, 10-67; C, 81-89, H, 10-46. 

In cyclohexane the compound shows Amax at 248, 322, 
and 366 mu and an e value for the 248 maximum of 2-66 
x 104. This spectrum is identical with that reported by 
Tishler et al. except that the absorption maximum for 
their major peak was 245 my. The infra-red spectrum of 
the compound in chloroform shows a characteristic 
phenolic hydroxyl group frequency at 2,850 cem-!, the 
ether linkage of the chroman ring at 1,080 and 1,040 em ~ 
and no frequencies indicating the presence of quinone. The 
infra-red spectra of the two products are identical with 
the exception that the product obtained using acetic acid! 
shows a peak at 1,730 cm-?, due to the accompanying 
ester group. 

We thank Drs. C. H. Jarboe and J. F. Taylor for their 
advice. This work was supported in part by the National 
Science Foundation (@-1157) and the United States Public 
Health Service (H-2102C), and was done while one of us 
(R. D. D.) was an established investigator of the American 
Heart Association. 
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Inhibition of Lactic Dehydrogenase Isoenzymes 


THE enzyme lactic dehydrogenase has recently been 
shown to exist in several molecular forms, which are 
capable of differentiation by a variety of techniques. 
Working with both serum and tissues, it has been possible 
to demonstrate by column chromatography’, use of DPN 
analogues’, starch-gel** and agar-gel'~? electrophoresis, 
that at least 5 types of lactic dehydrogenase exist. Theso 
isoenzymes, which ‘show the electrophoretic mobility of 
the globulins, have been classified with their tissue source 
as follows: 

Lactic dehydrogenase of «, mobility is derived from 
heart muscle; lactic dehydrogenase of «, and «, mobility 
is derived from red blood cells and skeletal muscle; lactic 
dehydrogenase of y mobility is derived from liver and 
malignant cells. 

These methods of separation have been utilized to 
demonstrate the source of increased serum lactic dehydro- 
genase activity which occurs in many disease states. It 
has been shown that heart lactic dehydrogenase is the 
component elevated in myocardial infarction’-*, where 
serum lactic dehydrogenase levels are raised, and remain 
high for several days following infarction!*-1*, while 
measurement of lactic dehydrogenase showing a y mobility 
has been suggested as an index of liver damage. There 
is obviously a useful clinical application for these tech- 
niques, limited somewhat by the complexity of the 
methods, despite attempts at simplification?:*4. 

With the view of producing a simpler test based on 
selective inhibition of one or more of the isoenzymes, the 
inhibitory properties of several compounds were investi- 
gated. Some attempts along these lines have already been 
made, and it has been shown that there is a different 
response among the serum lactic dehydrogenase iso- 
enzymes to the inhibitory effect of heat!®. It has 
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been stated that heart lactic dehydrogenase is specifi- 
cally inhibited by dilute iodine, oxalic acid, oxamic ‘acid, 
and pyridine-3-sulphonate!* and also by heavy metals, 
particularly zinc!?. These compounds were therefore 
selected as a starting point for the investigation. A 
colorimetric assay of serum lactic dehydrogenase was 
used!8, the preliminary stage of which required a dilution 
of the serum under test to 1/6. It was found convenient to 
introduce the inhibitory compound into the diluting 
fluid. For inhibition of heart serum lactic dehydrogenase 
the following concentrations proved to be satisfactory, 
when. used to replace water as the diluting fluid: oxalic 
acid, 1/800; oxamic acid, 1/1,000; pyridine-3-sulphonate, 
1/400; iodine, 1/400 dilution of N/10 iodine solution 
(approx.); zinc, 50 per cent zinc sulphate. i 

When tested against a pooled serum from patients 
with recent myocardial infarction (and which showed a 
marked increase in the «, lactic dehydrogenase isoenzyme 
electrophoretically), a reduction in serum lactic dehydro- 
genase activity from 1,800 units per ml. to approximately 
normal levels was achieved. Unfortunately, when tested 
against pooled serum from patients with virus hepatitis 
(serum lactic dehydrogenase activity 900 units per ml.) and 
red cell serum lactic dehydrogenase prepared from lysed 
red blood cells (serum lactic dehydrogenase activity 1,700 
units per ml.) all these solutions when used es diluting 
fluids produced a fall in serum lactic dehydrogenase 
activity to normal levels. 

Control tests showed that the resulting lowered serum 
lactic dehydrogenase levels were in fact due to inhibition 
and not artefacts produced by interference in colour pro- 
duction during the test. It would appear, therefore, that 
none of the compounds tested had specific inhibitory 
properties against heart serum lactic dehydrogenase but 
wore inhibitors of serum lactic dehydrogenase irrespective 
of its source. This seemed to be confirmed by electro- 
phoretic separation before and after inhibition. Of all 
the compounds tested, oxalic acid was found to be the 
most satisfactory, giving results which were constant and 
reproducible. Jodine was most unsatisfactory, as the 
dilution required to produce serum lactic dehydrogenase 
inhibition was a variable factor. Zinc had to be used in 
such high concentrations that protein precipitation 
occurred and subsequent separation was difficult. Applied 
to what may be termed the ultra-violet method of assay 
at 360 my the inhibitory compounds interfered and it is 
dubious if they can be used in this method of assay. 

At one stage, during these investigations, chloroform 
was used as a solvent for introducing the inhibitory 
substances, and a marked difference in inhibition of heart 
and red cell serum lactic dehydrogenase was noted. 
Pursuing this finding, a series of tests was performed 
where the serum lactic dehydrogenase was estimated in 
duplicato. One test was performed in the normal manner, 
and then duplicated after the serum dilution had been 
shaken with chloroform and centrifuged. From the 
results obtained, it appears that though heart serum lactic 
dehydrogenase is scarcely - affected by the chloroform 
treatment, the other types are inhibited in varying 
degree, the lactic dehydrogenase of the red blood cells 
being most susceptible of all to inhibition. 


Table 1. SELECTIVE INHIBITION OF SERUM LACTIC DEHYDROGENASE 
ISOENZYMES BY CHLOROFORM 
Type of Range of serum Average 
No. of Clinical lactic lactic dehydrogenase percentago 
cases diagnosis dehydro- reduction by chloro- reduction 
genase form (per cent) 
30 Myocardial 
infarction Heart 0-10 3 
7 Carcinoma Ca 12-59 25 
10 Virus hepatitis Liver 28-50 4 
10 Lysed red blood 
cells Red cell 57-86 73 


Since the introduction of chloroform resulted in protein 
precipitation, it was thought that perhaps the globulin 
fractions from «, to y had been precipitated leaving the 
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albumin and «globulin fraction in solution. A similar 
precipitation technique utilizing ether is used in certain 
methods of protein fractionation, but when ethor was 
used in place of chloroform in this investigation, results 
were not so satisfactory, as the demarcation between the 
inhibitions of various serum lactic dehydrogenases was 
considerably less. 

However, since the amount of inhibition of hoart serum: 
lactic dehydrogenase produced by chloroform is so small 
compared, with that achieved in the case of othor serum 
lactic dehydrogenases, this technique of chloroform inhibi- 
tion can be used as a simple test for distinguishing heart 
serum lactic dehydrogenase from that of other sources. 
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Influence of Phenothiazine Administration on 
Cytochrome Oxidase Activity in Lamb Brain 
Tissue 


In cases of ‘swayback’ in lambs a diminution of cyto- 
chrome oxidase activity has been observed in aroas of the 
brain, accompanied by a fall in the concentration of copper 
in that organ’, The degenerative changes in nervous 
tissue which are characteristic of this disease may result 
from a defect in phospholipid metabolism in coppor 
deficiency’ or from local anoxia arising from a low activity 
of enzymes concerned with terminal respiration. 

Derivatives of phenothiazine have beon reported to 
inhibit cytochrome oxidase‘, and as this drug is com- 
monly administered to pregnant ewes as an anthelmintic 
we were concerned to find out whether cytochrome oxi- 
dase activity in the lamb brain would be depressed as a 
result of this treatment. 

For this experiment 20 Scottish Blackface owes wore 
treated with 10-g doses of phenothiazine at 8 and 6 
weeks before lambing. Five lambs selected at random 
from these ewes were killed by intraperitoneal injection of 
sodium pentobarbitone at 6 weeks of age (Group B) and 
a further 4 lambs of the same age were killed 36 h after 
the administration of 5 g phenothiazine (Group C). 
Five lambs of the same age taken at random from 20 
un-dosed ewes served as control animals (Group A). 
Cytochrome oxidase activity was measured manometri- 
cally by the method of Schneider and Potter! on homo- 
genates of brain stem taken from the area of the rod 
nucleus. The results are given in Table 1. 

Cytochrome oxidase activity was highly variablo 
within each group and differences in treatment means 
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Table 1. CYTOCHROME OXIDASE ACTIVITY AND COPPER CONCENTRATION 
or LAMB BRAIN TISSUE IN RELATION TO PHENOTHIAZINE ADMINISTRATION, 
TOGETHER WITH STANDARD ERRORS OF THE MEANS 


Copper concentration 


Treatment Cytochrome oxidase of whole brain tissue 
Qos) (ug/g dry matter) 

A Control 101 + 11 6-9 + 0-8 
B Ewes dosed during preg- 

nancy 87214 6-9 + 0-4 
© Ewes dosed during preg- 

nancy, lambs dosed at 

6 weeks of age 71 +10 7440-7 


are not statistically significant (that is, with P<0-05). 
However, P is approximately 0-1 for the difference in 
mean cytochrome oxidase activity between the control 
group (Group A) and the lambs dosed at 6 weeks of age 
(Group ©). The low activity observed in this group and 
the intermediate level of activity found in lambs born of 
ewes dosed during pregnancy (Group B} suggest that a 
partial inhibition of brain cytochrome oxidase has re- 
sulted from administration of phenothiazine similar to that 
observed during in vitro studies with tissues from other 
species. The copper concentration of brain tissue was not 
influenced by treatment with phenothiazine and is well 
above the level we have found to be associated with 
swayback?. 

Phenothiazine derivatives are known to combine with 
Fett++ and Mn++ ions, and the specific nature of this 
binding’ appears to exclude the possibility that the də- 
pression of activity observed in the present experiment 
follows from interference by these compounds with the 
copper of cytochrome oxidase. Paper chromatography 
of the phenothiazine metabolites phenothiazone, pheno- 
thiazine sulphoxide and thionol, in the presence of Cutt 
ions failed to reveal any evidence of complex formation 
with these compounds. Collier and Allen® suggested that 
the inhibition of beef heart cytochrome oxidase by 
leucophenothiazine which they observed may be attributed 
to the formation of covalent complexes between active 
iron atoms of the hem nucleus of the enzyme and 
phenolic-OH groups of the dye. 

It would appear that the reduction in cytochrome 
oxidase activity following administration of phenothiazine 
results from some interference other than with copper 
metabolism, and the possibility exists that in copper- 
deficient animals the effects of administration of pheno- 
thiazone may lower an already depressed cytochrome 
oxidase. 

In view of this, we suggest that the use of phenothiazine 
and its derivatives during pregnancy and also in the 
young lamb be attended with caution in areas where 
copper deficiency is thought to exist, and particularly in 
places where previous outbreaks of swayback have 
occurred. 

Wo thank Messrs. Nicholas A. and V. of Slough, Bucks, 
for their gifts of phenothiazine and some of its derivatives. 
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Structure of Chorismic Acid, a New 
Intermediate in Aromatic Biosynthesis 
A NEW intermediate in aromatie biosynthesis was 
recently predicted}? and later found®. The intermediate, 
for which the trivial name chorismic acid is suggested‘, 
has now been isolated as the barium salt following 
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chromatography on ‘Dowex 1’ ion exchange resin, elution 
with: ammonium chloride and precipitation with 
aleohol. 

Chorismic acid (LI) lies in a metabolic sequence after 
8-enolpyruvlylshikimic acid 5-phosphate (I) and can be 
converted enzymatically to prephenic acid (III), anthrani- 
lic acid and 4-hydroxybenzoic acid®-4. 

Barium chorismate is an unstable substance, which in 
aqueous solution is converted to a mixture of the barium 
salts of 4-hydroxybenzoic acid and prephenic acid by 
heating at 70° for 1 h. 

Owing to the difficulty of purification and drying, 
reliable analyses were difficult to obtain. Tests for 
phosphate were negative and the best analyses for carbon, 
hydrogen and barium corresponded to C,,H,0,Ba,3H,0, 
suggesting that chorismic acid is isomeric with prephenic 
acid. 


COH 
OH ne 
v NNA 
O<P-0 wu o~¢ 
OH : CO2H 
COH 
CH 
4H o 
OH 
H 
‘i CO; 
Pa | Poe H 
HO2G, $H,COCO.H to (oa 
NH2 
45H 
OH OH 


The infra-red spectrum of barium chorismate contains 
a band at 1,221 cm-, attributable to the presence of an 
enol ether. It is therefore probable that chorismic acid 
contains the enol pyruvic ether grouping present in its 
precursor (I). This is substantiated by the fact that 
during the enzymatic conversion of chorismate to anthran- 
ilate? one mole of pyruvic acid is produced. The ultra- 
violet spectrum {aqueous solution) has Amax 272 mp 
(e, 2,700). The most likely chromophore responsible for 
this absorption is a cyclohexadiene carboxylic acid. This 
type of structure would be readily generated from (I) 
by elimination of phosphoric acid, and chorismic acid 
should therefore have the structure (IX). The nuclear 
magnetic resonance spectrum of barium chorismate in 
deuterium oxide (containing acetone as an internal 
reference) confirms this formulation. Doublets (J = 
2-8 c/s) at + = 5-42, 5-17 arise from the two protons of 
the exocyclic methylene group’. The spectrum also 
contains an AB quartet (t = 4:01, 3-61; J = 10-5 c/s) 
and a singlet (t = 3-38) in the olefinic region. The fermer 
absorption clearly arises from a cis-disubstituted olefine’ 
while the position of the latter is that expected for a 
cis-8-proton of an «,$-unsaturated acid anion®*. Both 
these bands show small splittings which arise from long- 
range couplings and from couplings with two protons 
absorbing near t = 5:2. The band near + = 5-2 is com- 
plex, but has the gross appearance of an AB quartet and 
its position is consistent with the shielding expected for 
protons which are both allylic and adjacent to oxygen. 
These assignments can only be accommodated by structure 
(IT). 

The facile rearrangement of chorismic acid to pre- 
phenic acid is presumably a stereospecific S'ai 
reaction. Se 
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While further work will be carried out to provide final 
proof of structure and stereochemistry, chorismic acid 
can be reasonably formulated as the 3-enolpyruvie ether 
of trans-3,4-dinydroxycyclohexa-1,5-diene carboxylic acid 
(IT). 
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Acrylamide Electrophoresis and Protein 
Pattern during Morphogenesis in a Slime 
- Mould 


ADVANCES in the understanding of the molecular 
mechanisms underlying morphogenesis have often neces- 
sarily depended on improvement or development of 
appropriate biochemical analytical techniques, which are 
adaptable to the particular biological material under 
investigation. It is fortunate that the basic procedure 
utilizing acrylamide electrophoresis, heretofore used 
successfully in the elucidation of protein patterns in 
various organisms and tissues such as Neurospora}, serum 
protein’, etc., can be extended to the slime mould. This 
technique coupled with experimentation on such primitive 
organisms as the slime mould, Physarum polycephalum, 
shows promise of leading to a correlation of change of 
specific protein with morphological change as the organism 
completes its life-cycle. 

Vertical electrophoresis was carried out with a 12-place 
Canalco disk electrophoresis apparatus model 12 using a 
Spinco Duostat model RD-2 regulated power supply. To 
prepare a gel tube, 0-9 ml. of small pore acrylamide gelt 
was added to a 60 x 5mm tube and allowed to polymerize 
for 40 min. This was followed by the addition of 0-1 ml. of 
large pore geli which was allowed to photopolymerize 
for 20 min after addition. One-tenth ml. of a 1 : 1 
mixture (v/v) of large pore gel and protein sample was 
then added and also allowed to photopolymerize for 25 
min. This prepared gel tube was subjected to electro- 
phoresis using a current of 4 m.amp per tube (120-205 V) 
for 32 min. 

After migration was complete, entire gel columns were 
removed from each tube and immediately placed in 
acetic acid/amido Schwartz reagent overnight at room 
temperature or subjected to the elution procedure. 
Elution of an entire gel column was accémplished by 
homogenizing the gel at 2° C in 0-1 M acetate buffer, pH 
§-5, containing 0-1 M calcium chloride, using a ‘Teflon? 
pestle tissue grinder. The homogenate was then dialysed. 
for 24 h at 2° C against 0-003 M calcium chloride. 

Extracts of protein for electrophoretic analysis were 
obtained from the plasmodial stage and the pre-sporangial 
stage of Physarum by homogenizing at 2° C 5 g fresh 
weight of material with 5 ml. 0-25 M sucrose containing 
0:0033 M calcium chloride. This homogenate was centri- 
fuged at 500g for 15 min and successive supernatants 
subjected to further centrifugation at 18,000g for 15 min 
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Fig. 1. Physarum protein patterns of plasmoidal stage (tube A) and 

pre-sporangial stage (tube B). Polysaccharidase A and B activities 

are found in band regions a and b. a-Amylase activity has been found in 

regions ¢ to e, inclusively, in tube 4 but has not been demonstrated 

in tube B for the corresponding regions. Electrophoresis was carried 
out with 0-014 tris~glycine buffer, pH 8-3 


and 105,000g for 1 h, the latter in a Spinco model L 
centrifuge. This last-obtained supernatant was dialysed 
overnight at 2° C against three changes of 0-1 M calcium 
chloride solution and used directly for electrophoretic 
analyses as well as for enzyme and protein determination. 
-Amylase and component polysaccharidase activities 
were determined using a modified method of Bernfeld*. 
Protein was determined according to Lowry et al.°. Whole 
gel columns were de-stained electrophoretically in 15 per 
cent acetic acid for 40 min and then photographed. 

Fig. 1 reveals a clear-cut difference between the electro- 
phoretic pattern of the plasmodial stage (stage 4) when 
compared, with the already differentiated pre-sporangial 
stage (stage B); each pattern represents 350 ug protein 
applied to each tube for electrophoresis. Band region a 
(a 2-mm cut) possesses polysaccharidase A activity and, 
although the specific enzyme activity remains the same in 
the same region as stage B. it can be seen that a change in 
protein pattern occurs. In fact, this area in stage B seems 
to double in thickness. Band region 6 (a 3-mm cut) in 
stage A is a distinct band which is not found in the same 
region in stage B. This region in stage A contains poly- 
saccharidase B activity; an assay of this enzyme in the 
same region in stage B reveals a decrease in specific 
activity to one-half of that found in stage A. Although 
band region c loses its discreteness going from stage A to 
stage B, no enzyme activity has been associated as yet 
with this band; similarly, band regions d, e and f are 
devoid, of enzyme activities so far tested. However, if a 
9-mm cut is made to include regions ¢ to e in stage A. 
-amylase activity can be demonstrated; a corresponding 
cut in stage B is devoid of -amylase activity. 

In the light of numerous investigations on enzyme 
heterogeneity, it is not surprising that similar studies have 
been undertaken with respect to a-amylase activity. The 
finding of band regions a and b (Fig. 1), where eluted cut- 
out sections were found to catalyse the appearance of 
reducing groups without altering the iodine binding-power 
of the starch substrate®, suggested the presence of multiple 
forms of g-amylase. However, on heating at 65°C for 
5 min, a procedure which does not affect -amylase 
activity, the ability to catalyse the appearance of reducing 
groups was lost although the iodine binding power was not 
disturbed. If one then takes fresh extract, approximately 
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50 per cent of the enzyme catalysed production of reducing 
groups is lost on heating at 65° C for 5 min, again 
without loss of iodine binding-power; only «-amylase 
activity can now be demonstrated. For want of a better 
name, these activities have been designated polysacchari- 
dase A and B. It is interesting that the total saccharifica- 
tion power of the applied extract can be accounted for by 
summing up the activities of band regions a, b and c-e. 
Experiments are in progress to provide a better under- 
standing of the relationships between the polysaccharid- 
ases and a-amylase. 

In order for this electrophoretic method to be valuable in 
work concerning internal changes of protein pattern with 
morphogenesis and differentiation, recoveries of protein 
and, indeed, enzyme activity from the gel column after 
electrophoresis must be put on a quantitative basis. The 
results in Table 1 show that recoveries of protein are 
excellent for all concentrations of protein applied but 
become essentially complete when 50 ug of protein or 
more are applied. One would then expect that enzyme 
activities should be similarly recovered, and asseen in Table 
2 the results confirm this expectation. Although experi- 
ments with carbohydrases only are presented at this time, 
there is good evidence that certain amino-acid activating 
enzymes present in Physarum can be recovered in the 
same manner. 


Table 1. RECOVERY OF PROTEIN AFTER ELECTROPHORESIS 


Protetn applied Protein recovered 


to gel (ug) from gel (zg) 
10 2 (3 942 3) 
T3 (3 643 (3) 
12 £3 (4 10 +2 IE 
50 + 3 (3) 4844 3) 
48 +3 (3) 4843 (3) 
46 +2 (3) 45 +2 13) 
100 +1 (3) 100 +1 (3 
99 + 2 §33 99 +3 (3 
95 + 2 33 94 +2 (3 
350 + 4 (3 348 +5 (3 
845 +8 B 340 + 5 (3) 
850 + 4 (5 848 + 4 (5) 


No. of experiments shown in parentheses. 


Table 2. RECOVERY OF ENZYME ACTIVITY AFTER ELECTROPHORESIS 


, Specific activity* 
: Specific activity* recovered from 
Specife activity* of band regions whole gel column 


Enzyme of extract after after 
electrophoresis} electrophoresis 
Amylase 35 +2 (5) 17548 {8} 35 +2 (5) 
Polysaccharidase A 12 +1 {8} 100 + 2 5) 1l +1 B 
Polysaccharidase B 10 + 1 (5 130 +1 (5) 13 41 5 


* mg maltose per mg protein per 20 min. 
t+ a-Amylase was obtained from band c to e, polysaccharidase A from 
band a, and polysaccharidase B from band b. . 


Total protein applied to each tube equals 350 ug. 
No. of experiments shown in parentheses. 


It is apparent that this method is suitable for quanti- 
tative studies on protein patterns in Physarum. The 
application. of this method can only result in further 
information which may lead to a biochemical definition of 
morphogenesis in this organism. 

This work was supported by a grant from the National 
Science Foundation. 


M. H. ZELDIN 
J. M. Warp 
Department of Biology, 
Temple University, 
Philadelphia. 
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3 Ward, J. M., in Proc. Fourth Intern. Cong. Biochem., 8 (Pergamon Press, 
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A Spinal Anesthetic with Long Duration of 
Action 


Ir is often desirable to deliver pregnant sheep by 
Caesarean section under epidural or spinal anzsthesia so 
that the respiratory and: cardiovascular functions of the 
new-born lamb will not be depressed by a general 
anesthetic. A single injection of the local anzsthetics at 
present available is sometimes not enough to provide 
anesthesia of sufficient duration for experimental pur- 
poses. A new local anxsthetic, 2(2,6 dichlorophenoxy) 
ethyl dimethylamine hydrobromide (SK and F 90,054) hes 
proved to have a substantially longer duration of action. 


Table 1. DURATION OF ACTION OF EPIDURAL AND SPINAL ANESTHETICS 
IN YOUNG SHEEP: MEANS + S.E. 
Epidural Intrathecal 
Time (min) from SK and F SK and F , 
injection until 90,054 Tignocaine 90,054 Lignocaine 

Loss of sensation 2:9 + 0:7 8-7 + 0-5 1:0 + 0:5 1:6 + 05 
Return of sensation 205 + 23 92 + 22 156 + 36 59 + 9 
Abolition of muscle 

movements B54 41 124383 37 +07 - 
Return of muscle 

movements 128 + 31 67 +13 123 + 38 - 
Able to stand again 255 + 32 137 + 25 176 + 35 95 + 25 


Ten Clun ewe lambs 9-10 months of age, weighing 
30-39 kg with a mean crown-rump length of 78 cm, were 
used. Intrathecal (spinal) or epidural injections were 
given through the lumbosacral space in doses which 
anesthetized the spinal nerves from [2-3 caudally. 
Lignocaine and SK and F 90,054 (20 mg/ml.) were admin- 
istered as a hyperbaric solution in 6 per cent (w/v) 
glucose. Identical volumes (1-5 ml. intrathecally or 
4-5 ml. epidurally) of either solution were injected into 
each lamb at intervals of a week. The withdrawal of 
the hind-limbs in response to pinpricks below the hock 
was used as an index of sensory block; loss of tonus 
and inability to move the limbs on change of posture were 
used to assess motor block. As Table 1 shows the duration 
of anssthesia caused by SK: and F 90,0i4 was greater 
than that caused by lignocaine after both epidural and 
spinal administration. There was no significant difference 
in the time of onset of anesthesia after injection. After 
intrathecal injection lignocaine failed to abolish limb 
movements completely in several of the lambs, whereas 
SK and F 90,054 caused complete loss of tonus. All the 
lambs fully recovered after both anzesthetics ; there were no 
neurological abnormalities 12 h later or afterwards. 

It is concluded that SK and F 90,054 is a local anes- 
thetic with a duration of action more than twice that of 
lignocaine, which is suitable for spinal and epidural 
anesthesia and the use of which may prove to be much 
wider than the present application. 

I thank the Smith Kline and French Research Institute 
for supplying the drug. 


F. GLYN Davies 


Nuffield Institute for Medical Research, 
University of Oxford. 
1 British Patents 765,849 and 765,850. 


A New Local Anzsthetic with a Long Duration 
of Action 


We have previously reported that choline 2,6-xylyl 
ether bromide (TM 10, ‘Xylocholine’) is a potent and long- 
lasting local anesthetic, and that its tertiary congener 
(SK and F 90,033) is also a local anesthetic with a potency 
and duration of action similar to cocaine?. 

‘We have since prepared and tested some substituted 
2-phenoxyethyldialkylamines of the type shown in the 
general formula: 
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Table 1. DURATION OF LOOAL ANESTHESIA PRODUCED BY SK AND F 90,054 AND RELATED COMPOUNDS 


















































Formula Per cent anesthesia at time (min) after injection i 
Compound M 
R Ry Ry Ra R 10 60 120 180 240 300 
90,030 CH— | H— H— CH—| C,H,—| 100 0 0 0 0 0 
90,033 cH,— | H— H— CH,— | CH;— 100 58 0 0 0 0 
90,054 cl— H— H— CH,— | CH,— 100 100 75 28 11 0 
90.060 Cl— H— H— CG.H,—| CH 97 44 8 0 0 0 
90,378 c — H— H— CH, — = 94 6 0 0 0 0 
6,887 io H— CH,— | CH; | Ch 100 94 8 0 0 0 
6,891 ci— CH— | H— CH;— | CH,— 100 100 0 0 0 8 
Lignocaine 89 0 0 0 0 0 
hydrochloride 
R ž Uptake of Glucose dependent on Insulin 
rX X Š fs in the Isolated Bladder of the Toad 
O—CH—CH— . f . 
“Nee | | Ng TuE biological behaviour of the isolated toad bladder 


y RR 4 
where R =CH,— or Cl, R, = H— or CH,—, R,=H— or 


CH,—, R,=CH,— or O0,H,—, R,=H—, CH,— or 
C,H;—. All were used as the hydrochloride or hydro- 
bromide. 


Anesthesia was tested by a modification of the Bilbring 
and Wajda intracutaneous wheal method in guinea pigs?. 
Observations were made every 5 min for 30 min, and then 
at 30-min intervals for up to 5 h. The durations of the 
anesthetic effect, produced by intracutaneous injections of 
l per cent solutions of the compound, are shown in Table 1. 
Lignocaine hydrochloride is included for comparison. 

It is interesting that when R, and R, are hydrogen the 
dimethylamino compounds have a longer anesthetic 
effect than the corresponding diethylamino compounds, 
and that 2,6-dichloro substitution in the benzene nucleus 
gives more prolonged anesthetic effects than does 2,6- 
dimethyl substitution. Replacement of the H— by CH;— 
in position R, or R, does not affect the potency, as com- 
pared with SK and F 90,054, but the duration of the 
anesthetic effect is reduced. 

The most interesting compound is SK and F 90,054. 
This causes complete anesthesia for 1 h and some degree 
of anesthesia for 4 h, in contrast to lignocaine hydro- 
chloride with which anesthesia is complete for only about 
10 min and disappears within an hour. On topical applica- 
tion to the rabbit cornea, SK and F 90,054 produces 
anesthesia for about twice as long as lignocaine hydro- 
chloride when equal concentrations are used. 

A. 1 per cent solution of SK and F 90,054 has no apparent 
effect on capillary permeability whereas 1 per cent ligno- 
caine hydrochloride produces a small effect of this kind. 
At 2 per cent concentrations both drugs cause a similar 
degree of capillary damage. Intravenous injection of 
SK and F 90,054 (1-5 mg/kg) causes a fall in the arterial 
blood pressure of anzsthetized rats or cats; toxic doses 
(10-25 mg/kg) produce respiratory and heart failure. This 
compound depresses the isolated rabbit heart preparation 
and is slightly more active than lignocaine hydrochloride 
in this respect. SK and F 90,054 and lignocaine hydro- 
chloride are equieffective in increasing the blood flow 
through the hind limb of anesthetized cats. 

The acute intravenous DD,, in male mice of SK and F 
90,054 is 29 mg/kg, compared with 200 mg/kg subcutan- 
eously and 290 mg/kg orally. There is no significant 
difference in the toxicity to male and female mice. 
The acute intravenous LDs, in female rats is 32 mg/kg, 
compared with 695 mg/kg subcutaneously and 680 mg/kg 
orally. 

These compounds are covered by British Patents Nos. 
765,849 and 765,850. ° P. Hey 

G. L. WILEY 
Smith Kline and French Research Institute, 
Wolwyn Garden City, Hertfordshire. 


) Hey, P., and Wiley, G. L., Brit. J. Pharmacol., 9, 471 (1954). 
? Billbring, E., and Wajda, I., J. Pharmacol., 85, 78 (1945). 


has been of considerable recent interest’-?. In the non- 
stimulated state this tissue is characterized by low perme- 
ability to water and a variety of small molecules’, as well 
as active sodium transport from the mucosal to the sorosal 
surface. The addition of both vasopressin and its related 
peptides markedly alter these characteristics by incroasing 
permeability to water and urea as well as active sodium 
transport’. Although some attention has beon directod to 
the metabolic interrelations between the intermediary 
metabolism of the tissue and active sodium transport’, 
no systematic investigation of glucose penetration has 
been conducted. This report presents data which establish 
that the isolated toad bladder is capable of glucose uptake 
from the medium in which it is incubated and that 
the glucose uptake is stimulated in the presence of 

The studies were performed on the isolated bladdor of 
the toad, Bufo marinus. The animals were freshly pithed, 
the bladders removed, everted and doubly ligated on short 
lengths of ‘Pyrex’ tubing. Two ml. of a modified Conway- 
Boyle incubation medium (NaCl 72-5 mM, NaHCO, 25 mM, 
Na HPO, 2-5 mM, KH,PO, 0-5 mM, KCl 1-98 mM, 
MgSO,:7H,0 1-2 mM, Na,SO, 0-65 mM, CaCl, 1-6 mM, 
glucose 5-5 mM)! equilibrated with 95 per cent oxygen- 
5 per cent carbon dioxide were introduced into each sac. 
The final pH was 7:6 and the final glucose concentration 
100 mg/100 ml. The sacs were then suspended in indivi- 
dual flasks containing 2 ml. similar medium. Gassing was 
continued during a 30-min equilibration period at 37° C 
in a Dubnoff metabolic incubator. The bladders and flasks 
were then emptied and the contents discarded. Two ml. 
of an identical solution was introduced into the sacs and 
the bladders resuspended in a similar fashion in fresh 
flasks. After a preliminary gassing the flasks were sealed 
and incubated for 2 h. Several control flasks containing 
2 ml. of buffer but no tissue were included in each incuba- 
tion. After 2 h the flasks were removed from the incub- 
ator and the mucosal and serosal solutions collected inde- 
pendently. The experiment was repeated during a 
second incubation for 2 h with identical solutions following 
the addition of 250 mu glucagon free, crystalline beef 
insulin (Eli Lilly and Co., Indianapolis). The concentra- 
tion. of insulin in the final medium was 125 mu/ml. 

In 14 of the experiments, serum albumin labelled with 
iodine-131 was incorporated into the medium with 
sufficient non-radioactive carrier albumin to bring the 
final concentration to 0-1 per cent. The radioactive 
albumin was previously subjected to gel-filtration using 
‘Sephadex G—25’ in order to exclude any small molecule 
degradation products. Since the albumin molecule is too 
large to penetrate the bladder*, any movement of water 
during the experiment was reflected by a difference in the 
albumin concentration in the two compartments at the 
end of the incubation. Glucose determinations were 
performed in duplicate using a modified glucose oxidase 
method’. Iodine-131 was counted in æ well scintillation 
counter. : 
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Table 1. GLUCOSE UPTAKE BY THE ISOLATED TOAD BLADDER INITIAL 


GLUCOSE CONCENTRATION 100 MG/100 20.; n = 25 
Final glucose con- Apparent glucose uptake 
{umole/2 h) 


centration 
{mg/100 ml.) 
Mucosa Serosa Mucosa Serosa Net 
Glucose alone 101-1" 90-3% —0-12* +108* +0°94* 
£03 +09 +0-04 +0-10 +009 
Glucose + serosal insulin 100-6 85-4* — 0-07 +1-62* +1:55* 
(125 mu/ml.) +08 +11 +008 +012 +017 


All values are mean + 1 S.E. 
*P< 0-01 


Results are summarized in Table 1. At the end of the 
initial 2-h incubation in the presence of glucose alone 
there was net uptake of glucose from the serosal compart- 
ment, as proved by a fall in glucose concentration from 
100 mg/100 ml. to 90-3 mg/100 ml. At the same time the 
concentration in the mucosal compartment rose slightly 
from 100 mg/100 ml. to 101-1 mg/100 ml. When these 
differences were converted to glucose uptake in micro- 
moles, the uptake from the serosal compartment was 
1-08 pmole/2 h and the net uptake by the tissue (mucosa + 
serosa) was 0:94 umole/2 h. The addition of insulin, 125 
mu/ml., to the medium consistently resulted in an increase 
in serosal uptake to 1-62 ymole/2 h and net uptake to 
1-55 umole/2 h. This increase in the presence of insulin 
was significantly greater than in those experiments with 
glucose alone (P<0-01). In 14 experiments in which 
serum albumin labelled with iodine-131 was incorporated 
into the medium, the ratio of mucosal to serosal radio- 
activity at the end of a 2-h incubation period was found 
to be 1-027, an increase of 2:7 per cent. 

These experiments demonstrate that the isolated toad 
bladder is capable of glucose uptake from the medium in 
which it is incubated and that this uptake is stimulated 
in the presence of insulin. The net uptake of glucose by 
the tissue during the initial incubation with glucose alone 
was 0:94 ymole/2 h and increased to 1-55 umole/2 h during 
the subsequent 2 h incubation period in the presence 
of insulin. In this regard it should be mentioned that, 
in separate experiments, glucose uptake by the tissue 
during a second 2-h incubation in the presence of 
glucose but without insulin was consistently less than 
during the preceding 2-h period. Thus the stim- 
ulation ascribed to insulin in these experiments represents 
a minimal effect when calculated as the difference between 
the initial 2-h incubation with glucose alone and the 
subsequent 2-h incubation in the presence of glucose plus 
insulin. 

The slight rise in mucosal glucose concentration, while 
small, was still statistically significant (P<0-01) and 
could arise either as a result of transmembrane glucose 
movement from the serosal to the mucosal compartment 
or alternatively from the loss of water alone from the 
mucosal compartment. In those experiments in which 
albumin labelled with iodine-131 was incorporated into 
the medium, the ratio of mucosal to serosal activity in the 
two compartments was 1-000 at the beginning of the 
experiment, since the two solutions were identical. After 
incubation the increase in this ratio to 1-027 indicated 
the movement of 1-3 per cent of the mucosal water into 
the serosal compartment. The movement of this amount 
of water is sufficient to account for the increase in mucosal 
glucose concentration without the necessity of postulating 
transmembrane glucose transport. : 

These observations establish the presence of an insulin- 
dependent glucose transport system in the tòad bladder, 
an epithelial structure. Glucose transport has not been 
shown to be insulin responsive in any of a wide variety of 
epithelial tissues previously investigated’. Since active 
glucose transport in other tissues has been shown to be 
dependent on active sodium transport’, it is of interest 
that glucose penetration into the cells of this tissue occurs 
at the site of active sodium extrusion®. Such localization 
of related transport systems within a cell has not been 
previously shown in any tissue in which an insulin 
responsive glucose transport system has been demon- 
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strated. The identification of such a system in this tissue 
provides a unique opportunity to define precisely the 
systems involved in glucose penetration, their interrela- 
tions with cation transport and the modification of such 
transport systems by insulin, growth hormone and other 
hormones. 

We thank Dr. I. S. Edelman for his help and suggestions 
and Dr. P. H. Forsham for his support. 

This investigation was supported in part by U.S. 
Public Health Service fellowship ASP15024 and Public 
Health Service grant 43870 from the National Institute 
of Arthritis and Metabolic Diseases. 


Bruce F. Bower * 
GEROLD M. Gropsky 


Metabolic Research Unit, 
Departments of Medicine and Biochemistry, 
University of California School of Medicine, 

San Francisco. 


* Special Postdoctoral Research Fellow, National Institute of Arthritis 
and Metabolic Diseases. 


1 Hays, R. M., and Leaf, A., J. Gen. Physiol., 45, 905 (1962). 

2 Leaf, A., and Hays, R. M., J. Gen. Physiol., 45, 921 (1962). 

° Ussing, H. H., and Zerahn, K., Acta Physiol. Scand., 28, 110 (1961). 
“Leaf, A., and Dempsey, E., J. Biol. Chem., 285, 2160 (1960). 

5 Leaf, A., J. Cell. and Comp. Physiol., 54, 103 (1959). 

8 Orloff, J., and Handler, J. S., J. Clin. Invest., 41, 702 (1962). 

? Washko, M. E., and Rice, E. W., Clin. Chem., 7, 542 (1961). 

® Wilbrandt, W., and Rosenberg, T., Pharmacol. Rev., 18, 109 (1961), 

? Csáky, T. Z., Hartzog, III, H. G., and Fernald, G. W., Amer. J. Physiol. 
200, 459 (1961). ; 


lodoprotein in the Thyroid Lymph of Primates 


In earlier work!-, a high concentration of radioactive 
organic iodine has been found in the thyroid lymph of the 
monkey, cat and rabbit previously given iodine-131 
and thyroid stimulating hormone (TSH). Under similar 
conditions, most of the radioactivity appearing in the 
thyroid lymph of the rabbit and of the cat is in the form of 
iodoprotein®. If the same were true of primates, such a 
fact could be of great importance in relation to theories of 
thyroid disease. In this work we have, therefore, exam- 
ined the forms in which iodine-131 appears in the thyroid 
lymph of a primate after TSH stimulation. 

Adult baboons (Papio papio) were given a subcutaneous 
or intramuscular injection of 50-100 pe. of iodine-131 
and 2-7 days later lymph was collected, by the method 
described by Daniel, Gale and Pratt’, from the small 
lymphatic vessels which drain lymph directly from the 
thyroid gland. Samples of thyroid venous and peri- 
pheral blood were collected immediately after the lymph 
collections had been made. The lymph samples were 
applied directly to Whatman No. 3 MM paper and 
developed with one or other of the following solvents: 
butan-1l-ol/dioxane/2 N ammonia (4:1:5); butan-1l-ol/ 
pentan-1l-ol/2 N ammonia (1:1:2) or butan-1l-ol/2 N 
acetic acid (1:1). Some 70-90 per cent of the total 
radioactivity in the lymph failed to migrate in any of 
these systems. Thyroxine and inorganic iodide were also 
detected on the chromatograms and accounted for most 
of the remaining radioactivity. 

The protein in a sample of lymph was precipitated with 
phosphotungstic acid. The protein precipitate was 
washed with water and hydrolysed by incubating at 37° C 
for 42 h with pancreatin before being applied to paper for 
chromatography. The chromatograms were developed 
either in the butan-1-ol/dioxane/ammonia or in the 
butan-l-ol/acetic acid systems and scanned for radio- 
activity in comparison with the positions taken up by 
non-radioactive markers. Jt can be seen from Table 1 
that most of the radioactivity of the hydrolysate was 
in the form of monoiodotyrosine and diiodotyrosine 
in approximately equal proportions, together with 
a smaller proportion of iodothyronines. About 2 per 
cent of inorganic iodide was present, but no detectable 
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radioactivity remained at the origin of tho chromato- 
gram. Protein was extracted from the thyroid gland of 
this animal and subjected to a similar hydrolysis. The 
hydrolysate was applied to paper, and the chromato- 
gram was developed in the same systems. It will be seen 
that the iodoamino-acid patterns in the hydrolysates of 
protein from the thyroid lymph and from the thyroid 
tissue correspond very closely. 


Table 1. PERCENTAGE DISTRIBUTION OF RADIOACTIVITY IN THE HYDRO: 
LYSATES OF THYROID LYMPH AND TISSUE OF THE THYROID GLAND FROM 


THE BABOON 
Source of protein Monolodotyrofine Dilodotyrosine Iodothyronines 
Thyroid lymph 43 43 11 
Thyroid tissue 42 44 12 


These findings suggest that the major component of 
the radioactive iodine compounds in the thyroid lymph 
consists of an iodoprotein which yields on hydrolysis an 
iodoamino-acid pattern corresponding very closely with 
that of thyroglobulin. 

It is known that an iodinated protein escapes from the 
thyroid gland after it has beon subjected to high doses of 
radiation. However, the radiation dose in our experi- 
ments was not greater than that which is commonly 
given in investigations of release of radioiodine from the 
thyroid gland®”? and is much less than the dosage which 
is thought to cause radiation damage to the gland’. 
However, Anbar and Inbar® suggest that relatively 
low doses of radiation may damage the thyroid of rats, 
because they found an increase of butanol non-extractable 
protein-bound iodine in the peripheral blood after such 
low doses. (To reduce the possibility of radiation damage 
we have started to use iodine-125 instead of iodine-131, 
having shown. that for the thyroid gland of a small animal 
the rate at which radiation is delivered to the thyroid 
tissue can be reduced by a factor of about 25 times when 
the former is used?°.) 

The pattern of distribution of iodine-131 between the 
iodine-containing components of the thyroid lymph is 
very similar in the three species of animal which we have 
so far examined. Since one of these was a rodent, 
another a carnivore and the third a primate, we are 
inclined to think that the pattern may be a general one. 
In the absence of direct evidence it therefore seems more 
reasonable to assume that iodoprotein will be found in 
human thyroid lymph than that it will not be found. 

This work was assisted by grants from the Nuffield 
Foundation to one of us (P. M. D.) and from the Mental 
Health Research Fund to another (O. E. P.). The Fleming 
Memorial Fund assisted by a grant for equipment. 
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Membrane Current of Crab Muscle 


TuE electrophysiology of crab muscle fibres appears 
to be differənt from that of other skeletal muscles in that 
crab muscle ordinarily does not support a propagated 
action potential. Instead, local end plate potentials 
initiate and abolish muscle contraction!?. To detormine 
the relationship between transmembrane potontial, 
current, and time, experiments were performed on the 
closer muscle of the walking legs of crab (Cancer magister) 
collected at the University of Washington Laboratories 
at Friday Harbor, Washington. The artificial saline 
solution used contained sodium chloride 466 mM, potassium 
chloride 8 mM, magnesium chloride 12 mM, calcium 
chloride 20 mM, 

The experimental method (Fig. 1) has already becn 
previously reported in detail’*. The technique utilizes a 
smooth-tipped pipette which, when placed against a coll 
surface, isolates electrically the delimited region except 
for a leakage or shunt resistance R, which lies between 
the pipette tip and cell surface. The bridge balance is 
adjusted to give zero output for hyper- and de-polarizing 
current pulses of insufficient magnitude to produce active 
membrane current, usually up to + 30 mV transmembrane 
voltage. The bridge remains balanced for these small 
depolarizations despite any non-linearities in passive 
membrane current and resistance with voltage, since the 
leakage resistance R, is several magnitudes smaller than 
the membrane resistance of the region isolated by the 
pipette tip. With a sufficient step depolarization, active 
membrane currents appear which imbalance the bridge 
to produce a voltage change AV approximately equal to 
—imR,, where im is the membrane current from the locally 
isolated membrane region. The corresponding transmem- 
brane voltage is obtained from the intracellular voltage 
Vy, the depolarizing voltage, and measurements of R, . 
and the pipette resistance Re. Typically, Re and R, are 
around 5 x 104 ohms for the 100-200 tip diameter pipettes 
used in the experiment. Experimentally, the activo 
membrane currents from the excited region change the 
surface depolarization only a few millivolts and the 
immediate subjacent intracellular voltage by, at most, a 
few tenths of a millivolt. Therefore, with any given 
depolarization, the transmembrane voltage of the isolated 
region is essentially constant to within a few millivolts 
and the small displacement in voltage away from the 
initial depolarization gives a measure of mombrane 
current magnitude and direction. 

The results are shown in Fig. 2 which relates trans- 
membrane current for a given transmembrane potential 
with time. The results show that crab muscle membrano 
behaves similar to the squid axon membrane. The initial 
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Fig. 1. Method for examining local regions of the muscle cell surface 


for transmembrane voltage, current and time. Vz, Intracellular volt- 
age; Re, pipette resistance; R, leakage or shunt resistance 
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current (phase A, Fig. 2) changes from inward to outward 
current for depolarizations beyond a transmembrane 
potential of + 41 mV (Fig. 3). In addition there is an 
asymptotic outward current (phase Æ, Figs. 2 and 3). 
Thus phases A and E of Fig. 2 resemble the sodium and 
potassium currents of the squid axon membrane. Crab 
muscle shows, in addition, oscillations (phases B, C, D, 
Fig. 2) which appear after the initial current phase A. The 
small oscillation at D (Fig. 2) fails easily with repetitive 
depolarizations of about 100 mV or with time and is not 
seen in many experiments. Phases B and C of Fig. 2 
disappear reversibly with high depolarizations (above 
Vin== +68 mV in Fig. 2) but can also fail irreversibly with 
repetitive depolarizations leaving only the initial current 
(phase 4) and an enhanced later outward current (phase 
E). One then obtains a transmembrane current, voltage, 
and time relationship similar to the classical squid axon 
pattern’. The oscillations B and C may be related to the 
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oscillations seen when one attempts to voltage clamp 
longer segments of squid or lobster axon membrane*’, 
The oscillations, however, are seen with little change in 
form whether the diameter of the tip of the pipette is 50u 
(where membrane currents are barely detectable) or 400p. 
(the largest practicable). It seems likely, therefore, that 
the oscillations result not from an inadequate space clamp 
but are due to inherent excitable properties of the erab 
muscle membrane. 

The maximum inward current is about 0-15 m.amp/em? 
compared with 5-10 m.amp/em? found for the frog 
sartorius muscle membrane‘. Intracellular recordings 
show that excited areas of 200u in diameter depolarize 
the interior of a 500-u diameter fibre at most by a 0-1 mV. 
These observations, which show a weak membrane current 
generating system in crab muscle, are consistent with the 
observations which show ordinarily no propagated action 
potential in crab muscle with membrane excitation. The 
maximum charge transported inward has ranged up to 
3x 10-7 coulomb/em? (10° C), which is equivalent to one 
univalent ion moving across a membrane region of 73 x 73 
A. Itis of interest that the present technique gives entirely 
different results than those described here when applied 
to the frog sartorius muscle membrane. The results on 
frog muscle‘ are different from squid axon membrane 
investigations® while those on crab muscle are similar to the 
squid axon results. It is therefore likely that the technique 
described here is reliable, and that considerable species 
differences exist in mechanisms of membrane excitation. 

This work was supported in part by a grant from the 
San Mateo County Heart Association of California and in 
part by U.S. Public Health Service research grant No 
GM 10092-01 from the National Institutes of Health. 
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Influence of Pseudopregnancy and Progesterone. 
on the Activity of 5-Nucleotidase in the Uterus 
of Mice 


Gistrogens stimulate the activity of many enzymes 
present in the uterus of the ovariectomized mouse!. 
Histochemistry reveals the side of enzyme activity; but 
little is known about changes due to administration of 
progesterone. A histochemical investigation concerning 
the activity of a number of enzymes during pseudo- 
pregnancy and after progesterone administration to 
castrated mice has shown that in these circumstances 
marked changes occur. Increased activity of 5-nucleo- 
tidase in the endometrial stroma and in the myometrium 
was the most striking change. We used the technique of 
Wachstein and Meisel?. 

Deciduomata can be produced in the uterus of castrated 
mice by treatment with progesterone. The most adequate 
method for inducing the uterus to react with deciduoma 
formation was devised by Madjerek*. This author adminis- 
tered at least 0-25 mg progesterone daily from the 4th 
until the 7th day after castration. As readiness to form 
deciduomata is the most reliable indication of progesterone 
influence we also used this method. 

Five groups of animals each consisting of at least 6 
three-month-old. mice were examined; mice in diestrus, 





Fig. 1. 


a, Castrate; b, castrate after progesterone 


pseudopregnant mice, castrated mice, castrated mice 
treated with progesterone and castrated mice treated with 
cestrogen (cestradiol-178 benzoate) (Table 1). 


Table 1. LOCALIZATION AND INTENSITY OF THE ACTIVITY OF 5-NUCLEOTIDASE 


Surface Glandular Stroma Muscle 
epithelium epithelium 4 
Dicestrus Łj+ +/+ + Ł 
Psoudopregnancy, sixth 
day ++ £/+ +++ +++ 
Castrate (Fig. 1a) ++ +/+ +/+ + 
Castrate + progesterone 
(Eig. 1b) ++ +/+ tet +++ 
Castrate + estrogen ++ t+ Ł + 


+, low activity; +, moderate activity; ++, strong activity; +++, 
very strong activity 


The activity and the localization of 5-nucleotidase are 
the same in the pseudopregnant animal (6th day after 
copulation plug) and the progesterone-treated castrates. 
As compared with the other animals these mice show a 
distinct increase of activity in the stroma of the endo- 
motrium and the myometrium. 

Increased activity of 5-nucleotidase after treatment 
with progesterone possibly reflects a change in the 
adenosine-5-phosphate metabolism and is perhaps related 
to the property of the uterus to show a decidual reaction 
of the stroma in these circumstances. 

Looking at enzyme activity in the other animals it is 
obvious that castration in itself results in an increased 
activity in the surface epithelium. During pseudo- 
pregnancy one notices the effect of both castration and 
progesterone administration. There is no visible influence 
of œstrogens during pseudopregnancy. 

As progesterone activity is difficult to evaluate in 
sections stained with hematoxylin and eosin the histo- 
chemical approach described here may be of value. 

F. B. Lammas 
R. G. J. WILLIGHAGEN 
Department of Pathology, 
State University of Leyden, The Netherlands. 
1 Leathem, J, H., Ann. N.Y. Acad. Sci., 75, 403 (1959). 


3 Wachstein, M., and Meisel, E., Amer. J. Path., 27, 13 (1957). 
*Madjerek, Z., First Intern. Cong. Endocrinol., 8, h, No. 453 (1860). 


HÆMATOLOGY 


Alteration in the a-Chain of Hæmoglobin 
Le rrara 


Many cases of hæmoglobin L have been reported during 
the past few years in the province of Ferrarat. The 
classification of this abnormal hæmoglobin as hæmoglobin 
L has been determined by its electrophoretic characters 
and by its behaviour in chromatography*. Ever since the 
first observations, the presence has been reported in some 
carriers of a very slight hemoglobinic fraction also, slower 
than hemoglobin A, (ref. 4), which could be interpreted as 
fraction alade, thus causing suspicion of the presence in 
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hemoglobin LFferrara of an alteration in the 
a-chain. 

In order to ascertain the seat of the 
structural anomaly of hemoglobin Lyerrara, 
numerous samples drawn from various 
family stocks have been subjected to 
experiments of hybridization according to 
the technique of Gammack eż al.6, which 
is a microscale adaptation of that des- 
scribed by Itano and Robinsons. 

Hybridization of hemoglobin Lyerrara 
with hemoglobin § have given rise (Fig. 
I, a) to the appearance of an abundant 
fraction in the position of hemoglobin A 
(whereas in the control mixture thore was 
present only a very slight fraction duo to 
contamination of the respective hemo- 
globin S and hemoglobin L) and to the 
appearance of another fraction so much 
slower than hemoglobin S and hemoglobin L as they are 
slower than hemoglobin A,. These new products evidently 
correspond to those to be expected on the basis of the hypo- 
thesis that hemoglobin Lyerrara is altered in the «-chain, 
that is, to hemoglobin. A, and to the hybrid «88 which 


are formed according to the following reaction: 


LpA A A 
oe Bo + aS pS > Tp + of BS + on Be oF ayBS 
HbL Hb S$ Hb L Hb S TAb A Hb L/S 


Hybridization of hæmoglobin LFerara with hæmo- 
globin A, has also given rise (Fig. 1, b) to the formation of a 
portion of hemoglobin A, which is much more abundant 
than that present owing to contamination in the original 
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Fig. 1. a, Hybridization of hemoglobin Lrerara with hæmoglobin S; 

b, hybridization of hæmoglobin Lperam with hæmoglobin A, 

1, Hæmoglobin Lperara + hæmoglobin S dissociated and recombined; 

2, hæmoglobin Lparrara + hemoglobin S control; 3, hæmoglobin Lyrurors 

+ hæmoglobin A, dissociated and recombined; 4, hemoglobin Lperrara 
+ hæmoglobin A, control 
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Fig. 2. Hybridization of canine hemoglobin with hemoglobins A, S 
and L. 1, Hæmoglobin A + canine control; 2, hæmoglobin A + canine 
dissociated and recombined; 3, hemoglobin $'+ canine dissociated and 
recombined; 4, hemo Jobin L and canine dissociated and recombined. 
The identification of the two products of recombination of the hæmo- 
globin A and canine hemoglobin (a$$ and ahpy saD) has been per- 
formed by two-dimensional electrophoresis by one of us (E. B.) 





mixture and to the formation of a very slight fraction 
slower than hemoglobin A,. These products evidently 
correspond to those indicated in the reaction: 


agp — of 827 + alpa + anh + a 
HbL HbA, HbL HbA 


It is to be noted that for the appearance of hemoglobin 
La a rather long period of dissociation is required 
(12-16 h) and that it is often hindered by the formation of 
an abundant precipitate; furthermore, the portion of 
hemoglobin L, which is found is always very scarce. 

Hybridization of hemoglobin Lyerrara with hemo- 
globin F has also produced results in agreement with the 
hypothesis of an alteration of the a-chain, that is, the 
formation of a remarkable portion of hemoglobin A and 
of a fraction, slower than hemoglobin L and probably 
corresponding to the hybrid hemoglobin F/L. 

Human hemoglobins, notoriously altered’in tho «-chain, 
wore not available in the laboratory; thus experiments of 
hybridization of hemoglobin Lyerrara were carried out 
with canine hemoglobin which, as it is known, behaves, 
in hybridization experiments, as a human hemoglobin 
abnormal in both chains. By free boundary electro- 
phoresis at pH 6:8 it has been shown’ that from the 
hybridization of canine hemoglobin with hemoglobin A, 
two new components are formed, a slower one which carries 
BA chain and aa" chain, and a fast one which carries 
pean chain and «å chain. Inversely, by electrophoresis 
at pH 8-8 on starch gel, the formation has been noticed 


(Fig. 2) of a fraction faster than hemoglobin A (o3"" BS) and 


of a fraction slower than canine hemoglobin (ad 63°"). 
Hybridization of hemoglobin S with canine hæmoglobin 
has given rise to the expected appearance of the slow 
fraction («å pean), while the hybrid oS®"@§ has occupied 
the same position of hemoglobin A,. Hybridization of 
hemoglobin Lyerrara with canine hemoglobin (Fig. 2) 
has shown, on the other hand, the product of@p4 and 
another fraction much slower than the hybrid web pean and. 


which is quite probably the product af 6%". 

On the basis of the data available, it seems to be logical 
to infer that the hemoglobin Lyerrara carries its struc- 
tural alteration in the «-chain. 


an Bee + 
Hb Az 
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Gammack et al. have quoted a hæmoglobin L abnor- 
mal in the B chain, Therefore by the present research 
it has been shown that at least two varieties of hæmoglobin 
L can þe distinguished. 


' I. Branco 
G. MODIANO 
E. BOTIN 
R. Locor 
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Fibrinolytic Activity of Human Erythrocytes 


Ir has been shown that erythrocytes have considerable 
coagulating ability‘, which is similar to that of throm- 
bocytes but not identical?*. Hemolysed erythrocytes 
added to thrombocyte-free plasma cause, even in silicated 
glass, a high prothrombin consumption, which platelets 
(platelet extracts) do not’. 

The following experiments will show that human red 
blood cells (adult erythrocytes) exhibit not only thrombo- 
plastic ability but also strong fibrinolytic effects. 

Heated (30 min at 80° C) and unheated fibrin plates 
were used for testing fibrinolytic activity’, prepared in 
the usual manner from a 0-4 per cent solution of bovine 
fibrinogen (bovine fibrinogen, Behring-Werke). Test- 
subjects were whole red cells hemolysate enriched with 
stromata, free from stromata and stromata free from 
hemoglobin. 

In order to obtain an erythrocyte suspension free from 
thrombocytes and leucocytes, citrated blood was centri- 
fuged at 800 r.p.m. for 10 min. Then the upper thrombo- 
cyte-containing cell-layer was removed by suction and 
the erythrocytes washed in saline five times each of 10 
min duration at 1,000, 2,000, 2,500, 3,000 and 3,500 r.p.m. 
Hemolysis was carried out by freezing and thawing. 
Dilution in water resulted in stromata rich hemolysates 
of various hemoglobin concentrations. Hemolysates 
without stromata were obtained by further centrifugation 
at 16,000 r.p.m. Preparation of stromata was carried out 
by centrifugation for 30 min at 5,000 r.p.m. and repeated 
washing in saline to optical purity. 





Fig. 1. Heated fibrin-plates with lytic halo 24 h after contamination - 


with washed erythrocyte stromata 
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The results differed. Whole red-cells did not cause 
lysis (lytic halos) either in various concentrations or 
under incubation of the erythrocytes with streptokinase. 
The latter merely caused an activation of the plate’s own 
enzyme system, that is, of those not heated. Hamolysates 
free from stromata behaved similarly. They did not cause 
lysis. Impressive effects were seen in hemolysates rich 
in stromata on heated and unheated plates. The lytic 
power of streptokinase activated hemolysates was always 
somewhat greater compared with that of non-activated 
hemolysates. Hemoglobin concentrations of approxim- 
ately 6 g per cent gave optimal results. Particularly 
high lytic activity was seen in stromata. The lytic halo 
had markedly increased in size (Fig. 1). No apparent 
difference was observed with regard to heated or unheated 
plates. The activity of stromata was also increased by 
adding streptokinase. 

The results of these experiments give evidence that 

- human erythrocytes (adult erythrocytes) display a high 
spontaneous fibrinolytic activity, yet it becomes apparent 
only after hemolysis. In whole red cells it has not been 
proved. Streptokinase increases the activity to a certain 
extent. The fibrinolytic activity seems to be linked to 
the stromata. Hæmolysates free from stromata show no 
fibrinolytic activity. 

It is possible that this fibrinolytic activity plays an 
important part in the dissolution of red blood-clots. 
Also it could act as a compensator to thromboplastic 
substances, which are freed (within the blood-stream) by 
destruction of erythrocytes. 


W. Ktwzer 
A. HaBERHAUSEN 
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Role of the Pentose Phosphate Pathway in 
the Regulation of Methæmoglobinæmia 


PREVIOUSLY!, we have shown that incubation of normal 
human erythrocytes in glucose buffer with a ‘simple’ 
oxidant, such as nitrite, causes complete conversion of 
oxyhemoglobin to methemoglobin without depletion of 
reduced glutathione (GSH). By buffering against GSH 
depletion, methemoglobin formation appeared to protect 
the erythrocyte from oxidative destruction of hemoglobin 
and osmotic hyperfragility. In view of the wide distribu- 
tion of the nitrite ion, it was suggested that this adaptive 
mechanism may be of evolutionary significance. 

In concurrent work?, an active hemolytic agent, 
menadione (vitamin K,; 2-methyl-1,4-naphthoquinone), 
was found to catalyse methemoglobin formation and GSH 
depletion in normal erythrocytes incubated in glucose 
buffer in the presence of air. Menadione also stimulates 
oxygen uptake by normal erythrocytes*4, and catalyses 
methemoglobin reduction in normal but not in glucose- 
6-phosphate dehydrogenase (G-6-PD)-deficient erythro- 
eytes re-incubated in glucose buffer after preliminary 
incubation with nitrite?®. In normal erythrocytes, 
menadione enhances methemoglobin reduction in concen- 
trations which cause no apparent methemoglobin forma- 
tion’. 

The present work wes designed to integrate these two 
lines of investigation. The methods have been described 
in detail®*; in all experiments, washed erythrocytes from 
adult human males were suspended in glucose buffer to a 
concentration of hem of 0:45-0:50 mmole/l., and incu- 
bated at 37° C in unshaken open flasks. Initially, the 
methemoglobin content of normal erythrocytes was 
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measured after incubation for 1 h with various aromatic 
substances, in concentrations insufficient to produce eithor 
hemolysis or oxidative destruction of hemoglobin. Tablo 
1 shows that, of the compounds tested, only naphtho- 
quinones and 4-amino-2-methyl-1-naphthol caused greater 
degrees of methemoglobin formation than would bo 
expected to result from a stoichiometric reaction. 


Table 1. PERCENTAGE METHEMOGLOBIN FORMATION IN NORMAL ERYTHRO- 
OYTES INCUBATED FOR 1 H IN ripe BUFFER WITH VARIOUS AROMATIC 
OMPOUNDS 


Test substance Molar ratio of test substance : hem 

1: 256 1:64 1:16 1:4 
1,2-Naphthoquinone 4 12 26 46 
1,4-Naphthoquinone 19 36 45 66 
2-Methyl-1,4-naphthoquinone* 2 11 28 338 

2-Methyl-5-hydroxy-1,4-naphtho- 
quinone 12 31 40 45 
4-Amino-2-methyl-1-naphthol t 2 8 21 22, 
2-Naphthol 1 1 1 1 
Pyrogallol 1 1 2 6 
p-Aminophenol 1 1 2 T 
Phenylhydrazine t 1 1 1 G 
p-Benzoquinone 1 1 t q 
Hydroquinone 1 1 1 1 
*As the sodium bisulphite. fAs the hydrochloride. 


The effect of these substances on the reduction of 
methemoglobin was next examined. More than 90 per 
cent conversion of oxyhemoglobin to methemoglobin was 
produced by incubation with nitrite. The cells were then 
washed and re-incubated in glucose buffer with each agent. 
The amount of methemoglobin reduced in 1 h was 
expressed as a percentage of the total hemoglobin content 
of the incubation mixture. From Table 2, it is obvious 
that wide variation exista in the capacity of different 
compounds to enhance the reduction of methemoglobin 
by normal erythrocytes. Furthermore, a comparison of 
Tables 1 and 2 will show that most of the substances which 
potently catalyse methemoglobin reduction are very 
effective in producing methemoglobin in untreated cells. 
In general, these compounds stimulate the reduction of 
methemoglobin in concentrations which cause negligible 
or slight degrees of methemoglobin formation. Under 
experimental conditions similar to those depicted in 
Table 2, the compounds listed did not cause an increased 
rate of methemoglobin reduction in G-6-PD-deficient 
erythrocytes from Caucasian males. 


Table 2. PEROENTAGE METHMMOGLOBIN REDUCTION IN NORMAL ERY- 
THROOYTES RE-INOUBATED FOR 1 H IN GLUCOSE BUFFER WITH VARIOUS 
AROMATIC COMPOUNDS, AFTER PRELIMINARY INOUBATION WITH NITRITE 


Test substance Molar ratio of test substance : haem 
HE} 


1:1,024 1:256 1:64 
1,2-Naphthoquinone 10 18 36 60 
1,4-Naphthoquinone 7 13 18 31 
2-Methyl-1,4-naphthoquinone* 12 19 28 36 
2-Methyl-5-hydroxy-1,4-naphtho- 
quinone 10 13 21 30 
4-Amino-2-methyl-1-naphthol t 8 9 21 43 
2-Naphthol i 10 8 10 14 
Pyrogallol 11 12 15 38 
p-Atminophenol 13 13 13 19 
Phenylhydrazinet j 9 8 8 10 
p-Benzoquinone - 9 8 11 17 
Hydroquinone 10 12 12 14 


*As the sodium bisulphite. tAs the hydrochloride. 

Lastly, the changes in methemoglobin content of 
normal and G-6-PD-deficient erythrocytes were measured 
during incubation with 1,2-naphthoquinone, in a molar 
ratio to hem of 1 : 32. Fig. 1 shows an initial sharp 
increase in the methemoglobin concentration of both 
normal and G-6-PD-deficient cells. Afterwards. the 
methemoglobin content continued to increase in G-6-PD- 
deficient erythrocytes, but decreased gradually in normal 
cells. : 

From the results presented, it is obvious that aromatic 
agents vary widely in their ability to enhance the produc- 
tion and reduction of methemoglobin. A broad distine- 
tion would seem justifiable, between compounds like 
phenylhydrazine which appear to act on an essentially 
stoichiometric basis, and others such as naphthoquinones 
which clearly exert a catalytic effect. 
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Fig. 1. Changes in the methemoglobin content of normal and G-6-PD- 

deficient erythrocytes, suspended in glucose buffer and incubated for 

4 h with 1,2-naphthoquinone, in a molar ratio to ham of 1: 32. 
@, Normal erythrocytes; O, G-6-PD-deficient erythrocytes 


The failure of aromatic substances to stimulate methem- 
oglobin reduction in G-6-PD-deficient erythrocytes is 
strong evidence that this effect is dependent on reduced 
nicotinamide-adenine dinucleotide phosphate (NADPH). 
It thus appears probable that compounds which actively 
catalyse the oxidation of oxyhemoglobin by molecular 
oxygen may also resemble methylene blue’? and 1,4-naph- 
thoquinones’, in mediating electron transfer from NADPH 
to the NADPH-dependent methemoglobin reductase. 
The significance of this pathway of reduction is well illus- 
trated in Fig. 1, by the diverging curves of methemo- 
globin concentration in normal and G-6-PD-doficient 
erythrocytes incubated with 1,2-naphthoquinone. Under 
physiological conditions, it is the reduced nicotinamide- 
adenine dinucleotide-dependent pathway which plays the 
major part in methemoglobin reduction’®. 

We suggest, therefore, that NADPH-dependent reduc- 
tion of methemoglobin represents a safety-valve—a 
teleological mechanism to regulate methemoglobinemia 
when the organism is exposed to aromatic catalysts, such 
for example as occur naturally in plants? and bacteria’. 
With lower concentrations of these compounds, reduction 
would tend to keep pace with methemoglobin production, 
with a resulting increase in oxygen consumption and 
insignificant methemoglobinezmia. Only with higher con- 
centrations, or an inefficient pentose phosphate pathway, 
would a marked increase in methemoglobin content be 
expected to occur. Decreasing G-6-PD activity in ageing 
cells would favour the accumulation of methemoglobin, 
which appears to be an essential stage in the oxidative 
destruction of hemoglobin and ultimate hemolysis of 
erythrocytes exposed to aromatic compounds*:12.13, 

Implicit inthis concept is the proposition that catalysis 
of electron transport from NADPH to the dependent 
reductase, rather than methemoglobin formation per se, 
is responsible for the increased rate of methemoglobin 
reduction. 

There is thus reason to suspect the presence of two 
adaptive mechanisms. In the first, cellular integrity is 
maintained at the expense of temporary impairment of 
function in erythrocytes exposod to ‘simple’ oxidants 
such as nitrite. The second provides for a great increase 
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in methemoglobin reduction, to the detriment of such 
critical reductants as NADPH and GSH, in the presence 
of active redox catalysts which might more readily pro- 
duce lethal degrees of methemoglobin formation. An 
appreciation of this antagonism between mechanisms 
favouring cellular and organismal survival would appear 
relevant to the use of redox catalysts for the management 
of methemoglobinemia, particularly in neonatal and 
G-6-PD-deficient subjects. 

J. D. HARLEY 
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HISTOLOGY 


Structure and Orientation of Cells and Fibres 
in the Nervous System of Vertebrates 


ORIENTATION of cells and fibres in the cerebral cortex 
is a well-known phenomenon. It is not generally appreci- 
ated, however, that a similar organization is present 
throughout the nervous system of vertebrates. The 
difficulty of recognizing this state of affairs is very prob- 
ably due to the usual method of investigation, which 
includes the preparation of thin sections cut in one plane. 
The plane of orientation, especially in sub-cortical struc- 
tures, is a curved plane. Orientation is visible only in 
sections cut in a plane tangential to the curved plane of 











Fig. 1. Lateral geniculate body of the rabbit. Horizontal seetion. 
(Celloidin, 35; stained with thionin; x 370). 
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Fig. 2. Lateral geniculate body of the rabbit. 


r Sagittal section; pre- 
paration as in Fig. 1 


orientation. Reconstruction of the spatial organization 
is possible only by cutting one and the same structure in 
more than one brain under a variety of angles and com- 
bining the results thus obtained. 

A special investigation was devoted to the lateral 
geniculate body of the rabbit. An optimal picture of its 
organization was obtained in sections cut in a plane 
parallel to the fibres of the optic tract. One sees a fanning 
out of rows of cells in rows perpendicular to the fibres of 
the optic tract, converging towards the ‘hilus’ of the 
geniculate body. ‘Retinal fibres run in between the rows. 
Cortical fibres cross the retinal fibres at right angles in part 
of their trajectory. 

Of fundamental importance seems to be the observation 
that variation of plane of sectioning is correlated with a 
systematic variation of the shape of the neurones. If cut 
in the plane of orientation, the cell bodies have a spindle 
form. Processes leave the body at the extremity of the 
cell in the direction of the long axis of the cell body. 
Relatively few processes are visible in between the cell- 
rows (Fig. 1). 

If cut in a plane perpendicular to the plane of orienta- 
tion the cell body appears as a multi-angular element. 
Cell processes leave the body in several directions. Crossing 
of processes of different cells is abundant (Fig. 2). 





Fig. 3. Weil’s model of cells in ventral horn of the spinal cord. After 
: Ranson and Clark ; co-ordinates have been added by me 
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These facts allow an insight into the real form of the 
neurone and of the systematic orientation of the proximal 
parts of the cell processes. It-is essential to note that a 
minimum of processes is visible if the structure is cut in the 
plane of orientation of the cell-bodies. This can be 
explained by assuming that a number of processes are 
invisible because they leave the body in a plane perpen- 
dicular to the plane of section, which is at the same time 
the plane of the long axis of the cell-body. The processes 
are therefore directed in a plane towards the observer or 
away from him. Thus it would seem that many cell 
processes leave the cell body in a plane perpendicular to 
the long axis. Pictures of models of neurones made by 
other investigators show that this orientation is the rule 
(Fig. 3). Since orientation is present not only in respect 
to the bodies and the proximal parts of the processes but 
also in respect to the incoming fibres (compare retinal 
fibres in geniculate body) the nervous system reveals the 
structure of a real tissue exhibiting warp and woof. The 
pattern of this orientation of cells and fibres is laid down 
in early stages of embryology. 


J. DROOGLEEVER FORTUYN 


Department of Neurology, 
State University of Groningen, 
The Netherlands. 


Release of Calcium in the Myoneural Junction 


THERE is a good evidence that calcium might be the 
link between bioelectrical events in the muscle cell mem- 
brane and myofibrillar contraction’. On the other hand, 
it is generally accepted that most of the intracellular 
calcium is present in a strongly bound form?. Accordingly, 
histochemical methods are not capable of demonstrating 
calcium in muscle fibres, except by means of micro- 
incineration techniques*. Recent experiments, performed 
by several authors!?, suggest that muscular activity results 
in liberation of bound calcium. The objective of our 
investigations was to demonstrate histochemically this 
release of calcium. 

On examining the effect of prostigmine on the rat 
diaphragm, it was found that fasciculation (evoked by 
an intraperitoneal injection of 1 mg/kg ‘Prostigmino’, 





Fig. 1. Calcium stained with alizarin red in the diaphragm of the rat 
after 1 mg/kg intraperitoneal ‘Prostigmine’. Arrows point to some 
of the end-plates. W, nerve trunk. Low power 
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Fig. 2. Cytochemical localization of liberated calcium in a motor 
end-plate of the rat diaphragm after intraperitoneal ‘Prostigmine’. Arrows 
point to fundamental nuclei of the sole plate. Note the fine granular 
appearance of the reaction in the cytoplasm of the sole plate ( x 1,000) 


Roche) results in the appearance of free (histochemically 
detectable) calcium in the.sole plates, that is, in the post- 
synaptic cytoplasm underlying the motor end plates. 
Release of calcium could also be demonstrated in the sole 
plates of the deep plantar muscle (m. quadratus) after a 
30-min stimulation of the sciatic nerve (50 hz, 1-2 V). The 
liberated calcium is confined to 1-2u granules in the sole 
plate, localized under the terminal arborization of the 
motor nerve fibre. The histochemical pattern obtained 
closely’ resembles the so-called ‘telosomes’*. However, 
telosomes are present in resting muscles, too, while 
liberated calcium can only be demonstrated after activity. 
Localization of calcium is different from that of acetyl- 
cholinesterase, which is confined to the post-synaptic 
membrane of the end-plates-’. 

The histochemical technique used for the demonstration 
of liberated calcium is as follows: fresh samples of the 
muscle were fixed in acetone or other lipid solvents, as 
benzene, xylene, chloroform, carbon tetrachloride, ether, 
methyl or ethylalcohol (30 min), and floated afterwards in 
distilled water adjusted to pH 8 with sodium barbital 
(5 min). Frozen sections 20-30 thick were cut on the 
freezing microtome and stained immediately with a 1 per 
cent aqueous solution of alizarin red. It should be stressed 
that no similar reaction could be found in muscle fixed in 
formalin or in osmice acid. 

These histochemical observations suggest that the cyto- 
plasm of the sole plate is the most sensitive part of the 
muscle calcium system, correlated in all probability with 
the calcium-binding sites localized in the sarcoplasmic 
reticulum. Presumably depolarization of the post- 
synaptic membrane by pre-synaptic stimuli affects first 
of all the calcium-stores in the sole plate which results in a 
general membrane depolarization. This in turn activates 
the sarcoplasmic system, giving rise to myofibrillar 
contraction. 
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PATHOLOGY 


An Early Test for Possible Skin Carcinogens 
in the Mouse : Effects of a Benzacridine and 
of some Tricycloquinazolines 


AN early test for possible skin carcinogens in the mouse 
has been reported’. The test is based on a tetrazolium 
reduction method. It was demonstrated that the test 
could reveal the carcinogens in a blind test of 21 substances 
of which seven were carcinogens’, and that a complete 
correlation existed between the results of the test and the 
yield of tumour after a single application of different 
doses of 3-methylcholanthrene’. 

It was found of interest to study the possible specificity 
of the test with other types of skin carcinogens differing 
from those used in the first blind test. The 7,9-dimethyl- 
benz-(c)-acridine has a strong carcinogenic potency on 
mouse skin, but a very faint effect as measured with the 
sebaceous gland suppression test‘. A sample of this com- 
pound was obtained from Dr. F. G. Bock‘, and the tetra- 
zolium test performed. The result was 1-310, which, accord- 
ing to the criteria, is characteristic for carcinogenicity. 


Table 1. TETRAZOLIUM BLIND Te DIFFERENT TRicycloQUINAZOLINES 


Compound Test Test prediction Compound Skin carcinogenic 
labelled result y potency * 
1 0:874 non-carcinogenic 2-methyl-TCQ non-carcinogenic 
2 1887 carcinogenic TC carcinogenic 3 + } 
3 1:303 carcinogenic 3-methyl-ICQ carcinogenic (2+ 


f K Di carcinogenic activity refers to tho measurements by Baldwin et al. 
ref, 6). 


The carcinogenic potency for mouse skin of tricyclo- 
quinazoline was demonstrated in 19595. Further research? 
showed that different derivatives of this compound 
revealed very different results, varying from strong car- 
cinogenic potency to non-carcinogenicity. Three sub- 
stances of this type were sent me by Dr. R. W. Baldwin’. 
The substances were labelled 1, 2 and 3 respectively, and 
were unknown to me until all the experiments were 
finished. Table 1 demonstrates the results. There is a 
complete correlation between the carcinogenicity of the 
compounds and the test results. 

The possible specificity of the tetrazolium test is thus 
given a strong further support. 


Orav H. Iversen 


Institutt for generell og eksperimentell patologi, 
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Polynoxylin 
PoLYNOXYLIN is polynoxymethyleneurea, a condensa- 
tion product of formaldehyde and urea which has interest- 
ing antibacterial and antifungal properties'. It is a 
white, stable powder, soluble in water to an extent: of less 
than 0-3 per cent, and probably having the following type 
of formula: 


ia CH,.OH CH,OH 
Il 
—-CH,;,—N—C—N— n 
O 


In view of the evidence indicating that the compound 
has ‘a low acute and chronic toxicity and is effective and 
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Table 1 
Organism No. of strains tested No. sensitive 
Staph. aureus 125 125 
Strep. pyogenes 59 59 
E. coli 210 210 
P. vulgaris 82 82 
Ps. aeruginosa 39 36 
ae y i 
: sum 
Trichophyton spp. 23 23 


well tolerated by topical application’ it was decided to 
undertake further studies. 

The variety of organisms found to be sensitive to 
polynoxylin using either the disk method or suspensions in 
broth cultures is demonstrated in Table 1. : 

These organisms are representative of a total of 37 
species of bacteria and fungi tested. AHN strains of Staph. 
aureus resistant to penicillin were sensitive to polynoxylin ; 
36 of these strains were also resistant to tetracycline and 
often to other antibiotics. Polynoxylin has not exhibited 
activity against the viruses of herpes simplex, vaccinia and 
poliomyelitis. 

On repeated sub-culturing, involving up to 160 passages, 
it was not found possible to induce any appreciable order 
of resistance by Staph. aureus, Strep. pyogenes or Ps. 
aeruginosa. 

It has been observed’ that after incubation for several 
days, Staph. aureus began to grow over the polynoxylin 
zone of inhibition and it was suggested that the organism 
might slowly decompose the compound by destroying the 
urea moiety. Alexander’ reported that this effect was 
much more marked in the case of P. vulgaris, which very 
rapidly decomposes urea. The invasions of zones of inhibi- 
tion was investigated after the presentation of our pre- 
liminary report?, but transfer experiments through liquid 
and solid media failed to demonstrate inactivation of 
polynoxylin by strains of P. vulgaris, P. morganti or 
Staph. aureus. 

Polynoxylin was added to 24-h cultures of these organ- 
isms and the preparations were shaken and incubated for- 
8h. The broth was decanted and a fresh 24-h culture was 
added; this procedure was repeated 28 times. In another 
series, the liquid cultures containing polynoxylin were 
incubated for 3 days on eaeh occasion, but in neither series 
was there diminution of antibacterial activity indicative 
of decomposition. The experiments on solid media were 
conducted by transferring polynoxylin disks from inocu- 
lated plates after the invasion of zones had become 
apparent (that is, after 4-5 days) to fresh plates and 
repeating this procedure 16 times or until the disk had 
disintegrated. There was no appreciable reduction of zone 
of inhibition throughout these experiments and fragments 
of disks which had been transferred 16 times still showed 
activity in broth cultures. 

The drying of solid media may be important in the 
overgrowth of original zones. Exposure of Staph. aureus 
to the pure compound and to dilutions of polynoxylin con- 
taining virtually no moisture or graded amounts of water 
resulted in variations in bacteriostatic and bactericidal 
effects according to the water-content and it is evident that 
activity is dependent on the presence of water. It was 
also found that the presence of serum (2 and 5 per cent), 
pus (2 and 10 per cent) or whole blood (1-5 ‘per cent) 
appeared to increase, rather than diminish, the zones of 
inhibition of Staph. aureus on agar. 

Availability of other polycondensates produced in the 
menufacture of polynoxylin has facilitated the examina- 
tion of possible mechanisms of anti-bacterial action. . 

When polynoxylin was shaken for prolonged periods 
with water, the supernatant fluid gave a negative reaction 
with Schiff’s aldehyde reagent. The odour of formalde- 
hyde was, however, noted while testing three other poly- 
condensates, of which one was soluble in water. This 
soluble substance did not give the expected chemical 
reactions for formaldehyde, but when tested with Schiff’s 
reagent in the presence of excess acid, it gave a strongly 
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positive reaction and yielded a precipitate. This modified 
test was conducted on polynoxylin and its aqueous filtrate 
and it was found that older stocks gave an immediate 
positive result, while fresh stocks yielded a delayed reac- 
tion for aldehydes. 

Further chemical tests suggested that the aldehyde was 
not free formaldehyde, but to study this aspect further, 
advantage was taken of the availability of a rabbit known 
to be very sensitive to 1 per cent formalin. The subcuten- 
eous injection of 0-2 ml. of 0-05 per cent formalin produced 
a marked local reaction within 5 min and a severe general- 
ized reaction after 65 min, but the injection of 0-2 ml. of a 
saturated solution of polynoxylin each day for 4 days, 
followed by 0:3, 0-4 and 0-5 ml. daily, produced no local 
or systemic reaction. 

Another biological test was afterwards conducted on a 
male volunteer from a histopathological laberatory, who 
developed an cedematous reaction after contact with 
very high dilutions of formaldehyde; he was also sensi- 
tive to applications of hexamine. Polynoxylin, applied 
dry and moistened and as saturated aqueous solution, 
caused only a very slight degree of irritation. 

Staph. aureus, exposed to varying concentrations of 
polynoxylin and examined by electron microscopy, showed 
limited amounts of cells and recognizable cell particles and 
it would appear that bacteriolysis had occurred. 

Polynoxylin is active against a large number of micro- 
organisms and is likely to be particularly useful in staphylo- 
coccal infections. Its antimicrobial activity in vitro com- 
pares very favourably with that of seven major antibiotics 
tested simultaneously and it has not been found possible 
to induce resistance. Sensitization to polynoxylin has not 
been encountered in a series of over 500 cases, irritation 
has been minimal and healing has been encouraged. 

In 11 cases of vaginal moniliasis, clearance could 
not be obtained with polynoxylin, although later all 
yielded promptly to nystatin, and in cutaneous mycotic 
infections the results were variable. Poor correlation 
between clinical response and activity in vitro against 
fungi might be associated with pharmaceutical factors 
affecting contact with the organisms. The presence of 
water is important for.activity and unless the lesions are 
moist or the polynoxylin preparation contains sufficient 
water, the antimicrobial properties of the drug are likely 
to be impaired. 

It does not appear likely that antimicrobial activity is 
due to the liberation of free formaldhyde. 

I thank Messrs. Geistlich Sons, Ltd., for supplies of 
polynoxylin used. 
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RADIOBIOLOGY 


Effect of lonizing Radiation on Lipid 
Metabolism in Blood Cells in vitro 


A SURVEY of recent reports describing experiments 
on the incorporation of acetate-1-4C into the lipids of 
white blood cells'-* reveals that these cells carry on a 
rapid lipid metabolism. Although some work has been 
done on the blood lipids of irradiated animals, the 
lipid metabolism of the irradiated white blood cells has 
not been investigated. In view of the sensitivity of 
these cells to ionizing radiation, we have examined the 
incorporation of acetate-1-“C into the lipids of irradiated 
and non-irradiated leucocytes, plasma and platelets. 
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Whole blood or a suspension of leucocytes or platelets 
in plasma in standard 94 x 20 mm Petri dishes with 
‘Plexiglass’ covers were given total doses of 1,000 r. with 
dose rates ranging from 126 to 119 r./min. Duplicate 
irradiated and control suspensions were incubated with 
shaking under oxygen at 37° C in the presence of acetate-1- 
nC (1 uc./ml.), streptomycin (100 ug/ml.) and penicillin 
(100 units/ml.). Incubation took place immediately 
or after different time-intervals following irradiation. 
In some experiments, in order to examine a possible 
additive synergistic effect of excess oxygen and ionizing 
radiation, the cellular suspension was placed in screw- 
capped siliconized bottles provided with two syringe 
needles and flushed with oxygen saturated with water 
vapour at 37° throughout the experiment. Separation of 
leucocytes from erythrocytes was performed by a sedimen- 
tation technique as has been previously described‘. 
Leucocytes were measured in an electronic counter. 
Platelets were prepared from plasma by centrifugation at 
2,600 r.p.m. The sediment was resuspended in 0-84 
per cent sodium chloride and centrifuged at 700 r.p.m. 
The supernatant contained only platelets. This was 
again centrifuged at 2,500 r.p.m. and the sediment was 
extracted. Leucocytes, plasma and platelets were 
extracted separately with chloroform/methanol 2:1 
by the method of Folch et al.6. The lipids were plated on 
planchets and the radioactivity measured in a flow 
Geiger—Miiller counter. 

Human lymphocytes are considered as the blood cells 
most sensitive to ionizing radiation’. It has been reported, 
however, that after irradiation with 1,000 r., these cells 
usually remain grossly normal for about 12 h®. Therefore 
under such conditions it was most probable that the 
effect of ionizing radiation could be investigated without 
interference of factors produced during death of the cells. 
Fig. 1 shows the result of such an experiment. It can 
be seen that when total blood was irradiated with 1,000 r., 
the incorporation of acetate-1-"C into leucocyte lipids 
was not significantly affected during a period of 12 h 
after irradiation. The release of tho labelled lipids from 
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Fig. 1. Incorporation of acetate-1-"C into the lipids of irradiated 

(black) and non-irradiated (white) leucocytes and plasma. Irradiated 

whole blood and control blood were immediately incubated with 
acetate-1-"C and samples were withdrawn at 6, 9 and 12 h 
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Fig. 2. Incorporation of acetato-1-*4C into the lipids of irradiated (black) 
and non-irradiated (white) platelets under tho conditions described for 
g. 


the cells to the plasma appears to remain constant during 
this time and not to be affected by the irradiation. Fig. 2 
shows a constant but insignificant reduced incorporation 
of acetate-1-4C into the lipids of platelets. Similar 
results were observed following irradiation of suspensions 
of leucocytes in plasma with or without flushing with 
oxygen, or when incubation occurred 22-36 h following 
irradiation. 

It can be seen that the incorporation of acetate-1-4C 
into the lipids of leucocytes and platelets was not signifi- 
cantly affected by the ionizing radiation. This incorpora- 
tion can be taken as a measure of the rate of the lipid 
metabolism of leucocytes. It is curious that in a cell'so 
susceptible to radiation damage, the synthetic enzymes 
appear to be unaffected. It should be kept in mind that 
the co-factors and many of the enzymes involved in lipid 
synthesis are also concerned with synthesis of other 
classes of compounds presenting the possibility of mori- 
bund cells with all synthetic mechanisms intact. 

This work was supported by contract No. AT(30-1)- 


-2769 between. the Department of Clinical Therapeutics, 
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contract AT(04-1)GEHN-12 between the Atomic Energy 
Commission. and the University of California at Los 
Angeles. 
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Radioprotection of Mice by Hypoxia and ` 
Chemical Agents 


_ Tae prevalence and magnitude of the effects of oxygen 
on radiosensitivity have been reviewed by Gray}. No 
other chemical moiety has been reported to exert a greater 
influence during the period of irradiation. Many investi- 
gators accept this ‘oxygen effect’ as the principal mechan- 
ism of radioprotection, and tend to relate the action of all 
chemical protectants to a simple reduction of oxygen 
tension, However, observations of the effect of varying 
oxygen tensions on the radioprotective action of thiols are 
controversial. For example, breathing oxygen under 
pressure during the period of irradiation tends to antagon- 
ize the protective action of cysteamine and cysteine in 
rats*. In contrast, cysteamine itself appears to increase 
oxygen tension in the spleen and bone marrow’, thus 
indicating that its protection is not mediated by hypoxia 
of these radiosensitive tissues. Measuring oxygen tension 
in tissue by the use of microelectrodes presents numerous 
problems and the variable results may explain the fore- 
going observations. Recent work by Vergroesen‘ demon- 
strated cysteamine protects mammalian cells against radia- 
tion even in the presence of complete anoxia, and suggests 
that the same may be true for mammals. Previous 
attempts to study the combined effect of low oxygen 
tension and thiols in the radioprotection of mice were con- 
ducted with less than optimal hypoxia’. We have re- 
examined the problem by comparing the 30-day survival 
of mice irradiated while breathing 5 per cent oxygen, to 
those irradiated while protected by combinations of 
hypoxia and chemical agents. 

Six week old female mice (Bagg Swiss), weighing 20- 
22 g, were used. Equal numbers of control mice were 
irradiated simultaneously with each treated group and 
thereafter housed jointly. Irradiations were accomplished 
with a cobalt-60 ‘Gammacell-220’* at about 1,800 r./min. 
Four mice at a time were exposed in a perforated ‘Plexi- 
glass’ dish of doughnut shape, which rotated twice a 
minute within a cylindrical field of cobalt-60. Hypoxia 
was induced by forcing the mice to breathe a mixture of 
5 per cent oxygen and 95 per cent nitrogen for 90 sec 
before, and throughout the irradiation period. The gas 
mixture flowed at a rate of 6 l./min into an irradiation 
chamber of about 3,000 c.c. volume. Convulsions were 
prevented by the intraperitoneal administration of 25 
mg/kg of ‘Nembutal’ 5 min prior to gassing. The principles 
of laboratory animal care as promulgated by the National 
Society for Medical Research were observed. 

The 30-day LDDso values for mice irradiated while 
breathing 5 per cent oxygen, and while breathing air, are 
presented in Table 1. Their wide divergence illustrates 
the radioprotective effect of tissue hypoxia. The values 
were derived in the usual way by- plotting the probit- 
per cent mortality versus the logarithm of the dose. 
Comparing the ZD,, values for hypoxia and air indicates 
that hypoxia, as produced in our experiments, reduced the 
effectiveness of radiation by a factor of 2-5. This dose- 
reduction factor agrees favourably with those established 
for the relative sensitivities of numerous plant and animal 
cell systems irradiated aerobically and anaerobically’. In 
addition, it is-identical to the dose reduction found by 
Wright! in young female Swiss mice forced to breathe 100 
per cent nitrogen during irradiation. The foregoing correla- 
tions, and the clinical appearance of the mice, support the 
assumption that we have achieved a most favourable 
degree of intercellular hypoxia. 


Table 1. PROTECTIVE EFFECT OF HYPOXIA ON MICE EXPOSED TO LETHAL 
CoBALT-60 RADIATION 


Hypoxia Controls 
(5% Oz) (air) 

Dose (r.}) Mortality Dose (r.) Mortality 
1,890 7/20 720 1/12 
1,950 10/20 760 4/12 
2,030 12/16 780 7{12 
2,100 10/12 820 912 

840 10/12 


LDz = 1,950 r. LDsus = 780 5. 


NATURE 


403 


Table 2, THIRTY-DAY SURVIVAL DATA FOR MICE IRRADIATED WHILE 
PROTECTED BY HYPOXIA, AND BY HYPOXIA PLUS CHEMOAL AGENTS 
Intraperitoneal 
administration 
prior to radiation 
Agent Cobalt-60 Dose Time Animals Survival 
(t.) (mg/kg) (min)  (No.) (%) 
Hypoxia, controls 2,300 79 3 
2,400 260 1 
2,500 80 0 
Hypoxia, plus ; 
p-Aminopropiophenone 2,300 30 30 12 17 
p-Aminopropiophenone 2,400 30 30 20 0 
5-Hydroxytryptamine 2,300 75 15 12 9 
§-Hydroxytryptamine 2,400 75 15 17 6 
Dimethylsulphoxide 2,400 8,000 30 20 20 
Diethyldithiocarbamate 2,400 800 30 19 0 
Cysteamine 2,300 150 15 20 65 
Cysteamine 2,400 150 15 40 28 
Cysteamine 2,500 150 15 20 25 
Cystamine 2,400 125 15 20 85 
Cystamine 2,500 125 15 20 10 
5,2-Aminoethyliso- 
uronium 2,400 75 30 20 35 


Survival data for mice protected by hypoxia, and by a 
combination of hypoxia and known radioprotective agents 
are shown in Table 2. It can be seen that 2,500 r. cobalt-60 
radiation is 100 per cent lethal to mice made radioresistant 
by hypoxia, and that 2,400 r. is the DDgy;5,- Our statistics 
indicate that a 30 per cent difference in survival is signifi- 
cant between groups of animals exposed to 2,400 r. Any 
survival at 2,500 r. is significant. p-Aminopropiophenone 
and 5-hydroxytryptamine, both thought to operate 
through oxygen-dependent pathways', do not add to the 
protection offered by simple hypoxia. Dimethylsulphoxide 
and diethyldithiocarbamate also fail to significantly 
increase the effectiveness of low oxygen tension. However, 
the thiol agents—cysteamine, cystamine and S,2-amino- 
ethylisothiuronium (AET)—consistently add to protection 
resulting from hypoxia. Thiols are much less effective 
against LD, , radiation in the hypoxic animal than in the 
animal breathing air. It is probable that a large portion 
of their radioprotective activity can be explained by 
decreased oxygen tension. The significant remainder may 
also involve the ‘oxygen effect’, but substantiation awaits 
the development of a technique for accurately measuring 
intracellular oxygen levels. 
AET, unlike cysteamine, is poorly tolerated by tha 
hypoxic mouse. Table 2 indicates the use of a 
tolerated dose of AET administered 30 min prior to 
radiation. Larger doses of chemical, or shorter time 
intervals, could not be evaluated because acute respira- 
tory failure resulted in excess lethality. Zins® has shown 
that AET inhibits mitochondrial enzyme activity and 
results in a build-up of reduced diphosphopyridine nucleo- 
tide. This toxic manifestation may explain the foregoing 
intolerance, and also the loss of protection by AET when 
animals are forced to breathe oxygen under pressure 
during radiation’. 
Our findings support the belief that radioprotection of 
mice by p-aminopropiophenone, 5-hydroxytryptamine, 
and probably diethyldithiocarbamate and dimethyl- 
sulphoxide, is associated with hypoxia of radiosensitive 
tissues. The action of thiol agents is also concerned with 
intercellular hypoxia, but hypoxia does not explain the 
entire radioprotective action. It is probable that meta- 
bolic factors, which may be oxygen-dependent, account 
for the balance of the action by radioprotective thiols. 
Wiriam E. Rorate 
Marw M. GRENAN 
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Walter Reed Army Institute of Research, 
Washington, D.C. 
age L. H., Proc. Conf. Res. Radiotherapy of Cancer (N.Y. American 
neer Society, 1961). 

‘van den Brenk, H., Intern. J. Rad. Biol., 4, 379 (1962). 

® van der Meer, C., Nature, 189, 688 (1961). 

“Vergroesen, A., Nature, 194, 100 (1962). 

$ Devik, F., Acta Radiol., 44, 248 (1955). 

* Rice, F., Indust. Eng. Chem., 52, No. 5, 47, A (1960). 

7 Gray, L., Rad. Res., Supp. 1, 73 (1959). 

$ Wright, E., Rad. Res.,18, 649 (1960). 

°? Zins, G., Toxicol. App. Pharmacol., 1, 8 (1959). 


404 
BIOLOGY 


Effect of Adaptation to Black and White 
Backgrounds on the Teleost Pituitary 


THERE is considerable confusion both about the number 
of melanophore-stimulating hormones produced in the 
teleost pituitary and their site of production within the 
gland. Using the periodic acid-Schiff and McConaill’s 
lead hematoxylin stains, Stahl? differentiated two cell 
types in the meta-adenohypophysis of mugilids (Teleostei) 
and suggested that they perhaps produced two antag- 
onistic melanophore-regulating hormones. 

In Rana pipiens cytological differences are detectable 
between the intermediate lobe (intermedin) cells of the 
pituitary of specimens adapted to white and black 
backgrounds’. An attempt has therefore boon made 
to locate the cells producing the chromatophore-regulating 
hormone(s) in the teleost pituitary after adapting the fish 
to black or white backgrounds for prolonged periods. 
‘The work recorded here is a preliminary survey made.on 
several species of teleost (Table 1). 

Cytological differences were observed between the 
pituitaries of black- and white-adapted specimens of some 
but not all the species examined. Only certain cells 
from the meta-adenohypophysis were affected—the lead- 
hematoxylin (Pb) cells in Salmo spp. and Phoxinus and 
the periodic acid—Schiff-positive (P.A.S. + ve) cells in 
Cichlasoma and Blennius. A comparison of the cell types 
composing the meta-adenohypophysis of the different 
species is given in Table 2. 

In both species of Salmo from a white background most 
of the lead-hematoxylin cells were darkly stained and 
club-shaped; the cytoplasm was elongated towards the 
nervosa and was often relatively sparse around the 
nucleus. In black-adapted specimens very many of the 
cells, especially towards the centre of the gland, showed 
degranulation: frequently only the cytoplasm bordering 
the nervosa contained stainable material; the cells were 
often enlarged and their nucleus included a prominent 
nucleolus. These differences between the two groups 
suggest a promotion of activity of the lead-hematoxylin 
celis and increased hormone release during adaptation 
to a black background. 

In Phoxinus a similar result was obtained although 
the staining reactions were rather more variable among 
the fish from each group. In this species, however, the 
results are less easily interpreted; while it is possible that 
degranulation of the lead-hematoxylin cells in the black- 
adapted minnows results from an increased rate of hormone 
release, the nucleolus in such cells was rarely evident and 
the cells were rounded and often appeared to have lost 
contact with the nervosa and blood vessels. It is uncer- 
tain whether or not the P.A.S. + ve cyanophils of the 
meta-adenohypophysis were affected by background 
colour; in several black-adapted minnows these cells 


f. Table 1 
No, examined from Duration Month 
Species white black of exp. wher killed 
background 
Phoxinus phoxinus, adult 
7-8 cm 8 8 1-12 months Various 
Salmo trutta, 2nd year 
parr 5 8 23-6 weeks! November 
Saino gairdneri, Ist year 
1 1 6 weeks November 
Cichlasoma nigrofasctatum, : 
aduli 6 6 1-6 weeks Various 
Blennius pholis, adult, 
&-12 cm 9 7 8 weeks September 
Carassius auratus, c. 18 
months (melanie) 2 2 5 weeks December 
c. 2 year (xanthic) 4 4 10 months September 
„Ameiurus nee, adult, , é a ee 
non-grav! weeks ‘ebruary 
Spinachia spinachta, 1st 
year immature 7 9 3-5 weeks September 


Pituitaries were fixed in Bouin's or Bouin—Holland 'sublimate fixative 
«after Herlant) and stained with periodic acid—Schiff and lead hematoxylin, 
Azan’s trichrome or Herlant’s tetrachrome, 
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Table 2 
Species Pb. cells Other cells 

P. phoxinus Azocarmine acidophils Cyanophils P.A.8.+ve 
Salmo spp. Alizarine-blue cyanophils Chromophobes 

C. nigrofasciatum Cyanophils Orange-G acidophiis 

P.A.B. + ve 

B. pholis Cyanophils Amphiphils P.A.S.+ve 
C. auratus Weak cyanophils Orange-G acidophils 
A. melas Weak cyanophils Orange-G acidophils 
S. spinachia Cyanophils P.A.S.+ve Chromophobes 


Underlining indicates those cells showing cytological differences between. 
black- and white-adapted specimens. 


stained darker than those in white-adapted specimens 
but in other minnows there was no difference between the 
two groups. 

In Blennius and Cichlasoma the P.A.S. +ve but not 
the lead-hematoxylin cells showed variations correlated 
with the background colour. In black-adapted specimens 
these cells were large and usually stained strongly with 
periodic acid-Schiff; the nucleus included a prominent 
nucleolus. In all the Cichlasoma and eight of the nine 
Blennius from a white background the majority of the cells 
were small, usually stained less strongly with periodic acid- ` 
Schiff and the nucleolus was not prominent. These 
differences again suggest that cellular activity was pro- 
moted during black-adaptation. 

The teleost pituitary may thus include cells which 
though dissimilar in tinctorial and histochemical charac- 
teristics in different species are comparable in becoming 
activated during adaptation to a black background. 
The hormone they produce may possibly be one stimulat- 
ing either chromatophore dispersion or melanogenesis— 
perhaps not the same hormone in all species. 

There was no difference between the pituitaries of white- 
and black-adapted specimens of Carassius, Ameiurus and 
Spinachia. Release of chromatophore-regulating hormone 
is therefore not necessarily accompanied by pronounced 
cytological changes in the pituitary cells. 

Chromatic changes, unrelated to the background colour, 
may occur during the reproductive period or during the 
life-cycle of many teleosts. 

It is therefore possible that there is a functional relation- 
ship between the activity of the cells producing the chrom- 
atophore-regulating hormone and that of other endocrine 
glands, as appears to exist between intermedin and other 
hormones in amphibians? and mammals!*. The extent 
of cytological response of the pituitary cells to different 
backgrounds may thus be influenced by the physiological 
state of the specimen. Further work on the factors 
affecting the activity of the meta-adenohypophysial cells 
is in progress. 

I thank Prof. N. Millott of Bedford College, University 
of London, for the provision of facilities and the Depart- 
ment of Scientific and Industrial Research for a research 
scholarship. 
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3 Ortman, R., Acta Endocrinol. (Copenhagen), 23, 437 (1956), 
* Cehovic, M. G., C.R. Acad. Sci., Paris, 250, 1114 (1960). 
t Courrier, R., and Cehovic, M, G., C.R. Acad. Sci., Paris, 251, 832 (1960). 


aaa B., Shizume, K., and Bundig, I., J. Clin, Endocrinol., 14, 1463 


Niche Diversification in a Parasitic Species 
Flock 


Ix the present discussions on factors limiting the size of 
natural populations’, investigations in helminthology, 
though they have much to contribute, have received little 
attention. A rigorously tested case of mutual habitat 
exclusion, as has been called for?, was demonstrated 
experimentally with Hymenolepis (Cestoda) and Monili- 
formis (Acanthocephala) in white rats’, More common 
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than such cases of direct competition 
are examples of niche diversification 
among two to three congeneric species 
that may be found in the same host 
individual*-’. Co-existence of numer- 
ous related nematode species in 
vertebrates has also been claimed’. 
The European tortoise, Testudo 
graeca, with its ten or more species 
of colon-inhabiting Tachygonetria 
(Oxyuroidea), was chosen, from 
among those host-parasite com- 
munities in which coexistence was 
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thought to occur, for an examination 
of the population ecology of a nema- 
tode species flock. In ten tortoises, 
total adult female Tachygonetria 
populations averaged 2,408-8 or about 





























18-5 worms per mm of colon. Of 
these, females of eight species, those 
having attained taxonomic stability, 
were differentially counted. Their 
abundance and incidence are shown o 


% of population 











in Table 1. The small size of the 
males and most juveniles makes a 














differential count impractical and, 
therefore, they were not considered. 
The general findings concerning 
differential distribution are herein 
reported. Details of other aspects 
of the problem will appear elsewhere. 


Table 1. ABUNDANCE AND INCIDENCE OF FEMALE Tachygonetria IN TEN 
Testudo graeca 


No. of worms Occurrence 
T. dentala 7,138 10 
T. macrolaimus 3,480 10 
T, conica 1,942 10 
T. stylosa 723 
T. microstoma 718 10 
T. uncinata 457 
T. robusta 300 10 
T. numidica 198 


The colon is composed of two clearly demarcated zones: 
(1) an anterior expanded section (division I in Tables 2 and 
3, and Fig. 1); (2) a long tapering zone (divisions II et seg. 
in Tables 2 and 3 and Fig. 1) ending at the cloaca. The 
nematodes appear suddenly at the ileocolic juncture and 
extend posteriorly in diminishing numbers so that the 
posterior third of the colon is practically worm-free. 
Table 2 shows the linear distribution of seven species in 
four tortoises. The interspecific distributional overlaps 
are more impressive than the differences. 


Table 2, LINEAR DISTRIBUTION OF Tachygonetria FEMALES IN THE COLON 
OF Four T. graeca* 


Population in linear divisions of colon (%) 


I II Tm Iy v VI 
T. uncinata 100 — — — — — 
T. macrolaimus 82 17 1 1 — — 
T, conica 84 81 5 1 — — 
T., microstoma 62 33 5 1 — — 
T. dentata 36 40 18 5 — — 
T. robusta 19 66 11 4 1 — 
T. siylosa 1 2 20 71 8 1 


* T. numidica was absent in these tortoises. 


However, when radial distribution is taken into con- 
sideration, the interspecific overlaps are greatly reduced. 
To examine radial distribution, the colon of each of six 
additional tortoises was rapidly frozen in liquid air at 
—147° ©. The frozen bowel was cut at standard intervals 
so that four of the resulting sub-divisions equalled one 
division of the previous series. The last two divisions, 
having few worms, were excluded. Two sub-divisions per 
division were then taken from each colon according to a 
plan whereby, over six tortoises, all possible combinations 
of two were assigned to each division at random. Thus, 


Species of paramucosal distribution 


Species distributed throughout lumen 


Fig. 1. Distribution of Tachygonetria females in the colon of six Testudo graeca, Above cach column 
of distributional diagrams is a tracing of a representative colon. The divisions (I-IV) are com- 
parable for all tortoises examined, while the subdivisions a 


pply, only to the six tortoises in which 
radial distribution was investigated 


Table 3. DISTRIBUTION OF Tachygonetria FEMALES IN THE COLON OF SIX 
. graeca 
Population (%) in: 
Linear divisions Radial divisions 


I II lr IV Ring Core 
T., uncinata 86 13 1 — 81 19 
T, numidica 81 18 1 _- 59 41 
T. microstoma 70 26 3 1 95 5 
T, macrolaimus 62 28 7 2 47 53 
T, dentata 41 46 10 2 54 46 
T. conica 29 68 3 — 56 44 
T. robusta 28 44 24 8 88 12 
T., stylosa 16 44 32 8 100 _ 


each sub-division was sampled three times. From each of 
the selected sub-divisions, an inner core and an outor ring 
of about equal volume were taken by means of a calibrated 
series of borers. This plan permitted a study of both 
linear and radial distribution, the results of which are 
shown in Table 8. With the exception of T. comica, good 
confirmation is provided for the previously observed linear 
distributions. The interspecific differences in radial 
distribution are striking. Four species, T. uncinata, T. 
microstoma, T. robusta, and T. stylosa, show a strong 
affinity for the area bordering the mucosa (ring), while 
the remainder are distributed throughout the lumen (both 
ring and core). Two categories of radial distribution are, 
therefore, recognized: (1) species at least 75 per cent 
restricted to the paramucosal lumen; (2) species distribu- 
ted throughout the lumen. The diagrams (Fig. 1) visualize 
the distributional data from the six tortoises, and show that 
the linear overlaps are greatly decreased by differences in 
radial distribution. Pairs of species with the most similar 
patterns of linear distribution, namely, T. uncinata and 
T. numidica, T. microstoma and T. macrolaimus, differ in 
radial distribution. However, several broad interspecific 
distributional overlaps remain, 

Preliminary observations on the food habits of two of 
the species overlapping most broadly, T. robusta and 
T. stylosa, show that the former is an indiscriminate feeder 
on lumen contents, while the latter feeds on fine particu- 
late matter recognizable mainly as bacteria. These 
differences can be correlated with differences in oral 
morphology. Since striking dissimilarities in oral struc- 
ture are observed between other combinations of species 
with similar patterns of distribution, it is probable that 
these also differ in food habits. 
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„Interspecific seasonal variation in abundance and 
differences in population densities, depending on age and 
sex of the host, are also probable. An examination of the 
parasites of Testudo horsefieldi, which included seven of 
the eight species considered here, showed interspecific 
differences in abundance depending on two of these 
factors, season and age of host®. Thus, niche diversifica- 
tion beyond that shown by the distributional studies here 
reported may be expected. 

G. A. Scuap 


Institute of Parasitology, 
McGill University, 
Macdonald College Post Office, 

Prov. Quebec. 
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The Motor Axon Terminations of Annelids 


‘Previous work on the histology of the peripheral nerves 
of annelids has failed to reveal the nature of the termina- 
tion of the motor axons on the muscle fibres. Retzius? 
and Smallwood? both described the motor axons of 
Lumbricus as ending simply with small swellings on the 
surface of the muscle fibres after producing a few lateral 
branches. Smallwood described a second type of ending 
which ‘may be similar to those presented here, but his 
figure is inadequate. Fig. 1 is a photograph of a methylene 
blue preparation of Nereis diversicolor showing the 
termination of three motor axons on the parapodial 
levator muscle. They are located in the dorsal region of 
the parapodium where the fibres of this muscle originate 
on the connective tissue underlying the epidermis. I have 
also found similar endings in this position in Nereis virens. 
Each axon divides into a cluster of 15-20 end plates and 
transverse sections of the preparation showed that these 
were on the surface of a small group of muscle fibres. The 
endings (Fig. 2) are similar to the grape type shown by 
Gray? to occur on the tonic muscle fibres in the frog. If 
the simple type of termination described by Retzius 
represents a true functional ending, the occurrence of a 
second type is of great interest in view of the evidence put 
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Fig. 1. Photomicrograph of motor axons and terminations on para- 


podial levator muscle of Nereis. Methylene blue 
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Fig. 2. Camera lucida drawing of a section cut at 7u through the 

endings shown in Fig. 1. con, Connective tissue; cut., cuticle; ep., 

epidermis; mot.az., motor axon endings; m.f., muscle fibre. Methylene 
blue and eosin 


forward by Horridge* and Wilson! for fast and slow systems 
of muscular contraction. It suggests the possibility that 
each type of muscular response may be mediated through 
morphologically distinct endings. 
D. A. DORSETT 
Marine Science Laboratorios, 
Monai Bridge, 
Anglesey. 
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Responses of Mytilus edulis Larvæ to 
Increases in Hydrostatic Pressure 


Knight-Jones and Qasim! have reported that a number of 
marine planktonic animals are sensitive to small changes in 
hydrostatic pressure. These animals included crustacean 
and polychete larve, which tended to become more active 
and swim upwards when submitted to increased pressures. 
The value of such a response to a planktonic organism of 
high specific gravity must be very great. 

The response of the larve of Mytilus edulis to increases in 
pressure have been investigated using the apparatus 
described here. Three different stages in the larval 
development have been used: the early veliger, or veli- 
concha, larva; the later, eyed-veliger, larva; and the 
pediveliger. or swimming-crawling stage, larva. 

The apparatus consisted of a large pressure reservoir 
fitted with a gauge and hand-pump, which could be used 
for building up pressures up to 1:62 atmospheres above 
ambient, and & small experimental chamber in which the 
larve could be observed under a binocular dissecting 
microscope. Communication between the reservoir and 
the experimental chamber was made through pressure 
tubing and controlled by a screw clip. The larve were 
introduced into the experimental chamber and the 
pressure pumped to the required level in the reservoir 
tank, with the clip closed. On releasing the pressure into 
the experimental chamber, the response of the larve 
could be observed directly, and the pressure above ambient 
recorded from the gauge. Mytilus larve of different ages 
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were subjected to increases in pressure of 0-54, 0-81, 1-08, 
1-36 and 1-62 atmospheres above ambient, corresponding 
to depths of 7-7, 9-0, 10-4, 11-8 and 13-1 metres respec- 
tively. Light conditions in all experiments were constant, 
a dim, diffuse lighting of 20-30 ft.-candles being used; the 
temperature was 18° C in all cases. 

Under normal conditions of pressure (that is, 1 atmo- 
sphere, or ambient), the early veliconcha and eyed-veliger 
larve of Mytilus exhibit a slow, spiral swimming pattern 
with a resultant gradual movement upward. Under con- 
ditions of increased pressure, however, this behaviour is 
altered to a direct upwards movement, without the spiral 
component. Early veliconcha larve show this change of 
swimming pattern at an increased pressure of 0-54 
atmospheres above ambient; the eyed-veliger larvee show 
no change at pressure increases of less than 1-08 atmo- 
spheres above ambient. Pressures of less than 0-54 
atmospheres above ambient have not yot been‘used, so 
the stimulus threshold of the early veliconcha larve is not 
known. 

Under conditions of ambient pressure the pediveliger 
larve of Mytilus alternate between crawling on the 
substrate and swimming just above it. In still water, in 
the laboratory, these larve usually swim a few centi- 
metres above the bottom. This behaviour remains 
unaltered with pressure increases of up to 1:62 atmo- 
spheres above ambient. 

Results of some experiments are plotted in Fig. 1. This 
shows the number of larve (20 larvæ used in all cases) 
counted within 1 cm of the surface under control con- 
ditions of ambient atmospheric pressure and experimental 
conditions of 1:36 atmospheres above ambient (or 11-8 m 
depth). 

Early veliconcha larve react quickly to this increase, 
concentrating on the surface within 2 min. Eyed-veligers 
are somewhat slower to respond, concentrating on the 
surface after 10 min. The results for these two larval 
stages differ significantly at the 1 per cent level as the 
result of increased pressure. -Pediveligers, however, 
show no response. The controls, at normal pressure, 
also eventually concentrated at the surface, but did 
so significantly more slowly than the experimental 
animals. Moreover, even when they have reached 
the surface, the swimming behaviour of larve at 
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Fig. 1. Response of Mytilus edulis to a pressure of 1:36 atmospheres 

above ambient. YW, Early veliconcha experimentals; V, early veli- 

concha controls; $, eyed-veligers experimentais; [7, eyed-veligers 
controls; O, pediveligers, experimentals and controls 
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Figs. 1-4, Ephedra-type pollen from Dharamsala formation (Tertiary), 
Punjab, India. 1 and 2, Photomicrographs of 2 grains; 3 and 4, camera 
lucida drawings of the grains. {x 1,000) 


but later modified her findings and referred the grains to 
Schizaeaceae. Kuyl, Muller and Waterbolk! have reported 
Ephedra type of pollen from the Upper Eocene to the 
Middle Cretaceous of the United States, Iraq, Venezuela 
and Nigeria. Scott? recorded pollen of Ephedra from the 
Upper Triassic of the United States and suggested that 
the name Hquisetosporites Daugherty should be aban- 
doned as it is a conspecific Ephedra pollen. The range of 
these grains can thus be traced almost without a break 
from the Triassic to the Pleistocene and should have, 
therefore, a great phylogenetic significance. 

Recently, Bharadwaj? has recorded some ‘‘non-saccate 
pollen grains” and referred to “Gnetaceaepollenites and 
Welwitschiapites’’, which closely resemble pollen of living 
Ephedra and Welwitschia, from coals of Raniganj Stage 
(Upper Permian) of India, thus corroborating Wilson’s! 
evidence extending the fossil history of this group to 
Permian. 

It appears that these grains possibly have a restricted 
range of occurrence, and had a distribution from Jammu 
and Kashmir to Assam covering practically the whole 
Himalayan region from west to east. During Lower 
Miocene to Oligocene times, the conditions probably 
favoured growth of such type of vegetation. 

Ephedra has a restricted distribution to-day in Kashmir 
and North-West India. 

Woe thank Sri V. Raiverman and Sri S. Venkataraman, 
geologists, Oil and Natural Gas Commission, for collecting 
the samples and supplying other necessary information. 


A. K. GHOSH 
D. BANERI 
S. K. SBIVASTAVA 
Palynology Laboratory, 
Oil and Natural Gas Commission, 
Dehra Dun. 


1 Wilson, L. R., Oklahoma Geol. Notes, 19, No. 2, 35 (1959). 

2 Scott, R, A., Micropaleontology, 6, No. 8, 271 (1960). 

3 Wodehouse, R. P., Torrey Club. Bull., 60 (1933). 

* Wodehouse, R. P., Mem. Conn. Acad., 9 (1935). 

z Borovina N. A., cited In Catalog of Fossil Spores and Pollen by Kremp, 

è Kuyl, O. S., Muller, J., and Waterbolk, H, T., Geologie en Mijnbouw, N.8. 
17, No. 3, 49 (1955). 


7 Bharadwaj, D. C., The Palacobotanist, 9, Nos. 1 and 2, 68 (1960). 


* Worn R. P., Pollen Grains (McGraw-Hill Book Co., New York, 


* Cookson, I. O., Nature, 177, 47 (1956). 
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The Teaching of Biology 


My colleague Prof. D. G. Catcheside has not, I think, 
had much experience either of teaching elementary biology 
or of devising syllabuses. If he had, he would know that 
his proposals! for unifying the teaching of biology, at 
present consisting largely of long words that are meaning- 
less until they are defined, will have to be translated into 
lecture notes, text-books and examination questions. 
When this hag been done he will find, I suspect, that, 
allowing for natural evolution, what is presented to the 
student will be much the same as has been given to him 
for a good long time. My own school education in physics 
and chemistry, for example, now more than thirty years 
old, included almost everything in his list, the only omis- 
sions being things such as high-energy bonds which were 
not then known. It included also the method of dimen- 
sions, surface tension, sound, general wave theory, and 
other topics that are not in his list, but which are just as 
necessary to the zoologist as any that are. 

The premises of Catcheside’s arguments appear to be 
two, both of which are unproved. 

(1). “The reality of biology as a subject lies in the unity 
inherent in the apparently universal similarity in the con- 
stitution of cells.” I am not going to enter into the 
interesting questions whether biology is real or ideal and 
whether non-cellular organisms ought so easily to be 
excluded from its scope, but what is important is that for 
me and for many ‘others the interest of biology lies in its 
diversity. To say that because sperm tails and forn cilia, 
have a similar structure there is a “Jack of serious distinc- 
tion between plant and animal material” is ludicrous; 
Prof. Catcheside is not an oak tree nor am I a nettle, and 
to pretend that we are is nonsense. The “universal 
similarity” (which every schoolboy knows to be extremely 
limited) makes the diversity more, not less, remarkable. 

(2). That there is such a thing as “the whole deductive 
and inferential structure of biology as a science”. On the 
contrary, biology is mainly inductive, and many of 
Catcheside’s topics are standing on their heads both 
historically and philosophically. Thus, if you study ‘the 
structure and functions of genes and the problems of 
development and differentiation” you are likely to go 
nowhere except into a blind alley, but you may fruitfully 
study development and then try to seo what part the 
genes, so far as they are known, may play in it. If 
Catcheside’s second premise were true The Origin of 
Species would never have been written. ns 

The tragedy of this sort of attempt to eliminate organ- 
isms from biology and to make it into a sub-division of 
physics lies in its possible educational effect. The world 
is full of physical scientists who never have to make 
judgments and of administrators whose living is making 
judgments with no science. The biologist stands in 
between. He must know enough physics to be able to 
deduce from given facts within the framework of Nature’s 
laws, but in many fields—ecology, taxonomy, paleon- 
tology—he has to exercise his judgment on inadequate 
facts with few or no laws to guide him. For this reason 
he can be an important bridge between science and 
government. This, in both the short and the long run, 
is a more important task for many biologists than finding 
out more about nucleic acid. 

W. B. Yarp 


Department of Zoology and 
Comparative Anatomy, 

University of Birmingham. 

1 Catcheside, D. G., Nature, 197, 427 (1963). 


I am delighted that Mr. Yapp’s letter should be pub- 
lished, to show what obstacles must be overcome by 
reformers of biological teaching. His letter shows how 
badly reform is needed, 

D. G. CATOHESIDE 
Department of Microbiology, 
University. of Birmingham. 
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SOIL SCIENCE 


Biotite - Hydrobiotite - Vermiculite in Soils 


In the course of experiments dealing with the potassium 
chemistry of a group of alluvial and colluvial soils of 
California deived largely from weathering products of 
granite-diorite, we have obsetved the occurrence of 
minerals, presumably alteration products of biotito, 
which include trioctehedral vermiculite! and hydro- 
biotite? (regularly interstratified biotite—vermiculite). 
The minerals occur in some abundance in the fine sand, 
silt, and 0-5-2u clay and are responsible for from 20-50 
per cent of the cation-exchange capacity of tho soils 
examined. A typical X-ray diffraction pattern for a 
magnesium-silt fraction, showing 25-A and 12-5-A peaks 
from hydrobiotite, 1448 and 7:24 A diffraction maxima 
from vermiculite and a 10-1-A mica line is reproduced in 
Fig. 14. Only 10-1-A and 7-1-A peaks were observed 
after saturation with potassium and air-drying, while 
sodium saturation resulted in peaks at 22-5, 12-3, 11-25, 
and 10-1 A. Treatment of magnesium material with 
glycerol or ethylene glycol did not change peak posi- 
tions. 

-To establish whether the micaceous minerals oxisted 
as separate flakes or intergrowths, the 100-200 mosh 
fraction of a Hanford soil (0-12-in. layer) was subjected 
first to magnetic and then specific gravity separation. For 
the latter, magnetic minerals were saturated with mag- 
nesium and placed consecutively in mixtures of tetra- 
bromoethane and toluene which differed in density by 
0-05 unit between 2°35 and 2:95. The density separation 
was attempted on the grounds that 14 A magnosium— 
vermiculite should have a density 0-82 that of biotite, with 
hydrobiotite midway between. The relatively unaltered 
biotite had a density near 2-95, leading to expected values 
for vermiculite and hydrobiotite of 2-42 and 2-68, respec- 
tively. 

Yields were largest in the density-ranges 2:40-2:45, 
2:55-2:60, 2:65-2:70, and above 2-80 (Table 1), suggesting 
that the sample may have been separated into four 
mineral species. X-ray diffraction patterns obtained 
using a North Amorican Phillips instrument, utilizing 
copper Ku-radiation with 1° slits and a scanning poriod of 
1° 26 per min, showed the supposition to be largoly 
correct. Traces of the diffraction patterns between 2° and 
14° 26 for the main fractions (Fig. 1B-F) show the 
presence of vermiculite with only a trace of hydrobiotite 
in the material less dense than 2-45 (B), hydrobiotite with 
some vermiculite at density between 2-55 and 2:60 (C), 
almost pure hydrobiotite of density 2-65-2-70 (D), and 
slightly altered biotite (F) of density 2-85-2-95. Pattern 
E in Fig. 1 was given by material with density 2-70-2-75, 
regarded as intergrown biotite—hydrobiotite. Tho sharp 
7-1-A peaks in D and EH are due largely to chlorite. 

The fractions of different density were examined micro- 
scopically and cation-exchange capacities determined by 
leaching with RbCl followed by water washing ond 
direct counting of the rubidium-86 photo peaks. 

The refractive index (Table 1) decreased from > 1-695 
for biotite to about 1:605 for magnesium—vermiculito. 
Hydrobiotite fractions had refractive indices between 1:640 
and 1-660. Potassium-saturation of vermiculite raised the 
refractive index to about 1-655, above that for hydro- 
biotite but well below the value for biotite. 

The mica flakes of density > 2-95 showed no distortion, 
gave good interference figures, and exhibited sharp 
extinction. Distorted edges and fuzzy intorferonco 
figures were observed in the d=2-85-2-95 fraction, and 
distortion increased progressively in the lighter fractions. 
The material with densities between 2-50 and 2-65 con- 
sisted mainly of puffed or accordion-like grains, while the 
vermiculite (d< 2-45) was in the form of thin distorted 
plates. The microscopic appearance along with tho 
rather gradual change in refractive index with decrease 
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Table 1. DENSITY SEPARATES OF WEATHERED BIOTITE FROM A HANFORD 
Som: YIELDS, CATION-EXOHANGE CAPACITIES, AND REFRACTIVE INDIOES 


Cation-exchange 


Density Yield of fraction capacity Refractive index 
(%) (m.equiv./g) 

< 240 6-9 ~ — 
240-245 18-4 1-10 c. 1-605 
245-255 68 — 1-605-1:825 
2:55-2:60 14-6 082 1-625-1-645 
2-60-2°65 68 0-48 1-640-1-655 
265-270 18-1 0-35 c. 1-660 
270-280 26 — c. 1-665 
280-285 8&1 0-23 c. 1:675 
2:85-2:95 73 0:15 1-685--1-695 

> 2-95 10-3 0-06 > 1:60! 


in density suggests that compound particles contain- 
ing biotite-hydrobiotite or hydrobiotite—vermiculite 
occur. 

The cation-exchange capacities (Table 1) in m.equiv./g 
(air dry) were 1-11 for vermiculite, 0-48 for hydrobiotite, 
and 0-15 for slightly altered biotite. If the exchange 
capacity of the vermiculite (~ 1-4 m.equiv./g on a water- 
free basis) is a true measure of lattice charge, considerable 
alteration of biotite beyond substitution of divalent 
cations for potassium has occurred. The capacity of the 
hydrobiotite fraction was considerably less than half that 
of vermiculite, but this was due in part at least to the 
presence of considerable quartz in the material with 
density between 2:65 and 2:70. 

In summary, biotite weathering products including 
vermiculite, hydrobiotite, and other interstratified min- 
erals have been identified in a number of soils and separa- 
ted into individual components. Tho biotite-weathering 
process differs from that described by Walker* in that 
regular hydrobiotite is prominent. In contrast with 
Stephen’s® observations, little chlorite was found. In 
fact, the micaceous minerals in the silt and coarse clay are 
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Fig. 1. X-ray diffractometer traces for silt from Hanford soil (4) and 

micaceous minerals separated from 100-200 mesh soil material in the 

following density ranges: B, 2:40-2:45; C, 2-55-2-60; D, 265-270; 
E, 270-275; F., 2:85-2:95 
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quite similar to those from the Libby, Montana, vermicu- 
lite deposit, described by Bassett®. 


N. T. COLEMAN 
F. H. reRovx 


University of California, 
Riverside. 
Joun G. CADY 


Soil Conservation Laboratories, 
Beltsville. 

1 Barshad, I., Soil Sci., 72, 361 (1951). 
2? Barshad, I., Soil Sci., 61, 423 (1946). 
* Gruner, J. W., Amer. Mineral., 19, 557 (1984). 
+ Walker, G. F., Mineral. Mag., 29, 72 (1950). 
5 Stephen, I., J. Soil Sci., 3, 20 (1952). 
® Bassett, W. A., Amer. Mineral., 44, 282 (1959). 


influence of Fine Particle Materials on Survival 
of Rhizobium trifolii in Sandy Soil 


In a field experiment being carried out by one of us 
(F. J. R.) and concerned with subterranean clover (Tri- 
folium subterraneum L.) germination and establishment 
on very coarse-textured, infertile sands, we observed 
quite striking nodulation differences between treatments 
in the year following establishment. The experimental 
site was on a highly leached, deep, grey sand (Gavin 
series?) on the Swan Coastal Plain near Perth, Western 
Australia. Three fine-particle materials were used as 
soil amendments: (1) finely ground silica; (2) a mont- 
morillonitic clay (Wellesley series); (3) fly ash—a waste 
product from a power house consisting mainly of burnt 
clay. These were screened to pass a 30 mesh sieve and 
incorporated into plots (7 links x 11 links) to a depth of 
3-4 in. and at a rate of 30,000 lb./acre (= approximately 
2:5 per cent of the soil mass to a depth of 3 in.). All 
plots, including unamended controls, received a complete 
fertilizer dressing. Lime-pelleted Dwalganup subter- 
ranean clover seed was inoculated with a commercial 
peat culture and sown in autumn 196]. In the first 
season, nodulation was uniformly good, but differences in 
germination, growth and seed production were observed 
between treatments. 

Nodulation counts in the 1962 growing season on four 
replications of each treatment showed that fly ash and 
clay markedly influenced the survival of the clover 
root-nodule bacteria in this soil (Table 1). The nodulation 
in the fine silica treatment was not significantly different 
from that in the unamended soil, despite the pronounced 
effect of the fine silica on seedling numbers. In an addi- 
tional unreplicated trial, rates of fly ash at 0, 10,000, 
20,000 and 30,000 Ib./acre resulted in nodulated plant 
percentages in the second season of 20, 60, 55 and 80 
respectively. These figures indicate that the fine-particle 
amendments are effective in influencing bacterial survival 
at comparatively moderate levels of application. It is 
important to note that of the 400 plants examined only 
three were nodulated near the crown of the root. The 
normal pattern was the formation of nodules at a depth of 
2-3 in. on lateral roots or on the lower portion of the 
tap root. Apparently, there was little or no survival of 
the root-nodule bacteria near the surface of both amended 
and unamended soils. This idea is supported by the almost 
total lack of clover root-nodule bacteria in most probable 
number counts made on soil samples taken at a depth of 
1 in. from each plot in mid-summer. 

Any explanations for the improved survival of Rhizo- 
bium trifolii in the clay or fly ash treatments are dependent 
on the cause(s) of death of these bacteria in the unamended 
soil between growing seasons. Survival of the root- 
nodule bacteria is unlikely to be influenced adversely by 
the pH of this soil (5-8). Prolonged drought and high 
temperatures during summer suggest that desiccation 
and heat may limit the survival in this sandy soil. If this 
is true, then the clay and fly ash provide protection to the 
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Table 1. EFFEOT OF SOIL AMENDMENTS ON GERMINATION AND NODULATION 
IN SECOND-YEAR CLOVER ON SANDY SOIL 


Germination Plants nodulated (%) 
(plants/sq. 1k.) 
Control 0-25 28 
Fine silica 17 21 
Clay 32 54 
Fly ash 82 73 


bacteria only at depths below 2 in. where the maximum 
soil temperatures are lower than near the surface. For 
example, recordings in a yellow sand at Perth? in January 
for the years 1957-61 showed a mean 3 p.m. soil tempera- 
ture of 50-5° C (max. 65-5° C) at 1 in. and a mean of 37-8° C 
(max 47-2° C) at 4 in. We cannot overlook the activities 
` of other micro-organisms in the soil as factors contributing 
to the poor survival of Rhizobium trifolii. Antibiotics 
active against clover root-nodule bacteria have been 
found in a Western Australian soil’, Soil texture diff- 
erences do influence the competitive interactions between 
soil micro-organisms' while different clay types may 
affect both competition and antibiotic production by 
soil micro-organisms®*, The nutritional status, which is 
altered by the clay and fly ash amendments, may be 
associated directly with the survival of the root-nodule 
bacteria or indirectly by effects on other soil micro- 
organisms. These possible explanations are being 
investigated. Detailed results of the effects of fino 
particle materials on clover germination and establish- 
ment will be published elsewhere. 


K. ©. MARSHALL 
F. J. ROBERTS 


Commonwealth Scientific and Industrial 
Research Organization, 
Western Australian Regional Laboratory, 
Nedlands, Perth. 
1 Bettenay, E., McArthur, W. M., and Hingston, F. J., C.S.7.R.0. Austral., 
Div, Soils, Soils and’ Land Use Ser., No. 35 (1960). 
* Kininmonth, W. R., Commonwealth of Austral. Bur. Meteorol. 
Rep. (1962). 


3 Holland, A. A., Ninth Easter School Symp., Antibiotics in Agriculte, , 
Univ. Nottingham (in the press). 


‘Marshall, K. C., and Alexander, M., Plant and Soil, 12, 143 (1960). 
* Skinner, F. A., J. Gen. Microbiol., 14, 393 (1956). 
€ Stotzky, G., and Todd, V. S., Bact, Proc., 54 (1961). - 
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GENETICS 
A Girl with Triploid Cells 


TRIPLOIDY in somatic human cells has been recorded on 
three occasions. Böök and Santesson! described a boy 
with gross mental retardation and syndactyly whose skin 
and connective tissue, when cultured, were found to 
contain both triploid and diploid cells; cultures from 
blood gave rise to diploid cells only. Pure cultures of 
triploid cells were obtained by Penrose and Delhanty? 
from fetal remnants in a case of missed abortion and by 
Delhanty, Ellis and Rowley? from a spontaneously 
aborted embryo. In all these instances, the triploid cells 
contained 66 autosomes and XXY sex chromosomes. The 
present communication describes a case in which triploid 
eslls with XXX sex chromosomes were found. 

The patient is a girl, 6 years of age, who has a mild 
degree of mental retardation, left-sided hemiatrophy and 
zygodactyly. Fibroblast cultures, obtained from skin 
biopsies, one taken on each side of the body, were found to 
contain triploid and diploid cells in about equal quan- 
tities. The diploid cells had normal female karyotypes. 
A culture of leucocytes from the blood showed only 
normal diploid cells. The somatic distribution of diploid 
and triploid cells, thus, seems to be similar to that 
described by Böök and Santesson. 

At the time of the patient’s birth, her father was thirty- 
nine years of age and her mother twenty-three; she has 
now & brother aged four and a sister aged two. Examina- 
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tion of the antigens on erythrocytes and in the saliva 
yielded results which, for the ABO and Lewis systems, 
are given in Table 1. 


Table 1. BLOOD GROUP ANTIGENS FOUND IN MEMBERS OF THE PATIENT'S 
AMILY 


Subject Erythrocytes Saliva 
Father A,O Iela- b+) AH Le* Le? 
Mother BO Le(a—)* BE absent » 
Patient 00 Iela- b+) BH a ie? 
Brother A,B Le(a—)* ABH Ie: ie? 
Sister 00 Lela— b+) H Let Le 


* Only Le” anti-serum which contained anti-B was available. 


The patient’s plasma contained anti-A antibody but no 
anti-B although both would normally be present with 
group O cells. Her saliva, however, contained B antigon. 
Tests on epithelial cells in buccal mucosa, carried out by 
the method of Coombs, Bedford and Rouillard*, showed 
that some of them also contained B substance. It was 
concluded that the ABO genotype of the diploid cells was 
OO and that of the triploid cells was OOB. Tests in the 
MNSs, Rh, Kell and Lutheran systems did not indicate 
any increased antigen quantities on the subject's red 
cells. Starch-gel electrophoresis of the plasma, showed that 
her haptoglobin type was 2 : 1 and her transferrin type, 
C:¢. 

The origin of the triploid cells is a matter for specu- 
lation but the ABO tests make it fairly certain that an 
extra, haploid set “has been derived from the pationt’s 
mother. One explanation might be that, after fertilization, 
the haploid polar body nucleus formed by the second 
meiotic division of the ovum was not extruded. The 
triploid line could then originate during the first zygotic 
division, by the incorporation of a haploid complement 
into one of the daughter nuclei but not into the other. 
The absence of any evidence of triploid cells in tho leuco- 
cyte cultures or in red cell precursors seems to indicate 
their failure to take part in hematopesis. It is not yet 
clear whether the child’s asymmetry is a direct result of 
her abnormal somatic cells or an exaggeration of existing 
hereditary tendency. The mother shows a very slight 
degree of asymmetry but her colls, examined in cultures 
from her fibroblasts and leucocytes, showed normal female 
karyotype. 

We thank Dr. R. E. Bonham Carter, Dr. Sylvia D 
Lawler, Dr. Margaret Penrose and Dr. A. M. O. Veale for 
their help at various stages in these investigations. The 
work was supported by a research grant (RG-6984) from 
the United States Public Health Service. 


J. R. ELLs 
Rora MARSHALL 
I. C. S. NORMAND 
L. S. PENROSE 
Galton Laboratory, 
University College, 
and University College Hospital, 
London. 
1 Böök, J. A., and Santesson, B., Lancet, i, 858 (1960), 
2 Penrose, L. S., and Delhanty, J. D. A., Lancet, i, 1261 (1961). 


2 Delhanty, J. D. A., Ellis, J. R., and Rowley, P. T., Lancet, i, 1286 (1961). 
4 Coombs, R. R. A., Bedford, D., and Rouillard, L, M., Lancet, i, 461 (1956). 


Hæmoglobin Patterns of Plaice, Flounder, 
and their Natural and Artificial Hybrids 


TH® occurrence in Nature of hybrids between tho twa 
flatfish species, plaice (Pleuronectes platessa) and flounder 
(Platichthys flesus), has been reported by several authors?!-5. 
The hybrid origin of this form was inferred from itə 
distinct intermediate character in a number of morpho- 
logical characters. The validity of this interpretation has 
since been supported by the fact that morphologically 
very similar artificial hybrids have been reared”, 

While being rare elsewhere, the supposed hybrid is 
fairly common in the western parts of the Baltic Sea and in 
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the Danish Belt Sea. . By means of agar electrophoresis of 
hzmoglobins*, we have tried to clarify the relationship 
between the supposed plaice—flounder hybrid and its 
assumed parent populations in the Great Belt. The 
experiments were carried out with a phosphate buffer 
(pH 7-3, ionic strength 0-02). The hemoglobins were run 
for 30 min at 300 V between electrodes. 

111 specimens of plaice from the Great Belt all revealed 
identical hemoglobin patterns (Fig. 1, No. 1); the same 
pattern was established in 37 other specimens of plaice 
originating from four other Danish localities and in two 
specimens from the southern coast of Norway. Our 
flounder material consisted of 182 specimens from the 
Great Belt, 24 specimens from three other Danish localities, 
and two specimens from southern Norway. The flounder 
also proved to be monomorphic with regard to its hamo- 
globin pattern (Fig. 1, No. 2). It should be noted that the 
plaice and flounder patterns are easily distinguishable. A 
total of 34 supposed plaice—flounder hybrids, which were 
recognized morphologically, were collected in the Great 
Belt. With the exception of a single individual, on which 
we shall comment later, the supposed hybrids all showed 
the same hemoglobin pattern. This pattern, appearing 
as No. 4 in Fig. 1, is clearly different both from the plaice 
and flounder patterns and from the pattern one obtains 
by running an in vitro mixture of hemoglobin solutions 
from these species (Fig. 1, No. 3). It may be seen from 
Fig. 1 that the range of mobilities found in the supposed 
hybrid pattern is narrower than that of the in vitro 
mixture. In the more compact hybrid pattern seven 
distinct bands can be recognized, both visually and 
photometrically. 

We have had the opportunity of investigating the 
hemoglobin patterns of two specimens of plaice-flounder 
hybrids which had been produced artificially at Statens 
Biologiske Stasjon Flødevigen, Norway. These known 
hybrids proved to have a hemoglobin pattern almost 
indistinguishable from that found in the naturally occur- 
ring supposed hybrids. The only difference seemed to be a 
tendency of one of the seven bands of the natural hybrid 
to be resolved into two closely adjacent components in the 
pattern of the artificial hybrid. Considering this slight 
discrepancy not essential, we believe we have provided a 
firm confirmation of earlier authors’ view that the 
morphologically intermediate form found in Nature is a 
species hybrid between plaice and flounder. 

We have not attempted a systematic investigation of the 
frequency with which the natural hybrids occur. Accord- 
ing to local fishermen, whose ability to recognize the 
hybrid we trust, these may on some fishing grounds in the 
Great Belt occasionally constitute up to more than one- 
tenth of the total catch of flounders, to which species they 
are reckoned commercially. Similar values have been 
given by Strodtmann and Kandlert and by Pape’, 
Apparently, the hybrid swarm may at least occasionally 
reach quite a remarkable size. 

Since the first generation of artificial plaice—flounder 
hybrids is known to be fertile under experimental con- 
ditions’, the possibility exists that the species hybrids 
breed in Nature. Due to genetic recombination, hemo- 
globin patterns different from any of those presented in 
Fig. 1 would be expected among the offspring of the 
species hybrids. This expectation rests on the assumption 
that a minimum of two loci are involved in the determina- 
tion of the hemoglobins in the two species. We consider 
this assumption justified both by the complexity of the 
electrophoretic patterns observed in these species and by 
analogy with what is known about the genetics of human 
hemoglobins. Among altogether 327 individuals of 
plaice, flounder, and hybrids collected in the Great Belt 
we have found only one deviating pattern. This individual, 
which was recognized morphologically as a hybrid, may 
have resulted from a mating between two hybrids or 
between a hybrid and one of the parent species. Such 
deviations, however, apparently constitute at most a few 


NATURE 


oe 27, 1963 


oot epee eee 


a 


VOL, 198 


a Sele Hae 








i De © Origin 


Fig. 1. Hæmoglobin patterns of plaice (1), flounder (2), in vitro mixture 
of hæmoglobin solutions from these oo (3), and plaice—flounder 
y! 


per cent of the entire hybrid population. This leads us to 
believe that the great majority of the naturally occurring 
hybrid individuals are F, hybrids which for some unknown 
reasons are poor breeders under natural conditions. The 
observed integrity of the parent species, both with respect 
to their hemoglobins as well as to their morphological 
characters, also supports the point of view that, in spite 
of the remarkable size of the hybrid swarm, no significant 
introgressive hybridization oecurs between plaice and 
flounder. 

Quite apart from the taxonomical and genetical c con- 
clusions stated here, it may be worth while to stress the 
conspicuous difference between the hemoglobin pattern of 
& hybrid individual and the pattern shown by the in vitro 
mixture of hemoglobins from the parent species. The 
molecular weight of plaice hemoglobin is approximately 
70,000 (ref. 9) so in all probability the flatfish hemoglobins 
are tetramers just as they seem to be in all other gnathos- 
tomous vertebrates’. The presence of a number of novel 
hemoglobin components in the hybrid individuals as com- 
pared to the parent species may be taken to indicate that 
the tetrameric hemoglobin molecules of plaice and floun- 
der are composed of at least two different sub-units. Some 
of the novel components found in the hybrids may then 
represent hybrid molecules made up of sub-units from each 
of the parent species. This situation is comparable with 
that recently demonstrated in human individuals hetero- 
zygous in two different loci concerned with hemoglobin 
structure ia, 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 29 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION ‘at 
Savoy Place, London, W.C.2), at 2.30 p. m. and 5.30 p.m.—Colloquium on 
“Componenta and Devices for Compute I8” 


IMPERIAL COLLEGE OF SOIENCE AND TpogNoLoaY (at Prince Consort 
Road, London, 8.W.7), at 5 p.m.—Pro F. Weisskopf: ‘Fundamental 
Concepts in Elementary Particle Phe Vis lecture on May 1). 


BRITISH SOOLETY FOR THE PHILOSOPHY OF BOIENOR (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5.30 p.m.—Mr. @. J. Warnock: “‘Conceivability”. 


TOTEUTIN OF ELECTRICAL ENGINEERS {at Savoy Place, London, W.C.2), 
at 5.80 p.m.—Discussion on “Electricity in the Service of Road Traffic 
Control” opened by Mr. D. G. W. Mace. 


UNIVERSITY COLLEGE (at Gower Street, London, W.0.1), at 5.30 „m. 
Prof. O. Maalee: “Integration of Protein ‘and RNA Synthesis in Bacteria” 


Tuesday, April 30 


INSTITUTION OF CHEMICAL ENGINEERS (at the Park Lane Hotel, Picca- 
dilly, London, W.1), at 10.45 a.m.—41st Annual General Meeting. 


bs eabdes OF INSTRUMENT TECHNOLOGY, CONTROL TECHNOLOGY SECTION 
{at Manson House, 26 Portland Place, London, W.1), at 5 p.m.—Exposition 

—“The Relative Merits of Electric, Pneumatic and Hydraulic Actuators 
for a Given Application”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION P.G.P9 (at 
‘Savoy Place, London, W.C.2), at 5.80 p.m.—Mr. E. C. Scott, Mr. W. 
Casson, Mr. A. Chorlton and Mr. J. H. Banks: “Multi-Generator Transient 
Stability Performance under Fault Conditions”. 


INSTITUTION OF ELECTRICAL ENGINEERS, SOIENOE AND GENERAL DIVISION 
P.G.88 (at Savoy Place, London, W.C.2), at 5.30 p.m—Discussion on 
“University Courses—a Suitable Education for the Modern World?” 


Sonoon OF PHARMAOY (at 29/89 Brunswick Square, London, W.C.1), at 
5.30 p.m.-—Prof. K. J. Mysels: “Evolution and Equilibrium of Soap Films”. 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
Discussion on “Mathematical Tools for an Engineer”. 


Wednesday, May | 


e AY SOoIETY (in Lecture Theatre 20, Yniversity of London, 

’s College, Strand, London, W.C.2), ab 4.30 p.m, — . M. Liquori 

a iversity of Naples): “Conformational Stability of Helical Polypeptide 
Chains” * (Bourke Lecture). 


` ROYAL SOCIETY OF MEpIOINE, HISTORY OF MEDICINE SECTION (at 1 
Wimpole Street, London, W.1), at 5.15 p.m.—Annual General Meeting. 


Dr. W. H. MoMenemey: “On Medical History and Literature” (Presidential 
Address). 

ROYAL STATISTICAL SOCIETY (at the London School of Hy, rer and 

15 p.m. 


Tropical Medicine, Keppel Street, Gower Street, London, W.C. 1), a 
—Prof. M. S. Bartlett: “Spectral Analysis of Point Processes”, 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m. —Dr. F. Graham-Smith: “Radio 
Astronomy and the Electrical Engineer”, 


INSTITUTE OF PETROLEUM Gt 61 New Cavendish Street, London, W.1), 
at 6.30 p.m.—Mr. 8. W. J. Wallis: “Modern Control and ‘Instrumentation 
Techniques Applied to Refinery Oporations”’. 


BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS GROUP 
{at the London School of Hygiene and Tro ical IETT Keppel Street, 
Gower Street, London, W.C.1), at 6 p.m.—: A. Macfadyen: “Elec- 
tronic Melody Tnstruments”. 


SOCIETY FOR ANALYTIOAL CHEMISTRY a Univemity m wee Gower 
Street, London, W.C.1), at 6.30 p.m.—Prof. R Nyholm. S.: “The 
Use of Magnetic Resonance Measurements in RREK 


Wednesday, May !—fFriday, May 3 


PLASTICS INSTITUTE; SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND 
POLYMER GROUP; and the INSTITUTION OF THE RUBBER INDUSTRY (at the 
Institution of Electrical Engineers, Savoy Place, London, W.C.2), at 9.30 a.m. 
daily—Conference on “‘Advances in Polymer Science and Technology”. 


Thursday, May 2 


INSTITUTION OF ELECTRICAL ENGINEERS, SOIENOE AND GENERAL Poe 
P.G.87 (at Savoy Place, London, W.C. 2), at 2.80 p.m. and 5.3 — 
Discussion on “Application of Digital Computers to Scheduling. Contra 
and Communications in Steelworks”, 


FARADAY Society (in the Gossage Lecture Theatre, Donnan Laboratories, 
University of Liverpool, Vine Street, Liverpool, 7), at 5 p.m.—Prof. A. M 
Liquori (University of Naples): “Conformational Analysis of Ordered 

Linear Macromolecules” * (Bourke Lecture). 


LINNEAN SOOIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m.—Dr. Oloy Hedberg (Uppsala): “Ecological Studies of Giant 
Senecios and other Afro-Alpines’’; Mrs, Amy Jacot-Guillarmod: “High 
Mountain Vegetation of Basutoland”. 


UNIVERSITY COLLEGE (at Gower Street, London, W.C.1), at 5 p.m.— 
Dr. Myron L. Bender: “Spectrophotometric and Kinetic Investigations of 
the Mechanism of Catalysis by Chymotrypsin”’.* 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refri eration and Fan E; eering, Southwark Bridge Po: 
London, §.£.1), af 5.80 p.m.—Mr. R. A. P. Wertheim: ‘The Production 
and Refrigeration of Liquid Egg”. 
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Thursday, May 2—Friday, May 3 


ROYAL Socrery (at Burlington House, Piccadilly, London, W.1), at 
10.80 a.m. daily—Discussion on “Results from the ‘irat Anglo-American 
Satellite Ariel 1” organized by Sir Harrie Massey, F.R.S. 


Thursday, May 2—Saturday, May 4 


INSTITUTION OF MECHANIOAL ENGINEERS, STEAM | PLANT GROUP (at the 
Crown Hotel, Harrogate, Yorkshire)—Convention on “Steam Plant Engineer- 
ing: Present Status and Future Trends”. 


Monday, May 6 


FARADAY Soorery (in the Department of Chemistry, University of Keele, 
Keele, Staffordshire), at 6 p.m.—Prof. A. M. Liquori (University of Naples): 
“Geometry of Hy tocarbon—Purine oa and Interaction between 
DNA and Polycyclic Aromatic Hydrocarbons”* (Bourke Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS AND ROYAL ABRONAUTIOAL 
Soorery, LONDON JOINT GROUP (at the Royal Aeronautical Society, 4 Hamil- 
ton Place, London, W,1), at 6 p.m.—Diseussion on “The Case for Digital 
Computers in Aircraft” opened. by Dr. A. J. Maddock. 


Sootery OF CHEMIOAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, §.W.1), at 6 p.m.—Annual General Meoting. Mr. L. 8 
Mumford: Chairman’s Address, 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at Ka .30 p.m.—Mr, H. T. Norris: “The Wind of Change in the Western 
ahara”, 


APPOINTMENTS VACANT 


APPIJOATIONS are invited for the following appointments on or before 
the dates mentioned: n 

RESEAROH ASSISTANTS (with a Ph.D, and special interests in physical 
chemistry or organie chemistry) IN THE DEPARTMENT OF CHEMISTRY — 
The Registrar, University College of South Wales and Monmouthshire, 
Cathays Park, Cardiff (May 2). 

MICROBIOLOGIST (previous medical experience not essential) IN THE 
BAOTERIOLOGY LABORATORY, Department of Clinical Pathology —The 
Administrator and Secretary, University College Hospital, Gower Street, 
London, W.C.1 (May 31). 

SENIOR LECTURER (with an honours degree in science or pharmacy with 
special qualifications and research experience in pharmacology) IN PHARMA- 
COLOGY, i assist in the undergraduate teaching of the Department, and tu 
initiate and direct research in pharmacology—The Secretary, The Royal 
College of Science and Technology, George Street, Glasgow, C.1 (May 3). 

UNIVERSITY TUTOR IN aaa Secretary, The Queen's Univer. 
sity, Belfast, Northern Ireland (May 3 

‘ASSISTANT (Temporary) LECTURER x AGRICULTURAL BACTERIOLOGY- 
The Secretary, The University, Aberdeen (May 4). 

LECTURER (with a good honours degree) IN CHEMISTRY at Northam ton 
College of Technology, to teach physical chemistry to at least H.N.C. 
standard, together with modern analytical techniques at L.R.I.C. standard 
—Chief Education Officer, Borough Education Office, “Springfield”, Clifton- 
ville, Northampton (May 4). 

RESEARCH ASSISTANT (plant physiologist or biochemist, preferably with 
regearch experience) IN BIOCHEMISTRY, to Join a group working on metz- 
bolic processes in germinating cereals—The Registrar, Manchester College 
of Science and Technology, Manchester 1 (May 4 

LECTURER IN PHYSIOLOGY IN THE DEPARTMENT OF PHYSIOLOGY AND 
PHARMACOLOGY; and ACADEMIO REGISTRAR (graduate of a British univer- 
sity with ap roptiate experience of teaching and administration in a univer- 
sty ae lerk to the Governors, Chelsea College of Science and Tech- 
nology, Manresa Road, London, 8.W.3 (May 6). 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman 
graduate) IN APPLIED MATHEMATIOS—The Secretary, Bedford College 
(University of London), Regent’s Park, London, N.W.1 (May 6). 

LECTURER (with a good honours degree and industrial, research or teach- 
ing experience) IN THE DEPARTMENT OF APPLIED Puysics—The Secretary, 
Welsh College of Advanced Technology, Cathays Park, Cardiff (lay 6). 

LECTURERS (2) IN THE DEPARTMENT OF ZOOLOGY—The Secrotary, The 
University, Edinburgh (May 11). 

LECTURER or ASSISTANT LEOTURER (preferably with postgraduate ex- 
perlange in aromatic organic chemistry) IN COLOUR CHEMISTRY AND DYEING 

The Registrar, The University, Leeds 2 (May 13). 

— ASSISTANT LECTURER IN THE DEPARTMENT OF PsYcHoLOgy—The 
Registrar, University College of North Wales, Bangor, North Wales (May 15). 

LECTURER (with research experience in physiology, ecology or oxperi- 
mental taxonomy) IN BOTANY IN THE DEPARTMENT OF BIOLOGICAL SCIENCES 
ii A, Wye College (University of London), near Ashford, Kent 

ay 

ASSISTANT LECTURER IN THE DEPARTMENT OF PSYCHOLOGY—The Regis- 
trar, University College of North Wales, Bangor, North Wales May 15). 

ASSISTANT EXPERIMENTAL OFFICER or ERIMENTAL OFFICER (with a 
degree in civil engineering or a science subject, and an interest in the people 
and countries of the tropics) IN THE TROPICAL SECTION, for research into 
the resources and characteristics of the roadmaking materials available in 
developing countries, normally involving visits to countries iu tropical and 
sub-tropical regions—The Director, Road Research Laboratory, Depart- 
ment of Scientific ane Industrial Research, Harmondsworth, Middx., 
quoting T/H/14 (May 17 

ASSISTANT IN os—The Secretary of University Court, The 
University, Glasgow (May 17). _ 

ASSISTANT LEOTURER IN BOTANY; and a DEMONSTRATOR IN BOTANY - 
The Registrar, The University, Nottingham (May 17). 

DEMONSTRATOR IN ANATOMY AND HisroLoay AND/OR PARASITOLOGY 
in the Faculty of Rural Science, University of New England— The Regis- 
trar, University of New England, Armidale, New South Wales, Australia, 
and The Secretary, Association of "Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia 
and. zondon, May 17). 

CTURER and an ASSISTANT IN PHYSIOLOGY—-The Secretary of Univer- 
ay Court, The University, Glasgow (May 17). 

LECTURER IN STATISTICS at Queen's Gotlege, Dundee- -The Secretary. 
University of St. Andrews, Queen’s College, Dundee (May 18). 

LECTURER or SENIOR LECTURER IN ZOOLOGY—The Registrar, University 
of Adelaide, Adelaide, South Australia (May 18). 
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RESEARCH DEMONSTRATOR (graduate in botany), to engage in research, 
preferably in plant physiology, plant biochemistry, plant pathology or 
ecology--The Registrar, University College, Singleton Park, Swansea 


. (May 18). 


SENIOR LECTURER (preferably with a Ph.D. degree and suitable ex- 
rience in electronics) IN ELECTRONIC PHYSICS; and LECTURERS (2) IN 
HCTRICAL ENGINEERING—The Secretary, University of St. Andrews, 

Queen’s College, Dundee (May 18). 

CHAIR AND HEADSHIP OF THE DEPARTMENT OF PHARMACOLOGY, Makerere 
University College, East Africa—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 (May 20). 

ASSISTANT EDITOR (with a good honours degree in chemistry and a 
minimum of three years postgraduate experience)—The General Secretary, 
The Chemical Society, Burlington House, Piccadilly, London, W.1 (May 22). 

ELECTRONICS DESIGNER (with a degree in physics or electrical engineering, 
or a comparable qualification) IN THE DEPARTMENT OF CHEMISTRY, to 
collaborate with members of the teaching staff in designing and constructing 
electronic equipment to be used in research work in the Department-——The 
Registrar, The University, Manchester 13 (May 22). 

CHAIR OF MATHEMATICS; CHAIR OF PHYSICS; OHAIR OF CHEMISTRY; 
and CHAIR OF ENGINEERING SOIENOE, in the University of Warwick—The 
Registrar, University of Warwick, c/o The Town Clerk, Council House, 
Earl Street, Coventry (May 25). 

SENIOR LECTURER, LECTURER, SENIOR TEACHING FELLOW, and TEACHING 
FELLOW IN MATHEMATICS at Monash University, Victoria, Australia—The 
Secretary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1; or The Registrar, 
Monash University, P.O. Box 92, Clayton, Victoria, Australia (Australia 
and London, May 27). j 

ASSOCIATE DIRECTOR (suitably qualified scientist with extensive post- 

aduate research experience}—The Secretary, Hill Farming Research 

tganization, 48 Palmerston Place, Edinburgh 12 (May 81). 

SSISTANT LECTURER IN GEOGRAPHY-——The Registrar, The University, 

Manchester (May 31). A 
LECTURER/ASSISTANT LEOTURER (with at least a good honours degree 

with suitable teaching and research experience) IN THE DEPARTMENT OF 

PuyYSiIes, University of Malaya—The Secretary, Association of Universities 

of the British Commonwealth (Branch Office), Marlborough House, Pall 

Mall, London, 8.W.1 (Malaya and London, May 31). 

PROFESSOR OF BIOLOGY IN THE SOHOOL OF BIOLOGICAL SCIENCE of the 
University of Adelaide at Bedford Park—The Registrar, University of 
Adelaide, Adelaide, South Australia (May 31). 

Starr TUTOR (with a good honours degree in one of the natural sciences 
and a general interest in other branches of science) IN ScIENOE—The Regis- 
trar, The University, Manchester 13 (May 31). 

or ZooLoGy—Dean F. K. Hare, Faculty of Arts and Science, 

McGill University, Montreal, Canada (June 1). 

CHAIR OF PHYSIOAL METALLURGY in the University of Melbourne, 
Australia—The Secretary, Association of Universities of the British Common- 
wealth (Branch, Office), Marlborough House, Pall Mall, London, 8.W.1 
{Australia and London, June 30). 

Assistant LECTURER (Grade B) IN Puystos—The Secretary, Sir John 
Cass College, London, E.C.8. 

5 Caa OF BroonmusrteY—The Registrar and Secretary, The University, 
ristol. 


HEAD OF THE DEPARTMENT OF MATHEMATIOS; and HEAD OF THE 
DEPARTMENT OF PHystos—The Academic Registrar, Loughborough College 
of Technology, Loughborough, Leicestershire, quoting Ref. 10/AF. 

LECTURER IN MATHEMATIOS—The Academic Registrar, Loughborough 
College of Technology, Loughborough, Leicestershire, quoting Ref. 11/G. 

LECTURER (with an honours degree in chemistry, together with a post- 
graduate degree and some teaching and/or industrial experience) IN PHYSIOAL 
CHEMISTRY or INORGANIC CHEMISTRY, to teach physical chemistry or in- 
organic chemistry to B.Sc. (Gen.) and Grad. R.1.C. Part II standard—The 
Principal, Medway College of Technology, Horsted, Maidstone Road, 
Chatham, Kent. 

MASTER TO TEACH CHEMISTRY to all levels in the School—The Head- 
master, Bristol Grammar School, Elton Road, Bristol 8. 

MASTER TO TEACH CHEMISTRY up to Scholarship level—The Head- 
master, King’s School, Worcester. 

POSTDOOTORAL RESEARCH ASSISTANT IN THE PHYSICS DEPARTMENT, to 
work on the theory of magneto-optical phenomena in solids, with particular 
reference to ferromagnetic materials—The Assistant Secretary, Westfield 
College (University of London), Kidderpore Avenue, Hampstead, London, 


READER (with an honours degree in physics and appropriate research 
experience) IN SOLID STATE Puysios (Ref. CST 63/33); and a SENIOR 
LECTURER (with an honours degree in physics and research or industrial 
experience in electronics), to take charge of electronics teaching in the 
Department of Physics (Ref. CST 63/34)—The Secretary and Registrar, 
Bristol ee of Science and Technology, Ashley Down, Bristol 7, quoting 
appropriate Ref. No. 7 . 

RESEARCH ASSISTANT (with a good honours degree in biochemistry 
together with some research experience) IN BIOOHEMISTRY IN THE URO- 
LOGIOAL SURGERY DIVISION (Renal Research Unit) of the Department 
of Surgery, to participate in research into protein metabolism in renal 
disease-—The istrar, The University, Leeds 2. i 

SCIENTIST (with qualifications in chemistry or biochemistry), to investigate 
the biochemistry of tumour growth; and a-ScLmnTist (with qualifications 
in physiology or zoology), to be responsible for the management of the 
animal house and tumour transplantation techniques—-The Secretary, Marie 
Curie Memorial Foundation, 124 Sloane Street, London, 8.W.1. 

SENIOR LECTURER (with a good honours degree and research experience 
in some branch of mathematics or statistics) IN MATHHMATIOCS OR STATISTICS 
—The Secretary, Sir John Cass College, Jewry Street, London, E.C.3. 

SENIOR TECHNICIAN IN THE X-RAY DIAGNOSTIO DEPARTMENT, for the 
suporvision of radiological equipment and other duties—The Administrator 
and Secretary, University College Hospital, Gower Street, London, W.C.1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


British Museum (Natural History). A short Guide to the Exhibition 
Galleries of the Natural History Museum. Tenth edition. Pp. vi+38. 
(London: British Museum (Natural History), 1968.) [53 

Department of Scientific and Industrial Research. DSIR Research Grants, 
1963. Pp. vi+-9. (London: H.M. Stationery Office, 1963.) 1s. 6d. net. [53 
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Ministry of Housing and Local Government: Scottish Developmert 
Department ç Ministry of Health and Local Government, Northern Teland. 
padio te Reeve tle en a ey, Memorandum for 
x oactive 3 ; . 26. : 
H.M. Stationery Office, 1963.) 1s. 6d. net. Se (onde 5 
ae or geeis The rotherton Library, Annual Report of the 
The University, 1962, i . 11, (Leeds: The Brotherton Tiban 
ransactions of the Royal Society of Edinburgh. Vol. 65, No. 8 (1961-69) : 
The Petrology of Picritic Rocks in Minor Intrusions—a Picrite ait on the 
Island of Soay (Hebrides). By P. J. Wyllieand H. I. Drever. Pp. 155-178-+- 
2 plates. 108. 6d. Vol. 65, No. 9 (1961-62): Two New Genera of Cocco- 
steid Arthrodira from the Middle Old Red Sandstone of Scotland, and their 
Stratigraphical Distribution. By R. 8. Miles and Dr. T. S. Westoll. Pp. 
eae +3 plates. 12s, 6d. (Edinburgh: Royal Society of Edinburgh, 
3 [53 


Building Research Station Digest (Second Series). No. 32: Simplified 
Plumbing for Housing. Pp. 4. (London: H.M. Stationery Office, 1963.) 
12: 


A 3 
Ministry of Aviation. Reports on Plastics in the Tropics. 14: ed 
Prosme asd ibre pansies. sone with Polyester Resins. Pp. 43. 
5 n : Protec! olythene. . 82. i . : H.M. 
Stationery Office, 1962.) 7 : Be Bh TE SAERG: r (Tondon ay 


Other Countries 


8 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Paper 62-6: Sea Magnometer Surveys Off Southwestern Nova 
Scotia, from Sable Island to St. Plerre Bank, and Over Scatari Bank. By 
Margaret E. Bower. Pp.ii+18. 50 cents. Paper 62-16: Surficial Geology 
of Ottawa Map-Area, Ontario and Quebec, By Nelson R. Gadd. Pe 
(Ottawa: Queen’s Printer, 1962 and 1963.) 

United States Department of Agriculture: Agricultural Research Service 
Technical Bulletin No, 1277: Boll Weevil Populations as Affected by Re- 
moval of Shed Cotton Forms. By R. E. Fye and A. R. Hopkins. Pp. 9. 
(Washington, D.C.: Government Printing Office, 1802 10 cents, [53 

Western Australia. Report of the Geological Survey Branch for the year 
1960. (Extract from the Report of the Department of Mines.) Pp. 54+51 
plates. (Perth: Government Printer, 1962.) i 53 

Occasional Papers of the California Academy of Sciences. No. 35 (January 
28, 1963): West American Mollusks of the Genus Conus—II. By G. Dallas 
Hanna. Pp. 36 (11 plates). No. 36, (January 28, 1963): Remarks Upon 
the Natural History of Gerrhonotus panamintinus Stebbins. By Benjamin 
Harrison Banta. Pp. 12 (1 plate). No. 37 (January 28, 1963): New Birds 
from Cerralvo Island, Baja California, Mexico. By Richard C, Banks. 
Pp. 5 (San Francisco: California Academy of Sciences, 1963.) {53 

_ Australia: Commonwealth Scientific and Industrial Research Organiza-, 
tion. List of Publications to December 31, 1962. Pp. 55. C.S.LR.0. 
Divisions and Sections at January 1, 1963, Pp.18. (Melbourne: Common- 
wealth Scientific and Industrial Research Organization, 1963.) [123 

Ghana. Annual Report of the Forestry Division—Ministry of Agriculture 
for the calendar year 1959. Pp. 49. (Accra: Government Printing Depart- 
ment (Publications Branch); London: Crown Agents for Oversea Govern- 
ments and Administrations, 1962.) 68. 6d. {123 

Indian Forest Leaflet No. 168, (New Serfes)—-Wood Seasoning—A Not: 
on the Economy in Construction of Single Stack and Double Stack Type of 
Kiln Chamber. By D. Ghosh. Pp. 4. (Delhi: Manager of Publications, 
1962.) Rs. 0.45 nP.; 9d. [123 

The International Nickel Company of Canada, Ltd. Annual_ Report, 
1962. Pp. 32. (Copper Cliff, Ontario: The International Nickel Company 
of Canada Ltd., 1963.) 123 

Federation of Nigeria: Ministry of Mines and Power. Geological Survey 
of Nigeria. Bulletin No. 28: The Coal Resources of Nigeria. By Dr. A. 
M, J. de Swardt and O. P, Casey. With a Section on the Physical and 
Chemical Properties of the Coals compiled by G. Jefford. Pp. x+100421 
plates. (Kaduna South: Geological Survey of Nigeria, 1963.) [123 
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INDUSTRIAL RELATIONS AND THE TRADE UNIONS 


HE attention recently directed at industrial training 
and re-training has simultaneously brought into 

prominence the important part which the Trade Unions 
must play in this field. Without their co-operation and 
whole-hearted support it will be almost impossible to 
eliminate restrictive practices and obsolete ideas about 
age of entry and the interchange of skills, for example. 
Such co-operation and support are unlikely to be given 
except in an atmosphere of goodwill and confidence, and 
to promote such understanding should obviously be a 
first purpose of any effective policy of economic develop- 
ment. It is true that the leaders of the Trade Unions are 
national figures whose advice is eagerly sought and the 
Trade Unions are represented on a wice range of bodies 
to an extent which is seldom fully realized. Nevertheless, 
a breadth of vision and a restraint are sometimes expected 
of them which are scarcely consistent with their structure, 
and it is well that there should be a clearer and wider 
understanding of the purpose and functions of the Unions, 
quite apart from the tendency for more professional 
workers to be associated directly with the movement. 

From time to time publications such as The Daily 
Mirror Spotlight on Trade Unions* or the articlé by Dr. 
E. W. Evans in the Westminster Bank Quarterly, entitled 
“Trade Unionism in the Fifties” (August 1961), attempt 
to clarify the position for the general reader. Political 
and Economic Planning is studying the general question 
and has already issued Broadsheets on Trade Unions and 
the Common Market (No. 461; May 1, 1962) and Trade 
Union Membership (No. 463; July 2, 1962), while the 
decision to Jaunch an inquiry into the aims and structure 
of both the Trade Union Congress and the British Trade 
Union movement as a whole was probably the most 
important outcome of the 1962 Trade Union Congress. 
There. have already been full-length studies of the State 
and the Trade Unions by Mr. D. F. Macdonald, and of 
power in Trade Unions by V. L. Allen ana by Dr. B. C. 
Roberts of Trade Union governnment and administration 
in Great-Britain, as well as of the Unions in a free society. 
However, concern, as well as interest, is fed by continued 
unrest and disturbance, notably at Dagenham, in the 
docks and in shipbuilding. : 

Dr. H. A. Clegg’s broadcast talk on the Third Pro- 
gramme, published in The Listener last October, on ‘The 
Purpose of Trade Unions” is a useful contribution towards 
& general understanding of the position.- Dr. Clegg, in 
fact, points out that variations in the share of wages over 
the past few years have been almost negligible in their 
influence on the workers’ standards of living compared 
with the effect of the growth of the national income, and 
that it cannot be shown that the Trade Unions have had 
much, effect on wages. He concludes that the purpose of 
the Unions should be conceived, not as pushing wages as 
high as possible, but as the construction and operation of 
a system of regulating industry. They should, he argues, 
be working for a wages policy, or, in other words, we 
should ses the Unions as political rather than economic 
institutions. 

* The Daily Mirror Spotlight on Trade Unions. Pp. iii+42. (London: 
The Dally Mirror Newspapers, Ltd., 1956.) 3d. 


Much clearly follows from such a conclusion. In tho 
first place, whatever mistakes the Government may havo 
made that have undermined the confidence of the Unions, 
it is a grave error of judgment on the part of the Unions 
not to co-operate fully in such institutions as the National 
Economic Development Council or the Joint Incomes 
Commission. The question of Trade Union reform is given 
further impetus in so far as the structure of the Unions 
should in consequence be adapted to serve ends that are 
at least in part political. The large memborship of the 
Unions and their great power carry also implications of 
public and social responsibility, quite apart from the fact 
that, if Dr. Clegg is right, the interests of Trade Union 
members are best served when the interests of the whole 
community are served also. Moreover, there are implica- 
tions for the Unions in regard to the character of their 
officials if the challenge of leadership is to be accepted and 
met: they must be prepared to offer both officials and staff a 
career in terms of salary and responsibility which will 
attract men and women of the ability which is no less 
important than the sense of vocation on which the Unions 
have so long been content to rely. 

The Broadsheet Trade Union Membership, by Mr. K. 
Hindell, forms part of a three-year study of Trade Unions 
in a changing society which Political and Economic 
Planning is conducting. After noting the post-war 
changes in Union membership—which now stands at 
nearly 10 million, distributed unevenly among 22 million 
employees, with a considerable re-distribution of members 
between industries and between Unions since 1948—the 
Broadsheet discusses the factors affecting Union member- 
ship, before forecasting a decline of 1 per cent in tho 
density of membership over the period 1960-68. Increasos 
are forecast in insurance, banking and finance; national 
Government, paper and printing, agriculture, forestry 
and fishing, theatres, cinemas, sport, metal engincering, 
textiles other than cotton, and local government; and 
decreases in clothing, footwear, chemicals, coal mining, 
railways, wood, furniture, food, drink, tobacco, distribu- 
tion, building, education, gas, olectricity, water; with 
estimated changes of as much as a 32 per cent increase 
in membership of the National Association of Local 
Government Officers and a 31 per cent decrease in that 
of the National Union of Miners. 

These assumptions and estimates would leave the few 
leading Unions in the same order of size as now but with 
a drastic increase in the membership of the Amalgamated 
Engineering Union, which might rival the Transport and 
General Workers Union for first place, and a drastic 
reduction in that of the National Union of Miners. Tho 
shift in balance would, moreover, increase the need for 
reform in representation on the General Council of the 
Congress, and the Broadsheet also points out that it is 
the white-collar workers and women, comprising the two 
largest unorganized sections of the labour force, that are 
most rapidly expanding. Whether these workers are 
capable of taking full advantage of a major adoption of 
Trade Unionism is at least doubtful, and Mr. Hindell sug- 
gests that structural reform by amalgamation could offer 
substantial advantages—for example, a single clerical 
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union for private industry—though he regards structural 
reform as only one of many possible improvements. 

Specific suggestions for reform can be found in some 
studies in Trade Union reform, edited by Dr. B. C. 
Roberts and published in June 1962 under the title 
Industrial Relations (Methuen, London. 30s.). These 
suggestions are the more valuable in that they neither 
underestimate the difficulty of getting things done, nor 
assume that a Trade Union’s prime responsibility is to 
the community. What does stand out from such studies, 
however, is that the privileged irresponsibility which 
Trade Unions still enjoy cannot be tolerated by the 
community indefinitely unless the immense power which 
the Unions now wield is exercised responsibly and unless 
the Unions are prepared to deal with irresponsible 
minorities or turbulent shop stewards, whether to provide 
sanctions against unofficial strikes or to safeguard in- 
dividuals from injustice. 

All this is well emphasized in the further Broadsheet 
Trade Unions and the Common Market, in Mr. Grunfeld’s 
Trade Unions and the Individual in English Law : a Study 
of Recent Developments*, published by the Institute of 
Personnel Management—and in the report of the Court of 
Inquiry into last autumn’s dispute at the Dagenham 
plant of the Ford Motor Company. The Broadsheet, 
written by Mr. R. C. Beever, points to the opportunities 
for constructive action which the Common Market would 
provide. The British Trade Unions would need to devote 
much attention to the community’s social policies, and 
many difficulties will undoubtedly confront the British 
Trade Unions if Britain enters the community. Mr. 
Beever indicates some of the ways in which a real change 
in outlook may be required of British Unions if they are 
to derive the advantages possible from entry into the 
Common Market, and some contribution from them 
towards holding down industrial costs is inescapable if 
Britain is to remain competitive. 

This demand on the Trade Unions is scarcely weakened 
if Britain’s entry into the Common Market is postponed 
indefinitely. The Unions cannot be content to rely on the 
great asset the British Trade Union movement at present 
enjoys in its prestige among its continental counterparts 
without attempting to dispel doubts about its European 
outlook. From this point of view alone a more statesman- 
like attitude will be increasingly expected of the Trade 
Unions, and the present rebuttal of Britain’s entry gives 
the Trade Unions a further opportunity to demonstrate 
that they can match their wide claims to be consulted on 
every aspect of the affairs of State with corresponding 
statesmanship. 

Mr. Grunfeld’s study provides a careful examination of 
some issues of individual justice over which there has 
been widespread concern in recent years. He attempts to 
explain the nature of Union~member relations, and his 
brief legal study of internal and Union relations covers 
cases of hardship to an individual through expulsion from 
a Union because he has refused to join his fellow unionists 
in a strike, or through loss of employment because he has 
refused to join a Union. It is, of course, the new economic 
power attained by the Trade Union movement, coupled 
with the rigid conservation of some Unions, that has 
stimulated new anxioty regarding the position of the 
individual Union member in relation to the collective 
power of his organization, and Mr. Grunfeld’s study is a 
welcome attempt to place support of the defenceless 


*Trade Unions and the Individual in English Law: a Study of Recent 
Developments. By Cyril Grunfeld. Pp. 60. (London: Institute of Personnel 
Management, 1968.) 12s. 6d. 
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individual on a sound basis. In particular, he puts the 
increased protection given by the decision of the House 
of Lords in Bonsor versus Musicians’ Union in 1956 in its 
proper perspective in Britain’s common law tradition of 
concern for the unorganized individual citizen. 

The issues of personal freedom which Mr. Grunfeld 
discusses in. this booklet are issues with which tho scientific 
worker is already closely, and may well be increasingly, 
concerned. Mr. Grunfeld finds at present no valid reason 
for the legal prohibition of Union security agreement, 
although he suggests that the advantages of repealing one 
sub-section of the Trade Union Act, 1871, should be 
oxamined—that dealing with the legal enforceability of 
Union rule books. He considers that the representative 
action and judgment against unregistered Unions might - 
be streamlined to give the same effect as an action and 
judgment against a registered Union in its registered 
name, and general criteria that the courts should adopt 
in deciding whether conduct comes within a general 
expulsion rule are Union existence, Union discipline, and 
Union bargaining power. An expelled person should be 
allowed to remain a full member of the Union while he 
is bona fide prosecuting his appeal against the expulsion 
decision, and the courts, or an independent tribunal, might 
be empowered to waive an unambiguous specific expulsion 
rule and re-instate the expelled person where mitigating 
circumstances make it just and reasonable to do so. Mr. 
Grunfeld also suggests that the jurisdiction of the Disputes 
Committee of the Trade Union Congress might be ex- 
tended to empower it to modify mono-union security 
agreements to permit a member without loss of employ- 
ment to transfer to another Union in certain justifying 
circumstances. 

However reasonable the legalistic argument may be, 
the practicability of any changes depends essentially on 
the temper and co-operation of the Unions themselves. 
This is only one compelling reason for some determined 
effort to encourage a new outlook more appropriate to the 
modern world and technical change. The need for this is 
probably the outstanding feature of the report of the 
inquiry into the Dagenham dispute. Although Mr. D. T. 
Jack, the economist who presided over this Court of 
Inquiry set up by the Minister of Labour, is critical of 
the management for its handling of the dismissal of the 
seventeen ‘trouble makers’, his report is much more 
critical of the unions and considers that they must carry 
a heavy responsibility for the past state of industrial 
relations at Dagenham. In particular, although tho 
Cameron Report on the bell-ringing dispute at Dagenham 
in 1957 recommended the establishment of a smaller and 
more manageable negotiating sub-committee to enable 
a joint negotiating committee of 22 Unions to function 
efficiently, nothing has been done in the meantime, and 
the same recommendation reappears in this Report. 

Mr. Jack finds this insistence by every Union on repre- 
sentation frustrating and indefensible and it illustrates 
the clinging to individual sovereignty which is a main 
obstacle to reform and progress at many levels, including 
the evolution of a co-ordinated approach to wages such 
as & wages policy would represent. It is clear that little 
or no progress has been made since Lord Cameron’s 
inquiry in 1957, which disclosed the existence of a private 
union within a union, immediately and continuously in 
touch with the men in the shop, answerable to no 
superiors, and in no way officially or constitutionally 
linked with the union hierarchy. This situation has con- 
tinued to the deterioration of the Company and the 
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Unions, and Mr. Jack found no evidence that the Unions 
had made any serious and persistent efforts to deal with 
the situation. 

In the face of this indication that the Unions are 
ineapable of tackling the task which they know they face, 
it is difficult to feel that recommendations for the appro- 
priate training of shop-stewards or the appointment of a 
full-time official for duties at Dagenham to bring the 
shop-stewards under effective control by supervising their 
work and ensuring that procedure agreements are fully 
and properly observed, however essential, will carry us 
much further by themselves—even although some of them 
were included in an eight-point charter submitted to 
Court by the Ford Motor Company. A way forward has 
indeed been, indicated, but it is for the Unions to follow 
it. Abdication of their responsibility cannot but demon- 
strate they have no wish to see labour relations improved, 
and such irresponsibility must inevitably forfeit any claim 
to partnership in the Ford part of the motor industry. 
To put all responsibility on one side alone is the negation 
of partnership. 

To this almost cynical indifference to the interests of 
some 40,000 wage-earners, another section of the same 
industry presents a marked contrast. Good labour 
relations are essentially the outcome of taking sufficient 
pains to achieve harmony—the major responsibility and 
initiative lying with management but with full response 
on the part of the Unions. At Luton a system of labour 
relations established by the Vauxhall Motor Company 
through a body known as the Management Advisory Com- 

` mittee has operated smoothly for more than twenty years, 
a system which embodies a number of the recommenda- 
tions of Mr. Jack’s ‘Court of Inquiry’ and deals also suc- 
cessfully with the demarcation problem. The Luton 
experimont undoubtedly owes much of its success to the 
presence of gifted Trade Union officials as well as to under- 
standing and insight on the management side ; at the 
least, it demonstrates the practicability of co-operation 
given goodwill and understanding. 

Given that reform of the Trade Unions is primarily the 
responsibility of the Unions themselves and must come 
from within, it is important that every effort should be 
made from outside to assist in the process and encourage 
the true understanding of the function of the Unions 
to-day. From within, Mr. Woodcock is already seeking 
to demonstrate the changes which must come if Union 
structure is to adjust itself to modern industrial con- 
ditions. Trade Union members can scarcely be unaware 
of their loss of popularity over the past fifteen years or 
more. Public opinion, however, can only help in so far as 
it is able to understand the situation, though it is fully 
entitled to protest when the persistence of practices and 
demarcations that have outlived their purpose injure the 
publie interest. Management, however, has a great 
responsibility not only to see that industrial relations are 
handled with sense and sensitivity and do not incur, on 
its own side, such strictures as Mr. Jack had to pass on 
those at Dagenham, but perhaps even more to encourage 
understanding and goodwill on the part of the Unions. 
The task of education is indeed many-sided and even the 
training of shop-stewards as recommended by Mr. Jack. 
if primarily a Union responsibility, could be helped by 
good sense and tact on the part of management and Press 
and elsewhere. There are already within the Unions men 
of the insight and courage needed for the necessary 
reforms. They require the support not only of their fellow 
members but also of a much wider public whose sympathy 
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and understanding will assure the Trade Unionist gener- 
ally that, in embarking on the changes required to adapt 
the structure and practice of the Unions to the conditions 
of to-day, they are neither alone nor endangering the 
standards of living and seourity that have been won by 
the efforts of their predecessors. 


A BIOLOGICAL HODGE-PODGE 


Viewpoints in Biology 

Vol. 1. Edited by J. D. Carthy and C. L. Duddington. 
Pp. ix+290. (London: Butterworth and Co. (Publishers). 
Ltd., 1962.) 75s. 


‘HIS first volume of a new series may fill a want long 

felt by somebody, but by whom I neither know nor 
can imagine. Saying this does not deny that each of the 
articles, despite their uneven quality and differing styles. 
is an adequate review of its subject, but what scientific 
purpose was served in binding together such a hotero- 
geneous collection of subjectsis difficult to see. The reason, 
or apologia, for doing so is perhaps contained in a rather 
tortuous sentence in the introduction, which says: “With 
increasing specialisation within biology as well as the 
sundering of science into departments, it is more and 
more necessary that the problems facing ono sort of 
scientist should be presented in a way which is under- 
standable to others, so that if their interests arc aroused 
they can bring to bear their own specialisations on to the 
problems of another department of science’’. 

It would, though, be vain to pretend that these articles 
are all the kind that will rouse the interest of workers in 
other subjects. Some are cluttered with unnecessary 
jargon;. some are understandable but dull. (Or porhapx 
I am unusual in not being excited by being told that work 
on the biological control of cereal-root eelworm ‘began 
in 1954 at the Wolverhampton headquarters of vhe 
National Agricultural Advisory Service, West Midland 
Region, and has been continued at the Southern Region 
headquarters at Reading’’.) Bridging the gaps between 
different sciences is a laudable activity; but it is not 
achieved simply by grouping together articlos on wrelated 
subjects. It requires a different kind of approach and 
writing from that customary in technical reviows, wheroas 
the parts of these articles that merit publication could all 
have been appropriately accommodated in some specialist 
publication. 

The titles, authors and lengths of the six articlos arc: 
“The Physiology of Roots’, by H. E. Street (49 pp.): 
“Histochemistry in Biology”, by P. R. Lewis (40 pp.}: 
“Protein Biosynthesis in Micro-organisms”’. by H. Tristram 
(6l pp.); ““Predacious Fungi and the Control of Helworms”’. 
by C. L. Duddington (50 pp.); “The Physiology of Absorp- 
tion from the Alimentary Canal in Insects”, by J. E. 
Treherne (41 pp.); “Some Neural Correlates of Percop- 
tion”, by Gabriel Horn (44 pp.). Each article has an 
extensive bibliography, there is an adequate index and 
the book is excellently produced. 

The introduction states that: “Descriptions of the 
practical details of methods will not be accepted unless 
they are involved in the consideration of a subject of 
general interest”. However, it seems that intending 
contributors need not treat this too seriously. for the 
article by one of the joint editors of the series contains 
several pages describing in tedious detail experiments 
none of which produced a conclusive result. Had these 
pages been meant as illustrations of how not to do experi- 
ments, they might have served a useful purpose: but thr 
author’s only comment on one in which half w pasture wa> 
inoculated with a fungus and two sheep wore then grazed 
on each half and examined for eelworm is that “It is a 
pity that more animals were not used”. It is possible to 
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echo his words and say it is also a pity that this new 
series of volumes should have been launched without 
critically considering its objects and the ways of achieving 
them. F. ©. BawpEn 


CLASSIFICATION OF THE 
NEMATODES OF VERTEBRATES 


Systema Helminthum 
By Prof. Satyu Yamaguti. Vol. 3, Part 1: The Nema- 


todes of Vertebrates. Pp. 679. Vol. 3, Part 2: The 
Nematodes of Vertebrates. Pp. 680-1261. (New York: 
Interscience Publishers, Inc.; London: Interscience 


Publishers, Ltd., 1961.) 675s. net. 


HE third volume of Prof. Satyu Yamaguti’s Systema 
Helminthum, which concerns the nematode parasites 
of vertebrates, follows the plan of preceding volumes, 
dealing respectively with the digenetic trematodes and 
the cestodes. It is essentially a compilation concerning 
62 families, 114 subfamilies and 732 genera of nematodes 
arranged according to the five classes of vertebrate hosts. 
Diagnoses and keys are provided for the identification 
and separation of orders, families, subfamilies and genera 
and specific names are listed along with data concerning 
hosts; geographical localities, questions of synonymy and 
other information. There are 909 illustrations, arranged 
in 102 plates, 4,124 references to the original literature, 
and an index of 136 pages of two columns each. There is 
also a concise systematic survey of the nematode parasites 
and a short account of their morphology, although the 
emphasis throughout is on diagnosis so that the treatment 
of structure is not comprehensive. 
As in the previous volumes, an orthodox scheme of 
classification has been adopted. The author has relied to 


a great extent on the systematic treatise of W. Yorke: 


-and P. A. Maplestone (1926), the synopsis of families and 
genera by H. A. Baylis and R. Daubney (1926), the 
revision of the Trichostrongylidae by L. Travassos (1937) 
and more recent compilations of nematological information 
by other authors, notably the Russians. The scheme 
includes 11 orders of nematodes, the names of which, 
together with the numbers of families and genera, are as 
follows: Rhabdiasidea (2 families; 5 genera), Trichuridea 
(5 families; 9 genera), Dioctophymidea (2 families; 5 
genera), Ichthyostrongylidea (2 families; 2 genera), 
Strongylidea (11 families; 263 genera), Oxyuridea (11 
families; 125 genera), Ascarididea (4 families; 56 genera), 
Spiruridea (16 families; 136 genera), Filariidea (3 families; 
97 genera), Philometridea, (4 families; 14 genera) and 
Tetanonematidea (2 families; 2 genera). There are also 
15 genera incertae sedis and 3 genera as addenda. The 
orders of nematodes thus vary considerably in size. 
Thirty-eight out of 62 families belong to the three large 
orders Strongylidea (11), Oxyuridea (11) and Spiruridea 
(16), which together contain 524 out of a total of 732 
genera (=72 per cent). The orders Ascarididea and Filari- 
idea account for another 153 genera, bringing the total 
for five orders to 677 (92 per cent). There are 36 families 
that do not require subfamilies, but the remaining 26 
families share 114 subfamilies, which are usually 2-6 per 
family but once 11 and again 19. The most unwieldy 
families are the Trichostrongylidae with 19 subfamilies 
and 126 genera, the Oxyuridae with 11 subfamilies and 
71 genera, and the Dipetalonematidae (Filariidea) with 
5 subfamilies and 58 genera, although the Spiruridae and 
Filariidae are formidable (with 42 and 37 genera respec- 
tively). The groups of the Platyhelminthes show similar 
inequalities; 13 out of 102 families of digenetic trematodes 
contain. 201 out of a total of 355 subfamilies and 551 out 
of a total of 1,024 generat, and 12 out of 55 families of 
cestodes contain all 43 subfamilies and 302 out of a total 
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of 466 genera*. It seems very unlikely that many of these 
large and unwieldy families of helminths will be allowed to 
stand in taxonomic schemes of the future. 

The distribution of nematodes in the five classes of 
vertebrate hosts is also unequal, but not to the extent 
seen in either the digenetic trematodes or the cestodes. 
The groups of figures which follow represent (above the 
line) the numbers of families restricted to one class of 
host, and (below the line) the numbers of families occurring 
in two or more classes of hosts: 





Fishes Amphibia Reptilia Birds Mammals 
Digenea 39 0 7 8 15 
Cestoda 33 1 0 6 2 
Nematoda 7 1 2 2 15 
Digenea 54 13 28 29 36 
Cestoda 37 4 6 16 10 
Nematoda 21 20 31 25 40 


It is clear from these data that whereas the digenetic 
trematodes and the cestodes are mainly parasitic in 
fishes, the nematodes are predominantly parasites of 
mammals. Thirteen families of nematodes occur in two 
classes of hosts, 10 families in three classes, 6 families in 
four classes and 6 families in all five classes of vertebrate 
hosts. The six families which are represented in all 
classes of hosts are the Trichuridae (Order Trichuridea), 
Oxyuridae (Order Oxyuridea), Ascarididae and Hetero- 
cheilidae (Order Ascarididea), and Physalopteridae and 
Spiruridae (Order Spiruridea), which contain a total of 
27 subfamilies and 172 genera. It is noteworthy in respect 
of the Platyhelminthes that 5 families of digenetic trema- 
todes occur in all five classes of vertebrate hosts, but that 
not one family of cestodes is represented in five or even in 
four classes of such hosts. 

The distribution of genera and species of nematodes in 
the classes of hosts enables us to assess the prodigious 
labours of the author. Highty-nine genera and 602 species 
are listed for fishes, 53 genera and 261 species for amphi- 
bians, 105 genera and 583 species for reptiles, 147 genera 
and 1,246 species for birds, and 420 genera and 2,183 
species for mammals. Many of the genera contain one 
species only in particular classes of hosts, for example, 
35 in fishes, 20 in amphibians, 47 in reptiles, 59 in birds 
and 193 in mammals. These figures do not take into 
account the occasional occurrence of one and the same 
species in more than one class of host, which the reader 
can determine for himself so far as he finds it necessary, 
although page references to species under generic headings 
are often incomplete in the index. There is a mine of 
information in the Systema Helminthum for making 
analyses which go beyond the scope of this review, and 
much information for the helminthologist who is specially 
interested in problems of adaptive radiation. Some 
genera are widespread in the classes of vertebrate hosts, 
for example, Capillaria, which has 37 species in fishes, 
13 in amphibians, 13 in reptiles, 105 in birds and 88 in 
mammals, and Physalopiera, which has 3 species in 
amphibians, 48 in reptiles, 25 in birds and 91 in mammals. 
An inquiring mind is stimulated by the fact that Con- 
tracaecum has 77 species in fishes, 63 species in birds and 
10 species in mammals but no representatives in amphi- 
bians and reptiles, or the fact that Déplotriaena has 79 
species in birds but none in any other class of host. The 
restriction of various successful genera to the class of 
mammalian hosts—for example, Trichuris with 71 species, 
Ocsophagostomum with 51 species and Cyathostomum 
with 48 species—represents further problems. One great 
advantage of Yamaguti’s work is that many readers will 
make challenging discoveries which indicate the need for 
further research in various fields of effort. 

Yet, criticisms which have been made in respect of 
previous volumes of the series are applicable also to the 
volume under consideration, perhaps because initial 
methods of standardization have been too rigidly upheld. 
Size in nematodes is more variable than it is in the digene- 
tic trematodes and must have some taxonomic signific- 


gt 


YAT 


No. 4879 May 4, 1963 


ance, bub it is a neglected character—such terms as ‘un- 
usually lerge’, ‘stout’ and ‘very small’ which appear in 
some diagnoses having very restricted value. The line 
diagrams which illustrate the text are devoid of scales 
and annotations, which are found necessary in original 
papers, and are often too small to help in the determina- 
tion of specific or generic characteristics. We have to 
admit, however, that to have satisfied all these manifold 
needs precisely would have added much labour to ar. 
already prodigious task and additional cost to already 
expensive volumes. The Systema Helminthum “is 
designed primarily for laboratory workers in the field 
of helminthology, for use in determining the generic 
identity of the helminths with which they are dealing” 
but will have a much wider appeal. The three parts 
which have appeared will go far towards satisfying a 
great scientific need, for which helminthologists through- 
out the world owe an enormous debt of gratitude to Prof. 
Yamaguti and his acknowledged helpers, and we can 
look forward to the appearance of other volumes in the 
series with keen interest and great appreciation of the 
orderly presentation of helminthological data on a grand 
scale already achieved. Ben Dawes 


} Dawes, Ben, Nature, 183, 957 (1959). 
? Dawes, Bon, Nature, 186, 723 (1960). 


H. J. MULLER: DOYEN OF MODERN 
GENETICS 
Studies in Genetics 


Selected Papers. By Dr. H. J. Muller. Pp. xiv+618. 
(Bloomington: Indiana University Press, 1962.). n.p. 


HE present publication was sponsored in tribute to 

Prof. H. J. Muller on the occasion of his seventieth 
birthday, and contains an anthology personally selected 
by him from his own original contributions to genetics 
and related subjects over a period of fifty years. It 
follows the commendable practice (as, for example, with 
Sturtevant recently—see Nature, 197, 830; 1963) of pub- 
lishing collected works of senior geneticists, whose lives 
of active research have covered the major period in the 
development of modern genetical thought. 

Prof. Muller’s guiding principle in his selection has been 
to include a large proportion of his earlier work, since 
this provides mention of principles and discoveries basic 
to the subject in writings of his which are not now so 
readily available. In particular, there is presented his 
classical paper on “The Artificial Transmutation of the 
Gene” (1927), which gained him the Nobel Prize for 
Physiology and Medicine in 1946. There is also a pre- 
viously unpublished account of the physiology of the cell 
and the mechanism of Mendelian inheritance (1912), pre- 
pared as part of a proposed text-book to be called The 
Principles of Heredity. 

Otherwise, the papers presented are classified into nine 
subdivisions, according to the main problem under con- 
sideration; in each subdivision, the order of papers is 
chronological, and suitable cross-references are made 
where necessary to other related papers in the book. 
The collection thus presents itself as follows: the chromo- 
some basis of heredity and linkage; genotype—phenotype 
relations; gene theory; ‘spontaneous’ gene mutations; 
gene mutations induced by radiation; chromosome 
properties and changes; heterochromatin; evolution; 
human and general genetics. There is a useful appendix 
which lists the complete published works of H. J. Muller 
(in actual fact, the present book contains approximately 
a third of them) and there is an ample index. A serious 
drawback, however, is that since the earlier workers were 
closely associated together, they assumed knowledge of 
one another’s work, and there is a consequent lack of 
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co-ordinating reference. It would be extremely useful 
for students if a founder member of the group were to 
compile a detailed bibliography and history of the early 
period of genetical research; and collections of this kind 
would certainly gain perspective. 

The book, however, is a fitting tribute to a man who is 
unquestionably the doyen of modern genetics, and somo- 
one who is also a leading rationalist deeply concerned 
with the implications of his subject to the conduct of 
human affairs. This is clearly evident in various articles 
printed in this book. Thus, he was a-foremost signatory 
to the “Geneticists’ Manifesto” (1939) formulated at the 
seventh International Congress of Genetics (which among 
other things decried any acceptance of race-theory); in 
his article “Science in Bondage”, he makes scathing pro- 
nouncements against enslavement of science to political 
ideology, with especial reference to Soviet genetics; and 
in several articles presented in the book he publishes 
warnings of the dangerous genetic effects of radiation on 
mankind. ; 

Altogether, the whole development of formal idoas and 
concepts in this book—as presented by H. J. Muller—are 
signally important for an appreciation of modern genetic 
thought; and a thorough study of them should provide 
a salutary corrective to the exclusiveness and over- 
refinement too often found among modern biologists. 

T. ALDERSON 


THE GENUS ASPALATHUS 


Revision of the Genus Aspalathus 

By Rolf Dahlgren. Part 1: The Species with Flat 
Leaflets. Pp. 393. 30 kronor. Part 2: The Spocios 
with Ericoid and Pinoid Leaflets, 1-2. Pp. 120. 14 
kronor. (“Opera Botanica” a Societate Botanica Lundensi, 
Vol. 4, Vol. 6:2.) 


Av is a genus of shrubs and shrublets 
belonging to the tribe Genisteae of the family Legu- 
minosae, and is one of the several genera which have 
developed an extraordinary wealth of species in tho 
south-western part of Cape Province. It has in fact 
about 200 species of which the works under review deal 
with only 61 species belonging to three groups; so thero 
must obviously be very much more to be published before 
this revision can be called complete. 

The general method of treatment is, so far as it goes, 
excellent and full, with most of the usual adjuncts of a 
purely taxonomic revision. There is an interesting state- 
ment of the taxonomic concepts used by the author, 
and there are accounts of the -way in which the genus 
has been dealt with by previous authors, and its mor- 
phology. There are also keys to the species, full doserip- 
tions, and citations of specimens. Patterns of distribution 
are discussed in a chapter on phytogeography. So far, 
there is nothing about the cytology of the genus; but 
this is perhaps being reserved for a later part. 

The author has had the advantage of seven months’ 
field-study in South Africa in company with Mr. Bo 
Peterson, during which he paid special attention to 
Aspalathus. This opportunity of seeing the behaviour 
and variation of the living plants has no doubt been an 
important factor in his full awareness of the comploxity of 
when analysing them taxonomically. This revision is an 
excellent example of the value of previous personal 
experience of this sort. 

Scattered through the text there are admirable line- 
drawings of all the species. Often there is more than 
one for a species where it comprises differont sub-specics 
or much variation. There are also many distribution- 
maps and black-and-white photographs, though many of 
the latter seem to me to be disappointingly uninform- 
ative. J. P. M. Brenan 
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GRAPHITE IN NUCLEAR REACTORS 


Nuclear Graphite 
Edited by R. E. Nightingale. Pp. xiii+ 547. (New York 
and London: Academic Press, Inc., 1962.) 112s. 6d. 


HIS book is intended to serve as a reference work for 

those concerned with the development and uses of 
graphite in the nuclear energy industry. It has been 
written by a team of 21 workers, all but one in the United 
States, and many of them located at the Hanford Labora- 
tories of the General Electric Co., Richland, Washington, 
where the editor has been working on nuclear graphite 
for a number of years. Tho volume of material now existing 
in the field of nuclear graphite can best be appreciated 
from the fact that more than five thousand Government 
reports and journal publications were located and 
abstracted by the team proparing this book. As might 
have been anticipated, however, certain chapters of the 
book, paricularly those concerned with radiation effects 
on graphite, are already out of date, since the subject- 
matter for this volume was current to January 1961, and 
a number of significant papers have become available in 
Britain and the United States since that date. The store 
of knowledge on the behaviour of graphite under irradiation 
is increasing rapidly at the present time. 

The first chapter, written by Nightingale himself, gives 
an interesting historical review of graphite as a moderator 
in nuclear piles, and together with its seventy-three 
references forms a useful introduction for any newcomer 
to this field. After several chapters by graphite manu- 
facturing technologists, -which cover the production, 
purification, machining and specification aspects, come 
two chapters on the structure and physical properties of 
nuclear graphite. The nomenclature used in describing 
the structure of carbons has never been standardized, and 
it is not uncommon to find a given term usod in several 
ways in the graphite literature, but Dr. Nightingale gives 
here a set of clear definitions of the structural units in 
polycrystalline graphite, and these are adhered to in 
succeeding chapters of the book. 

Chapters 7-14 are the real core of this work, commencing 
with an excellent article on the theory of radiation effects 
in graphite by de Halas. This is followed by a brief 
description of irradiation techniques and then come a 
series of chapters dealing with radiation effects on the 
structure, dimensional stability, physical properties, and. 
mechanical properties of graphite. The section devoted to 
dimensional changes would have been more useful if 
it had taken into account the papers published by Simmons 
and Reynolds. working at Harwell. Stored energy and 
radiation annealing effects are each given a chapter to 
themselves. The next fifty pages deal with the problems 
of graphite compatibility with gases, and although a 
bibliography of 157 references is included, the space 
devoted to aspects of nuclear chemistry seems dispro- 
portionately small in comparison with the physics sections, 
bearing in mind the technological importance of graphite 
reactivity with coolants in nuclear reactors. The final 
hundred pages of the book are devoted to nuclear 
technology, with descriptions of some advanced types of 
reactor systems all of which incorporate graphite as the 
moderator, and even a brief introduction to graphite 
moderator design is included. 

The very lengthy chapter on physical properties contains 
a few errors. For example, it is stated on p. 124 that the 
single crystal of graphite has an orientation ratio of 5:1 
with respect to thermal conductivity at room temperature. 
The actual value might be expected to be well in excess of 
this figure, having regard to the well-known fact that 
highly oriented pyrolytic graphite has a valve of 100:1. 
The text is misleading on p. 124, where it states that the 
thermal expansion of graphite is not a linear function of 
temperature. In fact, several workers. have shown ‘that 
this property is substantially linear. in any event. from 
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room temperature up to about 2,000° ©. On p. 147, the 
elastic constants S,, and S,, are each stated to be 1-8, 
whereas the sum of S,, and Sı equals 1-8. Also, the 
thermal expansion behaviour of the polycrystalline 
aggregate was understood long before 1961, and finally. 
the bond structure of graphite is better known than is 
stated here. 

It is clear that this book will prove invaluable to all 
physicists and engineers who are concerned with the 
development and operation of graphite moderated nuclear 
reactors. It should also be a useful reference work to many 
scientists who are interested in carbon and graphite, 
although not necessarily connected with the nuclear 
industry. Chemists employed in the development of the 
graphite moderated reactor system may find this work of 
less value. F. ROBERTS 


MEASUREMENT TECHNIQUES IN 
MACROMOLECULAR CHEMISTRY 


Analytical Chemistry of Polymers 

Edited by Gordon M. Kline. Part2: Analysis of Molecular 
Structure and Chemical Groups. Pp. xiii+619. Part 3: 
Identification Procedures and Chemical Analysis. Pp. 
xii+566. (High Polymers: a Series of Monographs on 
the Chemistry, Physics, and Technology of High Poly- 
meric Substances, Vol. 12, Parts 2 and 3.) (New York 
and London: Interscience Publishers, a Division of 
John Wiley and Sons, Inc., 1962.) Part 2 132s.; Part 3 124s. 


HE work edited by Dr. G. M. Kline was planned to 

bring together information on the analytical methods 
that have proved to be useful in the testing of com- 
mercial monomers and polymers. In Part 1 (Nature, 
186, 52; 1960) methods were described for (a) the assay 
and determination of pertinent impurities in mon- 
omers, (b) the identification and characterization of 
the composition and physical properties of all the major 
industrial polymers. Parts 2 and 3 summarize our 
present knowledge of the measurement techniques 
for the determination of the structure and composition of 
macromolecules. 

Modern instrumental techniques are stressed, and 
each chapter in Part 2 presents the basic theory under- 
lying the application of the instrumental method of 
analysis, together with descriptive information on the 
equipment and methods of procedure. The methods and 
techniques described in these separate chapters include 
methods of determination of molecular weights and size, 
X-ray diffraction, optical methods, differential thermal 
analysis, pyrolysis, mass spectrometry, ultra-violet and 
infra-red spectrometry, fluorescence, chromatography, 
polarography and nuclear magnetic resonance spectro- 
scopy. Comprehensive data are provided on the character- 
ization of polymers as determined by the various analy- 
tical techniques and the application of this information to 
analytical problems, polymerization processes, polymer 
structure and stability. 

Identification of polymers by systematic procedures, 
colour tests and microscopy examination is covered in the 
first three chapters of Part 3. The two concluding chapters 
describe important developments in the application of 
radiochemical and end-group analysis to the elucidation 
of the composition of macromolecules. i 

All the chapters in these two parts have been written by 
staff members of the National Bureau of Standards, 
Organic and Fibrous Materials Division. The volumes 
provide a most comprehensive and up-to-date review 
of developments in modern methods of polymer analysis 
and will be invaluable reference books to all those 
engaged in the growing subject of polymer science. Dr. 
Kline and his collaborators are to be congratulated on the 
bringing together of this excellent and authoritative series 
of contributions. C. E. H. Bawn 
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Dialogue Concerning the Two Chief World Systems, 
Ptolemaic and Copernican 

By Galileo Galilei. Translated by Stillman Drake. 

Pp. xxvii+505. (Berkeley and Los Angeles: University 

of California Press; London: Cambridge University 

Press, 1962.) 2.95 dollars; 24s. 


OR the past ten years, English-speaking students 
have had two translations of Galileo’s masterpiece, 
each with its merits and weaknesses. De Santillana’s 
edition of a seventeenth-contury translation offers a more 
exciting display of erudition in the notes, but the text 
itself puts a barrier between the modern reader and 
Galileo. The present translation is readable and reliable 
throughout, based on Mr. Drake’s deep knowledge of the 
details and background of Galileo’s struggles and achieve- 
ments. 

If the Two Chief World Systems has one fault, it is its 
length. Especially towards the end, it becomes involved 
in technicalities which are of no interest to the general 
reader. De Santillana has remedied this in an abridged 
paperback version of his edition. 

A general principle would be to read the first two 
“Days” closely; there is contained Galileo’s exposition 
of-his new method for achieving truth by “sense exper- 
lence and necessary demonstration”. There is also Galileo’s 
picture of the official natural philosophy of the time. 
Although it is biased, it is not really misleading. 

This reprint costs only a fraction of the price ofthe 
original volume, and so is to be welcomed. But as a piece 
of bookmaking it cannot be commended. The reduction 
in size of the original pages makes the print inconvenient 
to read. The binding is simply glue with individual 
page-ends stuck in. Other paperback publishers can 
produce inexpensive books designed to stand up to wear, 
and there is no excuse for inferior workmanship in books 
of this quality issued by such reputable publishers. 

J. R. Ravetz 


The Interpretation of NMR Spectra 

By Dr. Kenneth B. Wiberg and Bernard J. Nist. Pp. 
vii+593, (New York: W. A. Benjamin, Ine., 1962.) 
25 dollars. 


HE high-resolution hydrogen resonance spectra of 

organic compounds are sometimes simple and easy to 
interpret. Sometimes, however, it is found that the spectra 
are complex, and cannot be interpreted in an obvious way 
in terms of the molecular structure. This occurs when the 
spin-spin coupling constants between chemically shifted 
nuclei are comparable with the chemical shifts between 
them in-the magnetic fields available. In order to obtain 
the chemical shifts and coupling constants it is then 
necessary to apply relatively sophisticated procedures to 
analyse the spectra. The methods are now well known, 
but because they often involve successive approximations, 
it is still frequently a laborious process. 


The authors of this book have programmed a computer 


to calculate the spectra corresponding to the so-called 
AB, AB, ABC, AB;, A,B, and AB, cases for a range 
of values of J/ẹ up to 3 including some cases with negative 
coupling constants. The results are presented in this 
book in the form of the resulting patterns. If one has, 
for example, an A,B, spectrum, it is then only necessary 


to study the various patterns presented for this case and ` 


to compare them with the experimental observations, 
in order to obtain a value for the ratio of the coupling 
constant to the chemical shift. Their separate values 
can then be obtained by a simple scaling procedure. It is 
thon a relatively simple matter to use well-known methods 
to obtain more accurate values if they are required. 

1,079 spectra are included in this volume, which will 
undoubtedly be of great value to all those who have to 
analyse complex high-resolution spectra. 

R. E. RICHARDS 
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The Mossbauer Effect 

A Review, with a Collection of Reprints. By Dr. Hans 
Frauenfelder. (Frontiers in Physics—a Lecturo Note and 
Reprint Series.) Pp. xiv+336. (New York: W. A. 
Benjamin, Inc., 1962.) 3.95 dollars. 


HE history of the Méssbauer effect is a strange une. 

The existence of this mode of nuclear resonance 
absorption. might have been predicted during the 1930’s 
and particularly after a paper by W. E. Lamb in 1939. 
Instead, the effect was discovered by R. L. Méssbauer in 
1958, a discovery for which he was awarded the Nobol 
Prize for physics in 1962. In 1960, it was realized that 
there were several nuclei, notably iron-57, in which the 
effect is very much more aasily observed than in 
iridium-191, the nucleus with which Méssbaucr was 
working, and laboratories in many parts of the world 
started programmes utilizing the effect. The result was 
such a spate of papers that one journal refused to take any 
more contributions on the effect. 

Two-thirds of this book of 336 pages are devotod to 
reprints of the most important of this original flood of 
papers. These are divided into six sections roughly 
according to whether the interest lies in the history of the 
effect, its theory, applications to crystal investigations. 
the investigation of the nuclear properties of iron-57 and 
some other nuclei, the investigation of the predictions of 
relativity and quantum theory, or the investigation of 
hyperfine fields. The first hundred pages give a survey of 
all these subjects written in a somewhat racy and readable 
style. 

The book has appeared at the right moment. The easy 
and dramatic experiments have all been performed, papers 
now appear much more slowly. To those who aro 
interested in experiments utilizing the effect, the book 
provides a good account of the present state of the subject. 

T. E. CRANSHAW 


Methods of Biochemical Analysis 

Vol. 10. Edited by Prof. David Glick. Pp. ix- 309. 
(New York and London: Interscience Publishers, a divi- 
sion of John Wiley and Sons, 1962.) 109s. 


de apparatus and methods used in the techniques 
applied to biochemical analyses are extremely varied. 
The subject-matter of this book shows that they may 
cover stich diverse topics as the separation of substances 
by the methods of gas-liquid partition chromatography. 
dialysis or counter-current distribution; the localization of 
materials within the living cell by the fractionation of 
cell particles or by histochemical techniques; the chemi- 
cal determination of the functional and prosthetic groups 
of proteins or the concentration of inorganic ions in 
biological fluids; the kinetic investigation of enzyme 
reactions and the measurement of the activity of enzyme 
systems. For these methods to be applied intelligently 
an appreciation of the theoretical background of the 
technique is essential and this entails a wide knowledge 
of the physical and biological sciences. Each subject 
discussed in this volume is developed lucidly from elo- 
mentary principles and the essential theory of the methods 
is clearly and concisely derived. 

Normally the application of a complex new method to » 
particular research problem involves considerable hard 
and tedious work whereby one practical procedure after 
another is varied to fit the individual needs of the partı- 
cular experiment. In addition, all too often particular 
difficulties are encountered because of the lack of details 
of the exact method in the published account. The 
description of the procedures given in this book aro clear 
and thorough and in all cases they show that the subject 
is discussed by an author who through an intimato 
working knowledge of the method appreciates the diffi- 
culties which can arise and is thus able to point out the 
pitfalls for the inexperienced. 
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It is probably sufficient to say of this book that it is well 
up to the standard of the previous volumes of the series, 
and it is therefore an essential requirement for any library 
of a biochemical laboratory where active research is 
being carried out. D. H. NORTHCOTE 


Toxicity of Arsenic Compounds 

By W. D. Buchanan. (Elsevier Monographs on Toxic 
Agents.) Pp. viii+ 155. (Amsterdam: Elsovier Publishing 
Company, 1962.) 25s. 


f hee toxic potentialities of arsenical compounds are 
important to those concerned with environmental 
health, in whatever aspect. A monograph on this subject 
is a most valuable addition to the available general texts. 
The difficulty in trying to accomplish a task of this kind 
is to allocate an appropriate proportion of space to the 
historical aspects, the forensic and industrial problems, 
the preventive, clinical and therapeutic features and, 
particularly, the basic biochemical and pharmacological 
mechanisms of action. Inevitably something suffers, and 
it is usually the basic approach that is lacking or not fully 
adequate. In the present instance much trouble has 
evidently beon taken to avoid this pitfall. Above all, 
however, the author, who is a medical inspector of 
factories, has written an excellent training manual for 
inspectors of factories, using as its mainstay the records 
of H.M. Factory Inspectorate in Great Britain, and having 
as its principal preoccupation industrial poisoning by 
arsenicals. Within these limits it presents a clear, coherent 
and painstaking account of the subject. 

What is lacking is any mention of recent developments 
in the toxicology of arsenic compounds, as for example 
their use as feedstuff additives for poultry and pigs, tho 
problem presented by residual arsenic in the carcasses, 
the distinction botwoon the fates of organic or protein- 
bound arsenic and inorganic arsenite in the body. Toxi- 
cology has deserted the Coroner’s Court for the biochemical 
laboratory. It is becoming transformed into a new 
experimental science, but this book does not reflect the 
transformation. Perhaps for its intended purpose it was 
inadvisable that it should. L. GOLBERG 


Some Common Flowering Plants of Uganda 

By E. M. Lind and A. C. Tallantiro. Pp. v+257+16 
plates. (London: Oxford University Press, 1962.) 15s. 
paper bound; 25s. boards. 


| pe now there has been no single moderately priced 
work which could be used by teachers, students or 
research workers wishing to identify the commoner plants 
of any part of tropical Hast Africa. The present clearly 
yet simply written, accurate and attractive book, in 
which are described some 500 species occurring in central 
Uganda, together with the 335 genera and 87 families to 
which they belong, therefore meets a very real need, and, 
while of the greatest value in Uganda itself, will also be 
useful in Kenya and Tanganyika. Keys are supplied to 
the families and to the genera of most large families. 
Trees and grasses, which are treated elsewhere, are 
omitted. Sections on how to collect and identify plants, 
a well-illustrated glossary and indexes in eight African 
languages to some 900 vernacular names are certain to 
prove valuable. 

One hundred and sixty species are illustrated by line 
drawings and eightoen by coloured plates. It is regrettable 
that theso illustrations are used simply to give a general 
impression of the species concerned, with little or no 
attempt to clarify the salient charactoristics of the family 
and genus in question. Thus, ten members of the Labiatae 
are illustrated, one in colour, but nowhere is the charac- 
teristic fruit of this family clearly shown, nor the meaning 
of the slightly ambiguous statement in the text ‘stem 
usually square’. Even where a key character, such as the 
biramous hairs of Indigofera, is illustrated, inadequate 
annotation leaves the point obscure. 
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As price is so important in determining the sales of a 
work of this kind, it may be noted that the paper binding 
is tough, attractive and hard-wearing. J. B. GILLETT 


Genetic Aspects of Dairy Cattle Breeding 
By Ivar Johansson. Pp. xii+259. (Edinburgh and 
London: Oliver and Boyd, Ltd., 1962.) 40s. 


VAR JOHANSSON, formerly professor of animal 
breeding at the Royal Agricultural College, Uppsala, 
and well known for his work on the subject in many 
countries, has set out the principles for the improvement 
of the standards of dairy cattle by the scientific applica- 
tion of the principles involved, particularly by the use of 
developments in tho integration of genetics and biometry 
during the past four decades. 

In a dozen chapters, each concerned with a special 
phase of the subject, he describes present-day knowledge. 
Immunogenetics as applied to the study of blood group 
characteristics and its application to inheritance; the use 
of monozygous twins; longevity, fertility and repro- 
ductive disturbance; sterility and reduced fertility; the 
relation of body size, growth rate, muscular development 
and type of milk yield; characteristics of development 
of the udder and teats; milk and butter fat yield; com- 
position of the milk; types of breeding. 

This is a valuable book for the advanced reader. Much 
statistical matter is given. 


Advances in Small Animal Practice 

Vol. 3. Proceedings of the British Small Animal Veteri- 
nary Association Congress, 1961. (Edited by Bruce V. 
Jones.) Pp. vii+ 198. (London and New York: Perga- 
mon Press, 1962.) 60s. net. 


HE British Small Animal Veterinary Association, are- 

latively new body, has made a good start and the third 
volume of Advances in Small Animal Practice, covering its 
fourth congress, held in 1961, has recently been published. 
This body developed because of a need to give greater 
scope for the particular interests of veterinary surgeons 
specializing in small practice than was possible with bodies 
concerned with the wider general interests of the profes- 
sion. Nearly thirty sessions are recorded and they con- 
cern some of the matters that are much under discussion 
in veterinary fields. Not all the papers were original in 
concept and certain of the subjects have been well to the 
fore in the literature elsewhere in recent years. Papers 
were read, by visitors from the United States of America, 
France, Denmark, Italy and Sweden. 

Surgery on small animals has made great progress and 
it is well represented in this volume. The publications 
of this association are a welcome addition to the literature 
provided for the practising veterinary surgeon. 

W. Poor 


Partial Differential Equations 

Proceedings of the Fourth Symposium in Pure Mathe- 
matics of tho American Mathematical Society, held at 
the University of California, Berkeley, California, April 
21-22, 1960. Edited by Charles B. Morrey, Jr. Pp. 
vi+169. (Providence, R.I.: American Mathematical 
Society, 1961.) n.p. 


HE American Mathematical Society’s two series of 
- Proceedings of symposia, in pure and in applied 
mathematics, are most useful, in that they offer in any 
single volume a, collection of papers on present-day work 
centred around one main topic, which might otherwise 
have to be sought through a dozen different periodicals. 
In the present volume, there are sixteen papers all dealing 
with aspects of the strictly mathematical theory of partial 
differential equations. Though sclection may be invi- 
dious, I found the papers by Aronszajn on associated 
norms and Bessel potentials, and that by Rosenbloom 
on the majorant method particularly interesting. 
- T. A. A. BROADBENT 
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PHYSIOLOGICAL FACTORS IN INSECT MIGRATION 
BY FLIGHT 


By Dr. C. G. JOHNSON 


Rothamsted Experimental Station, Harpenden, Herts. 


OST migratory flight in insects is prereproductive 

occurring at œ particular time in adult life. This 
suggests a physiological and experimental approach 
hitherto lacking in migration investigations}. 

The modern view of migration sees the locomotory 
drive as of first and of general importance and the mech- 
anisms of orientation secondary and specialized; many 
migrants are displaced by wind, and well-documented 
instances where the major direction of prolonged dis- 
placement is controlled by the insect are few. It is the 
drive, therefore, which is the main concern here, and 
particularly in females for reasons discussed later on. 


Migration in Females in Relation to Ovary 
Development 


Most, if not all, flights generally recognized as migratory 
by their simultaneity, undistractedness and duration 
start at the breeding sites and usually begin either 
immediately after the teneral period, as with aphids, or 
relatively early in adult life’; the females nearly always 
have undeveloped or only partially developed ovaries—~a 
fact known for many species, but not fully recognized as 
a gonerality. Examples are butterflies?-§, moths*-§, mos- 
quitoes*, syrphids'*, aphids, leafhoppers'*, aleyrodids*’, 
Heteroptera’, coccinellids'®1?, scolytids'*-#!, chryso- 
melids??, thrips®’, locusts, dragonflies**, ants and ter- 

. mites®®, Exceptions are insects probably at the very end 
of migration or species, discussed later, that make pro- 
longed flights in between bouts of oviposition. 


OVARY MATURATION AND OVIPOSITION 
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Fig. 1. Ants and termites. Migration flight shaded: ov., oviposition. 


WAITING PERIOD IN TERMITARIUM 


Primary migration from the breeding site. Five examples 
are given: others can be obtained from the insects 
already listed. 

The flight of termites has the behavioural and ecological 
characters of migration. Though short, it is not distracted 
by mating, feeding or oviposition, is made simultaneously 
by sexually immature females on the maiden flight and 
is followed by settling, mating, wing-muscle autolysis and 
ovary development. It is evidently adapted to transfer 
part of the population to another breeding site (Fig. 1*). 

The almost irrepressible oxodus flight of alate, partheno- 
genetic, female alienicole of Aphis fabae L. occurs, as 
with termites, on the maiden flight, but aphids contain 
partially developed embryos. After flight, which can 


* All six figures in this article are diagrammatic and do not imply scales 
or quantities accurately. ry : 








range from a few seconds to many hours, aphids settle 
on a suitable host, feed, complete the development of the 
embryos and deposit larve. They may fly several times 
during the next three or four days before the flight 
museles autolyse and flying ends. They spend tho rest 
of their lives reproducing (Fig. 2). 


OVARY MATURATION 


—--—/ 


L P CONTINVES 


yo MUSCLES AUTOLYSE 


Fig. 2. Migratory aphids, Migratory flights may be repeated a variable 

number of times (dotted peaks). Small peaks represent more local 

flights.: The course of ovary maturation between flights is uncertain. 
DP, larviposition 


The butterfly Ascia monuste L. (Pieridae) in Florida 
(Fig. 3) migrates when females are sexually immature; 
migratory flights end on the first or second day of adult 
life. Thereafter, maturation and relatively short flights 
between feeding and oviposition sites are evident®. Many 
other butterflies begin to migrate before ovaries are fully 
developed; none is known to start otherwise. 


OVARY MATURATION 


ADULT TENERAL PERIOD 





Fig. 3 


. Ascia monuste (Lepitopt: Pieridae). Normally with one migra- 
tion flight, but with delayed ovary development an additional one occurs 
{dotted lines). F, flights at feeding sites; ov., oviposition 


Gregarious locusts begin to migrate while sexually 
immature and ovaries ripen during migration. Considor- 
able migrations occur after initial oviposition, though 
how long migration and oviposition continue to alternate 
is controversial (Fig. 4). - Three or four batches of eggs 
seem to be laid at intervals of a few days; but it is 
uncertain whether migration ends before all the eggs are 
laid??-39, 

Adults of some dragonflies** and chafers*)* leave their 
birth-place while sexually immature and fly straight to a 
feeding site a mile or two away, where the ovaries develop. 
They return later in the season, often to the original 
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Fig. 4. Schistoceria gregaria. Migration flights occur often, during several 

weeks, Each is preceded by local ‘milling and surging’ flights (small 

peaks). F, feeding; ov., oviposition. The number of successive oviposi- 
tions is variable and migration may occur in between 


habitat, to oviposit (Fig. 5). This type of migration 

resembles ecologically those from breeding sites to 

hibernation or xstivation sites and the return to oviposi- 

tion sites next season, as with classical migrants like the 

Monarch butterfly. Perhaps migrations interrupted by 

diapause evolved from the non-diapausing type by winter 
- intercepting ovary development. 


ADULT TENERAL PERIOD 


FEEDING FLIGHTS 


Fig. 5. Chafers, Dragonflies: initial migration from site of imaginal 
ecdysis (shaded), to a feeding site, Small peaks are flights within 
feeding site. Remigration to oviposition site (shaded); ov., oviposition 


Migration in hibernating or aestivating insects. Females 
of all migrants that hibernate (or estivate) make the 
primary migration to hibernation quarters with the 
ovaries undeveloped, and they hibernate in this state. 
‘When diapause ends, the re-migration flight appears to 
end with oviposition (Fig. 6). Thus, in hibernating and 
estivating insects migration is interrupted and tem- 
porarily suppressed ®14:17,22,23, 


Physiological Factors in Migratory Flight 


Neurophysiological processes cause the characteristic 
prolonged and undistracted migratory flight, but eco- 
logical factors determine when it occurs. 
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Fig. 6. Migrants with adult diapause: for example, Danaus plexippus. 
Migratory displacement flights shaded: F, feeding; ov., oviposition 
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Because migratory species, or genotypical migrants, 
migrate with immature ovaries, factors that control ovary 
development probably control migration; a plausible 
hypothesis can be made on these lines explaining why 
some populations migrate at some times and not at 
others. It is more difficult to explain how migratory and 
non-migratory individuals differ physiologically and 
neurophysiologically. However, some of the factors 
involved are considered in the next section, before the 
evocation of migratory behaviour in nature is dis- 
cussed. 

Factors affecting flight efficiency. Sexually immature 
migrant females often have more fuel in the fat body, 
lighter bodies and relatively longer wings (making a lower 
wing-loading) than non-migratory individuals of the same 
species. These attributes may increase duration and 
perhaps efficiency of flight; but they do not cause the 
characteristic persistence and undistractedness of migra- 
tory flight, which is not only a matter of increased 
efficiency or lack of need to oviposit. The thresholds of 
response to stimuli that promote take-off and continuous 
flight appear to be lowered, or alternatively thresholds 
for settling are raised. 

Interrelation of flight and settling. The antithesis of 
migration is a stable and prolonged rest: the physio- 
logical reasons for one. illuminate those of the other. 
Flight and settling inevitably alternate in time, but they 
also have a functional relationship; for flight or any 
intense muscular activity is a physiological necessity for 
settling, feeding, mating or oviposition, at least with 
some, perhaps with all species. 

Thus now, unflown alate of migratory aphids will not 
stay on the plant on which they were born and will not 
settle or feed until they have flown™**, The Scolytid 
wood-boring beetle Dendroctonus behaves similarly*. 
Some mosquitoes®** and Hypoderma (Diptera)*? mate 
only after a short flight, and oviposition by noctuids®® 
and muscids*®® alternates with bouts of flying; oviposi- 
tion by the wax moth Achroia is preceded by intense 
walking*®. 

The duration of settling and flight are related quanti- 
tatively. The longer an aphid flies the longer it later 
remains settled!!; stability of the settling response in 
Automeris (Saturniidae) (as measured by an accompanying 
rocking motion) and the waggle dance of honey bees 
after settling are directly related to the length of the 
previous flight‘t:42, Incomplete settling induced by a 
succession of unsuitable hosts is reported to prolong 
flights of aphids*®. 

This functional interplay is thought to be caused by 
reciprocating reflex systems which alternately release and 
suppress each other®®, and prolonged function of settling 
reflexes gradually lowers the flight thresholds so that 
flight replaces settling and vice versa; this is apparently 
a matter of reflex relationships, not of fatigue. With an 
insect in a migratory state flight exceeds settling; thus 
Lepidoptera feed hurriedly during migration flight**, and 
settled immature locusts are said to join in a passing 
swarm more readily than those about to oviposit?*?°; 
Weis-Fogh noticed that migratory locusts near to ovi- 
position were reluctant to fly in the laboratory*. 

Thresholds of response to various general stimuli . 
(such as sounds, movements, touch, wind, light) which 
initiate take-off and to others such as feed-back from the 
wind-sensitive organ on the head, needed to maintain 
continuous flight, appear to be abnormally low in mi- 
grants and evidently vary with the sexual state of females. 
This is perhaps why exceptionally vigorous individual 
migrants of Ascia? and Aleyrodes? produced in very 
crowded populations continue to fly at night at light- 
intensities that would normally inhibit flight. 

That neural response thresholds are affected by endo- 
crine balance was shown by Haskell and Moorhouse‘. 
Locomotor activity in locust hoppers reaches its peak 
some days after moulting; the subsequent decline as the 
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next moult approaches coincides with increased titre 
of the moulting hormone, ecdyson, from the prothoracic 
glands (or with some associated chemical process). That 
thresholds are so changed is shown by the lack of re- 
sponse by isolated hoppers to stimuli that cause orientated 
locomotory reactions m hoppers bred in crowds; and 
because injection of blood from crowded into isolated 
hoppers lowers their response thresholds so that they 
respond to stimuli which before were ineffective, and 
vice versa. Haskell and Moorhouse showed a still more 
intimate effect. When the metathoracic ganglion of 
mature adult male Schistocerca is bathed with ecdyson 
or with blood from moulting hoppers electrical activity 
in the motor neurones supplying the extensor tibialis 
muscles of the hind legs decreases. Thus the drive of 
migratory flight may well be caused by a lowering of the 
neural response thresholds by changes in endocrine 
balance acting selectively on the particular reflex systems 
involved in wing-beat, as it does in hind-leg movements of 
hoppers. 

Migratory flight occurs frequently, though not always. 
immediately after metamorphosis; presumably the 
ecdyson titre is then decreasing, but it is not minimal 
and hence other associated factors may be involved, as 
Haskell and Moorhouse suggest for other reasons. Clearly, 
the analysis of flight response thresholds in relation to the 
sexual cycle and the endocrine system controlling it 
will be of great interest. 

Phototaxis and migratory flight. Many migrants such 
as aphids, scolytids and frit flies** fly upwards at exodus 
with a strong, positive phototaxis, apparently an adapta- 
tion ensuring effective wind-borne travel. Eventually, 
however, the sign of phototaxis is reversed or the insects 
respond to the green-yellow of the earth rather than 
ultra-violet light of the sky*’. So long as insects are high 
in the air this reversal may not end flight, for aphids in 
such a state will fly to exhaustion when free from visual 
distractions’”. Descent on downward currents gives 
opportunities for settling, and, the insects being corre- 
spondingly receptive, their flight ends. ; 

The change of phototaxis and the development of 
settling responses can be interpreted as a successive induc- 
tion of reflex systems. However, the endocrine system 
is also involved for when the corpus allatum and corpus 
cardiacum are removed from the adult Colorado beetle 
a negative phototaxis and burrowing (which in nature 
precedes oviposition) is induced‘*. When prothoracic 
glands from Locusta (the moulting hormone, ecdyson) 
are implanted in photo-positive larve of the Eyed-Hawk- 
moth these become photonegative; neotinine, the juvenile 
hormone from the abdomen of Cecropia, causes a reversal 
back to a positive sign*?. However, in migrants a negative 
phototaxis often develops long before ovaries are fully 
mature, when corpus allatum activity is presumably 
still small, as in scolytids after flight or when many 
insects hibernate with sexually immature ovaries. Photo- 
tactic responses also change in Trypodendron (Scolytidae) 
from positive to negative as air is swallowed during flight 
and pressure in the proventriculus increases. Artificial 
release of this air provokes positive phototactic flight 
once more*?, Pressure on the abdominal ganglia in 
Choristoneura larve has a similar effect*. 

The end of migration often coincides with oviposition, 
and oviposition responses can be induced by hormones. 
Neurosecretory cells, or blood from ovipositing females 
of the heteropteron [phita introduced into non-avipositing 
females, induces them to make oviposition responses; 
blood from fertilized Bombyx females induces oviposition 
in non-fertilized females; the neurosecretory cells in 
ovipositing phasmids secrete actively"! 

Thus, while the short-term oscillations of flight and 
settling within the migratory period may depend on suc- 
cessive inductions of reflexes, the balance in favour 
of one response compared with another appears to be 
associated with endocrine balance. 
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Differences between migrant and non-migrant species. 
The internal factors that control migratory activity aro 
partly humoral, partly neurophysiological, partly use of 
fuel, perhaps partly a lessened wing-load. All flying specics 
possess some of these elements yet not all migrate. Thus 
the saturniid, Cerodirphia speciosa, has such a high thres- 
hold for settling that it never completely settles after 
flight and even slight stimuli cause it to fly again’*. Tho 
insect is extremely restless, but not a migrant. Loco- 
motory activity at the expense of settling goes a stago 
further without becoming migration when insects liko 
chironomids and Simulium swarm for considerable periods 
over a stationary object. i 

Migrants in contrast possess a factor leading to dis- 
placement, such as a positive phototaxis which leads to 
wind-borne displacement, or an orientation which leads 
to a ‘straightening out’? of flight, and they pass it from 
generation to generation; they are genotypical migrants. 
Nevertheless, individuals with the equipment to migrate 
often fail to do so. The evocation of this latent ability 
now needs considering. 


Evocation of Migratory Flight in Nature 


Variation in the pre-oviposition period and its effect on 
migration. The length of the pre-oviposition period 
affects the duration of migratory activity, for it can be so 
brief as to obliterate it or prolonged to increase it. Infor- 
mation ‘on the relation of migration to the speed of ovary 
development is scanty, but it suggests a quantitative 
relationship. 

Observations with Ascia monuste indicate that lengthen- 
ing the pre-oviposition period prolongs, and shortening it 
suppresses migratory flight. When the insects emerge 
too late in the day they are not flight-mature when it is 
time to migrate next day. The day afterwards, they aro 
sexually mature and cannot migrate’. The migration 
flights of hundreds of miles to overwintering sites by 
D. plexippus is possible only because of prolonged ovarian 
immaturity, for individuals that mature quickly oviposit. 
die en route and never reach the hibernation sites™. 

Recent work by El Khidir? on Aleyrodes brassicae in 
England shows that during summer adults develop their 
ovaries quickly and fly only a few inches or feet to another 
and younger leaf before they settle and oviposit. In the 
autumn, ovaries develop slowly and sexually immature 
females accumulate as cold inhibits flight. On a warm 
day, however, they all fly off together and apparently 
unlike the summer adults fly for considerable distances 
en masse to overwintering sites. 

The early generations of D. plexippus apparently do 
not migrate long distances presumably because of a 
short pre-oviposition period, but later generations do: 
they therefore resemble whiteflies except for distances 
travelled. 

Internal and external factors affecting the pre-oviposition 
period. Tho speed of ovary development is controlled 
by the corpus allatum and the associated endocrines. 
The activity of the corpus allatum is diminished by en- 
vironmental stimuli associated with a short day, in- 
sufficient or deficient food, crowding or high temperature, 
espécially before metamorphosis. 

Decrease in length of day during larval development 
slows ovary development, prolongs the preoviposition- 
period and causes ovarian diapause in many insects®*-57. 

Removal of the corpus allatum from the adult has tho 
effects of a short day during development, and inhibits or 
delays egg formation. 

Food affects oogenesis, and the selection of specific 
feeding sites by syrphids, dragonflies, chafers and many 
others confirms this. Food supply is affected by crowd- 
ing and the effects of one may be confusod with 
the other, as in the literature on alate production in 
aphids. 
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Starvation or a diet of water or sugar solution delays 
oogenesis in Oncopeltus (Heteroptera) and Calliphora 
(Diptera) and removal of the corpus allatum has the same 
effect®s59, E 

A most striking example of fọod affecting migration 
through ovary development, however, occurs with the 
spruce budworm Choristoneura fumiferana: first instars 
in spring feed on old leaves and young staminate flowers 
of balsam fir and move to new leaves, producing gravid 
adults too heavy to fly. Large populations, however, 
destroy new leaves and caterpillars then feed on old ones, 
so becoming small sexually immature adults, capable of 
upward phototactic flight. Here crowding appears to 
act by changing the food®. . 

Hither crowding or diminished food or both together 
also affect the bean beetle, Callosobruchus maculatus (F.), 
which has two alate forms. A bean with ono larva 
produces an adult with rapidly ripening ovaries, a large 
wing-loading, unable to fly. With two larve in each 
bean the adults are sexually immature, have a small wing 
loading and can fly®~62, 

Crowding alone during larval stages lengthens the 
pre-oviposition period of some adults (Locusta migrato- 
riodes (R. and F.)%, Leucania unipunctata Haworth" 
and Laphygma evigua’, Pieris brassicae L.,** A. monuste) 
and shortens it in others (Schistocerca gregaria®*, No- 
madacris septempunctata Servillo", Plusia gamma and 
Barethra brassica**), . i 

Low temperature during the adult stage slows meta- 
bolism and ovary development, but might stop flight. 
Such a retardation is not necessarily accompanied by a 
diminished corpus allatum activity which seems to produce 
migratory flight. But a relatively high temperature in 
pre-adult development decreases corpus allatum activity 
and produces an adult of abnormal sexual immaturity**. 
A relatively high temperature even after metamorphosis 
might then permit migration before the ovaries fully 
mature. 

Displacement during the oviposition cycle. - Though 
migration is commonly pre-reproductive, some species 
(aphids, locusts, muscids) make considerable flights 
between bouts of oviposition. Spruce budworm adults 
fly on convective storms after first ovipositing®*. Some 
chafers make additional migratory flights after ovipositing 
back to feeding sites where oogenesis is resumed®?. There 
seems to be some doubt whether Aedes taeniorhyncus 
resumes migration after ovipositing®, but other mosquitoes 
fly scores of miles after the blood-meal that follows post- 
teneral flight but precedes oogenesis®. 

The volume of the corpus allatum, atleast in Calliphora, 
waxes and wanes as eggs develop periodically during adult 
life; some chafers, locusts and many other insects also 
take several days to mature successive egg batches; 
evidently the physiological condition associated with 
endocrine activity necessary for long migration occurs 
during these inter-oviposition periods, as in the pre- 
reproductive stage after imaginal ecdysis. Migration can 
be interreproductive as Kennedy points out”. 

Environmental-endocrine system in relation to migration 
and habitat. Southwood” showed that migratory species 
live in temporary habitats and migration can be regarded 
as an adaptation to ensure that such places are relin- 
quished before they disappear or become untenable. 
But there is ho evidence that migration is a reaction to 
current adversity and when this kind of behaviour has 
been claimed (‘alimental’ or ‘climatic’ migration as when 
locusts leave a drying habitat)*-7* the ontogenetic hypo- 
thesis developed here seems more plausible. The factors 
associated with a habitat doomed to decay are the same 
as those that delay.ovary development, namely, shorten- 
ing day, senescing food, crowding and high temperatures, 
particularly with the later summer and autumn genera- 
tions in temperate climates. These then may be sup- 
posed to produce an individual with the necessary sexual 
immaturity to evoke and prolong migratory flight. 
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In tropical countries day-length is more constant and 
food may be more ubiquitous; it may then be dryness’ 
or heat during larval growth that delays sexual develop- 
ment. Many token stimuli may affect corpus allatum 
activity. 

The operation of an eco-physiological system controlling 
ovary development and the migration associated with 
it in genotypical migrants will not be identical for all 
species, and many adaptations to ensure that migration 
is controlled ontogenetically might be expected. Sexual 
immaturity delayed for days or weeks is geared to long 
distance travel with locusts and the Monarch, when it is 
disadvantageous for oviposition to overtake migrants 
before they have reached their destination. With aphids 
the hosts of which are scattered but ubiquitous, and im- 
mense populations are broadcast among them, the 
migration period can afford to be shorter, and indeed 
migration occurs while embryos are nearly mature. 

Structural, physiological and behavioural ‘polymorphism’. 
All the alate adults of migratory aphids are obligatory 
migrants and their non-migratory adults are wingless. 
It is easy to accept the ability or inability to migrate 
when. it is rigidly associated with such gross structural 
differences as the presence or absence of wings’’. But 
most migrant insects normally produce only winged 
adults some of which migrate and some do not. It is 
these that have made migration seem mysterious. Many 
of these species nevertheless have various degrees of alary 
polymorphism. Thus gregaria locusts have relatively 
longer wings than solitaria; with Plusia gamma, Pieris 
brassicae, Callosobruchus quadrimaculatus, crowding pro- 
duces a smaller wing-loading. But although locust 
gregaria migrate in the classical swarms and so migration 
is connected with crowds and swarm development, 
solitaria also migrate. Indeed migration by many insects 
is popularly associated with dense populations and al- 
though this association may be real, and fits the hypo- 
thesis developed here, there is in fact little direct evidence 
for it. There is an immense literature on structural 
polymorphism and its association with a short day, 
crowding and other factors affecting the endocrine system 
but differences in flight behaviour are rarely considered”. 
Migration studies suggest that polymorphism does not 
stop short at structural differences but extends also to 
behaviour and that this, like form, is also a matter of 
ontogeny whether linked with morphological differences 
or not. : 

We can therefore expect a gradation from one extreme, 
of structural polymorphism and obligatory migration as 
in aphids and termites’’, to the other extreme where little 
or no visible morphological differences are apparent and 
the only differences are physiological, neurophysiological 
and behavioural, nevertheless controlled by the endocrine 
associated with development and metamorphosis and 
evoked by environmental factors. 


Migration in Males 


Any mention in the literature of the state of the gonads 
in migrants almost always refers to the ovaries; therefore 
this article has dealt mostly with females. Females of all 
species have the same function, to ensure that offspring 
are deposited in suitable habitats; migration is a way of 
doing this in special circumstances. But the males are 
needed only to fertilize the females, and that can be done 
at the source without migrating, during migration, or at 
its end. Male migration is therefore much more variable 
from species to species than female migration. 

At one extreme, as with the European pine shoot moth 
(Rhyacionia buoliana Schiff.), females fiy readily only 
after mating and migrate without males accompanying 
them’, 

In Aedes taeniorhyncus mating often occurs at initial 
exodus and males accompany females probably only for 
a relatively short distance’. Some males accompany 
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females to hibernation sites'-17,35.43, but remain immature 
during hibernation™; others are mature soon after pupal 
emergence and migrate while sexually mature, with 
females, retaining live sperms in the seminal vesicles 
during hibernation, while the females are wholly im- 
mature’’.”*, With locusts, immature males and females 
migrate and mature together*. Thus the relation of 
endocrines and gonad development to thresholds of 
flight response does not show the obvious association 
in males as in females. Males probably have features 
peculiar to the sex and need separate investigation in 
each species. : 

The difference between the sexes, in general migration 
studies, has not been given the attention it deserves; 
usually both sexes have been considered as if belonging 
to the same causative system and this is not generally 
true. 


Conclusion 


(1). Females of most migratory species migrate while 
the ovaries are immature. The migration from the 
breeding site usually occurs soon after imaginal ecdysis; 
re-migrations are also made before ovaries mature, often 
after imaginal diapause. 

(2) This suggests two experimental approaches to 
migration: (a) an examination of the physiological and 
neurophysiological factors responsible for the migratory 
drive; (6) to investigate the hypothesis that migration is 
evoked, prolonged or suppressed in genotypical migrants 
by environmental factors affecting ovary development. 

(3) Flight and settling thresholds are functionally 
independent and vary reciprocally over short periods. 
But an endocrine mechanism evidently controls the 
neural thresholds so that flight is emphasized while ovaries 
are immature and settling is emphasized when ovaries 
ripen. That increase in the moulting hormone raises the 
neural response threshold for locomotor activity in locusts 
hoppers supports this. 

(4) The following hypothesis explains why genotypical 
migrants migrate at some times and places and not at 
others. 

Migratory flight can be prolonged by a lengthened 
pre-oviposition period and obliterated by a short one. 
Therefore the factors which prolong sexual immaturity 
also probably evoke and prolong migration in females. 
These factors are crowding, too little food or food of the 
wrong kind, a short day and high temperature acting 
through the corpus allatum and associated endocrines, 
especially during pre-adult development. Extended 
photoperiod, lack of crowding and enough of the right 
food would have an opposite effect, and tend to shorten 
or suppress migratory flight. 

(5) It is suggested that these factors, singly or together, 
cause adults in some generations of genotypical migrants 
to develop into obligatory migrants and to suppress 
migration in other generations. This could explain 
seasonal and ‘climatic’ and ‘alimental’ migration and why 
populations usually migrate before a habitat obviously 
deteriorates. The same eco-physiological system that 
produces morphometric differences associated with 
migratory behaviour may be expected also to produce 
behavioural differences alone. 

(6) Males of some species migrate while sexually im- 
mature, accompanying immature females all the way; 
females of other species are fertilized before migration 
and the males do not migrate. Some males migrate while 
sexually mature. There is a gradation between these 
extremes. Migration of females is physiologically similar 
between species, but that of males is more variable and 
requires a separate investigation. 
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MOLECULAR BIOLOGY, EUGENICS AND EUPHENICS* 
By Pror. JOSHUA LEDERBERG 


Kennedy Laboratories for Molecular Medicine, Department of Genetics, School of Medicine, 
Stanford University, Palo Alto, California 


HE risks of scientific prophecy are well known. But 

foresight about our scientific culture is as important 
for the culture to gather as it is difficult for the scientist 
to expound. His credentials to speak on the impact of 
science on human welfare are scarcely unique, but he does 
have a responsibility which stems from his technical 
judgment of the plausibility and especially the time-scale 
of scientific advance, which by furthering human power 
must impinge on policy. 

Recent years have seen breath-taking advances in the 
molecular foundations of biology, at a pace that reminds 
us that the gross effort in science in one year now matches 
the total accumulation to the beginning of this century; 
as much scientific effort has been invested since 1950 as 
was in all previous history. These actuarial calculations 
cannot, of course, measure the intellectual value of the 
return, nor do they take account either of instrumentation 
multipliers or of the overloading of the communications 
net. The details of these advances are well told elsewhere. 
What must be noted here is the solution to the funda- 
mental problems of genetics: the encoding of genetic 
information in the structure of DNA, and the enzymatic 
mechanism by which the nucleotide sequence is replicated. 
Intertwined with these developments have been the 
unification of terrestrial biology within a single bio- 
chemical genetic scheme, and the now rapid unravelling 

_ of the cellular mechanism of protein synthesis whereby 
the genetic information is translated into the working 
machinery of life. 7 

Eugenics, the conscious betterment of man’s genetic 
quality, has fascinated many idealistic thinkers. Like 
other noble aims it has been perverted to justify unthink- 
able inhumanity; which does not help to assess its 
validity and feasibility by ethically proper means. The 
case for eugenics, ably presented by Huxley and by 
Muller, has one most trenchant argument against com- 
placency: man’s long pre-cultural evolution has given 
him a biological legacy which can be only fortuitously 
adapted to the physical power and technological com- 
plexity of the modern world. In a word, man, unless he 
grows less ‘human’, may destroy himself. 

Eugenic progress creeps within the joint constraints of 
our limited knowledge of human genetics and customary 
wisdom concerning its implementation. Even so, the 
eugenicists argue, some beginning must be made, to offset 
exigent counter-eugenic influences, perhaps to assure that 
some eugenic wisdom survives until the species can or 
must act. 

The new biology is relevant here—ultimately it could 
diagnose, then specify, the actual DNA composition of 
ideal man. But clearly, this will not happen for some 
time (“if ever”, most of my colleagues will reassure them- 
selves, while they concentrate on more penetrating 
assaults on these secrets). 

Having shared this view, I may record how easy and 
tempting it is to postpone consideration of the probable 
impact of biological knowledge on human affairs. It is 
difficult enough to make a fragmentary contribution to 
such knowledge, much more to be usefully concerned with 
its total consequences. 

The emphasis on eugenics as the point of application 
of molecular biology overlooks the most immediate pros- 


* Substance of an address to the Symposium on “The Future of Man™ 
held at the Ciba Foundation, London, November 26-30, 1962. The full 
proceedings A the Symposium will be published by Messrs, J. and A. 

urchill, . 


pects for the understanding and then control of human 
development. To dramatize the antinomy, I propose the 
term ‘euphenics’ as the counterpart of ‘eugenics’, in the 
same sense that ‘phenotype’ is opposed to ‘genotype’. 

Development is the translation of the genetic instruc- 
tions of the egg, embodied in its DNA, to direct the un- 
folding of its substance to form the adult organism in all 
its aspects, which comprise its phenotype. The crucial 
problem of embryology is the regulation and execution of 
protein synthesis, how some DNA segments are made to 
call out their instructions, others suppressed, which under- 
lies the orderly differentiation of cell types. 

Until now, the major problems of human development 
—not only embryology, but also the phenomena of 
learning (in its neurobiological aspects), immunity (with 
its bearing on transplantation), neoplasia and senescence— 
could be approached at only the most superficial level. 
They are about to be transformed in the sense that 
genetics has been, as epiphenomena of protein and nucleic 
acid synthesis. The present intensity of effort suggests a 
span of from five to no more than twenty years for an 
analogous systematization. 

On these premises it would be incredible if we did not 
have the basis of developmental engineering technique, 
for example, to regulate the size of the human brain by 
prenatal or early postnatal intervention. 

The basic concept of molecular biology is the chain of 
information from DNA to RNA to protein. We are just 
now beginning to ask questions of mental mechanism from 
this point of view. The simplest and one of the oldest 
of speculations about memory is the modification of 
neuronal interconnexion through control of synthesis and 
deposition of durable proteins at the interfaces. A plausible 


‘link between electrical impulses and protein synthesis 


might be the accompanying shifts of potassium and 
sodium concentrations; these ions being also important 
cofactors for several enzymes involved in protein syn- 
thesis. Thus, cation balance could control the assembly 
of chosen polypeptide chains into a complex protein, the 
selective reactions of glutamine —-CONH, in protein, or 
the imperfect specifications of degenerate RNA codes. 
Such speculations merely illustrate the relationship of 
mental science to molecular biology. 

In another field of developmental engineering Medawar 
has already exhibited a tour de force, the abolition of 
immunity to transplants introduced in early life, which 
has clarified the biology of immunity and points to the 
solution of the transplantation problem. At present, 
human individuality is the bar to spare-part medicine: 
the organism rejects grafts from other individuals even of 
the same species, the alien tissue a life-extending kidney 
or heart notwithstanding. The solution to the homograft 
problem now partly resolved must be imminent, under in- 
tensive attack as an aspect of the cell biology of immunity, 
and of the molecular structure and cytosynthesis of anti- 
bodies and tissue antigens. The management of the 
problems and opportunities it raises should be a proto- 
type for the exercise of responsible power in biological 
engineering. There is no evident forethought of them, 
perhaps just because of their cataclysmic impact on 
medicine. 

What if surgical finesse were now the only criterion of 
transplantability ? The direct replacement of defective, 
diseased or worn-out organs could pre-empt all available 
surgical talent for years to come. Then, many potent 
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régimes, once restrained by the side-effects on other 
organs, are now available to internal medicine. These 
tools, like present-day drugs, will also havə an indis- 
pensable role in the treatment of healthy individuals. 

The most nightmarish prospects arise from indifference 
to technological and procedural requirements with respect 
to the sources of indispensable, scarce life-saving organs. 
The orderly evolution of transplantation technique might 
be facilitated if organ transplants in man (with evident 
trivial exceptions) were already subject to formal regis- 
tration as vital statistics. 

Many social problems arise from technological im- 
balance, or at least have possible technological antidotes 
which can then be properly discussed here. For example, 
the political stability of the world might be enhanced if 
the present technology of the detection matched that of 
the power output of nuclear explesives; likewise for the 
moderation of human prolificity concurrently with infant 
mortality. In the present case intolerable stresses arising 
from the economics of human organs could be averted by 
further advances beyond the first stage of successful 
homotransplantation. These might include a eugenic 
programme on other species to facilitate their use as 
sources of organs. The more difficult problem of hetero- 
transplantation, from other species, would be mitigated 
if these sources were genetically uniform and could be 
specifically selected for immunological and functional 
suitability. At present the only animals which begin to 
fit these criteria are inbred mice. The industrial manu- 
facture of specific proteins (either by chemical- or cyto- 
synthesis) would be an invaluable adjunct. Such precious 
proteins, for example, hormones or enzymes, are some- 
times the functional purpose of a transplant. As anti- 
bodies or tissue antigens they would play a specific part 
in noutralizing the homograft rejection mechanism. As 
structural proteins they would be valuable for the manu- 
facture of compatible parts and connexions. 

The heart probably poses the most perplexing problems 
of supply and allocation. Yet, of all the vital organs, 
this should be the first to be simulated by a mechanical 
analogue—machines are already available for short-term 
use during surgery. Should the engineering effort be 
accelerated to produce a practical substitute for this 
efficient pump? These proposals stress engineering 
development, partly to illustrate a prevalent gap between 
academic science and its useful implementation in this 
aspect of human welfare. There are many equally in- 
sistent candidates for the succession to military uses of 
industrial technology. 
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Man’s control of his own development, ‘euphenics’, 
transmutes the means, and also the ends of eugenics, as 
have all the precedent cultural revolutions that have 
shaped the species: language, agriculture, political 
organization, the physical technologies. Eugenics is aimed 
at the design of a reaction system (a DNA sequence) that, 
in a given context, will develop to a somehow defined goal. 
Few insights would be worth more than the design of 
human value—but will culture stand still merely to 
validate the eugenic criteria of a past generation ? For a 
given end, the means will have shifted: the best inborn 
pattern for normal development will not always react 
best to euphenic control. 

Within the framework of formal eugenics the dis- 
ruptive effects of recombination may need further investi- 
gation. Most genes segregate independently of sex, but 
must then work in concert with the bio-cultural di- 
morphism of sex. This must impede stringent selection; 
or conversely, does rapid eugenics not imply the con- 
vergence of the sexes to a common goal? At a considor- 
able cost in its rate the evolutionary process might be 
confined to sex-limited, -linked, or -irrelevant mutations, 
if any, which still affect personality. Euphenics can 
switch the entire programme to match the sexual or other 
role-defining polymorphisms. Education—the wholo 
cultural apparatus—does this now. 

Euphenics will, of course, open the way for a more 
comprehensive eugenics, if only through the systematiza- 
tion of knowledge of gene action. Even now the outlook 
for eugenic improvement of intelligence would be improved 
by a biochemical assay for it. 

In our inquiry on his future, the aims of human exist- 
ence are inseparable from the power and responsibility 
for human nature. It becomes more perplexing as bio- 
logical technology dissolves the barriers around individual 
man and intrudes on his secret, germinal continuity. The 
humanist premise of individual value must face the issue 
of a definition of man, taking full account of his psycho- 
social progeny. We now recognize genetic continuity in 
mechanistic terms as a nucleotide sequence—in due course 
this will itself be subordinate to the psychosocial mach- 
inery. While man perfects the knowledge of his own 
mechanism, he also vitalizes machines on to a convergent 
evolutionary pathway. Genetics is rapidly becoming a 
corollary of information theory. As he thus evolves from 
substance to concept, Is it the bond of genetics or of com- 
munication that qualifies ‘man’ for the aspirations of 
humanistic fulfilment, apart from the other robots born 
of human thought ? 


MOUSE MAMMARY TUMOUR AGENT AND MOUSE MAMMARY 
TUMOURS 


By Dr. DAN H. MOORE 
The Rockefeller Institute, New York 


HE mouse mammary tumour agent (MTA) remains to- 
day the most elusive and mysterious of all the tumour 
viruses, although it has been twenty-six years since 
Bittner first demonstrated the influence of milk on breast 
cancer by foster nursing. The numerous papers which 
have appeared on the subject during the past quarter- 
century provide an unusual array of data against 
which new interpretations can be tested. For many 
years it has been recognized that there are at least three 
factors operative in this disease: the milk factor, the 
hormonal factor, and the genetic factor. But the precise 
relationship of one to the other is still enigmatic. 
This article describes the milk factor (mammary 
tumour agent) in the light of both old and new data with 
the hope of placing it in a more precise relationship with 


the other two factors. Some readers may find valid 
objection to certain phases of the interpretation set forth 
and no doubt modifications will have to be made as now 
data become available. It is believed, however, that 
recent accumulations of new information provide a 
background for a profitable review. Much of the argument 
presented here stems from the belief that many mice 
thought to be agent-free actually are not. Yet at the same 
time it is not believed that all mice are bearers of the 
agent. At least some families of certain strains seem to 
be free of it, although other families of the same strain 
manifestly carry it. Interpretation of much of the work 
on the mammary tumour agent depends, then, on the 
important question of whether mice thought to be agent- 
free are in fact agent-free. In considering foster nursing, 
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it is assumed here that at least some of the so-called 
agent-free strains are in fact agent-free. If this assump- 
tion is false it follows that the low-tumour incidence 
found after foster nursing high-tumour strains on ‘agent- 
free’ mothers may be attributable to the agent being 
transmitted to the highly susceptible animals by their 
foster mothers. If they do not obtain it by this means 
other means must be considered. 

This presentation consists of five basic statements, 
with the supporting reasons for making them, followed 
by a discussion which expands the argument for each 
statement. - 

Statement 1. Bernhard’s type B particle!, which has 
the physical and chemical properties? of a virus, represents 
one form of the milk agent. A smaller particle, possibly 
fragment(s) of the virus, can also carry milk agent activity. 
Support: (1) The B particle is found in all mammary 
carcinoma tissue and in all active milk and, except 
for the closely related A particle, is the only virus-like 
particle found?. 

(2) The B particle is found in the mammary glands of 
high-tumour strain DBA and RIII females even at first 
pregnancy in agreement with the presence of the milk 
agent in the milk of young, non-tumorous animals‘. 

(3) Relatively few® B particles are found in tumours 
of C3Hf or RIUf mice (foster-nursed on C57 black) and 
none in the milk or mammary glands of younger, foster- 
nursed animals in agreement with the low infectivity or 
absence of infectivity of these substances (tumour ex- 
tracts or milk)*-?. As evidence that tumour incidence is 
dependent on milk agent concentration, Bittner® observed 
that in high-cancer strains the offspring of mothers 
which developed tumours early had a higher percentage 
of tumours than offspring of mothers which developed 
tumours late and suggested that this resulted from a 
difference in the concentration of the milk agent in the 
two types of mothers. In foster-nursing experiments, 
Andervont and McEleney® found that when the young 
of high-tumour strains remain with their mothers for 
varying periods before being foster-nursed by agent-free 
mothers, the young remaining with their mothers for 
shorter periods developed fewer tumours at a later age 
than did the young permitted to nurse their mothers 
for longer periods. Furthermore, Bittner® found inci- 
dence of tumours lower in the early litters of high- 
cancer-strain mothers than in later litters, in agreement 
with the belief that the young mothers provide less virus 
in their milk!*. A positive parent-offspring correlation 
was found by Heston in his C3Hf line. From tumorous 
mothers the incidence was 47-5 per cent whereas from 
non-tumorous mothers only 27 per cent of the daughters 
developed tumours?®, 

(4) Precancerous hyperplastic alveolar nodules in 
high-cancer strains contain an abundance of B particles, 
whereas the otherwise indistinguishable, hormone-pro- 
duced alveolar lobules do not. On transplantation 
into cleared (mammary glands removed at three weeks 
of age) fat pads, the former usually progress to cancer, 
whereas the latter rarely do’. 

(5) The B particle is found in the genitalia of male 
RIII and DBA high-breast cancer-strain mice! in agree- 
ment with their ability to transmit the agent to agent- 
free females with which they mate? 14, 

(6) Working with tissue cultures of adult mouse mam- 
mary glands maintained in a chemically-defined, non- 
protein medium to which specific hormone combinations 
are added, Lasfargues!*-* has found that: (a) hormonal 
stimulation can induce foci of epithelial hyperplasia in 
organ cultures of agent-containing RII mammary 
glands even as early as the very beginning of the first 
pregnancy; (b) such hyperplastic foci cannot similarly 
be induced in C57Bl mammary gland cultures lacking 
the milk agent; (c) the B particles are elaborated by the 
mammary epithelium under the same hormonal stimula- 
tion that produces the epithelial hyperplasia; (d) there 
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are two peaks of B-particle production, one in early preg- 
nancy, the other in lactation, corresponding to the two 
phases of high protein production in the mammary cell, 
that is, self-replication and milk secretion; (e) if the milk 
agent is introduced into C57 mice by foster-nursing them 
on RIM mothers, their glands in culture develop foci of 
epithelial hyperplasia and show the same two peaks of 
particle production. These findings appear to explain 
the correlation that exists between parity and tumour 
incidence. 

(7) B-particle-containing preparations from supposedly 
agent-free C3Hf and Af mice have now been shown to 
possess milk agent activity}. 

(8) Rabbit antiserum to B-particle-containing sup- 
posedly agent-free (C3Hf or BALB/Cf) tumour extracts 
neutralizes milk agent activity™. 

(9) Filtration of milk through ‘Gradocol’ membranes 
and also free diffusion experiments repeatedly indicate 
@ particle size in agreement with the B particle**.®, 
although ionizing irradiation and the filtration and 
diffusion experiments suggest that the bioactivity of the 
agent can be carried by a much smaller particle'*-*1, 

Variants or strains of the mammary tumour agent, 
for which there is evidence, are not considered here. 

Statement IT. There are associated with the milk agent 
interfering substances, suppressors or inhibitors. Support: 

(1) Ionizing irradiation causes increase in tumorigenic 
activity of milk?*-*1, 

(2) Assumption of inhibitor permits explanation of 
diffusion and filtration data}®. 

(3) Assumption of inhibitor can help explain bizarre 
titration data??.*5, 

(4) Certain particles appear in C3Hf supposedly 
agent-free tumour extracts that are of a size in agree- 
ment with one of the postulated inhibitors and that are 
not found in C3H tumours®. 

(5) Dialysis of agent-rich milk yielded a diffusate 
which inhibited the tumorigenic activity of fresh milk 
when the diffusate was used as a diluent", 

Statement III. The milk agent can become integrated 
with the infected cell and thus appear: (a) heritable; (b) to 
arise de novo. Support: (1) Foster-nursing new-born 
high-breast-cancer strain mice on agent-free mothers 
does not eliminate the occurrence of breast cancer®?>25,25, 
(It is assumed that in at least some of the experiments 
the foster mothers are agent-free.) 

(2) Transplantation of fertilized ova from high-cancer 
mothers to the uteri of agent-free mothers either did not 
eliminate?’ or eliminated cancer only in the first genera- 
tion?*. The incidence in the second and third generations 
was 8-7 per cent and 16 per cent respectively’. 

(3) F, hybrids of ‘agent-free’ (foster-nursed) C3H males 

and low-tumour BALB/c females have a high incidence 
of mammary tumours”. 
- (4) Hypophyseal implants or other hormonal stimula- 
tion cause tumours in strains the ancestors of which have 
been a high-tumour strain or increase the incidence in 
strains that have occasional tumours?-°2, but do not 
cause tumours in an established agent-free, tumour-freo 
strain’, 

(5) A family of strain A mice whose ancestors for several 
generations failed to develop mammary cancers, beeauso 
presumably they had lost the agent, developed adeno- 
carcinoma spontaneously and transmitted the agent to 
its progeny. To explain this, Bittner suggested de novo 
origin of the agent*4. 

(6) A tumour which developed in the supposedly 
agent-free O, strain of Miihlbock was transplanted sub- 
cutaneously. After a few generations B-particle produc- 
tion could not be detected, but on culturing in vitro 
the B particles reappeared". 

(7) C3H mammary tumour cells grown intraperito- 
neally in agent-free C3Hf mice finally lost the agent 
after many transfers, as demonstrated biologically in 
assay animals and morphologically in the electron micro- 
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scope, but when the cells were placed into in vitro culture 
the B particles reappeared®*. 

Statement IV. Hormones can influence the mammary 
tumour incidence in families that harbour the agent but 
not in established agent-free families. Support: (1) Force 
breeding (removing the new-born at the first or second 
day and breeding as rapidly as possible) in low-tumour 
strains C57Bl or CBA caused an elevated tumour in- 
cidence**-**, but force breeding in an agent-free line of 
O57B1 strain at Bar Harbor did not produce tumours**. 

(2) Isologous hypophyseal implants greatly increased 
the tumour incidence in strain Og, (refs. 30 and 32) but 
failed to produce any tumours in the established agent- 
free line of C57Bl mice at Columbia University. 

(3) Female hormones can readily produce mammary 
tumours in males of high-breast-cancer strains but not 
in breast cancer-free strains*!4?. : 

Statement V. The occurrence of spontaneous mammary 
adenocarcinomas is usually (chemicals and other viruses, 
for example, polyoma, seem to be exceptions) dependent on 
the presence of MTA, whether acquired through the milk, 
through the ovum or through the seminal fluid. As in other 
diseases, genetics can influence the susceptibility of the animal 
to the virus. Susceptibility to the virus, not tumour, is in- 
herited. Genetic factors, whether acting on the virus directly 
or through control of hormones and also possibly inhibitors, 
account for the observed resistance of some mice. Support: 
(1) Starting with (C57BIDBA)F, hybrid females that 
supposedly lacked the agent, Murray and Little*® made 
repeated back-crosses to DBA males for eight generations, 
whereupon the females still failed to demonstrate the 
agent although their chromatin was for the most part 
DBA chromatin. Merely concentrating high-tumour 
strain genetic material did not produce the milk agent. 

(2) Although Bittner defined “inherited” tumours 
as those which arise when the animal has the milk agent 
and the inherited susceptibility, and ‘‘non-inherited” 
tumours as those which arise in animals which receive 
the milk agent and are not susceptible, Heston finds 
little need for this definition. Heston‘ suggests three 
ways by which genes may influence mammary tumour 
development: (a) susceptibility of the mammary tissue 
to hormonal stimulation and to the mammary tumour 
agent; (b) the mechanism by which the hormonal stimulus 
is produced; (c) the transmission of the mammary 
tumour agent. 

(3) Hormones alone can produce tumours in only 
certain strains of mice®s49-42.45, although all genetic 
strains are to some extent susceptible to mammary 
carcinomas if given the mammary tumour agent. 


Discussion 


Statement I. 'The correlation between B particles and 
milk agent is now very extensive. Repeated filtration 
experiments utilizing calibrated ‘Gradocol’ membranes 
indicate that in fresh milk the mammary tumour agent 
activity is carried by a particle the size of which agrees 
with the B particle, and since no other particle of this size 
is found the association of the mammary tumour agent 
with the B particle seems almost inescapable. There ro- 
mains only one principal reason for not accepting this con- 
clusion without argument: B particles are found in 
tumours that occasionally develop in very old mice after 
being foster-nursed on agent-free mothers, but usually the 
milk from these mice and the coll-free extracts of the 
tumours yield negative bio-assays. It seems likely that the 
reason for this is that these mice have received a weak dose 
of virus, possibly through virus-integrated ova. In addi- 
tion, the foster mother’s milk may contain interfering sub- 
stances or suppressors which decrease the tolerance of 
the foster-nursed animal to the virus. In some cases, 
however. the tolerance to viral proliferation does become 
great enough in old age to permit the development of a 
tumour. 
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Tumours in these animals rarely develop during thoir 
reproductive period; therefore, the viral content in their 
milk is likely to be very low, resulting in a low tumour 
incidence in their offspring. A few B particles are always 
found in these so-called agent-free tumours, but none 
could be found in the mammary gland or the milk of young 
lactating C3Hf mice, and it is now established that the 
virus content of C3Hf tumours per gramme is only a small 
fraction of the virus concentration in the standard high- 
cancer-strain spontaneous tumours. It must be remem- 
berod that this virus is not unique in having its action 
dependent on its quantity. Bryan‘: has shown that the 
initiation of a tumour by Rous virus, the tims required 
for development and the ability to recover virus from the 
tumour are all dependent on the amount of virus inocu- 
lated. Furthermore, De Thé et al.” have found that 
chickens that survive large doses of myeloblastosis virus 
may eventually develop kidney tumours similar to nephro- 
blastomas observed in rabbits, pigs and man. 

On the other hand, there remains the possibility that 
suppressor substances obtained from the foster mothers 
also contribute to the low tumour incidence and the 
inability to obtain positive viral assays from these animals. 

Statement II. Very littlo is known about the nature of 
the inhibitors associated with the milk agent. One of 
them may be an interfering virus. Many virus particles 
are of a size (30-60 my) in agreement with the inhibitor 
postulated from irradiation, diffusion and filtration experi- 
ments on RIH high-tumour-strain milk'*.?°, Thore 
probably exist in all milk suppressors or inhibitors which 
vary in amount from one strain to another. Thore is 
evidence that a labile inhibitor is associated with tho 
agent from high-cancer strains. Numerous experiments 


_ using ether**, chymotrypsin**® and ‘Versene’! have tended, 


to give an increase in bio-activity of milk agent prepara- 
tions. There is evidence that the viral sac itself may act 
as an inhibitor, although this would be contrary to what 
is known about other viruses. In the purification of B 
particles, it has become evident that the sac is extremoly 
fragile and is lost unless great care is taken in handling 
the particles. The re-suspension of particles from pellets 
after ultracentrifugation and freezing and thawing are 
very destructive to the particle, but apparently not so 
destructive to the bio-activity. After freezing and thaw- 
ing, for example, scarcely an intact particle can be found, 
although the bio-activity persists. Possibly the naked 
nucleoid is just as virulent or even more virulent than the 
whole particle. It is possible that each nucleoid consists 
of several units which dissociate on irradiation, or other 
treatments, to form more than one infectious element. 

Tho dialysable inhibitor*4 found in milk of Haagensen’s 
RIII stock has not been sufficiently studied, but is thought 
to be a polypeptide. 

Statement III. This is not a new concept as to the 
nature of tumour viruses. Burmester®® has shown that 
avian leukosis virus is transmitted through the egg and 
Zeigel®! has found the corresponding particles in chick 
embryos. Proof of the integration of virus with cell has 
been sought to explain the disappearance of polyoma 
virus®*. Evidence for the phenomenon was brought 
to our attention when it was found that mammary tumour 
cells cultured in vivo as ascites cells in established agent- 
free C3Hf mice (no tumours in nine years, no response 
to force breeding) did not proliferate detectable amounts 
of B particles nor assayable mammary tumour agent, 
whereas when the same cells were put into in vitro culture 
B particles appeared. A similar observation had already 
been made by De Bruyn and Benedetti? when a sub- 
eutaneously transplanted mammary tumour lost its 
ability to produce B particles in vivo, but when the tumour 
was transferred to in vitro culture an abundance of B 
particles appeared. 

From both these observations it would seem that the 
production of B particles is a function of environment. 
Since the milk agent activity seems to be identified with 
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the B particle it would seem that the potential to produce 
virus can be carried in cells under certain conditions with- 
out production or at least without detectable production 
of the virus. The mammary tumour virus seems to be a 
product of the cell rather than an infectious agent com- 
peting with the cell. It is produced at the plasma mem- 
brane in great quantities by morphologically healthy- 
looking cells capable of mitosis. Apparently the antigenic 
properties of the virus are so similar to the host cell 
that they are incapable of eliciting detectable antibody 
formation in the host animal. This may be another 
manifestation of the close integration of virus with cell. 
Eckert®* has discussed the evidence for the demonstra- 
tion of host antigen as an integral part of the myeloblastic 
leukosis virus and pointed out that this phenomenon 
has also been demonstrated in the case of influenza, both 
of these, like the B article, being proliferated at the cell 
membrane. 

The milk agent seems to have at least two discernible 
effects on the cell. One is to cause the cell, under favour- 
able conditions, to proliferate more of the virus and 
the other is to transform the cell to malignancy. Appar- 
ently the cell’s ability to proliferate virus comes before 
the malignant transformation although they may occur 
simultaneously. Normal-appearing lactating cells pro- 
liferate the virus along with milk even at the first preg- 
nancy, long before there is any evidence of malignancy ; 
however, the particular cells liberating the virus may have 
been transformed, tumour development being held in 
check by other factors. Nevertheless, some cells, exactly 
which ones is as yet unknown, in male mice of high-cancer 
strains proliferate the virus (biological mammary tumour 
agent and B particles) without normally showing any 
evidence of malignancy. If it is now assumed that the 
virus can in some way be integrated into the cell, whether 
overtly malignant or non-malignant, so that its potential 
for producing virus is there without actually producing it, 
as has been seen on the two occasions described above*®.36, 
it is possible that such a potential could be carried in the 
ova from one generation to the next. Lwoff has demon- 
strated that bacteria are able to ‘mask’ viral expression 
for as many as 19 generations‘. From what is known 
about viruses in general it is more logical to make this 
assumption of a ‘lysogenic’ effect than to assume that the 
virus arises de novo. Such terms as episome or plasmagene 
might be used here but a discussion of them at this time 
may not be warranted. 

Statement IV. The role of hormones in the control of 
mammary tumour'agent and in mammary tumorigenesis 
seems to be uniquely paramount. Hormones are so effec- 
tive in the control of the virus that they sometimes seem 
to take over the functions of the virus; but whenever 
it has been thought that they alone have initiated a 
mammary carcinoma, and the tumour has been examined, 
B particles are always found®’, and whenever hormones 
were used on established agent-free, tumour-free, although 
susceptible mice, no tumours could be elicited. Following 
the procedure of Mithlbock and Boot**, Jesse and Haagen- 
sen®? implanted subcutaneous heterotropic hypophyseal 
isografts into 63 female C57Bl agent-free but susceptible 
mice. Twenty-three of the mice survived weekly implants 
for 30 weeks and 18 lived to an age of more than 20 months. 
None of the mice developed mammary carcinomas. 
Tt seems that hormones control the environment, possibly 
in a permissive way®*, which makes it possible for a cell to 
proliferate virus'*°, The virus may remain masked until 
the hormone-controlled cell is stimulated or permitted to 
cause the virus to emerge. A test for the presence or 
absence of virus in a strain of mice might consist of 
either force breeding or implanting pituitaries. Miihlbock 
found that the tumour incidence in Oz, mice was increased 
both by force breeding"? and by hypophyseal isographs*, 
whereas in two families of tumour-free C57Bl mice no 
tumours could be elicited either by force breeding*® or 
hypophyseal isografting**. 
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The virus seems to be specifically proliferated by 
hormonally-controlled cells whether it be the mammary 
epithelium cells of the female or some other cells in the 
genitalia or rudimentary mammary gland of the male. 
The virus is carried by the blood and found in all tissues, 
but only mammary epithelial cells have definitely been 
shown to proliferate it. The virus may be unusual in this 
respect. 

Statement V. This statement was added for emphasis 
to the general interpretation submitted here. It has been 
thought that these tumours can be caused by the virus, 
by hereditary factors and by hormones. Yet, whenever 
the tumours are examined they always contain the virus 
particles. The concentration of virus particles may vary 
greatly depending on the route and size of the inoculum, 
that is, whether through the seminal fluid or possibly the 
ovum or through the milk or whether from high-, inter- 
mediate- or low-tumour-strain mothers. It is now evident 
that the ability to demonstrate the presence of virus bio- 
logically and the frequency and the celerity of producing 
tumours are dependent on viral concentration, although 
this conclusion has been greatly confused by the existence 
cf inhibiting substances*®. Nursing on almost agent-free 
mothers or possible transmission through the ovum may 
supply the new-born animal with much less virus than 
does nursing on high-tumour-strain mothers. Therefore, 
the frequency of tumours after foster-nursing on agent-free 
mice is low and the occurrence is very late in life. 

Another factor involved in mammary tumorigenesis is 
something which might be called mammary tumour 
agent tolerance. A group of investigators at the Institute 
of Microbiology, Rutgers University®’, has been able to 
delay the development of tumours in adult C3H mice by 
repeated inoculations of an enzymatic digest of DNA. 
This treatment probably shifts the tolerance of the animal 
to virus production in just the opposite direction to that 
of the stimulating hormones. The enzymatic digest 
reduces viral tolerance, while mammotropin (prolactin) 
and somatotropin can, under certain conditions, increase 
[632,438,569 

The argument presented here has not considered 
mammary tumours in mice resulting from treatment with 
chemical carcinogens or from inoculation with polyoma 
virus. It seems likely that the mammary tumour agent 
is not the only causative agent in cancers of the mammary 
gland but that it is by far the most frequent natural cause 
and that carcinogenic chemicals or other viruses may have ` 
factors in common with the mammary tumour agent. 

In summary, it is here assumed: (1) That spontaneous 
mammary carcinomas are caused by a virus the production 
of which is uniquely controlled by hormones and suppres- 
sors; (2) virus can go ‘underground’ by becoming in some 
way integrated with the host, can be caused to re-emerge 
by hormonal or other stimulation, and, if viral production 
becomes great enough and other factors permit, tumour 
formation can take place. 

This investigation was supported in part by the U.S. 
Public Health Service research grant C-5473 from the 
National Cancer Institute. 
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OBITUARIES 


Dr. H. J. Poole, C.B.E. 


Dr. Harop James Poore, who died suddenly on 
March 14 at the age of sixty-six, had a long and dis- 
tinguished career in defence science and filled a number 
of important posts. 

His studies were interrupted by the First World War 
and he obtained an external B.Sc. degree in chemistry at 
the University of London in 1919. His first contact with 
Government scientific work was during the War, when 
he served for a short time in the Research Department 
of the Royal Aircraft Establishment at Farnborough. 
This was followed by an appointment with Messrs. Curtis 
and Harvey, Ltd., with whom he gained useful experience 
in the manufacture of explosives at their Cliffe factory. 

At the end of the War he took posts first in brewing 
and then in the oil industry. He returned to explosives, 
and to the Government service, in 1920, when he was 
appointed to the Inspection Branch at the Royal Naval 
Cordite Factory at Holton Heath. Here he started 
research into the physical structure of cordite and other 
gels, a comparatively unexplored field. The work was 
continued when he was transferred in 1923 to the Research 
Department, Royal Arsenal, Woolwich, and enabled him 
to obtain a London Ph.D. (external) in 1926 and to 
publish papers in the Transactions of the Faraday Society. 
He continued to work on a variety of physico-chemical 
problems connected with propellants, and in collaboration 
with Dr. G. Rotter and the late Mr. W. J. Powell he 
developed the ‘100 per cent surveillance test for cordite’. 
The introduction of this test enabled a check to be main- 
tained on the chemical stability of the cordite. stored in 
magazines in Britain and overseas, and resulted in great 
financial savings in the replenishment of cordite stocks. 

The Research Department at that time was adminis- 
tered by the War Office and was primarily concerned 
with research and development on explosives, ballistics 
and metallurgy on behalf of the three Services. It later 
became known as the Armament Research Department 
of the Ministry of Supply and is one of the parent units 
of the present Royal Armament Research and Develop- 
ment Establishment. Poole was associated with this 
organization throughout his working life and became one 
of its leading figures. 


When the Research Department started to dovelop 
rockets in 1935, Dr. Poole became one of the pioneers in 
and construction of the 3-in. anti-aircraft rockots which 
this field, and he had a great deal to do with the design 
were tested in trials in Jamaica in 1938-39. A fow months 
before the outbreak of the Second World War the Ministry 
of Supply set up a new organization—the Projectile 
Development Establishment—under Dr. (later Sir) Alwyn 
Crow to deal with the expanding field of military rockots. 
Poole’s contributions to rocketry were varied and impor- 
tant, and included charge shapes of novel design—notably 
star-coentred and cruciform charges which wore uscd 
extensively in Britain and the United States; propellant 
compositions alternative to cordite (including tho use of 
ammonium picrate); a special anti-aircraft fuzo in which 
the pressure on the nose of the projectile was used to 
operate mechanical devices inside; methods of controlling 
the burning of rocket propellants and reducing the risks 
of catastrophic pressure peaks. All theso had a profound 
influence on the new technology. 

In 1942 Poole was transferred to the division of the 
Director-General of Scientific Research (Ministry of 
Supply) as assistant director in charge of the Explosives 
Branch. In this post he co-ordinated the extra-mural 
work on explosives and he became intimately connected 
with the activities of the Scientific Advisory Council and 
its supporting committees which had been created to 
bring academic workers into tho war effort. He becamo 
keenly interested in detonation phenomena and shapod 
charges, and devised successful methods for the control 
of the shape of the detonation wave front from high- 
explosive charges. 

About a year later he returned once more to Woolwich. 
as assistant director in the Explosives Research Branch. 
but his stay there was short, for he was called on to go 
to Canada to play a leading part in the planning and 
construction of the Explosives Experimental Establish- 
ment at Valcartier, Quebec (now known as the Canadian 
Armament Research and Development Establishment}. 
This was one of the happiest periods of his life and he 
revelled in the opportunities of introducing his own ideas 
into the design of buildings and plant. He became tho 
first chief superintendent of the new organization. He 
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paid numerous visits to explosives research centres in the 
United States and built up a fund of goodwill out of his 
wide experience and the assistance he was able to give. 

In 1945 Dr. Poole returned to England and rejoined 
the Armament Research Department, first as super- 
intendent of explosives research and later as senior 
superintendent of chemical research. Much of the work 
for which he was responsible was in the process of being 
transferred to the Royal Gunpowder Factory at Waltham 
Abbey, which had been taken over as a centro for research 
and development into the chemistry of propellants, 
explosives and initiators. Dr. F. J. Wilkins was the first 
chief superintendent of this organization—now known as 
the Explosives Research and Development Establish- 
ment—and Dr. Poole succeeded him in 1946. 

In 1949 he was appointed principal director of scientific 
research (defence) at Headquarters. It was not the kind 
of job he liked, being too remote from the laboratorios, 
and he told his friends how glad he was ‘“‘when they got 
fed up with him” and in 1950 gave him the important 
post of chief superintendent of armament research at 
Fort Halstead. He was created C.B.E. in the New Year 
Honours List of 1953 and was very proud the following 
November to organize a number of events—ineluding a 
dinner in the Goldsmiths Hall—to celebrate the golden 
jubilee of his Establishment. 

On the amalgamation of the Armament Research 
Establishment with the Armament Design Establishment 
in 1955, Poole became deputy to the director (Mr. Ewen 
M’Ewen) of the new organization, now known as the 
Royal Armament Research and Development Establish- 
ment. He was given the special responsibility of looking 
after the research programme. On reaching the age of 
sixty he remained to act as scientific adviser to the 
director and finally retired in December 1959. 

Retirement was not allowed to sever Poole’s activities 
in the armament field: he retained his interest by acting 
as a consultant to the Fighting Vehicles Research and 
Development Establishment and by serving on a number 
of committees of the War Office Scientific Advisory 
Council and the Ministry of Aviation Aeronautical 
Research Council. 

Harold Poole was an extremely able and versatile 
scientist; although trained as a chemist he had a wide 
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Foreign Members of the Royal Society 


Tue following have been elected foreign members of 
the Royal Society of London: Prof. E. Fauré-Fremiet, 
professor of comparative embryology, Collége de France, 
Paris, distinguished for his contributions to cell physiology 
and protozoology; Prof. K. J. Freudenberg, formerly 
professor of chemistry, University of Heidelberg, dis- 
tinguished for his contributions to many branches of the 
chemistry of natural products; Prof. S. Wright, professor 
emeritus of genetics, University of Wisconsin, disting- 
uished for his contributions to quantitative genetics; 
Prof. H. Yukawa, director of the Research Institute for 
Fundamental Physics, Kyoto University, distinguished 
for his contributions to theoretical physics, particularly to 
the theory of elementary particles. 


The Royal Institute of Chemistry : Meldola Medal 


Dr. J. TROTTER has been awarded the Royal Institute 
of Chemistry’s Meldola Medal for 1962 for his work in the 
field ef chemical crystallography, with special reference 
to the structures of polynuclear aromatic compounds. 
Dr. J. Trotter was educated at St. Joseph’s College, 
Dumfries, at St. Modan’s High School, Stirling, and at 
the University of Glasgow. He obtained an honours 
degree in chemistry in 1954, and was awarded the Joseph 
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understanding of physics and engineering; he possessed 
considerable inventive capacity and was ever thinking of 
new things, the abundance of his ideas being sometimes 
an embarrassment to his colleagues. He was never really 
interested in administration but was always very approach- 
able and willing to discuss personal problems with his 
staff. He will be greatly missed, and our deep sympathy 
goes out to Mrs. Poole and her son, John, in their great 
loss. W. B. LITTLER 


Dr. W. B. Haines 


Dr. Warrum Bourexss Harnes, who died suddenly 
last March, joined the Soil Physics Department, Rotham- 
sted Experimental Station, as one of its earliest. members, 
in 1921. He was the first to show, by simple, but olegant, 
experiments that the moisture content in porous bodies 
like soil displays hysteresis: the value for any given 
equilibrium condition is not unique, but depends on 
whether it is appreached by wetting or drying. Haines’s 
treatment focused attention on the goometry of the pore 
space as essentially cellular, the larger voids being inter- 
connected by necks of effectively smaller diameter; con- 
siderations of pressure doficiency under a meniscus, or 
suction values, showed that the equilibrium moisture 
content, for a givon suction, was higher when water was 
being withdrawn than when it was being added. 

This work, afterwards generalized by the late Dr. R. K. 
Schofield, who used thermodynamical considerations, led 
to a clear understanding of water distribution and move- 
ment in soil, as affected by weather, cultivations, and 
vegetation. 

In 1927, Haines left Rothamsted on appointment as 
head of the Soils Division of the Rubber Research 
Institute of Malaya. Some years later he joined the 
Dunlop Rubber Company of Malaya, to take charge of 
its extensive plantation experiments. He was held in a 
Japanese prisoner-of-war camp throughout the Second 
World War. On release, he returned to Harpenden and 
lived in retirement, except for a period of assistance to 
the Chemistry Department at Rothamsted in the statist- 
ical analysis and agronomical assessment of home and 
overseas manurial experiments. B. A. KEEN 
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Black Medal, Muirhead Prize, and Mackay Smith Prize. 
He was appointed to an assistantship in the Chemistry 
Department, University of Glasgow, and bogan research 
under the direction of Prof. J. Monteath Robertson on 
crystal structure studies of organic molecules, particularly 
polynuclear aromatic hydrocarbons. In 1957 he com- 
pleted his work for the Ph.D. degree, and until 1959 he 
worked as a National Research Council of Canada post- 
doctoral Fellow with Dr. W. H. Barnes at the laboratories 
of the Division of Pure Physics, Ottawa. Dr. Trotter 
returned in 1959, as an Imperial Chemical Industries 
Research Fellow, to Glasgow, where he continued 
the studies of hydrocarbon derivatives, and became 
engaged again in investigations of condensed ring hydro- 
carbons. In 1960 he was appointed to an assistant pro- 
fessorship in the Department of Chemistry, University of 
British Columbia, and has, with the encouragement of 
Prof. C. A. McDowell, been organizing a crystallographic 
research group. Investigations have included the elucida- 
tion of the crystal and molecular structures of a variety 
of organic molecules, and a study of the stereochemistry 
of trivalent arsenic, in the course of which the structures 
of a number of derivatives have been determined. 

The Meldola Medal. which is the gift of the Society of 
Maccabaeans, is normally awarded annually, the award 
for a particular year being made to the-chemist who, 
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being a British subject and under thirty years of age at 
December 31 in that year, shows the most promise as 
indicated by his or her published work. 


The Permanent Exhibition of Modern Science, Pretoria 


Maz. Murray SCHOONRAAD has been appointed super- 
intendent of the Permanent Exhibition of Modern Science, 
Pretoria. Mr. Schoonraad, an official of the Atomic Energy 
Board, has been organizer of the Exhibition in his private 
capacity since its inception in August 1960. He was 
educated at the Pretoria Boys High School and later 
studied at the University of South Africa. Eor a number 
of years Mr. Schoonraad was employed by the Council of 
Scientific and Industriel Research. The Permanent Ex- 
hibition of Modern Science in Pretoria is the first and 
only science museum on the whole continent of Africa 
and has encouraged many South African children to take 
up science as a career. The museum is the contribution 
of the South African Association for the Advancement of 
Science to South Africa’s fiftieth anniversary. Tho hall 
in which the exhibits are housed has been provided by 
the Pretoria City Council and covers an area of 30,000 
sq. ft. at the Pretoria Showgrounds. Exhibits have been 
erected by scientific bodies, most of them working in and 
around Pretoria. 


The Wellcome Trust : Grants for Medical Research 


Ir has been announced by the Wellcome Trustees that 
grants were made to assist research on human and animal 
medicine during the half-year ended on March 31 to the 
following: 

United Kingdom: University of Glasgow (Profs. ©. M. 
Yonge and W. I. M. McIntyre), £45,240 to build a unit 
for experimental parasitology; University of Oxford 
(Prof. Geoffrey W. Harris), £35,000 to adapt the Depart- 
ment of Human Anatomy for his research needs; 
University of Birmingham (Prof. J. R. Squire), £31,000 to 
establish a unit for the investigation of whole-body 
radiation; The London Hospital (Mr. H. D. Ritchie), 
£25,000 to build a high-pressure chamber for surgical 
research; University of Leeds (Prof. J. V. Dodd), £20,000 
to enlarge the Marine Research Laboratory at Robin 
Hood’s Bay; Royal College of Veterinary Surgeons, 
London, £17,500 to build and equip libraries for research 
in veterinary medicine and its history; University of 
Birmingham (Profs. F. A. R. Stammers and A. L. d’Abreu), 
£14,000 to build animal accommodation in the new 
Clinical Research Block at the Queen Elizabeth Hospital; 
St. Mary’s Hospital Medical School, London (Dr. V. H. T. 
James), £6,000 to purchase a liquid scintillation spectro- 
meter and ancillaries; The Royal Free Hospital, London 
(Prof. S. Sherlock), £5,750 to purchase a scintillation 
spectrometer and ancillaries; School of Pharmacy, 
London (Dr. G. B. West), £5,560 to purchase a scintilla- 
tion spectrometer and ancillaries; University of Hast 
Anglia (Dr. A. R. Katritzky), £4,500 towards the purchase 
of a nuclear magnetic resonance spectrometer; University 
of Cambridge (Prof. J. 8. Mitchell), £3,500 to purchase an 
integrating microdensitometer; University of Liverpool 
(Prof. C. Gray), £3,500 to purchase a four-channel recorder. 

Overseas +- University of Melbourne (Prof. M. Ewing), 
£14,000 to construct an operating theatre at the Royal 
Melbourne Hospital; Johns Hopkins University, Balti- 
more (Prof. E. Bueding), £20,000 towards the cost of new 
laboratories for research in schistosomiasis; University 
of Auckland (Prof. R. E. F. Matthews), £11,000 to pro- 
vide an electron microscope for research in microbiology; 
University of Melbourne (Dr. G. Burnstock), £9,600 to 
purchase equipment for neurophysiological research; 
University of Lucknow (Prof. S. S. Misra), £4,000 to 
equip a metabolic research unit. 

Together with grants of smaller size and Wellcome 
Research Travel Grants, the total sum allocated by the 
Trustees in that period amounted to approximately 
£500,000. 
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The Pergamon Scholarship for Graduate Scientists to 
read Arts Subjects 


Wirs the view of establishing a bridge botween tho 
arts and the sciences, Pergamon Press, Oxford, has 
established a postgraduate scholarship. The new scholar. 
ship, to be known as the Pergamon Postgraduate Scholar- 
ship, is open to male scientists who have obtained a 
first or good second class in final honours examinations 
at any university in the United Kingdom during 1963. 
It is tenable at Keble College, Oxford, for the study of 
an arts subject. The subject should lie in tho field of 
human studies such as history, philosophy. economics. 
modern languages and literature, anthropology, archzo- 
logy, singly or in any combination approved by tho 
College, according to the choice and ability of the scholar. 
The purpose of the award is therefore to equip a fully 
qualified scientist with the elements of an arts subject. 
This should enable him later to communicate moro 
effectively with persons of non-scientific training who 
commonly find their vocation as Civil Servants, indus- 
trialists, business men, administrators, accountants. 
lawyers, teachers, writers and politicians. His course of 
study should give him some insight into such men’s way 
of thinking and reasoning, their reactions and their 
approaches to the solving of problems. In particular, ho 
should learn to appreciate the importance of the human 
factor in making decisions. The period of study will bo 
four terms, but will include work during the long vacations. 
The emoluments for the whole period will be approximately 
£900. At the end of this period the scholar will take a 
College examination. A certificate in the form of a final 
report will be issued. At the present stage it is not 
intended that he should take a university degree or 
diploma. Further information can be obtained from the 
Warden, the Rev. A. M. Farrer, Keble College, Oxford. 


University and Technical College Expansion in Britain 


In speaking on April 9 in the debate in the Houso of 
Commons on the Budget resolutions and tho economic 
situation, the Chief Secretary to the Treasury, Mr. J. 
Boyd-Carpenter, pointed out that expenditure on the 
universities had risen from £36 million in 1951-52 to more 
than £140 million in the current year. During tho same 
period, the number of students had rison from 83,500 to 
116,000. He emphasized that the Government was anxious 
that financial limitations should not restrict univorsity 
expansion. The vote for 1963-64 provided for capital 
expenditure for building £38 million, as against the original 
estimate for 1962-63 of £26-4 million. In addition to tho 
revision of the building programme with increases for 
starts in 1964 and 1965 announced on March 19, Mr. 
Boyd-Carpenter said that the vote for 1963-64 provided 
£66-4 million for recurrent expenditure, compared with 
£51-5 million for 1962—63, and that the Govornmont had 
now decided to advance the promised review of the 
university situation so that any additions to grants could 
take effect for the university financial year boginning on 
August 1, 1963. He had already asked the University 
Grants Committee for advice and hoped to be ablo to 
make a statement very soon. There were also 10,000 
students in the colleges of advanced technology, com- 
pared with none eleven years ago, and it was hoped thero 
would be about 15,000 in five years’ time. In the univer- 
sities, colleges of advanced technology and teacher training 
colleges there were now 212,000 places, compared with 
120,000 in 1951-52, and on present plans thero would be 
288,000 in 1966-67. 


Oceanography in Germany 


THE new research vessel of the German Forschungs- 
gemeinschaft and German Hydrographic Instituto is to 
be christened Meteor II and will so presorve a name 
having an honoured and intimate connexion with the 
sea. From the earlier research vessel of tho name. the 
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first ‘systematic’ investigations of the Atlantic Ocean 
were made during the famous groat expedition of 1925-27 
which crossed and re-crossed tho southern part of that 
ocean, and during the preliminary expeditions of 1929-38 
over its northern reaches. These expeditions followed 
plans laid at tho time for the entire oceanic surfaco of 
the Earth, and from them resulted a sixteen-volume set 
of reports which will ensure that the name Meteor will 
never be forgotten in the circles of marine research. The 
new vessel, Meteor II, of 2,700 tons burthen, will be twice 
the size of her distinguished prodecessor, and wheroas the 
first of the name charged with both surveying duties and 
scientific research could carry only nine scientists at a 
time, the new ship, being purely for research, can embark 
twenty-two. She is under construction at the Wessor-AG, 
Werk Seebeck, Bremerhaven, and the launching is 
scheduled for the latter part of August this year. Meteor II 
will be managed from the German Hydrographic Institute 
which embraces much that was left from tho pre-war 
Deutsche Seewarte, the president of which from 1934 
until 1945 was Admiral Spiess. It was Spiess who took 
over the leadership of the great 1925-27 expedition after 
the premature death of Prof. Alfred Merz. As much 
continuity as possible having beon preserved, it is con- 
fidently hoped that Meteor IT will add to tho laurels 
gained by her famous forerunner. 


Photographs from Satellites 


For some time now the United States Tiros moteor- 
ological satellite programme has been producing pictures 
of the Earth’s cloud distribution at the rate of more than 
500 pictures per day, and more than 145,000 pictures had 
beon received by the end of 1962. There is a wealth of 
information available, covering patterns of weather on a 
global scale, and many research notes and articles have 
already been published. The pictures present numerous 
tantalizing questions of interpretation and may have 
great potential use in the fields of geography and ocean- 
ography as well as in meteorology. A series of photographs 
is now being published each month in the Monthly 
Weather Review of the United States Weather Bureau, as 
from January 1963. The first of the series presented a 
problem of cloud picture interpretation, while the second 
suggested that satellite pictures might be used for snow 
survey in reraote regions. The director of the National 
Weather Satellite Center of the United States Weather 
Bureau, Prof. S. Fred Singer, would welcome inquiries 
from all interested scientists, particularly in universities, 
who would like to work on the interpretation of such 
pictures. 


British Rainfall, 1958 


THE latest number of British Rainfall, issued by the 
Meteorological Office, was rather delayed in publication, 
and contains but a few minor internal changes of layout 
(M.O. 721. Pp. iv+98+vi+131. 21+ 4 plates. London: 
H.M.8.0., 1963. 37s. 6d.). The projected reorganization 
of data from a county to a drainage area basis, which is 
desirable on so many grounds, will not be effected until 
the volume for 1961. The most important change in the 
present volumo is the replacement of the 1881-1915 
long-term annual averages by those for the more recent 
1916-50 period. Some indication should have been given, 
however, that these new averages may at times be ‘com- 
puted’ rather than ‘observed’ values. Thus, tho average 
annual value of 31-6 in. given for the University of Keele 
is for a station that had not even begun to exist in 1950. 
The other introduction worthy of note is the presentation 
for the first time in British Rainfall of a series of observa- 
tions of potential evapo-transpiration at a number of 
different sites over Britain. A brief article by Mr. F. H. W. 
Green, of the Nature Conservancy, who has been prim- 
arily responsible for developing this work, introduces 
these data. It is to be hoped not only that British Rainfall 
continues to publish these values year by year, but also 
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that many more observatories, water boards and Meteor- 
ological Office stations will begin to measure potential 
evapo-transpiration. 


The Institute of Animal Physiology, Babraham, Cam- 

bridge 

Tue report for 1960-61 of the Institute of Animal 
Physiology, Babraham, Cambridge, is not a ‘dry’ depart- 
mental report (Pp. 74+8 plates. Babraham: Cambridge: 
Institute of Animal Physiology. H.M.S.O., 1962. 6s. 6d.). 
It gives a brief account of the Institute since the purchase 
of the estate for tho Agricultural Research Council in 
1948. A précis is given of work done on each of nearly 
forty research projects, all concerned with fundamental 
work on the physiology of domestic animals. The history 
of veterinary research in Britain shows curious irregu- 
larities. The ‘Pasteur Theory’ had unfortunate results in 
that germs acquired undue prominence and were seriously 
misunderstood and misrepresented for generations. Until 
about the end of the first quarter of the century a large 
proportion of the little Government finance provided was 
devoted to the idea that a germ had to be found for each 
disease, the solution of the problem then automatically 
following. Physiology was utterly neglected. Even as 
an applied science, veterinary hygiene consisted merely of 
adaptations from other spheres. Factors that led to robust 
health were given little attention either in the breeding 
of animals or in their maintenance. Tho place of specific 
factors in relation to disease could not be given con- 
sideration because little was known. When in more 
recent years beginnings were made on a study of morbidity 
and mortality in farm animals the staggeringly high 
figures quoted constantly after studies of wide aspects 
of farm results provided a welcome demonstration of the 
need for reform. In the development of animal husbandry 
there was neglect of health. In the construction of 
buildings, cost of building and of manpower for care of 
the animals received more attention than study of what 
were the requirements for health of the occupants. 
‘Babraham’ is a result of the changed outlook about the 
type of research that is worth attention. Almost for the 
first time the basic sciences are given full play in the 
planning and execution of the research work on the 
subjects dealt with and an immense amount of progress 
is being made. A list of some four hundred papers that 
have been produced from the Institute is contained in the 
report. 


The Field Studies Council 


Tue annual report of the Field Studies Council for 
1961-62 is a record of continued expansion. Once again, 
attendances, equivalent to 9,588 student weeks, were 
greater than in any previous year. There were, however, 
so many applicants who had to be turned away that in 
1961 a working party was set up to explore the possibility 
of finding locations for new centres in suitable areas of 
England and Wales. After setbacks elsewhere, negotia- 
tions have now reached an advanced stage for the 
acquisition of a property at Orielton, Pembrokeshire, and 
it is expected that this centre, the seventh, will be open 
for a moderate number of students in the early summer. 
The property -consists of a large Georgian house standing 
in 54 acres of land, about three miles south-west of 
Pembroke. The surrounding countryside is varied and 
attractive, and there is easy access to the coast. Among 
the many improvements in accommodation affecting the 
centres, the most outstanding was the restoration of 
the dilapidated High Stables, at Malham Tarn, made 
possible through grants amounting to £7,000 made by 
Mrs. J. B. Coulthurst and the Worshipful Company of 
Goldsmiths. Of improvements in working facilities, the 
most notable were the acquisition of a rock-cutting 
machine and pH meter, financed by a donation of £500 
made to Dale Fort by the Esso Petroleum Co. 
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At Skokholm Bird Observatory, 6,635 birds were ringed 
during the year, most of them shearwaters and gulls, but 
including members of 50 other species. As from the begin- 
ning of 1963, Dr. D. Lack, of the Edward Grey Institute, 
shares with the Council the scientific control of the 
Observatory for an experimental period. The report 
contains an article by J. M. F. Cannon, of the British 
Museum (Natural History), suggesting ways in which 
museums and field centres might co-operate in teaching 
basi ecology. More than, half the students at these 
centres come from sixth forms at grammar schools, and 
about equal numbers from universities and teacher 
training colleges, together making up a quarter. The 
remainder are amateurs with a variety of interests. Of 
the subjects studied, rather more than half are biological, 
and a third are concerned with geography and geology, 
but the centres also have something to offer to artists and 
archeologists, and on a reduced scale they provide a 
selection of other courses. With due allowance for grants 
for capital and income, the Council’s finances are in a 
healthy condition. 


Soi! Research in Australia 


AFTER 33 years, the headquarters of the Commonwealth 
Scientific and Industrial Research Division of Soils has 
been established at Adelaide, but various centres and sub- 
centres throughout Australia are established to deal with 
regional problems. The annual report for the year ending 
June 30, 1962, demonstrates forcibly the great variety of 
investigations that are at present being pursued in the 
interests, both short- and long-term, of agriculture in Aus- 
tralia (Pp.v+97. Adelaide: Commonwealth Scientific and 
Industrial Research Organization, 1962). Progress has 
seen new developments in laboratory techniques with 
increasing emphasis on the links between mineralogy, 
geochemistry and field pedology and on the importance 
of soil physics as an environmental factor in plant growth. 
The new soil map of Australia has been contributed to 
the Food and Agriculture .Organization—Unesco World 
Soil Map Project, and a third edition of the Manual of 
Australian Soils has been issued. There are reports of 
investigations on the nutrition of Pinus radiata, the 
residual value of superphosphate, water-repellent sands, 
trace elements, the distribution of saline soils, the effect 
of tillage tools on soil structure and of soil structure on 
permeability. There are short accounts of numerous 
studies on such topics as Rhizobium variants, the bioassay 
of soil toxicity, the decomposition in the soil of aromatic 
nitrogenous compounds, layer lattice silicates, the effect 
of freezing on the swelling of clay minerals, and fabric 
analysis. These are but a selection to illustrate the nature 
and extent of the work being carried out. A list of staff 
and references to recent publications complete a most 
useful survey of soil science in Australia. 


The Queen Victoria Museum, Launceston, Tasmania 


Tux Records of the Queen Victoria Museum, Launceston, 
New Series No. 15, consists of one paper only—a list of 
Tasmanian Aboriginal material in collections in Europe 
by Mr. N. J. B. Plomley, of University College, London 
(Pp. 8. Launceston, Tasmania: Queen Victoria Museum 
and Art Gallery, 1962). The paper is mainly compilative 
and does not attempt to be analytical. It will, however, 
form a very valuable survey for those who require details 
of Tasmanian Aboriginal material in the museums of 
Europe. The annual report of this Museum for 1960-61 
records that two major building projects were completed 
during the year (Pp. 18. Launceston, Tasmania: Queen 
Victoria Museum and Art Gallery, 1962). During the 
period a new Physical Science Wing was opened and as 
an appropriate special feature an exhibition entitled 
“Australia and the Atom” was presented by the Aus- 
tralian Atomic Energy Commission. This exhibition was 
followed by one on engineering, trades and skilled crafts 
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arranged as a contribution towards the Duke of Edin- 
burgh’s Technical Training Week. 


History of Science in India 

Tx Indian Council of Scientific and Industrial Research 
has established a History of Science Unit to carry out 
primarily studies on the historical development of science 
in India. The Unit is charged with compiling a compre- 
hensive bibliography of scientific manuscripts available 
in various Indian languages in different periods of Indian 
history, and prepares subject and period histories of 
different branches of science, and a comprehensive history 
of the development of science and technology in India. It 
will also work on the social implications of scienco and the 
impact of science on modern Indian society. Further 
information can be obtained from A. Rahman, History 
of Science Unit, Council of Scientific and Industrial 
Research, New Delhi. 


Nuclear Engineering Abstracts 


Tue fourth issue of Nuclear Engineering Abstracts 
reports on relevant literature published during 1960, and 
completes the initial trial period in which the periodical 
has endeavoured to establish its own policy and its place 
in the technical publishing world (2, No. 2. London: 
Silver End Documentary Publications, Ltd., 1962. Annual 
subscriptions covering 3 issues, post paid £6 6s. or 18.50 
dollars). It has, however, fallen behind with publication, 
and rising costs will severely limit future developmont. 
It has been decided, therefore, that the present issuc 
completes Volume 2 and also terminates the quartorly 
subscription to the Abstracts. All subsequent issues will 
be at four-monthly intervals, with three issues comprising 
one volume to coincide with the calendar year and to bo 
available at the same subscription price as before. The 
January issue 1963 is Volume 4, No. 1, and will cover 
papers published during January—April 1962. Volume 3, 
the link issue covering papers published during 1961, will 
be made available on a special subscription basis at a 
later date and subscriptions will be invited when pro- 
paration of Volume 3 has reached a point where delivery 
can be promised. Volume 1, No. 1, is out of stock, but a 
reprint is under consideration. 


A New X-Ray Spectrometer 

THe SPG-3 X-ray spectrometer for spectrochemical 
analysis in controlled atmospheres, recently introduced 
by the General Electric Co. of America, is more versatile 
than the SPG@-4, which it now replaces. Elements of 
magnesium and higher atomic number in vacuo, air, 
helium or other desired atmospheres can be analysed 
without modification. The spectrometer has a uniquo 
hand clutch which can disengage the worm gear of the 
drive mechanism to shift analytical positions in a few 
seconds. Independent or simultaneous photon measure- 
ment can be made by two counter tubes located within 
the vacuum chamber. Selection is made by remote control 
from outside the chamber. Samples are loaded through a 
4-in. port, equipped with a positive interlock system that 
prevents the possibility of radiation exposure. The 
samples may be either foil or up to 14 in. thick, and can 
be 24 in. x 24 in. square or 3 in. in diameter. Tho 
vacuum pump and heat exchanger are mounted within 
the spectrometer table, and entry for the counter-tube 
gas and appropriate atmospheres is located on a roar 
bulkhead of the vacuum chamber. 


Stone Age Tools from Mysore State 


M. SESHADRI, in a recent publication from Mysore 
University, reports a collection of artefacts from Salvadgi 
(Stone Age Tools from Salvadgi, Bijapur District, Mysore 
State. The half-yearly Journal of the Mysore University. 
Section A. Arts, 21, No. 2; 1962). The author states that 
the site could be excavated, although the present assem- 
blage has been collected without excavation and is pre- 
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sumably a surface collection. It is therefore possible that 
more than one industry is present. The assemblage has 
been studied in detail and more than a hundred artefacts 
are illustrated. It is evident that the importance of 
adequate reportage of such sites has been realized. It is, 
however, unfortunate that the illustrations are often not 
sufficiently well reproduced to allow a check to be made 
on the author’s claims. The artefacts have been classified 
as flake-blades, blades, flakes, cores and finished tools. 
It is with the tools that the classification is not so for- 
tunate. Often the claimed retouch may be no more than 
casual batter, or at the best utilization, and utilized or 
retouched artofacts are sometimes identified as scrapers 
or other finished tools. A flake (Fig. 9.1.) possibly, but 
not certainly, retouched is, for example, classified as a 
thumb-nail scraper. There are, indeed, some good 
examples of blades and blade cores similar to those 
illustrated from the Indus Valley sites, but none of the 
so-called burins is convincing. The author concludes that 
there may be three industries present, but there is little 
evidence to justify this conclusion and still less to draw 
parallels with the European industrial succession. 


Forestry Research in East Africa 


A summary of forestry research work being carried out 
in East Africa is given in the 1961 report of the East 
African Agriculture and Forestry Research Organization, 
Kikuyu, Kenya (Pp. vii+ 104. Kikuyu, Kenya: East 
African Agriculture and Forestry Research Organization, 
1962). Catchment area research forms one of the impor- 
tant series of long-term investigations. It has been shown 
that both tall montane rain forest and bamboo forest 
are efficient regulators of storm-flow, giving only some 
1-5 per cent run-off of the annual rainfall, whereas over- 
grazed semi-arid catchments resulted in 40 per cent of 
the annual rainfall being lost as surface run-off. Inter- 
esting observations have been made of the root systems 
of the vascular plants in catchment areas. In one case, 
roots have been excavated to a depth of 25 ft. with a 
lateral root ‘range exceeding 35 ft., penetrating highly 
metamerphosed schistose and gneissic basement complex 
strata. Preliminary surveys show that a wide range of 
plants can intercept and store light rainfall in useful 
amounts. This accumulation of water in the soil near the 
base of the tree Balanites aegyptiaca (well known in much 
of the savannah-woodland of Africa) may, play_an impor- 
tant part in thicket formation. 


The Selby Fellowship 


TE Selby fellowship has been established by the 
Australian Academy of Science to bring graduates of 
promise and proved capacity for research to work in the 
laboratories of universities or research institutions in 
Australia. The fellowship may be awarded in any branch 
of physical or biological science, and is tenable at any 
university or research institution in Australia, normally 
for one full year of work. Candidates must have taken 
their first degree and have had preliminary research 
experience at some university in a country other than 
Australia. Each applicant should (unless some special 
considerations are advanced) be less than thirty years of 
age on July 1 in the year in which the application is 
received, Applicants should in general hold a Ph.D. 
degree or have equivalent status and experience, but the 
fellowship will not normally be given to those who have 
already held a senior research award. The Selby fellow- 
ship carries a stipend of £2,000 (Australian) per annum. 
The costs of the Fellow’s travel to Australia and back 
to his country of origin at the conclusion of the fellow- 
ship will be provided, up to a limit of £4500, including 
dependants, if any. Where it is essential for the prosecu- 
tion of the work carried out during the tenure of the 
fellowship, a limited sum may be allocated for travel 
within Australia. Each applicant is required to state the 
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general nature and scope of the research that he wishes 
to undertake, and the university department or research 
institution in which he seeks to work. Applications 
should be sent by July 30 to the Assistant Secretary, 
Gordon Street, Canberra City, A.C.T., from whom further 
information can be obtained. 


University News: Birmingham 


Tue following appointments have been announced: 
Lecturer, Dr. A. J. Edwards (chemistry); Dr. K. R. Gray 
(chemical engineering); Dr. R. Schurrman (chemical 
engineering); Mr. E. A. Staton (chemical engineering). 
Research Fellow, Dr. K. W. Buck (chemistry); Mr. D. J. 
Creasey (G. E. C. Hirst Research Fellow in the Depart- 
ment of Electrical Engineering); Mr. I. L. Dillamore 
(industrial metallurgy); Dr. R. J. Heitzmann (anatomy); 
Mr. B. C. Lam (electrical engineering); Mr. L. A. Adorjan 
(mining and minerals engineering). 


Leeds 


Tue following appointments have been announced: 
Lecturer, Dr. L. R. A. Bradshaw (experimental pathology 
and cancer research); Dr. J. P. Cleave (pure mathematics) ; 
Mr. J. R. Flower (chemical engineering). Research Fellow, 
Dr. J. G. Blumler, as Granada T.V. Research Fellow in 
the Department of Social Studies. 


Nottingham 


Dr. G. Power, senior lecturer in the Department of 
Mathematics, has been appointed to a readership in 
applied mathematics. Dr. A. J. M. Spencer, lecturer in 
the Department of Theoretical Mechanics, has been 
appointed to a readership in the same Department. 


Southampton 


Dr. J. Wrictzy has been appointed to the second 
chair of education with effect from September 1. The 
following appointments to lectureships have been an- 
nounced: Dr. M. Akhtar (physiology and biochemistry) ; 
Mr. J. E. G. Barnett (physiology and biochemistry); Dr. 
A. K. Huggins (physiology and biochemistry); Dr. R. J. 
Walker (physiology and biochemistry). Promotions to 
senior lectureships are as follows: Mr. J. R. Armstrong 
(adult education); Mr. D. J. Mead (aeronautics and 
astronautics); Dr. H. M. Frey (chemistry); Dr. J. R. 
Rydzewski (civil engineering); Mr. B. H. Venning (elec- 
tronics). 


Announcements 


Pror. C. H. Grawam, of Columbia University, has been 
awarded the Edgar D. Tillyer Medal for 1963 of the 
Optical Society of America for his contributions to visual 
science. 


Tue fifteenth international symposium of phyto- 
pharmacy and phytiatry, arranged under the auspices of 
the Ministry of National Education and Culture and the 
Ministry of Agriculture, will be held at the Agricultural 
Institute, Ghent, on May 7. Further mformation can be 
obtained from Rijkslandbouwhogeschool, Coupure links 
235, Ghent. 


A SUMMER school in theoretical physics, arranged by 
the Ministry of Scientific Research and Cultural Affairs, 
Government of India, will be held at Kodaikanal during 
June 1-15. The field of study at the summer school will 
be recent developments in high-energy physics. Further 
information can be obtained from the Director, Mat- 
science, Madras 4, India. 


Tun National Physical Laboratory is holding open 
days during May 15-16. Exhibits of work in progress 
will be on display, and the following lectures will be 
given: the work of the Aerodynamics Division (Dr. 
W. P. Jones); experiments with ship models (A. Silver- 
leaf). Further information can be obtained from the 
National Physical Laboratory, Teddington, Middlesex. 
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THE ROCKEFELLER FOUNDATION 


HE annual report of the Rockefeller Foundation for 

1961 includes the review of the president, Mr. J. G. 
Harrar, together with the Treasurer’s report and accounts 
of the Foundation’s activities in the United States, Europe, 
Latin America, Africa, the Middle East, India, and the 
Far East: to oach of these geographical sections is 
appended a list of grants made during the year. Appro- 
priations during the year totalled 36-5 million dollars, of 
which 8-7 million dollars was for the agricultural science 
programme; 9-6 million dollars for medical and natural 
sciences; 4:3 million dollars for social sciences; 4:7 
million dollars for the humanities; and 3-2 million dollars 
for administration and supporting services. During the 
year, 324 individuals from 46 countries began advanced 
study with Foundation fellowships or scholarships, 
usually in another country; 428 additional study awards 
made in previous years remained active in 1961, and the 
Foundation’s Fellows and Scholars studied at some 165 
institutions in 24 countries. 

In his review this year, Mr. Harrar places his main 
emphasis on the development of human personality. 
Broadly, the Rockefeller Foundation considers that its 
mission lies in the field of social dynamics, and it stresses 
in its programme those elements of human experience 
which, persisting from generation to generation, are 
nevertheless continually varying. With the developing 
countries particularly in mind, as in his previous review, 
Mr. Harrar refers specifically to the need for self-discipline, 
to the shortage of skilled manpower oven in the most 
advanced countries, to the world’s continuing need and 
search for those who, through imagination, experience and 
ability, can raise the general levels of performance. 

In the face of the unprecedented demand for human 
competence at all levels of service, greater attention must 
be paid to group as well as to individual excellence, for 
no leader can function effectively unless supported by a 
team of trained and dedicated associates. The Foundation 
approaches group excellence by co-operating in pro- 
grammes of critical importance directly focused on basic 
human needs, emphasizing education, research, training 
and pilot operations leading to the acquisition of know- 
ledge and its general application for social benefit. 
Working with a wide diversity of institutions in the study 
of human problems, the Foundation begins its work at 
existing local levels and attempts to contribute to con- 
tinuing improvement, its agricultural and medical pro- 
grammes, including practical applications and training 
activities ranging from the most applied to the most 
fundamental research. Consistently emphasizing the 
training process, the Foundation designs its activities to 
increase directly or indirectly the number of individuals 
who can contribute to human progress as part of a pattern 
which can be successful only when all its members are 
strong and functional. 

All this has characterized the support which the 
Foundation has given, for example, to educational and 
research institutions where the major attention given to 
American and Western European universities is now 
passing to younger universities abroad and to co-operation 
with overseas institutions in projects to improve educa- 
tional patterns, food production and public health. These 
efforts have substantially increased the number of leaders 
in seience and education in the selected fields; key 
individuals have been given the opportunity to broaden 
their experience and pursue advanced studies, and 
wherever possible the assistance provided has been 
directed to specific national programmes and to strength- 
ening educational and research institutions. Despite the 
large increase in public and private funds available during 
the past decade, the need for private assistance has not 


decreased, but the Rockefeller Foundation judges that it 
is now possible and desirable to consolidate certain of 
these activities which offer the greatest promise for future 
achievements. Overseas, the Foundation believes that it 
can best be of assistance in establishing or supporting 
those institutions which must bear the brunt of searching 
for needed knowledge as woll as of increasing the number 
of those qualified for important responsibilities in Govern- 
ment, education, cultural affairs, business and industry. 
In the United States, the Foundation expects to increase 
its emphasis on problems growing out of human associa- 
tion and on the enrichment of cultural experiences, but 
both at home and overseas it recognizes that the sciences 
and the humanities are both important. 

In 1961, Mr. Harrar points out, the Foundation placed 
its main emphasis in the medical and natural sciences, on 
professional education and on research into the living 
processes as these contribute to an understanding of the 
living world. Work in nutrition is now being supported 
by grants to the Indian Council of Medical Research and 
the Council for Scientific and Industrial Research, New 
Delhi; Keio University, Tokyo, received a grant for a 
chair in biochemistry, and Osaka University grants for 
an established department in the same field. Although 
the Foundation is reducing its support for genetics, as 
well as for biochemistry, grants for genetics were made 
during the year to the National Institute of Geneties in 
Japan, the University of Lund and (for human gon- 
etics) the University of Turin. Grants to the Depart- 
ment of Physiology, in the Catholic University of Chile 
and the Research Institute of Biological Sciences, in 
Uruguay, included provision for work on tho biology of 
behaviour. More funds have been made available for 
building departments of science, and even developing 
entire medical schools in the newly emerging countries. 

In the humanities, the Foundation’s programme of 
assistance to developing countries in Asia, the Middle 
East, Africa and Latin America took increasingly the 
form of aid to universities, including libraries, and in this 
field specifically support of training schools for librarians 
in their own countries, as instanced by grants for advanced 
training in library administration and services at the 
University of Delhi, the University of the Philippines, 
the National Taiwan University and the University of 
Antioquia, Colombia. Substantial grants were made to 
the Philippines and Egypt in support of large organized 
programmes to improve the teaching of English. In the 
social sciences, key countries of Asia, Africa and Latin 
America are being encouraged to raise the standards of 
teaching and research on a graduate level, and the 
Foundation is also helping universities in the United 
States and Europe to improve their ways of assisting 
schools in under-developed areas, Harvard University 
receiving & 200,000-dollar grant for a five-year investiga- 
tion of social and political development in emerging 
nations. j 

In its agricultural sciences programme the Foundation 
continues to aim primarily at helping people in the 
developing regions of the world to improve nutrition by 
growing more food. The most effective way in a given area 
has proved to begin with research on local problems and. 
to link this with the training of nationals in agriculture, 
followed in a third phase by strengthening local agricul- 
tural colleges and research institutions in these developing 
countries. In Mexico alone more than 100 young men 
and women have taken master’s degrees and more than 
20 doctorates with support from the Foundation, and in 
1961 the National Institute of Agricultural Research. 
entirely under the leadership of Mexican scientists and 
administrators, was created by consolidating several 
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agencies, liberating Foundation staff for other work. 
Appropriations in 1961 supported studies in the genetics 
of corn at the University of Nebraska, in population 
genetics at the North Carolina State College at Raleigh, 
including at both places advanced training to Latin 
American plant breeders. The Foundation also operates 
the Rice Research Institute in Los Banos, the Philippines, 
and provides the funds and services of six members of 
the staff, which is making a concerted attack on the 
problems limiting the production of rice in the ‘rico bowl’ 
of the Far East. 
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For the virus research programme, to which some 18 
virologists, entomologists and epidemiologists were 
assigned in 1961, the Foundation appropriated some 1-7 
million dollars in 1962, including work on the develop- 
ment of professional education by staff members. In the 
five field laboratories the primary aim is to determine 
prevalence of the arborviruses in the region, and of 143 
viruses classified by the New York laboratories only 14 
occur in more than one biogeographical region; 58 occur 
in South America, 35 in Africa, 28 in India, Indo-China, 
China and the Hast Indies and 13 in North America. 


ELECTROPHORESIS IN STABILIZED MEDIA 


ECHNIQUES in electrophoresis, refined over recent 

years, were considered at a symposium organized 
on October 17, 1962, by the Scottish Office of the Depart- 
ment of Scientific and Industrial Research under its 
Scottish Research Laboratories Mutual Assistance Scheme. 
The Arthur D. Little Research Institute at Inveresk, 
Midlothian, acted as host. 

Dr. F. N. Woodward (director, Arthur D. Little 
Research Institute), in the chair for the morning session, 
directed attention to the advances in electrophoresis since 
the Tiselius technique first appeared. The demand for 
places at the meeting and the widespread use of the method 
were sufficient to illustrate its value. 

Dr. R. L. M. Synge (Rowett Research Institute, 
Aberdeen) gave an introductory review of electrophoresis 
and pointed to other modes of stabilization than by solid 
additives, at the samo time questioning the choice of title 
- which ‘excluded’ modes of electrophoresis such as rotating 
horizontal tube, thin liquid layer, diaphragm and electro- 
decantation cell. He saw the future bringing investigations 
on. isoelectric fractionation, displacement techniques and 
electrophoresis in magnetic fields. The examination of 


the physicochemical principles showed that they had to - 


grapple with other effects such as electroendosmosis, 
adsorption and charge on the solid stabilizer as well as 
diffusion and fibre size in paper. The discussion which 
followed seemed to favour the reservation of the term 
electrophoresis in stabilized media for those systems 
where additives (for example, sucrose (density gradient), 
paper) were used. 

Dr. J. W. B. King (Animal Breeding Research Organiza- 
tion, Edinburgh) gave an account of starch-gel electro- 
phoresis used by the zoologist. They had developed 
useful one- and two-dimensional procedures for genetical 
investigations of pig sera. Mr. I. E. Lush (Poultry 
Research Centre, Edinburgh) opened the discussion with 
a description of the- method he used in terms of the 
ovalbumin investigations he had carried out with starch- 
gel electrophoresis. 

Column electrophoresis was dealt with by Dr. D. L. 
Mould (Animal Diseases Research Association, Edinburgh), 
first in terms of design such as the recent developments 
in increase in column size and then its application. He 
stressed that this was virtually the only method for 
electrophoresis in stabilized media which handled large 
quantities. Dr. G. R. Tristram (Biochemistry Department, 
University of St. Andrews), in discussing column electro- 
phoresis, suggested that there was little object in using a 
method which was so time-consuming when other alterna- 
tives, such as ion-exchange celluloses or even starch-gel 
systems. were available and that this was the reason why 
it was little used. Dr. Mould pointed out, in reply, that 
column. electrophoresis was complementary, not competi- 
tive, to the other methods. . 

Prof. 8. C. Frazer (Department of Chemical Pathology, 
University of Aberdeen) reviewed, in his opening remarks 
as the chairman of the afternoon session, the value of 
electrophoresis to chemical diagnosis. Apart from gross 
abnormalities, the wide range of natural variation in 


human protein components prevented it from having more 
than a modest place as a clinical laboratory tool. However, 
he was slightly more optimistic toward starch-gel electro- 
phoresis investigations of specific proteins such as 
haptoglobins or isoenzyme systems but this approach was 
still in the research stage. 

Dr. H. J. Cruft (Biochemistry Department, University 
of Edinburgh) dealt with the attractions of polyacrylamide 
gel electrophoresis and pointed out that this was a gel 
system which was far more clearly defined, simpler in 
preparation and more stable than starch-gel. The range 
of gel concentrations was considerable and it was even 
possible to use additives for ‘tailoring’, such as acrylic 
acid, which gave the material starch-gel characteristics 
(1 per cent carboxyl addition) as indicated by their- 
investigations on calf thymus histones. 

Mrs. Ruth M. Clayton (Institute of Animal Genetics, 
University of Edinburgh) gave a paper on the techniques 
and applications of immuno-electrophoresis, which she was 
using for genetic and other investigations. She directed 
attention to its application in a number of fields and 
mentioned the investigation of lens proteins. Dr. E. R. 
Skinner (Biochemistry Department, University of Aber- 
deen), in opening the discussion, described similar tech- 
niques that were being used by him. 

Dr. F. S. Steven (Biochemistry Department, University 
of St. Andrews) then spoke on high-voltage electrophoresis 
(defining this as > 50 V/cm) as a way ofrapidly separating 
small molecular weight materials. He mentioned the 
electrochromatographic ‘fingerprinting’ of proteins and 
their success with partial protein hydrolysis by ion- 
exchange resins—rather than by enzymes. Dr. J. L. 
Simkin (Biochemistry Department, University of Aber- 
deen) felt that the ‘above 50 V/cm’ definition was a little 
severe and gave evidence for useful separations of simple 
carbohydrates over the 25-35 V/cm range—especially 
where complexing buffers were used. In the general 
discussion which followed, Dr. C. B. Coulson (Arthur D. 
Little Research Institute) mentioned the poor results with 
high-voltage electrophoresis when such high molecular 
weight substances as proteins or humic acids were 
examined. Dr. D. J. Bell (Poultry Research Centre, 
Edinburgh) suggested that this was probably due to the 
fact that compounds were not in an adsorption equilibrium 
with the support. 

Dr. Ivor Smith (Courtauld Institute of Biochemistry, 
London) favoured the holding of a similar symposium on 
column chromatography of proteins, which was a cheap 
technique. Prof. Frazer agreed that there was a case for 
another symposium on electrophoresis for the east and 
north of Scotland, and that it should be considered two 
years hence. Dr. J. K. Duxbury (Department of Scientific 
and Industrial Research Scottish Office, Edinburgh) 
agreed to pursue the two suggestions and stated that 
similar symposia, under the auspices of the Mutual 
Assistance Scheme, were planned for Glasgow and the 
west of Scotland. 

C. B. Counson 
J. K. DUXBURY 
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EFFECTS OF CASTRATION ON MEAT QUALITY AND ECONOMY 
OF FATTENING 


ONTROVERSY about the value of castration to 
improve the value of domestic animals for different 
purposes is not new. Not so very long ago stallions were 
used in the cavalry, with diastrous results on parade and 
elsewhere. In the East there is strong belief that entire 
male animals can do more physical work than castrates. 
The increased docility of castrates for most types of 
anima] husbandry has led in developed countries to almost 
universal castration of male animals, with the general 
belief that, even if only from the economic point of view, 
it is a success. As to one phase of the subject, the effect 
on the flavour and general quality of the flesh, there has 
been some difficulty. In the absence of satisfactory tests 
to determine these points, general economical criteria 
have been used to provide answers about the effects of 
the generative organs on the body. 

On another phase of the subject, cruelty involved, there 
is a grave indictment of mankind. Relatively few 
countries have legislation about the operation of castration. 
In large parts of the world the grossest cruelty over this 
operation is routine. The technique known as bisturnage, 
manipulation of the testicle within the unopened scrotum 
to twist the spermatic cord and so cause atrophy of the 
organ, must be very painful even when skilfully done 
and it is not always successful in practice. The even 
more brutal method of hammering the testicle with a kind 
of mallet over a solid base done on a wide scale in the East 
is far from being a success; in unskilled, careless hands 
the pain is up to schedule, but the testicle is not always 
destroyed. These methods may have developed because of 
serious complications in pre-surgical times from removal 
by the knife, or even the hot iron—complicating infections, 
or even death from tetanus or other germs. - 

Two important communications about the effects of 
castration on farm food animals merit attention, in that 
they lend support to moves in certain countries for the 
fattening for the butcher of entire male animals, instead 
of previous castration. ' 

J. D. Turtin has recently reviewed the current literature 
on “The Effect of Castration on Meat Production and 
Quality in Cattle, Sheep and Pigs” (Animal Breeding 
Abstracts, 30, 447; 1962). Much consideration will be 
required before wide changes in existing practices can be 
made. These concern prices of the finished animal for 
sale to the butcher, matters relating to qualities, legal 
enactments, as well as the general economics of fattening 
for the butcher. The matters discussed here are important 


and indicate the need for research on all aspects of tho 
subject. Turtin quotes production data for sheep, cattle 
and pigs from the publications dealt with and he says, 
“Reviewing the results on pigs of growth rate, efficiency 
of conversion and carcass quality as a whole, it does not 
seem that there is sufficient experimental evidence to 
support a break withthe traditional practice of castration 
although, as with sheep, an authoritative evaluation 
from an economical standpoint has yet to be carried 
out”. The evidence with cattle slaughtered at 12-15 
months suggests that entire animals fatten more 
cheaply. 

A recent communication by A. A. Baiburtjcan, trans- 
lated from the Russian by G. R. Ritchie, suggests “A New 
Method of Increasing the Productivity of Livestock (by 
Partial Castration)” (Animal Breeding Abstracts, 31, 1; 
1963). The author deals with the subject at length and 
many parts are merely mentioned in the translation by 
title of chapters, without details of the text. This, how- 
ever, does not hinder discussion on his main thesis as 
sufficient detail is given of the main argument. The 
subject is dealt with under: age when done; techniques 
that have been used; a detailed description of techniquo 
advocated for a new method of castration by which the 
spermatogenic function is inhibited and the hormonal 
function retained; economic and surgical effectiveness of 
various methods of castration; effects of various methods 
on carcass yield; effects on chemical composition of meat 
and fat; histology; on internal secretions. 

Tables show carcass characteristics of ram lambs 
castrated by different methods and killed when three or 
four months old; body weights of young bulls castrated 
by different methods and killed at intervals from one to 
four months later; live and carcass weights of boars on 
high and on average planes of nutrition; chemical com- 
position of carcass elements after, different mothods of 
castration; weights of genitalia of pigs and sheep after 


different methods of castration. 


Baiburtjean bases his theories about the advantages 
of “partial castration’? on the belief that, by this tech- 
nique, most of the testicular tissue is removed, yet sufficient 
regeneration can occur, within the necessary intervals, for 
internal secretions to operate mutually with the epi- 
didymes to control carcass development; that the opera- 
tion prevents the troublesome habits of entire animals 
towards the end of the fattening process as sexual develop- 
ment intervenes. W. Poon 


= TRYPTAMINE RECEPTORS IN THE CENTRAL NERVOUS SYSTEM: 
~- EFFECTS OF ANÆSTHETICS 


By Dr. E. MARLEY l 
Institute of Psychiatry, Maudsley Hospital, London, $.E.5 
AND 
Dr. J. R. VANE 
Department of Pharmacology, Royal College of Surgeons of England, London, W.C.2 


SR tpeew have several actions on receptors 
in the central nervous system?-?, including facilitation 
of spinal reflexes. In the experiments of Vane et al.?, 
tryptamine and «-methyliryptamine produced such 
facilitation in spinal and in chloralosed ‘cats. Recently, 
Curtis? concluded that spinal neurones were not affected 
by tryptamine and «-methyliryptamine since, when they 


were applied electrophoretically, he was unable to show 
any change in extracellular potentials. Since Curtis? used 
eats anesthetized with pentobarbitone we have tested 
whether the differences in results can be explained by the 
effects of anesthetics. 

Anesthesia was induced with ethyl chloride and other. 
The trachea was cannulated, and the cat was artificially 
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Fig. 1. 8-0 kg spinal cat with additional cord transection at thoracico-lumbar junction. Reflex 
osterior tibial nerve at 
drum; C-K were recorded on a 
fast-moving drum. S = 60 shocks at 10/sec. A, B show the increase in basal and peak tension 
after tryptamine (0-5 and 1-0 mg/kg intravenously). C and E are control single 
D was recorded during the effect of tryptamine 0-5 mg/kg intravenously showing the increased 

illustrate the decline in twitch tension 
The numbers over the tracings refer to 
L, M show progressive reduction of response to 


tibialis twitch evoked by stimulation of the central end of the cut 
10/min. Records A, B, L-P were taken on a slow-moving 


twitch height and prolonged duration of twitch. F-. 
after pentobarbitone (35 mg/kg intraperitoneally). 

time in minutes after the pentobarbitone. r 
tryptamine, and N, O absence of response to tryptamine and a-methyl tryp 


restoration of twitch and tetanic response by strychnine (0-25 mg intravenously) 


respired by a pump. Carotid arterial blood pressure was 
recorded with a mercury manometer on a kymograph. 
In some cats anesthesia was continued either with chlor- 
alose (80 mg/kg intravenously), or with hydroxydione 
(70 mg/kg intravenously), or with halothane and oxygen. 
Halothane was administered from a Goldman vaporizer 
(British Oxygen Co.) calibrated to give 0-1-4 per cent 
(v/v) in the carrier gas; these concentrations ‘did not 
greatly disturb electrocortical activity’. In other cats, 
anesthesia was continued with pentobarbitone sodium 
(‘Nembutal’, Abbot, 20 or 35 mg/kg) injected intra- 
venously, or initiated with, pentobarbitone (35 mg/kg) 
intraperitoneally. 

Yet other cats were made spinal by destroying the brain 
through the approach for the encéphale isolé described 
by Bradley and Key’. This approach was also used when 
the spinal cord was cut across at the level of the first 
cervical vertebra (01); cord transections were sometimes 
made at the junction of the thoracic and lumbar regions. 

Preparation for mechanical recording. After fixing the 
leg by a drill through the lower end of the femur, the knee 
jerk was elicited by tapping the patellar tendon with an 
electro-mechanical hammer at a rate of 12/min; the jerk 
was recorded by a lever system recording on a smoked 
drum. A polysynaptic reflex® was elicited by stimulating 
the central end of the cut posterior tibial nerve; the 
resulting twitch of the tibialis anterior muscle was recorded 
with a Brown-Schuster myograph writing on smoked 
paper. The nerve was stimulated with supramaximal 
rectangular pulses of 0-5 msec duration, 2-10 V at rates 
of 8-12/min or, for tetanic stimulation, at 10/sec for 5 sec. 
In some cats the knee jerk was recorded from one Jeg and 
the polysynaptic reflex from the other; the reflexes were 
evoked alternately to minimize interaction. 
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Preparation for electrical recording. 
The appropriate vertebral lamine 
were removed and the lumbar and 
sacral spinal nerve roots were sec- 
tioned. Stimulating electrodes were 
placed on a dorsal root and recording 
electrodes on the corresponding ventral 
root’. The cord was cut distal to the 
roots used for stimulating and record- 
ing. Decamethonium (50 ug/ke intra- 
venously) was injected te prevent 
movements of the cat from interfering 
with recording. The dorsal roots were 
stimulated with supramaximal rect- 
angular pulses of 0-5 msec duration 
at a frequency of 10/min. Doses of 
tryptamine hydrochloride, «-methyl- 
tryptamine hydrochloride and strych- 
nine hydrochloride are expressed as 
base. 

(a) Mechanical recording. In cats 
anesthetized with chloralose or with 
hydroxydione or in spinal prepara- 
tions, the knee jerk and reflex tibialis 
twitch were easily elicited (Figs. 14 
and 3). The peak tension of the 
twitch was usually greater in spinal 
than in anesthetized animals (com- 
pare Fig. 1 with Figs. 2 and 3). The 
basal and peak tensions were increased 
by tryptamine (0-5-4 mg/kg intra- 
venously) under any of these pro- 
cedures and so was the duration of the 
twitch (Fig. 10, D). 

With deep halothane anzsthesia 
(3-4 per cent v/v) the knee jerk and 
tibialis twitch were usually absent 
but could be briefly restored by trypt- 
amine. With lower concentrations of 
halothane (0-6-3 per cent v/v) the 
reflexes could be elicited as illustrated 
for the two experiments in Fig. 24 and D but the tension 
was usually not so vigorous as that in spinal cats or in those 
anesthetized with chloralose. Basal and peak tensions of 
the tibialis twitch were again increased by tryptamine. The 
rise in basal tension lasted 2-3 min and was greater than 
that produced by tetanic excitation of the posterior tibial 
nerve (Fig. 24, D). The effects of pentobarbitone were 
then tested in the same cats after stopping the halothane. 
In one cat (Fig. 24, B, C) a small dose of pentobarbitone 
(20 mg/kg intravenously) was injected over a period of 
30 min; the corneal reflex was retained. In the other cat 
(Fig. 2D, E, F) a large single dose of pentobarbitone 
(35 mg/kg intraperitoneally) was given; the corneal reflex 
disappeared and so did the von Bezold-like reflex, which is 
mediated through the vagus and excited by tryptamine in 
cats under halothane anesthesia. In both experiments 
the effects of tetanic nerve stimulation and of tryptamine 
were greatly reduced (Fig. 2B, #); there was a complete 
decline in twitch tension (Fig. 2E). ` ; 

Next, the spinal cords were cut-dét C1 in order to remove 
reticular influences on the spinal neurones. After the 
small dose of pentobarbitone, the twitch tension slowly 
improved (Fig. 2C). When the effects of cord section on 
the blood pressure had worn off (15-30 min) tryptamine 
was injected (Fig. 2C). In this cat the response was greater 
than with the cord intact either during pentobarbitone 
(Fig. 2B) or during halothane anesthesia (Fig. 24), but 
in other experiments the increase in response to trypt- 
amine after cord section was trivial. The effect produced 
by tetanic nerve stimulation did not fully return. 

After the large dose of pentobarbitone, cord section 
did not improve twitch tension and there was little im- 
provement in the response to tryptamine (Fig. 2F). The 
results of six other experiments were similar. 
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Fig. 2. Reflex tibialis twitch excited at 8/min. S, 50 shocks at 10/sec. 
T, 10 mg tryptamine/kg intravenously. A-C cat 28 kg, D-F cat 
3-4 kg, and D recorded during 0-6 per cent v/v halothane in oxygen 
anesthesia. B recorded 8 min after giving the last 4 mg pentobarbitone/ 
kg (20 mg/kg given intravenously in 5 doses over 30 min). Æ recorded 
20 min after pentobarbitone (35 mg/kg intraperitoneally). The effects 
: of both tetanus and tryptamine. are reduced, more markedly in Æ, 
C and F 16 min after cord section. The effects of tryptamine were 
greater after the cord section 


‘Those experiments showed that small doses of pento- 
barbitone could depress spinal reflexes and their responso 
to tryptamine mainly through an action on the reticular 
formation, whereas anzsthetic doses also depressed spinal 
reflexes directly. 

There remained the possibility that tryptamine in- 
croased spinal reflexes because it changed the sensory 
input to the cord; therefore, in spinal cats, the pathways 
subserving: the reflexes were isolated further by cutting 
the cord above them, that is, at the thoracico-lumbar 
junction. The effects of tryptamine were still the same 
and so were those of pentobarbitone. 

In the experiments so far described, tetanic stimulation 
always antagonized the depression produced by pento- 
barbitone (Fig. 2). The effects of tryptamine given after- 
wards may, therefore, have been potentiated by the 
tetanus. 
barbitone completely abolished the response to trypt- 
amine as illustrated in Fig. 1. This was a spinal prepara- 
tion in which the cord had been cut at the thoracico- 
lumbar junction. An anesthetic dose of pentobarbitone 
was given intraperitoneally ; the twitch gradually declined 
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When tetanic stimulation was omitted, pento- ' 
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(Fig. LF-K) and, after 60 min tryptamine, was barely 
effective (Fig. 1L). The effect of pentobarbitone was still 
increasing as shown by a further decline in the effect of 
tryptamine after 80 min (Fig. LM) and abolition of tho 
effect of twice the dose of tryptamine after 100 min 
(Fig. LN) and of o-methyliryptamine at 125 min (Fig. 10). 
Strychnine brought about some retwn of the twitch 
(Fig. 1P). 

With combinations of anesthetics, except those includ- 
ing pentobarbitone, facilitatory effects of tryptamine 
on the spinal reflexes were always obtained. For example. 
when halothane was administered to a chloralosed cat 
the tibialis twitch disappeared completely withia 6 min 
(Fig. 8); tryptamine restored the twitch with an increaso 
in basal tension. 26 min after stopping the halothane, the 
twitch was abolished by a small dose of pentobarbitone; 
tryptamine was now ineffective. 

With all anesthetics tested except pentobarbitono, 
either by themselves or in combination, the knee jerk 
was initially augmented by tryptamine and then transi- 
ently depressed due to spasm of the flexor muscles of the 
hip; tryptemine did not restore the knee jerk which had 
been abolished by pentobarbitone. 

(b) Electrical recording. In cats with their central 
nervous systems intact, the amplitudes of the spinal cord 
potentials were small during halothane anesthesia (Fig. 
4A, C) but were increased by tryptamine (Fig. 48). 
When halothane was stopped and pentobarbitone injected, 
the potentials declined over the ensuing 8 min (Fig. 
4D-G); tryptamine was then ineffective (Fig. 4H, I). 

In some cats, the pathways subserving the spinal 
reflexes were isolated as completely as possible. The 
brain was destroyed under anssthesia with ether and 
ethyl chloride, the cord was cut at the junction of the 
thoracic and lumbar regions and below L7 and the sciatic 
and femoral nerves were cut. The ether was then 
stopped. The amplitudes of the monosynaptic and poly- 
synaptic potentials were increased by tryptamine (Fig. 
5B); the increases were sometimes followed by a depres- 
sion (Fig. 5C). After-pentobarbitone (25 mg/kg intra- 
venously) the potentials declined (Fig. 5D). To check that 
electrical stimulation was still supramaximal, the voltage 
was doubled to 5 V (Fig. 5E); this had no effect on the 
potentials and tryptamine was now also virtually ineffec- 
tive (Fig. 5F). 

It has long been known that anesthetics depress func- 
tions of the spinal cord; it is now apparent that they also 
influence the effects of drugs on these functions. With no 
anesthetic, as in the spinal cat, tryptamine and its homo- 
logues caused striking enhancement of mono- and poly- 
synaptic reflexes*. With anesthetic doses of chloralose 
or hydroxydione, there was minimal depression of the 
spinal reflexes and of the facilitating effects of tryptamino 
on them. With halothane anesthesia, the depression of 
both reflexes was greater, but the effects of tryptamine 
could still be obtained. If halothane was given in addition 
to anesthetic doses of chloralose or hydroxydione, the 
knee jerk disappeared, as already described by Paton’, 
and so did the polysynaptic reflox; tryptamine still pro- 
duced a rise in basal tone and partially restored the reflex. 
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Fig. 3. Reflex tibialis twitch in a chloralose cat (8-1 kg). The twitch was abolished by halothane but tryptamine (2-0 mg/kg) increased 


it again. Pentobarbitone (12 mg/kg) abolished the twitch; tryptamine was now ineffective 
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Fig. 4. Spinal root potentials recorded from the cut ventral 7th lumbar root on stimulation 
of dorsal root of a 2-7 kg cat anwsthetized with 2 per cent halothane. A, control; B, increase 
in amplitude of potentials 2 min after tryptamine 1-0 mg/kg intravenously; C, 7 
trypta F, tentials 3, 4, 7 and 8 min respectively after 


mine; D, G decline in amplitude o 


Typ’ f po 
pentobarbitone (20 mg/kg intravenously); H, È no effect of tryptamine (1-0 mg/kg intra- 
venously) 2 and 2:5 min after injection 





Oms 
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Fig. 5. Ventral root potentials as in Fig. 4. 2-6 kg spinal cat with thoracico-lumbar cord 
A, control; B, shows increase in amplitude 
of potentials 20 sec after tryptamine (1 mg/kg intravenously); O (8 min later) shows r 
in amplitude of potential which sometimes occurs after tryptamine; D, 5. min after pento- 
barbitone (25 mg/kg intravenously), the potentials were almost abolished; Æ, 10 min later; 
doubling the stimulus voltage did not affect the potential; F, 20 sec after tryptamine (1 mg/kg 


section and with sciatic and femoral nerves cut. 


intravenously) which now had little effect 


In . contrast, pentobarbitone profoundly depressed 
spinal. reflexes and the effects of tryptamine. Many 
people have shown a depression of spinal transmission 
with pentobarbitone; this has been attributed to 
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selective block of interneurones® and 
to stabilization of the membrane 
potential of the motoneurone’®. The 
tonic activity and reflex excitability 
of y-motoneurones are also depressed?!. 
The differences between tho excitatory 
effects of tryptamine in spinal cats or 
in those anesthetized with chloralose 
or hydroxydione on one hand, and 
its lack of effect in animals anæsthe- 
tized with pentobarbitone on the 
other, may account for the failure by 
Curtis? to find any effects of trypt- 
amines on lumbar spinal neurones. 
He used “cats lightly anestletized’’ 
but the dose of pentobarbitone was 
not given. We have found that the 
effectiveness of tryptamine depends 
also on dose ; Curtis was unable to 
estimate the dose reaching a spinal 
neurone; he himself suggests that “the 
amount applied electrophoretically 
may be inadequate”. Thus, he may 
have been applying too little drug to 
cells severely depressed by pento- 
barbitone, and his conclusion that 
t tryptamine receptors are of no great 
significance in the spinal cord may well 
be erroneous. 

The direct depressant action of 
pentobarbitone on the spinal cord, as 
well as that mediated through the 
reticular formation, makes it an un- 
satisfactory anesthetic for investigat- 
ing not only normal reflex functions 
but also the effects of drugs on them. 
As it is probable that the central 
effects of many drugs other than 
tryptamine are modified by anesthe- 
„ties to different degrees, no experi- 
ments under anesthesia should be 
regarded as definitive unless similar 
results can be obtained in unanesthe- 
tized preparations. 
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ADENOSINE DIPHOSPHATE AS A POSSIBLE HYDROGEN CARRIER IN 
THE RESPIRATORY CHAIN 


By V. P. SKULACHEV 
Department of Animal Biochemistry, Moscow State University, U.S.S.R. 


T is generally accepted that tho mechanism of the 
stimulation of phosphorylating oxidation in fresh 
mitochondria by adenosine diphosphate consists in accept- 
ing high-energy phosphate. Uncouplers dissociate oxida- 
tion and phosphorylation, eliminating thereby the depend- 
ence of respiration on adenine nucleotides added. 


In vitro investigation of mitochondrial ageing revealed 
succinate oxidation by aged mitochondria in the presence 
of an uncoupler to proceed at a maximal rate only after 
the addition of adenosine triphosphate (ATP) (refs. 1—4}. 
Primarily, the foregoing effect was supposed to be due to 
the presence of a certain energy requiring stage in the 
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Table 1. ACTIVATION OF UNCOUPLED OXIDATION IN AGED MITOCHONDRIA 


BY ADP AND ATP 
Concentration AO for 
No, of of nucleotides, 10 min, 
Exp. Substrate Nucleotide Mx 103 atoms 
1 Malate — _ 0-1 
is ADP 2 16 
A ATP 2 12 
2 Malate — - 0-2 
iy ADP 0:7 20 
Succinate — -- 12 
i ADP 2 3-8 
3 ATP 2 3-7 
4 Succinate — — 0-6 
ay ADP 0-25 1-7 
A ATP 0:25 1-9 
5 Succinate — — 0:3 
= ADP 1-5 3-2 
“ IDP 1:5 1-9 
3 GDP 1:5 0-4 
+ CDP 1-5 0-3 


Pigeon breast muscle mitochondria isolated in the solution of 0'1 M KCl, 
0-05 M ftris-buffer and 0-001 M MgCl, were pre-incubated at 26°. The com- 
position of the pre-incubation mixture (nal concentrations): 0-0002 M 
DNP, 0:025 M tris-buffer, 000025 M MgCl,, 0:05 M glucose, 0-000025 M 
cytochrome ¢ and hexokinase in the quantity of 0-4 mg. per ml. After pre- 
incubation the substrate of oxidation (0-02 M), nicotinamide adenine di- 
nucleotide (0:001 M) into samples with malate, and nucleotides were added. 
pH of mixtures, 7:4. In Exp, 2 potassium phosphate (0-015 M) was added 
to the preincubation mixture. In Exp. 3 instead of muscle mitochondria 
those of a pigeon liver isolated in 0:25 M sucrose solution and washed in a 
saline medium were used. The preincubation period lasted 30 min in 
Exp. 1-3 and 120 min in Exp. 4. In Exp. 6 succinate was added 35 min 
and nucleotides 110 min after the beginning of pre-incubation. 


succinate dehydrogenase reaction!?. We examined the 
dependence of uncoupled oxidation on adenine nucleo- 
tides, using prolonged mitochondrial ageing. The results 
of typical experiments are given in Table 1. (We thank 
A. S. Braines, H. Juned and V. G. Sivkova for help with 
these experiments.) 

As shown in Table 1, a long ageing of mitochondria 
(30-120 min of preincubation with hexokinase, glucose 
and 2,4-dinitrophenol (DNP) without a substrate of 
oxidation at 26°) causes a strong inhibition of oxidation, 
which is manifested not only with succinate but with 
substrates oxidized through NAD. ATP and ADP, the 
latter to an equal or even higher degree, stimulate a 
lowered oxidation of malate and succinate (Table 1) as 
well as of pyruvate and glutamate®. Guanosine diphos- 
phate (GDP), cytidine diphosphate (CDP), AMP, H,PO,, 
ethylenediamine tetraacetic acid (EDTA) and serum 
albumin are ineffective. Inosine diphosphate (IDP) 
possesses @ certain activity. 

A comparison of the effects of ATP with those of ADP 
does not confirm that the stimulation of oxidation by 
those substances is in some way connected with energy 
supply of mitochondrial structure. In the latter case ADP 
would have considerably less influence than ATP, particu- 
larly in low concentrations. It is quite clear that the 
phenomena described could not be explained by the accep- 
tor effect of adenine nucleotides, because the reaction mix- 
ture contained DNP in a high concentration. Moreover, a 
stimulation of aged mitochondrion respiration may be 
obtained with ADP and ATP, but not with AMP, while the 
acceptor effect occurs with AMP as well. The foregoing 
phenomenon is unconnected with chelating properties 
of adenine nucleotides as EDTA is ineffective. It cannot 
depend on the binding of fatty acids since the effect does 
not take place with serum albumin. Inorganic phosphate 
does not influence the respiration of aged mitochondria, 
so that the stimulation of respiration by ADP and ATP 
cannot be connected with the action of HPO, which 
appears at their dephosphorylation. Therefore, some 
other explanation should be sought for that phenomenon. 

It is well known from Raaflaub’s work‘ that the ageing 
of mitochondria is accompanied with a depletion of endo- 
genic adenine nucleotides. It runs in three stages: (1) 
ATP exhaustion with a rise in ADP and AMP quantities; 
(2) exhaustion of ADP; (3) exhaustion of AMP. Our 
experiments were carried out with mitochondria at the 
third stage. In such conditions the respiration decreased 
markedly, being activated but to a small degree with the 
addition of such respiratory carriers as NAD and cyto- 
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chrome c. At the same time, the addition of ADP or 
ATP causes such a pronounced stimulation of respiration 
as to give reasons to suggest a direct participation of 
ADP in the respiratory chain as a hydrogen carrier. In 
this connexion the oxidative-reductive properties of 
adenine and adenine nucleotides are of interest. Heath 
demonstrated in 19467 that adenine and related com- 
pounds are reduced under rather mild conditions, that is, 
by an electrochemical reduction in 0-1 N perchloric acid. 
We have confirmed these results by polarographic analysis. 
Adenine nucleotides possessed the capacity for reduction 
as well. Guanine, uracil, thymine, cytosine and corre- 
sponding nucleotides were not reduced under tho same 
conditions?*. Smith and Elving succeeded in obtaining 
electrolytically 1,6-dihydropurine in a quantity sufficient 
for a spectrophotometric analysis®. It was shown that 
the purine reduction results in the appearance of an 
absorption maximum at 229 my and in disappearance of 
it at 260 my. In the region of 250-310 mu a plateau is 
disposed which declines smoothly from 310 to 340 mp. 
During storage 1,6-dihydropurine is oxidized by the air 
oxygen, which is accompanied by the appearance of n 
peak at 260 mu and by disappearance of it at 229 mu. 
The 250-310 mp. plateau disappears. 

Subtracting the absorption of purine in its usual 
‘oxidized’ form from that of 1,6-dihydropurine, we obtain 
‘a difference spectrum’ corresponding to tho conversion 
of purine from an oxidized form into a reduced one. The 
difference spectrum of purine reduction is characterized 
by a minimum at 260 my and by a maximum at 290 - 
310 my stretched out in the long wave direction (Fig. 1, 
curve l). Moreover, Fig. 1 shows difference spectre 
characterizing the reduction of terminal steps of thu 
respiratory chain of intact bacterial cells (curve 2. after 
Chance and Nishimura’), of phosphorylating hear: 
muscle mitochondria (curve 3, after Chance and Hagi- 
harat) and of non-phosphorylating Keilin and Hartree’s 
particles of heart muscle (curve 4, after Chance and 
Redfearn!?). The latter curve is in good agreement with 
the difference spectrum of ubiquinone reduction. Curves 
2 and 3 are of a more complicated character. In both 
cases a tendency of the minimum to shift to the short 
wave-lengths can be observed. On curve 2 a shoulder 
in the region of 260 my is clearly seen, indicating the 
presence of an additional minimum. In the region of 
310-315 my a maximum appears declining smoothly in 
the direction of 340 my and by no means corresponding 
to the ubiquinone difference spectrum. Those compari- 
sons suggest that the difference spectra of the reduction 
of phosphorylating respiratory chains (curves 2 and 3) arc 
the result of a summation of simpler difference spectra of 
ubiquinone and of purine ring reduction. At the same 
time in non-phosphorylating heart muscle particles a 
change of absorption in the ultra-violet is caused solely 
by ubiquinone reduction. 

The hypothesis about the purine ring reduction under 
the conditions of the respiratory chain reduction can well 
explain the kinetics of absorption in the region of 310- 
315 mu (“pigment 315 my” of Chance"). That maximum 
which is always present in the spectrum of phosphorylat- 
ing mitochondria and their fragments is probably a part 
of the plateau appearing with adenine reduction. A 
portion of that plateau is cut off in the region of 280-300 
myu owing to the decrease of absorption after ubiquinone 
reduction. It is of great importance that the kinetics of 
the peak at 315 my. corresponds to the carrier taking part 
in the phosphorylating respiratory chain". 

The foregoing consideration seems to be sufficient for a 
hypothesis about the new function of adenine nucleotide 
as a hydrogen carrier in the phosphorylating respiratory 
chain. ADP (ATP) satisfies the chief demands made to 
the respiratory carrier, namely: (1) ADP depletion pro- 
duces inhibition of the hydrogen transfer, while its addition 
restores a normal rate of oxidation (see experiments with 
aged mitochondria, Table 1); (2) the kinetics of absorption 
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characteristic of the adenine nucleotide reduction-oxida- 
tion is in accordance with its participation as a respiratory 
carrier in the phosphorylating respiratory chain; (3) 
adenine nucleotides are present in mitochondria in 
quantity quite sufficient for their functioning at one or 
even. several steps of the respiratory chain. The sum 
ADP + ATP levels in. phosphorylating mitochondria is 
10-100 times higher than the concentration of other 
respiratory carriers. 

The ADP function as a hydrogen carrier may be a key 
for understanding the mechanism of energy accumulation 
in the respiratory chain. In Blumenfeld and Temkin’s 
opinion”, the reduced adenine oxidation should be accom- 
panied by a release of energy to the extent of 8-9 cal/mol 
under standard conditions, which is connected 
with a decrease in the ionization of the adenine 
amino-group (on the basis of analogy with the 
conversion of aliphatic amine into aromatic 
one). The use of the released energy portion for 
the formation of a high-energy pyrophosphate 
or N—P bonds, for example, when H,PO, combines with 
the adenine amino-group, might explain the way in which 
the energy of the oxidation—reduction process is utilized 
for the synthesis of ATP from ADP and H,PO,. 


AH, + ADPm = H,ADPp + A 
H,ADPm + Pi = P-H,ADP a 
PH,ADP, + B= ATP, + BH, 
ATPm + ADP. = ADPm + ATP, 


In the presence of DNP: 


DNP-H,ADP, + B = DNP + ADP, + BH, 


where A and B are respiratory carriers, ADPm, intra- 
mitochondrial ADP set into the respiratory chain and 
functioning as a respiratory carrier, and ADP. external 
ADP. In phosphorylation at the stage NAD, and possibly 
FAD, an adenylate part of dinucleotide may react instead 
of ADP». According to data of Griffiths! mitochondria 
are able to convert NAD into a derivative the ultra-violet 
spectrum of which resembles that of reduced purine (a shift 
of maximum at 260 my. to the short side with a decrease 






x (mp) 


Absorbancy change (reduced-oxidized) 


—10 


Fig. 1.. Comparison of the difference spectrum of purine reduction 

(curve 1) with those of the respiratory chain reduction in R. rubrum 

(curve 2, after Chance and Hishimura (ref. 10) ), of the phosphorylating 

heart muscle mitochondria (curve 3, after Chance and Hagichara 

(ref. 11) ) and of non-phosphorylating particles of the heart muscle 
{curve 4, after Chance and Redfearn (ref. 12) 
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of absorption, a pleateau instead of a peak at 260 muy; 
during storage the peak reappears at 260 mu, a minimum 
arising at 230 my). The participation of adenine in 
oxido-reduction between NADH, and FAD is confirmed 
by the fact that barbiturates strongly inhibit the phos- 
phorylating respiratory chain at this stage. The barbitur- 
ate ring is similar to pyrimidine and it can play a part of 
anti-metabolite of adenine oxido-reductions, assuming 
the adenine reduction to occur at 1,6-double bond of the 
pyrimidine part of adenine. I have determined that 
barbiturate amytal is not reduced under polarographic 
conditions of adenine reduction. The aforementioned 
hypothesis can be summarized by the following scheme 
of the phosphorylating respiratory chain: 


succinate — fp. > b,Q 





malate —— N—>A — fp. — b,Q — ADP > c, — c -— ADP —a— O, 
`x ~x x 


~ ~ m~ 


In the scheme NA, NAD; fp., flavoproteins; b, c,, c, a, cyto- 
chromes; Q, ubiquinone. Respiratory chain activity in 
non-phosphorylating particles, such as in Keilin~Hartree’s, 
in microsomes or on the surface of mitochondria do not 
depend on adenine nucleotides. In such chains there 
occurs a direct interaction between neighbouring cyto- 
chromes b (or Q) and c,, c and a. The respiratory chain of 
the inner zone of mitochondria is unable to perform such 
an interaction, and ADP depletion results in inhibition of 
respiration. The addition of ADP restores the respiratory 
activity. 

The pyrophosphate group seems to take part in the 
combination of ADP with apoenzyme ‘ADP-reductase’ 
or ‘ADPH,-dehydrogenase’ as it was shown for the com- 
bination of NAD with corresponding dehydrogenases. 
Such a supposition could explain the inefficiency of AMP 
which has no pyrophosphate residue, in the reactivation 
of respiration of aged mitochondria. It is of significance 
that at initial stages of ageing, when mitochondria still 
contain AMP, the reactivation of respiration is better 
reproduced with ATP than with ADP. At this stage 
the ATP function probably consists in phosphorylation 
of AMP which is still present in the inner zone of mito- 
chondria, yet without being able to function as a respira- 
tory carrier. In the case of a more prolonged ageing, when 
mitochondria lose AMP, the advantages of ATP as a 
respiration activator disappear, and ADP becomes as 
much or even more effective. At that stage added adenine 
nucleotide includes into the respiratory chain, filling in 
the missing link. ; i 

I thank Prof. S. E. Severin, Dr. S. E. Shnol, Dr. M. N. 
Kondrashova, Prof. L. A. Blumeńfeld and Prof. M. S. 
Temkin for advice. 


Abbreviations: ADP, adenosine diphosphate; AMP, adenosine mono- 
hosphate; ATP, adenosine triphosphate; CDP, cytidine diphosphate: 
NP, 2,4-dinitrophenol; EDTA, ethylenediamine tetraacetate; FAD. 
flavin adenine dinucleotide; GDP, guanosine diphosphate; IDP, inosine 
diphosphate; NAD, nicotinamide adenine dinucleotide. 
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CORRELATION BETWEEN SOME CHEMICAL AND BIOLOGICAL 
REACTIONS OF ETHYL METHANESULPHONATE 


By EDITH E. FROESE-GERTZEN, Pror. C. F. KONZAK, R. FOSTER 
and R. A. NILAN 


Departments of Agronomy and Agricultural Chemistry, 
Washington State University, Pullman 


HE first reported biological effect of ethyl methane- 

sulphonate (EMS) was the inhibition of tumour 
growth?. Afterwards, the high mutagenicity of ethyl 
methanesulphonate was discovered’. More recent 
experiments*-* have established EMS to be a very effective 
mutagen in plants. 

The highly mutagenic properties of EMS were confirmed 
in this laboratory®?°. In addition, the chemical character- 
istics of this agent which may influence the reactions in 
the biological system were investigated. Since the reaction 
rate of the mutagen with the cell components is assumed 
to be one of the factors influencing the biological response, 
the rate of hydrolysis of EMS was determined at a range 
of temperatures and at several hydrogen ion concentra- 
tions. 

For the experiments reported here, EMS was synthe- 
sized according to the method of Groves and Haugwitz"!. 
In this method, methanesulphonyl chloride was vigor- 
ously stirred into an ethanol solution containing sodium 
ethoxide at —10° C. ‘fhe resulting solution was warmed 
up to room temperature, and sodium chloride was centri- 
fuged off for 15 min at 2,400 rp.m. The combined 
alcoholic supernatants were then concentrated in a 
rotary evaporator at 50° C. The solution was filtered and 
doubly distilled. The yield of the doubly distilled product 
was 70 per cent. In our hands, the method of Ross and 
Davis?? gave poorer yield (10-20 per cent). 

The chemical properties of the resulting compound 
were determined as follows: boiling point 90°-92° C at 
10 mm, density 1:205 at 20° C, refractive index 1:4148 at 
20° C. No detectable impurities could be seen on analysis 
by gas chromatography. 

The rate of hydrolysis of ethyl methanesulphonate in 
unbuffered aqueous solution was determined by measuring 
the increase of liberated acid as a function of time. For 
this purpose, 20-00 ml. of hydrolysate were titrated with 
sodium hydroxide to a phenolphthalein end-point at each 
time-interval. The hydrolysing solution was kept in a 
constant-température water bath controlled within 0-05° 
C. The influence of the hydrogen ion concentration on 
the hydrolysis reaction was determined at pH 3, 5 and 7. 
In the pH-stat the amount of sodium hydroxide added 
to the hydrolysing solution was recorded automatically. 

The hydrolysis of EMS occurred according to the 
formula: p 


CH,SO,00,H, + HO —> CH,SO,0- + C,H,OH + H+ 


Pseudo-first-order kinetics were ebtained for the hydro- 
lysis reaction. Values of the hydrolysis rate constants 
determined experimentally in unbuffered aqueous solu- 
tions are shown for the temperature range of 0°-50° C at 
intervals of 5 deg. (Table 1). The reaction constants 
ranged from 6:73 x 10-*/min at 0° C to 4:31 x 10-3/min 
at 50° C. The temperature quotient for the hydrolysis 
rate decreased from 4-5 for the range 0°-10° C to 3-0 for 
the range 40°-50° C. The Q,9-values for the hydrolysis 
rate constants of diethyl sulphate!® are included for 
comparison. 


Table 1. REACTION CONSTANTS, HALF-LIFE AND TEMPERATURE QUOTIENT 
FOR THE HYDROLYSIS OF ETHYL METHANESULPHONATE IN AQUEOUS 


SOLUTION 
Temp. Rate constant Half-life Qs of hydrolysis 
(°C) i Min h EMS DS* 
0 6-73 + 0-30 x 10-8 102,962 1716-0 £ 
5 1:45 + 0-02 x 10° 7,793 786-6 4:53 45 
10 3:05 + 0-13 x 10% 22,721 378°7 4:29 42 
15 6-22 + 011 x 10° 11,141 185°7 4:07 3-9 
20 1:24 + 0-06 x 10° 5,589 93-2 3-83 3-8 
25 2-38 + 0-06 x 10-4 2,912 48:5 3-59 3-3 
30 4:51 + 013 x 104+ 1,554 25-9 3:37 3-2 
35 8-01 + 0-29 x 10- 865 14-4 3:27 3-1 
40 1-46 + 0-08 x 10> 475 T8 3-16 
45 2:54 + 0:03 x 10° ~ 273 46 3-01 
50 4:31 + 006 x 10° 160 7 
* Heiner et al., Nature, 194, 788 (1962). 


Table 2. REACTION CONSTANTS OF THE HYDROLYSIS OF ETHYL METHANE- 
SULPHONATE AT CONSTANT pH 


Temp, 
ce O pH 3 pH ib pH? pH uncontrolled 
20 1-33 + 0-07 1:21 + 0:06 1:24 + 0° 06 
x 10-4 x 10-4 x 107 
30 $304 014 4214015 4 40 + 0-22 co si + 013 
x 10+ x 10-7 jo" g To~ 


The hydrolysis rate constants at 20° C and 30° C wero 
determined at constant pH-values of 3, 5 and 7 by using 
the pH-stat (Table 2). These trials showed that the 
hydrolysis rate is unaffected by the hydrogen ion concen- 
tration in the acid region. 

The biological action of EMS was measured by tho 
growth response of barley seeds. For this purpose seeds 
(14 per cent moisture) of the hull-less barley variety, 
Himalaya C.I. 620, were soaked in EMS solutions at 
40°, 30°, 20°, 10° and 0° C for various periods of time. 
After the seeds were soaked in the mutagen solutions, they 
were rinsed for a few minutes in distilled water and then 
planted on wet blotter paper in Petri dishes. Aftor 
growth for 6 days under continuous illumination at 22° C 
the length of the first leaf of the treated and control seed- 
lings was measured. The results were expressed in per 
cent of the control seedling height for 50 barley seeds in 
four replications for each treatment. 

EMS inhibited seedling growth comparably at different 
temperatures when the treatment periods were adjusted 
by a factor of 2-72 throughout the range tested (Table 3). 
However, higher temperatures lead to a faster hydrolysis 
and in turn to a higher hydrogen ion concentration than 
lower temperatures at a comparable treatment time. 
Therefore, treatments with 0:04 molar EMS solution 
resulted in 64-69 per cent seedling growth in comparison 
with the control at different temperatures only if the pH 


Table 3. INFLUENCE OF TEMPERATURE AND pH ON SEEDLING GROWTH 
RESPONSE OF BARLEY SEEDS TO TREATMENT WITH 0-04 MOLAR ETHYL 
METHANESULPHONATE SOLUTION. (SUMMARY OF FOUR REPLICATIONS = 
200 SEEDLINGS) 
Seedling height 


Treatment Time* (h) pH after treatment % of control 
temp. (° C) Buffered Unbuffered Buffered Unbuffered 
40 1-84 3-28 2-30 64:3 527 
30 5-0 3-60 271 64-3 54-8 
20 13-60 3-70 2-90 68-3 60-3 
10 37-0 3-10 68-9 
0 100-64 3-28 88-3 


* Treatment times increase by 2-72 for each interval of 10°. 
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of the soaking solution was adjusted above pH 3. After 
controlling the pH with 0-05 M tris (2-amino-2-(hydroxy- 
methy]l)-1,3-propanediol) or by 8 capsules of ‘pHydrion’ 


tablets at pH 5 in 1,000 ml. (potassium- and sodium- 


phosphates), no significant difference for the treatments at 
different temperatures was obtained by the t-test at the 
1 per cent level. 

The temperature quotient for the hydrolysis reaction 
was found to differ from the temperature quotient for the 
biological effect of EMS as measured by the growth of 
barley seedlings. Whereas the Q, for the hydrolysis 
increased for each 10-deg. decrease of temperature, the 
Qi» of the in vivo reaction remained constant about 2-7. 
However, it is possible that the temperature quotient 
for EMS treatments may differ for other measures of the 
biological damage. Investigations are in progress to 
assess the mutagenic effect of EMS treatments at different 
temperatures. In addition, the basis for the biological 
temperature quotient will be investigated. 

A similar investigation with another ethylating muta- 
genic agent, diethyl sulphate (DS), was reported earlier. 
The most obvious difference between the two agents is 
that-the reaction rate for the hydrolysis of DS at 30° © 
is 26 times faster than for EMS. This necessitates different 
application techniques for each of these two mutagens to 
maintain a relatively stable concentration of the active 
agent. Therefore, DS solutions were renewed at each 
quarter-life during the treatment while the more slowly 
hydrolysing EMS solutions were not changed. 

Even so, other results of the investigations reported 
here indicate that DS and EMS are similar in their reac- 
tions. The hydrolysis rate of DS (ref. 14) is independent of 
the pH in the acid region like that of EMS. Furthermore, 
the change of hydrolysis with temperature, as indicated 
by the Q1o-values over the temperature range of 0°-40° C 
is nearly analogous for DS and EMS. Both exhibit a 
similar temperature quotient, about 2-7, for the biological 
response of the seedling injury. This gives a good correla- 
tion for-both mutagens between the degree of their biologi- 
cal effects as a function of treatment time, temperature 
and concentration and the extent of their reactivity in the 
biological system, an estimate of which is assessed by the 
rate of hydrolysis. Thus, treatments of barley seeds 
at 30° C with 0:0038 molar DS for 3-5 h, or with 0:0076 
molar DS for 2 h induced essentially the same biological 
damage as 0:04 molar EMS treatment for 5 h when 
measured by the seedling injury response (63-64 per cent 
of the control). These results support the view" that the 
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biological effects of these chemicals relate closely to their 
reactivity as alkylating agents, if additional factors such 
as the penetration rate are considered. 

Comparing the chemical and biological reactions of 
these two mutagens, it becomes apparent that the know- 
ledge of the chemical properties of a mutagen is of utmost 
importance. This knowledge should dictate the selection 
of the treatment for any mutagen. The treatment tem- 
perature also should be taken into account because the 
temperature affects the reactivity of the agent in the seeds. 
as well as the rate of hydrolysis during the application 
of the mutagen. For example, an enhanced hydrolysis 
leads to an increase in the hydrogen ion concentration, 
which contributes to the growth injury induced by EMS 
in barley seedlings. The hydrogen ion concentration is 
also influenced by the concentration of the mutagen solu- 
tion, because of the hydrolysis occurring throughout the 
treatment time; the solutions of high molarity affect the 
hydrogen ion concentration more than solutions of low 
molarity. Promising as chemical mutagens are, especially 
EMS, the extent to which their potentialities can be 
realized in genetics research, including plant breeding, 
will depend on the considerations given to these proper- 
ties. Only then will the maximal mutagenic activity of 
these agents be obtained and undesirable side-effects 
reduced and eliminated. 

This work was supported by research grants from the 
U.S. Atomic Energy Commission contract AT—(45-1)—353, 
and the National Institutes of Health, grant A—2184. 
We thank Drs. R. R. Legault, K. Groves, B. A. McFadden, 
Mr. R. E. Heiner and Mrs. Use Klanberg for their assist- 
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REGULATION OF RESPIRATION IN THE MOLLUSCAN HEART 
By Pror, RONALD J. BASKIN* and KENNETH ALLEN 


Zoology Department, University of California, Los Angeles 


RECENT investigation by Scehleiper:? has shown 

that a decrease in oxygen tension, or an increase in 
carbon dioxide tension, results in a decrease in the rate 
of heart beat in Mytilus edulis (in vivo). 

Larimor’, in an in vivo examination of crayfish heart, 
reports a decrease in heart rate as oxygen concentration 
was lowered. He pointed out two factors which could 
cause such a bradycardia. Either a loss of the energy 
supply to the heart, due to a lowered oxygen-level, or 
alternatively, the phenomenon could be caused through 
the influence of the cardioregulatory nerves. Since the 
bradycardia induced by low oxygen tension appears in 
both molluscs and crayfish, it is of interest to attempt to 
determine which of the foregoing two possibilities, in fact, 


* Présent address: Biology Department, Rensselaer Polytechnic Institute, 
Troy, New York. 


does determine the heart rate under conditions of altered 
oxygen supply. Furthermore, the relationship between 
oxygen tension and the rate of oxygen consumption of an 
isolated molluscan ventricle has not been studied. Earlier 
work has shown that respiration rates in a variety of 
organisms are independent of oxygen tensions over a wide 
range of values*:*. Hill reported a similar phenomenon 
in isolated frog muscle. The rate of respiration of isolated 
frog sartorius muscle remained constant over a con- 
siderable range of oxygen tensions. The rate of oxygen 
uptake decreased in Hill’s preparation only when the 
pO, dropped below 0-5-2-0 mm mercury. The rate of 
oxygen consumption increased ‘when the muscle was 
stimulated or when the temperature increased. 

The clam ventricle will continue to beat for a con- 
siderable length of time after it has been removed from 
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the animal. This phenomenon provides an opportunity 
to note the rate of beat and tissue respiration concur-' 
rently under varying oxygen tensions. In addition, such 
a preparation is not subject to control from the cardio- 
regulatory nerves. The rate should therefore be influenced 
only by the oxygen supply to the muscle itself. A pro- 
nounced bradycardia accompanying low oxygen tension 
in this preparation would definitely indicate a relation- 
ship between the. oxidative energy supply and heart 
rate. 

Tivella stultorum was maintained in a circulating sea- 
water system at 15° C prior to use in these experiments. 
Ventricles were dissected from the clams by the method 
of Pilgrim’. Following dissection the ventricles were 
allowed to equilibrate at reference length for 1 h in sea- 
water. A recording flask was filled with sea-water and 
maintained at 25° C by means of a constant temperature 
jacket. The top of the recording flask was fitted with a 
ground-glass taper joint, into which was placed an oxygen 
electrode. The ventricle was tied to the arms of the 
oxygen electrode and inserted into the flask. ‘The top of 
the electrode was tooled to fit the ground-glass taper 
joint of the recording flask and served as an air-tight 
cover for the flask. The top of the electrode had both 
inlet and outlet ports for bubbling gas or air into the sea- 
water surrounding the ventricle. Both ports were sealed 
off during measurements of oxygen consumption. The 
sea-water inside the flask was stirred continuously by a 
magnetic stirrer, thus preventing localized differences in 
oxygen concentration within the chamber. The sea-water 
utilized in these experiments was filtered, using a millipore 
filter having a maximum pore size of 0-6p. 

Oxygen tension in the sea-water, and thus the oxygen 
consumption of the ventricle, was measured with a modi- 
fied Clark oxygen electrode’. In this device the platinum 
cathode was protected from ions in the sea-water by 
a 1:5 millimetre polyethylene membrane permeable only 
to gases. ‘The platinum cathode and a silver silver- 
chloride anode were immersed in a 3 per cent potassium 
chloride solution. Such an electrode will respond linearly 
to oxygen tensions of 0-160 mm mercury and is less 
likely to be poisoned by ions in the sea-water. The elec- 
trode was connected through an amplifier to a chart 
recorder. The amplifier maintained the potential applied 
to the electrode at a constant level (0-6 V) resulting in a 
linear relationship between oxygen concentration and 
voltage. In this manner a continuous record of the 
oxygen tension was obtained in the sea-water surrounding 
the ventricle. Calibration of the electrode was accom- 
plished in the following manner. Sea-water, which had 
nitrogen bubbled through it for 1 h, showed no further 
decrease in oxygen tension. This level on the chart 
recorder was taken as zero oxygen tension. The same 
procedure was followed with respect to air (159 mm 
mercury) and oxygen (722 mm mercury). In most of the 
experimental runs reported in this article oxygen tensions 
varied between 0 and 159 mm mercury. 

The ventricle was placed in the chamber of the recording 
flask on the arms of the electrode, and a record of the 
oxygen consumption was obtained. The frequency of 
beat was recorded by visual observation. In most trials 
the chamber was initially aerated to a pO, of 159 mm 
mercury. The chamber was then sealed off and the rate 
of oxygen consumption recorded. After each record was 
obtained the oxygen tension was lowered by bubbling in 
a small amount of nitrogen, and the rate of oxygen con- 
sumption was then recorded at the new oxygen tension. 
This was repeated until the oxygen tension on the recorder 
was at the zero-level. In certain experiments this pro- 
cedure was reversed by first bubbling nitrogen into the 
sea-water surrounding the ventricle and then gradually 
increasing the pO,. In order to obtain oxygen tensions 
above 159 mm mercury, a gas containing 95 per cent 
oxygen and 5 per cent nitrogen was bubbled into the sea- 
water surrounding the ventricle. 
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The effect of changing oxygen tensions on the rate of 
beat of the isolated ventricle is presented in Table 1. 
Although there is a difference in the rate of beat between 
the individual ventricles, a change in the pO, did not 
elicit a significant change in the rate in an individual 
ventricle. Schleiper! found that low oxygen tensions 
(pO, = 8 mm mercury) caused a decrease in the heart. 
rate of M. edulis. By observing the rate of beat through 
a window in the shell of the intact organism, he recorded 
40-50 beats/min at a pO, of 152 mm mercury. When ho 
placed these same organism; in water with a pO, of less 
than 8 mm mercury the heart rate dropped to less than 
10 beats/min. On returning the organism to its original 
environment (pO, = 152 mm mercury) the heart returned 
to 40 beats/min. In comparing Schleiper’s and Larimer’s 
results on the in situ heart with those on this isolated 
ventricle reported in this article, it appears that thore is 
& control of heart rate in the animal, but that this control 
is probably not within the heart itself. It is evident that 
the bradycardia described by Schleiper and by Larimer 
is at least in part due to the influence of low oxygen 
tension on the cardioregulatory nerves. (This conclusion 
does not consider the possibility of a fundamenta] differ- 
ence in cardiac control between Mytilus and Tivella. If 
such is the case, then the foregoing conclusion is invalid.) 


Table 1, | RaTE* OF HEART BEAT OF T'ivella stultorum UNDER DIFFERENT 
OXYGEN TENSIONS 


Heart pO, (mm mercury) 

3 18 30 68 106 137 160 
1 — — 16 16 16 18 18 
2 12 . 12 12 14 14 14 16 
3 — — — 18 18 18 18 
4 — 16 16 14 14 14 14 
5 — — 12 12 11 11 11 
6 14 14 14 14 14 14 1t 

* Rate is in beats per min. 


The isolated ventricle preparation, however, was sensi- 
tive to high oxygen tensions. When the pO, in tho 
medium was elevated to 550 mm mercury the ventricle 
stopped beating. When the pO, was lowered to 159 mm 
mercury or below, the heart would return to its original 
rate of beat. If carbon dioxide was introduced into the 
system, the heart also stopped beating. When the system 
was flushed with air to a pO, of 159 mm mercury the heart 
would again resume its original rate of beat. 

The inhibition of the ventricular beat which was 
observed at these (550 mm mercury) oxygen tensions 
occurred rapidly (within 1-4 sec). This rapid inhibition 
of beat may be due to a direct effect on the membrane of 
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Table 2. RESPIRATION RATES OF TAREE DIFFERENT ISOLATED HEARTS OF 
T. stultorum AT VARIOUS OXYGEN TENSIONS 


Muscle 1 Muscle 2 Muscle 3 
2 Os pOs Qos POs 3 
mn mercury 4“L03/g/h mm mercury 41.0,/g/h mm mercury ul.O,/g/h 

180 219 180 210 160 212 
106 438 106 488 137 325 

68 365 46 260 108 465 

60 292 18 38 30 176 

38 146 ’ 


the muscle. Such an effect should result in an alteration 
of the muscle action potential, and experiments, using a 
suction electrode technique are at present in progress, in 
an effort to determine if the ventricular action potential 
is indeed effected by high oxygen-levels. 

Although varying the pO, produced no observable 
change in rate, it did result in a change in the rate of 
oxygen consumption by this tissue. The results are shown 
in Fig. 1 and Table 2. The average rate of oxygen con- 
sumption at a pO, of 159 mm mercury by the ventricle of 
T. stultorum was 230 + 25 ul. oxygen/g of tiasue/h. When 
the pO, was decreased to 106 mm mercury the oxygen 
consumption increased to an average of 464 ul. of oxygen/g 
of tissue/h. When the pO, was decreased below 106 mm 
mercury the rate of oxygen consumption dacreased. This 
decrease in the rate of oxygen consumption below 106 mm 
mercury indicates a high critical oxygen pressure com- 
pared with the results reported for total organisms*. How- 
ever, the sensitivity of the heart to higher oxygen tensions 
may be reflected even at this low pO,. Furthermore, the 
animal in its natural environment may seldom, if ever, 
live at oxygen tensions as high as 159 mm mercury. 
Thus, this decrease in the rate of oxygen consumption on 
both sides of 106 mm mercury may, in fact, show the 
adaptive range for this tissue. 

It is important to note that in this preparation, as the 
amount of available oxygen decreases below 106 mm 
mercury, the rate of utilization of oxygen also decreases; 
however, the rate of heart beat remains constant. Simi- 
larly, as the oxygen tension increases above 106 mm 
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mercury there is a decrease in the rate of oxygen con- 
sumption. This latter indicates a reversible inhibition of 
the respiratory system by the higher oxygen tension. 

The behaviour of the isolated Tivella ventricle indicates 
a unique sort of regulation in the rate of oxygen con- 
sumption determined by the partial pressure of oxygen. 
The regulation of rate of oxygen consumption down to a 
critical pressure has been observed in many molluscs’. 

The sort of ‘regulation’ exhibited in the Tivella ventricle 
above critical pressure may indicate an extreme sensitivity 
of this tissue to increased oxygen supply. This is in 
agreement with the observation that a partial pressure of 
oxygen of one atmosphere rapidly inhibits both oxygen 
consumption and heart beat. Such oxygen toxicity is 
common and has been observed in many animals®. 

The effect of different oxygen tensions on ventricle rate 
and oxygen consumption has been investigated in an 
isolated ventricle of Tivella stultorum. Oxygen tensions of 
3-159 mm mercury have no effect on ventricular rate. 
When the oxygen tension is increased to 550 mm mercury 
the ventricle stops beating. This is a reversible phenom- 
enom. Changing the oxygen tension does affect the rate 
of oxygen consumption of the tissue. As the oxygen 
drops below 106 mm mercury the rate of oxygen con- 
sumption decreases. When the pO, is raised above 106 
mm mercury the oxygen consumption again shows a 
decrease in rate. The effect of changing pO, on rate of 
beat and respiration in this tissue is discussed. 

This investigation was supported in part by research 
grant 9898, U.S. Public Health Service. 
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DIRECT PROPORTIONALITY OF URINARY EXCRETION RATE AND 
SERUM LEVEL OF TETRACYCLINE IN HUMAN SUBJECTS 


By Dr. T. CHULSKI, R. H. JOHNSON, Dr. C. A. SCHLAGEL and Dr. J. G. WAGNER 
The Upjohn Co., Kalamazoo, Michigan 


HE classical method of calculating ronal clearance of 
a compound utilizes equation (1)+: 


Renal clearance = Cy. FjO (1) 


whero Cu is urine concentration, / is urine flow rate, and 
C is serum or plasma concentration. Since Ou. F = dAejdt 
(equation 2), equation 1 assumes urinary excretion rate is 
directly proportional to serum-level. Kunin et al.?:8 
administered 500-mg doses of tetracycline hydrochloride 
intravenously in healthy young men and reported the 
renal and plasma clearances, relative distribution volumes, 
and other constants. However, to our knowledge, no 
investigator has examined the relationship between the 
urinary excretion rate of unchanged tetracycline and the 
serum level of tetracycline in human subjects. 

_Theory! predicts that the urinary excretion rate, 
dA,/dt, of unchanged drug should be directly proportional 
to serum level, Os, according to equation (2): 


dA, 
dt 


where K is the first-order rate constant for loss of drug 
from the body in units of reciprocal time, Va is the 


= K.f.VaCs (2) 





apparent volume of distribution of the drug, and f is the 
fraction of drug reaching the circulation which is excreted 
unchanged in the urine. Hence if urinary excretion rate 
of unchanged drug in mg/h is plotted against serum con- 
centration, Cs. in ug/ml., the points should lie on a straight 
line passing through the origin with slope equal to 
K.f.Vaj1,000. The product, K.f.Va, will be the renal 
clearance of the particular compound studied. 
Tetracycline hydrochloride was administered orally in 
250-mg doses to three female subjects, A, B and C, with 
body-weights 63-6, 77-3 and 63-6 kg, respectively, at vari- 
ous times over a seven-week period. Each subject 
received no more than one dose in any given one-week 
period. Bladders were completely voided at zero time 
(time of administration), and quantitative urine collections 
were made at 1, 2, 3, 4, 6, 8, 10, 24, 48, 72 and 96 h post- 
administration. Blood samples were taken at 0, 1-5, 2-5, 
3-5 and 5-0 h post-administration. A single assay for 
unchanged tetracycline in each of the urine samples and 
triplicate assays for tetracycline in the serum samples 
were performed by the fluorometric method of Kohn’. 
The precision of these fluorometric procedures is 
indicated by the following: (a) repeated analysis of one 
wrine sample of a person who had ingested 250 mg of 
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Fig. 1. Correlation between microbiological assay and fluorometric assay 
on eight of the serum samples. The dotted line is the 45° line through 
the origin with a slope of unity. The solidlineis the least squares line with 
a slope of 0-96 shown to be not significantly different than unity (¢<1). 
The intercept indicates a bias in one of the assay methods such that the 
bioassay gives an answer about 0:15 ug/ml. lower than the fluorometric 
assay on each sample. The zero hour serum samples were always used as 
a blank in the fluorometric assay but not in the microbiological assay 
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Fig. 2. Correlation between microbiological assay and fluorometric 
assay on urine samples. The dotted line is the 45° line through the origin 
with a slope of unity. The solid line is the least squares line with a 
slope of 0-93 shown to be not significantly different thanjunity (P<0-10). 
The intercept (4-3) was shown to be not significantly different than zero 


tetracycline hydrochloride (I cHCl) gave an average of 
23-8 ug TceHCl/ml. with a standard deviation of 0-9 ug ml. 
and a coofficient of variation of 3-2 per cent; (6) the 
coefficient of variation for a ‘spiked’ sample of serum 
containing 1-5 yg TcHCl/ml. was 8-5 per cent; (c) the 
percentage deviations of individual assays from the 
average of three independent assays on 60 serum samples 
‘gave an average absolute deviation of 8 per cent, a 
standard deviation of 12 per cent, and a range of — 44 
to +34 per cent of the means. 

Results of the fluorometric assay procedures were cor- 
related with the microbiological assay described by Grove 
and Randall® (Figs. 1 and 2). A single microbiological 
assay and triplicate fluorometric assays were performed 
on each of eight of the serum samples collected during 
the studies. The microbiological assay is plotted against 
the average fluorometric assay in Fig. 1. Single micro- 
biological and fluorometric assays were performed on a 
numer of wine samples; results are plotted in Fig. 2. 
These results indicate that the fluorometric procedures 
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AVERAGE SERUM CONCENTRATION (ug/ml) AT MIDPOINT 
OF URINARY COLLECTION INTERVAL 


URINARY EXCRETION RATE (MILLIGRAMS OF TETRACYCLINE HYDROCHLORIDE /HOUR) 


Fig. 3. Showing that the urinary excretion rate of tetracycline is 
directly proportional to the serum level of tetracycline for subject <. 
The slope of the line through the origin is 3-20, indicating{a renal 
clearance of 3,200 ml./h or 53:3 ml./min for subject A. Designation 
for week experiment run: V (7); © (4); A (5); D6); © (1) 
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Fig. 4, Showing that the urinary excretion rate of tetracycline is directiy 
proportional to the serum level of tetracycline for subject B. The slope 
of the line through the origin is 3-56, indicating a renal clearance of 
3,560 ml./h or 59-4 ml./min for subject B. Designation for week experi- 
mentrun: V (7); O (5); A (6); (14); O@) 
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URINARY EXCRETION RATE (MILLIGRAMS OF TETRACYCLINE HYDROCHLORIDE / HOUR) 
oi 


0 l 2 

AVERAGE SERUM CONCENTRATION (ng /mi) AT 
MIDPOINT OF URINARY COLLECTION INTERVAL 
Fig. 5. Showing that the urinary excretion rate of tetracycline is directly 
Proportional to the serum level of tetracycline for subject C. The slope 


of the line through the origin is 5-51, indicating a renal clearance of 
5,510 ml./h or 91-8 ml./min for subject é. Designation for week experi- 


ment run: Y (7); © (6); A (4); O (5); © (3) 


measure only microbiologically active, unchanged ‘tetra- 
cycline in the urine and serum of human subjects. 

In these studies urinary excretion rates were estimated 
by means of equation (3): 


d4e Ade  VOu 
dé ~ At — 1,000(t,-t,) 


where A, is the amount of tetracycline hydrochloride 
(mg) in the urine fraction, t is the time (h), V is the 
volume of the urine fraction in millilitres, Cu is the con- 
centration of tetracycline hydrochloride in the urine in 
vg/ml., and ¢, and ¢, are the times at the end and start of 
the urinary collection interval, respectively. Plots of the 
urinary excretion rates against the average serum con- 
centrations for subjects A, B and C are shown in Figs. 3, 
4 and 5, respectively. Tho lines drawn in these figures 
and the data in Table 2 are based on the least squares 
lines forced through the origin. Analyses were first per- 
formed by the method of Youden’ to determine if any 
better fit for the excretion rate-serum level plots is 
obtained for a line free to pass through any intercept 


(3) 


Table 1, MEASUREMENT OF THE Fir OF THE LINES IN FIGS. 3, 4 AND 5 
Degrees 
E of Sum of Mean 
Subject freedom Squares square 
A For line with intercept 17 9-962 0-586 1°34* 
Reduction in variance due to 1 0-784 0-784 
intercept = — 
For line through the origin 18 10-746 
B For ine with intercept 17 15-7256 0-025 8-76* 
Reduction in variance due to 1 3:481 3:481 
intercept — — 
For line through the origin 18 19-206 
C For line with intercept 17 36-04 2-120 = 2-83* 
Reduction in variance due to 1 4-928 4-928 
intercept os. eects 
For line through the origin 18 40-968 


* The critical value of F at the 5 per cent levelis 4-45; hence, none of the 
F-values is significant. Hence the data do not indicate that any better 
fit is obtained for lines free to pass through an intercept than for the lines 
passing through the origin. 
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Table 2, SLOPES OF EXCRETION RaTE,7A Aef At, (61G/H)-SERUM LEVEL, Ca 


(uG/mb.) PLOTS AND THEIR STANDARD ERRORS AND RENAL CLEARANOES 
OF TETRACYCLINE IN THE INDIVIDUAL SUBJECTS 
Subject 4 Subject B Subject C 
Slope of A Ae/ At (mg/h) versus 8-20 3-56 5-51 
Ca eral plot through the 
origin 
Standard error of above slope 0-16 0'17 0-30 
t-test for significant regres- t=19-5 t=21-2 t=18:2 
sion® (critical fo.091=3°82) (P<0-001) (P<0:001) (P<0-001) 
Standard deviation of scatter 0°77 1-03 1-51 
about the line (mg/h) 
Renal clearance + S.E. f 
{a} in mL/h 3,200 +160 3,500 +170 5,510 +300 
b) in ml.jmin 533427 59:4 42-8 91'8+5-1 
95 per cent C.I. of renal 
clearance 
(a) in ml.jh. 2,850-3,540 3,210-3,920 4,870-6,140 
47-6-59-1 53 5-65 °3 $1-1-102 


(b) in ml./min 


rather than for the line being forced through the origin. 
These analyses are shown in Table 1. 

By calculating the ratios K,/K, from the data of Kunin 
at al.?, the values of f (see dofinition under equation 2) 
for their subjects H, M, P and S were found to be 0-61, 
0-57, 0-56 and 0-71, respectively, with an average of 0-61. 
Multiplication of the appropriate value of f and the 
plasma, clearance of tetracycline for the individual sub- 
jects as reported by Kunin et al.* gave renal clearances 
of 88, 86, 104 and 82 ml./min, respectively, for their 
subjects with an average of 90 ml./min. Our results are 
very comparable with these. 

There is always considerable error in estimating relative 
distribution volumes by extrapolation of serum concen- 
tration-time curves. An indication of this is the widely 
divergent results for tetracycline reported by Kunin 
et al.23 and by Spitzy and Hitzenberger® using this 
method. By plotting the logarithm of the excretion rate 
against time and the logarithm of the amount of tetra- 
eycline not excreted against time beyond the absorption— 
tissue equilibration phase, we determined that, within 
error, these two methods gave the same estimate of K 
for each subject. Using the value f = 0-60 based on the 
results of Kunin et al.*, the renal clearances of subjects 
A, B and C shown in Table 2 and the average K values 
shown in Table 3, we estimated the apparent volumes of 
distribution of tetracycline in the three subjects by use 
of equation (4): 

renal clearance 
Va E msaasa 

KF 


Results are shown in Table 3. 


(4) 


Table 3. AVERAGE RATE CONSTANTS, AVERAGE HALF-LIVES, AND APPARENT 
VOLUMES OF DISTRIBUTION OF TETRACYOLINE IN THREE FEMALE SUBJECTS 








Average rate Average Apparent volume>f 
tant, K half-life distribution (Vd) 
Subject (h-4) (hb) (in ml.) (per cenh body- 
wi 

A 0-0889 8-21 59,900 92:7 

B 0-0870 8-17 68,300 88-4 

C 0-117 7:19 78,400 123-0 
Averages 0-0976 86 68,900 101-0 


The apparent volumes of distribution shown in Table 3 
are very similar to the value of 61,100 + 11,600 ml. 
(95 + 24 per cent of body-weight) reported by Spitzy 
and Hitzenberger® but considerably lower than the 
average 108,200 ml. reported by Kunin et al.? and the 
average of 108,700 ml. reported by Kunin’. The dis- 
crepancy apparently lies in which linear segment of the 
semi-logarithmic plot of serum level against time is used 
to estimate C, in the equation Va = mg injected/C). 
Kunin eż al.? extrapolated the terminal linear line (slow 
decline) which commenced 5-10 h post-intravenous 
administration, whereas Spitzy and Hitzenberger® extra- 
polated the linear portion in the interval 0-5-3 h post- 
administration. This is supported by the half-lives of 
tetracycline reported, namely, 8-5 h by Kunin et al.?, 
8-2 h by Kunin’, and 2:08 h by Spitzy and Hitzenberger®. 
Those of Kunin agree with the half-lives reported here. 
Hence it is apparent that Spitzy and Hitzenberger® were 
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making their measurements during the distribution 
phase before equilibration was established. Although 
this was an improper time segment to estimate the half- 
life, it apparently gives a more accurate estimate of the 
apparent volume of distribution. These considerations 
throw considerable doubt on extrapolation of the slow 
component to estimate relative distribution volume or 
apparent volume of distribution. 

The experimental results presented here show that the 
urinary excretion rate of unchanged tetracycline is 
directly proportional to the serum level of tetracycline in 
human subjects. They indicate that the apparent volume 
of distribution of tetracycline averages about 100 per cent 
of the body-weight in agreement with the value of 
95 + 24 per cent reported by Spitzy and Hitzenberger®. 
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NEUROPHYSIOLOGICAL INVESTIGATIONS OF THE BAT, 
MYOTIS LUCIFUGUS, STIMULATED BY FREQUENCY 
MODULATED ACOUSTICAL PULSE 


By Dr. A.D. GRINNELL* 
Harvard University, Cambridge, Massachusetts 
AND 
Dr. J. J. G. McCUE 


Lincoln Laboratory, Massachusetts Institute of Technology 


OLLOWING an extended examination of electro- 

physiological correlates of audition in Myotis 
lucifugus!, we have made some observations on effects 
produced by frequency-modulated pulses, since frequency 
modulation is one of the prominent features of the echo- 
location pulses uttered by these vespertilionids?. Be- 
cause we are compelled to interrupt this work, we report 
our findings so far. 

The techniques used are similar to those described by 
Grinnell!, oxcept that the ultrasonic pulses used as 
stimuli could be frequency-modulated. The stimuli 
were generated by -pulsed oscillator in which the tank 
circuit included a voltage-variable capacitor; adjustable 
voltage wave-forms applied to this capacitor produced 
frequency modulation variable at will. In the experi- 
ments reported here, the logarithm of the frequency 
during the pulse varied approximately linearly with time. 
The pulse-length was adjustable from about 0-25 msec 
to 10 msec, a range which compares with 0-3-5 msec 
length of the echo-location pulses emitted by this species. 
There was provision for producing pulses in pairs, the 
members of the pair being identical in frequency pattern, 
but independently adjustable in amplitude; the quiet 
interval between the pulses could be made as short as 
0-2 msec. Such pairs simulate in many respects an 
’ emitted pulse and its echo. The neural responses were 
sampled by means of gross electrodes or microelectrodes 
in the posterior colliculus, and were observed in the usual 
way on an oscilloscope’. The principal findings so far 
are as follows. 

There are neural responses to change in frequency. 
These were observed with a gross electrode, by using 
stimuli in which the frequency decreased during parts of 
the pulse, and was stationary during other parts. When 
the frequency-modulated (FM) segments of the pulse 
were separated by constant-frequency (CF) segments 
lasting 0-5 msec or longer, the FM segments elicited 
separate evoked potentials. 

At certain locations in the colliculus, there is response to 
passage through a particular frequency. In a represen- 
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tative experiment with a gross electrode, an evoked 
potential was elicited by passage through somo band of 
frequencies near 70 ke/s. When the pulse was adjusted 
so that it swept from 90 ke/s to 50 ke/s and then back 
to 90 ke/s, there were responses to the downward and 
upward ‘passages through 70 ke/s when the passages 
through that frequency were separated by as httle 
as 0-5 msec. In another experiment of the same kind. 
using a smaller electrode, a 1 msec pulse in which tho 
frequency swept downward and then upward elicited two 
evoked potentials that were separated by as little as 0-4 
msec. j 

The same type of response was studied in more detail 
on a later occasion, when passage through the frequoncy 
75 ke/s gave rise to an evoked potential at a micro- 
electrode. The pulser was set to sweep the frequoncy 
through four down-and-up excursions during the pulse, 
so that there were eight uniformly spaced passages through 
75 ke/s. When. the pulse was 6 msec long, the eight evoked 
potentials all had the same amplitude as the first ono, 
showing that the 0-75 msec that separated them was 
enough for full recovery. In this experiment, too, distinct 
evoked potentials were. observed at spacings as short as 
0-4 msec. 

One microelectrode picked up evoked potentials. at 
slightly different latencies, when the pulses were CF at 
59 ke/s or else 70 kc/s. A FM pulse sweeping from 90 to 30 
ke/s elicited both potentials quite sharply. This result, 
not at all surprising, presumably indicates tho presence 
of two intermingled populations, each responding to a 
definite frequency, and the absence or paucity—in that 
region——of units sensitive to other frequencies. 

A change in rate of sweep through a given frequency 
band—in pulses up to 10 msec long—changed the shape 
of the evoked-potential response, but never significantly 
changed the threshold. 

Experiments using microelectrodes disclosed the pres- 
ence of: (a) single units which have a lower threshold 
to a CF pulse than to.a FM pulse that sweeps through 
that same frequency; (b) single units which havo a lov er 
threshold to FM pulses than to CF pulses. The threshold 
difference typically was 10 decibels or less. However, 
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one of the most interesting findings in the whole series of 
experiments was one unit that responded to FM pulses 
but could not be made to respond to CF pulses at all, 
even when the CF pulse was 50 decibels more intense 
than the threshold for response to FM. In another 
experiment, a unit that responded to CF pulses (63-4 ke/s) 
could not be made to respond to FM pulses. 

For the production of evoked potentials, FM is com- 
monly more effective than CF. In one case, the difference 
in threshold was 30 decibels. The distinction is not sur- 
prising, since a CF pulse synchronously stimulates ele- 
ments sensitive only to that frequency, whereas a short 
FM pulse stimulates, almost synchronously, a much 
larger population of narrowly tuned elements. 

There is evidence that a FM pulse facilitates response to 
a pulse that follows it after a short interval. In one of 
our few experiments to examine this question, the pulses 
were equally intense, and the quiet interval between them 
was 5 msec. The first pulse was either CF or FM, and the 
second was OF, An initial FM pulse, 50-20 ke/s, facili- 
tated response to a second pulse having any constant 
frequency in the span 20-50 ke/s. That is, the potential 
ovoked by the CF pulse was larger than when the prior 
FM pulse was eliminated. By contrast, in this experiment 
and in a very large number of others done with gross 
electrode and pairs of identical CF pulses’, never has a 
CF pulse beldw 40 ke/s been found to produce facilitation. 

In another experiment, when a microelectrode was at a 
position where the threshold was the same for a CF pulse 
(50 ke/s) as for a FM pulse (90-30 ke/s), the magnitude 
of the evoked potential was measured at various levels 
of sound intensity, from threshold to 70 decibels higher. 
Over this range, the potential evoked by a CF pulse 
increased, at first slowly and then faster, reaching 2-8 
on our arbitrary scale (about 10 times the minimum dis- 
cernible response) when the sound was 70 decibels above 
threshold. For a FM pulse, however, the response at 
first increased almost linearly with the logarithm of the 
intensity; then it levelled off to a maximum (2-5 units 
on. our scale) at 30 decibels above threshold. At higher 
intensities, the response fell, until at 70 decibels it-was 
only 0:9 unit, as contrasted with 1-0 unit at 5 decibels 
above threshold. 

In other words, an intense CF pulse produced a larger 
evoked potential than did any less intense one, but for 
FM pulses, the potential evoked by a very intense pulse 
was smaller than that evoked by a very much weaker one. 
The observation suggests that the neural system depresses 
response to an outgoing echo-location pulse, in a manner 
reminiscent of the way a ‘T-R box’ protects a radar 
receiver by rendering it insensitive during transmission. 
Although the effect is frequently observed with CF 
pulses', we are of opinion that it is more common, or 
more marked, with FM; at any rate, the collicular, site 
probed in this experiment is an example in which the 
effect was pronounced with FM and absent with CF. 

In the same preparation, a similar set of experiments 
was performed with two pulses of the same intensity, 
one coming 4, 8, or 12 msec after the other. When both 
pulses were OF (42 ke/s) or both were FM (90-30 ke/s), 
response to the second pulse was somewhat depressed 
when the pulses were of high intensity. The effect was 
marked when the pulses were 4 msec apart, but less when 
the separation was 8 msec, and almost indiscernible at 
12 msec. When a FM pulse followed a CF pulse, the 
responses were the same as the responses to single pulses; 
the response to FM was not much affected by the prior 
CF pulse. When the FM pulse preceded the CF pulse, 
however, the response to the CF pulse was markedly 
depressed at the higher intensities (30 decibels or more 
above threshold) even when the interpulse interval was as 
large as 12 msec. : 

A further microelectrode experiment showed that two 
evoked potentials can be elicited even when the two 
pulses overlap. The first pulse started at the frequency 
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of greatest sensitivity for this preparation, 40 ke/s, and 
swept downwards to 18 ke/s in 1 msec, thus approximating 
closely the pulses emitted by Myotis at the start of the 
very rapid (200 see-!) pulsing that precedes capture of the 
prey. OF pulses elicited responses throughout this range. 
If the second pulse, also 1 msec long, was at 40 ke/s, then 
the potential evoked by the second pulse reached full 
amplitude when that pulse started only 0-7 msec after 
the start of the first pulse, and 0-3 msec before the first 
pulse ended. When the time between onsets of the 
pulses was reduced to 0-5 msec, the second evoked poten- 
tial was halved, and for 0:3 msec interval, the response 
was still one-seventh as great as for an isolated pulse. 
These relationships are depicted in Fig. 1. 

When. the CF pulse was changed to 35 ke/s, the interval 
between onsets of the pulses had ‘to be at least 0-6 msec 
before the second evoked a discernible potential; the 
delay between passage through 35 ke/s in the first pulse 
and onset of the second pulse was then about 0-4 msec. 
Similarly, a CF pulse at 28 ke/s evoked a potential if its 
onset came at least 0-3 or 0-4 msec after the FM pulse 
passed through 28 ke/s, that is, if the CF pulse started 
0-1-0-2 msec before the end of the FM pulse. 

When both pulses were increased 20 decibels in intensity, 
the phenomena just described were unchanged. They 
were also unchanged when the second pulse (40 ke/s) was 
shortened to 0-5 or even 0-2 msec, so that the second 
pulse ended sooner than the first one. 

With an interval of 0-5 msec between the onsets of a 
1 msec FM pulse (40-20 ke/s) and a 1 msec 40 ke/s pulse, 
there was a detectable response to the second pulse when 
the first pulse was 40 decibels above threshold and the 
second was 25 decibels fainter. 

The FM pulse was also swept upwards, from 18 to 40 
ke/s, in a further experiment. In ‘this case, as in the 
former one, the peak of the response to the FM pulse 
came at a time governed by the 40-kc/s part of the pulse. 
When a 40 ke/s pulse was adjusted to follow the FM 
pulse, and then was made progressively earlier, the 
initially large and late CF response diminished; it 
merged with the FM response when the CF pulse occurred 
at the same time as the 40-kc/s end of the FM pulse; then 
with greater overlap of the pulses, the response to the 
CF pulse occurred before the response to the FM. 

The experiments could not be extended to try the 
effect of two overlapping FM pulses, because a second 
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_ FM pulser was not available. All were done with the two 

oo Signals coming from the same loudspeaker. Absence of 

-© beats in the stimuli was assured by the linearity of the 

amplifiers and the loudspeaker. However, for additional 

assurance, some of the experiments were repeated using 

separate loudspeakers, close together, for the two signals. 

These loudspeakers were then interchanged. For all three 
arrangements, the results were the same. 

In view of recent speculations*-* about the way in which 

a vespertilionid senses distance, these observations on 

_ overlapping pulses are of particular interest, because 

_ they strongly suggest that if Myotis measures distance by 
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sensing time-interval between outgoing pulse s 
coming echo, it can measure ranges at least as small 
5 em. 
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MOLECULAR VIBRATION AND INSECT SEX ATTRACTANTS 
By R. H. WRIGHT 


British Columbia Research Council, Vancouver 8, Canada 


“TC HE sex-attractant chemicals which guide many male 
insects. to their mates are as remarkable for their 
potency as for their specificity. The following example 
may or may not be extreme’, A virgin female pine sawfly 
(Diprion similis) was used to bait a ‘sticky’ trap and set 
out at 11 a.m., and“... the first males flew into the trap 
within 30 sec. Activity continued until 4 p-m. at which 
time over 7,000 males had been attracted. This female 
continued attracting males at approximately 1,000 per 
day ‘until she died on the fifth day. Even after death 
there was sufficient attractant left to lure males in 
dwindling numbers for the next 3 days. In all, over 
11,000 males were removed from the trap, and the 
ground below was littered with many not included in the 
count”. 
. The mechanism of the attraction is unknown, except 
hat it is presumably olfactory. 
‘The hypothesis has been advanced? that low-frequency 
molecular vibrations or rotations provide the physical 
_ basis of odour. The hypothesis accounts well for the 
- eontinuing failure of chemists to find correlations between 
- odour and chemical constitution, because, unlike a purely 
chemical theory, it looks on the molecule primarily as a 
mechanical system of mass points and elastic forces. It 
also accounts for the very high informational capacity 
of the olfactory apparatus in vertebrates by postulating 
a plurality of end-organ types; each type being ‘tuned’ 
to a narrow frequency band and generating a nerve 
impulse when approached by odorous molecules vibrating 
with the correct, matching frequency”. 
| Co The frequencies in question are all low and difficult to 
_ examine, because the infra-red absorption bands to which 
they give rise lie outside the range of most infra-red 
 Speetrometers. This purely technical difficulty has so far 
_ | prevented the theory from being verified in the most direct 
Way, which would be by correlating particular odours with 
particular combinations of low-frequency vibrations. 
"Even when the instruments become available, the problem 
will not be easy because of the complexity of most odour 
‘ sensations as shown, for example, by the variation that 
can exist even in such qualitatively similar groups as the 
natural and artificial musks. or the many substances with 
a camphor-like odour. 

In order that the olfactory apparatus in man and the 
other vertebrates may have the observed informational 
capacity, their noses must be sensitive to a substantial 
number of distinct vibrational frequencies, and therefore 
it would be only the exceptional chemical that would 
trigger one, and only one, type of end organ, and so have a 
‘primary’ smell. If for no other reason, correlation of 
odour with vibration is likely to be difficult, especially 
in the beginning. 

The olfactory sense of insects is as sensitive as that of 
the vertebrates, and it probably uses the same basic 



















mechanism, but it is likely to be very much simplitied. 
Simplification is demanded jby the insect’s small size 
and by the need every flying creature has to save wii 
wherever and whenever possible. Moreover, the: ins 
brain cannot cope with, and does not demand, an olf 
apparatus of high informational capacity. All it n 
a simple ‘yes’ or ‘no’ to tell it that a certain cl 
scent is present or not, and the appropriate behav 
response then follows automatically’. For that: purpose 
a sensory apparatus tuned to a fairly narrow band of 
frequencies would be perfectly adequate. 

(There is no reason why this should be a frequency to 
which our noses will also respond, so that the ‘amell’ of a 
substance as we perceive it has no necessary relation to: 
its ability to attract a certain kind of insect.) i 

Recently the chemical constitutions have been. worked 
out for a number of insect sex-attractant chemicals, or 
for synthetic lures which evidently trigger the same sense 
organs because they evoke the same behaviour, These 
substances are all active at the very low concentrations 
which characterize olfactory stimulants. As with smells 
generally, there are no rules by which the constitution of a 
lure can be predicted a priori, except for the broad general- 
ization that “ .. . compounds that are structurally related 
to a strong attractant usually show some degree of attract- 
ancy. This principle does not seem to hold in the ease of 
insecticides. .. .”5. 

The published structures of a number of lures and sow 
attractants were therefore scrutinized with the help of 
models to see whether in any one group (medily att 
ants, for example) there appeared to be one low-frequency 
vibrational movement that could keep its frequency 
substantially unchanged in the various chemicals known. 
to be bio-active, and lose it in those structures which are 
known to be inactive. 

Many of the molecules in question can exist in more than 
one stereoisomeric form. This must be taken into ac 
when the biological activity is determined’? and also when 
the model is constructed. Even so, most of the models are 
flexible enough to permit many conformations; by 
biological activity needs to be manifested only at tempera- 
tures in the vicinity of 300° K, so that an energy barrier 
of a few kilocalories per mole will hold a particular con- 
figuration quite firmly. The models were therefore put 
into the configuration which was thought to be most 
likely, taking into account the probable interactions 
between atoms or groups, and with particular attention 
to the probable effects of hydrogen bonding. 






































Attractants for Male Melon Flies 


A recent report’ reviews the constitution of 148 
pounds and their ability or inability to attract male 
flies (Dacus curcurbitae cog). These are synth 












Figs. 1-8 


because the natural attractant has not been isolated or 
identified. The basic attracting structure is: 


B < > —CH,—CH,—CO—R, 


If R, is —CH,, the attractiveness is not seriously impaired 
by very substantial changes in R,, which may, for example. 
be ye the following without the biological effect being 
lost: H—; HO—; CH,—O—; C,H,COO—; Cl—; CH,—. 
Only a few substituents, such as CH,;—COO—CH,— 
CH,—O— and (CH;),N—, in the para- position destroyed 
the activity. These would be expected to reduce the 
volatility even if they did nothing else. 

The activity was, however, very sensitive to changes in 
R.. If, for example, R, = H, the activity was high when 
R, was —CH,, but practically disappeared when R, was 
ethyl, propyl, or isopropyl. 

The model of the molecule in Fig. 1 shows that the 
—CO—CH, group in the side-chain is pivoted at the 
point X and would be capable of a low-frequency rotation 
or oscillation about a mean position. Its frequency would 
not be affected ordinarily by ring substituents in the 
para- position, but it would be altered by changing R, 
to a group of different mass, such as —CH,—CH;, which 
would increase the moment of inertia of the oscillating 


group. 
The effect of unsaturation in the side-chain is interesting. 
The structure: 


< > —CH=CH—C0—CH, 


has a small but perceptible biological activity which dis- 
appears when —CH, is changed to —C,H; or —C;H,. 
As can be seen from Fig. 2, if the double bond has the 
trans- configuration (as it had in the compound tested’) 
the —CO—CH, remains pivoted in nearly the same posi- 
tion as before. However, conjugation of the olefinic 
and carbonyl links should stiffen the pivot very consider- 
ably so that the activity shown by this compound is 
curious. It is possible that small changes in the bond- 
lengths and angles partly compensate for the change in 
the force constant of the pivot. 
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When the —-CO— group in the side-chain was reduced 
to —OH the activity was not entirely destroyed. The 
compound tested is shown in Fig. 3 and had the following 
structure: 


CH,—CO—O—¢ % CH, -CH, -CHOH—CH, 


The moment of inertia of the oscillating group would not 
be affected much by this change, and so long as there is 
nothing for the —OH group to hydrogen bond with, the 
oscillation frequency might not be very drastically 
affected if small changes in the force- and mass-terms were 
in opposite directions. It is more difficult to understand 
the substantial biological activity shown by the acetate 
of this alcohol : 


CH,—CO—-O_€ CH, CH, —-CH(CH,)- 0—CO—CH, 


The best that can be said is that this introduces a large 
number of new possibilities, of which the most interesting 
is a now —CO—CH, group pivoted at X in Fig. 4, and so 
in some ways similar to the original compound. It would 
be most interesting to know whether the activity dis- 
appears in the propyl ester. 

Consider, now, the effect of moving the substituents to 
different places in the ring. Para-OH and mefa-OH 
derivatives are bio-active, but the ortho-OH is not. Fig. 5 
shows that hydrogen bonding takes place very easily 
between the —CO— group and an ortho-OH, and in a way 
that would completely destroy the postulated rotational 
oscillation. If the ortho-OH is changed to ortho-OCH,, 
the hydrogen bond is eliminated and the oscillation and 
the biological activity are both restored. 

Curiously, the 3,4-dimethoxy derivative is inactive. 
There is no obvious structural explanation for this, but 
the rather similar substance, methyl eugenol: 


CH,O—< > —CH, CH=CH. 


oH) 
is a powerful attractant for the oriental fruit fly (Dacus 
orientalis)® and therefore, granting the basie hypothesis, 
it has a mode in the same general part of the frequency 
. It would be possible for a Fermi of inter- 
action between the two modes to shift the frequency out 
of the active range. 

The p-acetoxy derivative of the basic structure is very 
active, and so is the m-acetoxy compound. The o-acetoxy 
compound showed a slight activity by one test and none 
by another. Fig. 6 shows that the large substituent in the 
ortho- position might interfere sterically with the torsional 
movement of the —CO—CH, group. 

The following structure was inactive: 


BAe aie 
C+ 


a 
Fig. 7 shows that the two —CH, groups would alter the 
orientation of the ring and also restrict the oscillation of 


the —CO—CH, group. 
Three substances were tested in which the —CO— 
group was closer to the ring: 


Det 00am 


<> —CH,—CO—CH,—CH(CH,) 
< > —CH,—CO—CH,—CH,—CH,—CH, 
The first had a substantial biological activity, the 


second was active by one type of test and inactive by 
another, and the third showed a small activity in both 
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tests. It is not easy to account for these results; but it 
may be significant that, as can be seen from Fig. 8, 
which is a model of the first and most active of the three, 
there could be some steric interaction between the ring 
and the nearby part of the side-chain, leaving a 
—CH,—CH, group pivoted in much the same way as the 
a in Fig. 1. This point would become very 
significant if the following compound (which has not 
heen tested) should prove to be biologically inactive: 


< > —CH,—CO—CH,—CH, 


When the —CO— was moved still closer to the ring, the 
results were again doubtful. The first of the following 
compounds was active by one test but inactive by the 
oe and the second was inactive by the only test 
applied : 


<2 —CO—CH,—CH,—CH, 


< » —CO—CH,—CH, 


In Fig. 9, conjugation would stiffen the pivot between the 
ring and the carbonyl group but there is still a -CH,—CH, 
group capable of oscillation in the first of the above two 
compounds. In the second there is not. 

A few other methyl ketones were checked. The follow- 
ing are interesting: 


CH,—CH,—CH,—CO—CH, 


orf, ot—t—cH—00—cH, 
CH,—CH, 


The first two were completely inactive, but the third 
showed a small activity. The model of it shown in Fig. 10 
has a pivoted —CO—CH, group in the side-chain that 
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Thus, so far as the melon fly lures are concerned, the 
evidence is consistent with the basic hypothesis. In other 
words, if the ability of certain of these compounds to 
attract male melon flies is connected with their possession 
of a certain low-frequency vibrational mode, this mode 
can be tentatively assigned to certain features of their 
structure. When that part of the structure is modified in 
ways that would be expected to make a substantial change 
in this vibrational frequency, the biological activity 
usually disappears. 

The foregoing discussion omits a few structures that 
reduced or eliminated the biological activity but without 
appearing to interfere with the oscillation of the 
—CO—CH, group in any obvious way. Most of these 
compounds had such large substituent groups that the 
volatility was likely to be substantially reduced, and in 
every case so many new vibrational possibilities were 
brought in that there was a much larger chance of an 
interaction perturbing the postulated key frequency. 


Attractants for Male Mediterranean Fruit Flies 


A number of very effective attractants for the Mediter- 
ranean fruit fly, or medfly (Ceratitis capitata) have been 
synthesized?" but their detailed structure is not known 
in every case because several stereoisomeric modifications 
are allowed. The basic structure is: 





on a i” 
Ni : ra 
k boo—r 


The —CH, and the ester groups must be in the frans- 
position with respect to the ring for good activity (though 
there seems to be some activity in the cis- modification 
too), and the ring is believed to be in the ‘half-chair’ 
conformation". 

The bio-activity is not much affected by substantial 
changes in R, as shown by the fact that it may be any 
of the following without the activity being destroyed: 
—CH(CH,),; —CH,—CH=CH,; +—CH,—CH,— 
CH;; —CH,—CH,—Br. 

Furthermore, the addition of hydrochloric acid or 
hydrogen bromide to the double bond likewise does not 
destroy the activity. Eight such addition products are 
possible if both the cis- and trans- configurations of the 
—CH, and ester groups are included. The activities of 
the isomers have not been tested individually, but the 
active material regularly used is believed to have the 
trans- configuration. The following three structures are 
shown in Figs. 12, 13 and 14: 
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The first two have the trans- configuration of the methyl 
and ester groups and differ in that the first has the un- 
saturated ring while the second is one of the four possible 
hydrogen chloride addition products of the trans- isomer. 
The third is the cis- modification of the first. 

Tho relation of the —CH, and the —CO— groups is 
nearly the same in the first two trans- configurations, and 
in the cis- form it is again similar except that they are a 
little closer together. Evidently, too, changes in the 
ester group would not be expected to affect this. 

It may therefore be postulated that in the medfly 
lures there is an oscillation of the —CH, group relative to 
the —CO— group, and that its frequency would not be 
affected much by changes in the ester group or by adding 
a hydrogen halide to the double bond. The change would 
be somewhat greater in the cis- isomer. At the same time. 
it may be predicted that replacing the —CH, by —H 
or by —C,H, would destroy the activity. Unfortunately, 
the activity of those modifications has not been reported. 


CH 


COOc,H, 


Attractants for the Male Gypsy Moth 


aS ape 

The actual sox-attractant chemical secreted by the 
female gypsy moth (Porthetria dispar) has been isolated, 
and its constitution determined'*. The basic structure is: 


CH, —(CH,),—CH—CH=CH—(CH,),—CH,OH 
0—CO—CH, 


The active material has the cis- configuration at the double 
bond, the trans- isomer being quite inactive. In the natural 
attractant, n = 5. An even more attractive synthetic 
substitute has been made with n = 7. When n = 9 the 
product is inactive’. It is also inactive if the acetoxy 
group is changed to propoxy or butoxy. 

There is a strong probability that the alcohol group will 

hydrogen bond to the —CO— of the ester, and the model 
must be disposed accordingly. Fig. 15 shows the probable 
configuration for the natural lure, with n = 5 and the cis- 
configuration. Fig. 16 shows the corresponding structure 
with the trans- arrangement of the double bond. 
_ The fact that the propoxy and butoxy derivatives aro 
inactive focuses attention on the ester group. Evidently 
the —CO—CH, group is pivoted in such a way that the 
—CO— can oscillate up and down with reference to the 
locally rigid reference frame provided by the double 
bond. Because of the bonding of the —CO— to the 
—OH, there is likely to be a considerable electronic dis- 
placement accompanying the oscillation so that a relatively 
strong band may be expected in the far infra-red spectrum 
of this substance. However, that is incidental. On 
comparing Figs. 15 and 16, it appears that the samo kind 
of hydrogen bonding of the alcohol and carbonyl groups 
will take place, but that the orientation of the olefinic 
linkage is different enough to make the elastic forces (and 
hence the frequencies) different in the cis- and trans- 
isomers. 

Fig. 17 shows the very active synthetic, known as 
‘Gyplure’, which differs from the natural attractant only 
in that n = 7 in the basic formula. The postulated 
oscillation of the acetyl group is not apparently affected. 

Fig. 18 shows the inactive compound in which n = 9. 
It is not clear why this should be inactive, but perhaps the 
greater size and weight of the ring imposes enough drag 
on the hydrogen bond to modify the frequency. As in 
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Figs. 15-22 


all the other cases considered, an actual comparison of 
the far infra-red absorption spectra of the active and 
inactive substances would be most instructive. Until 
then, the one positive prediction that can be made is that 
moving the primary alcohol group to the other end of 
the chain should destroy the activity completely because 
the —CO— group would then be swung right away from 
the double bond, and the whole pattern of forces which 
determines the vibrations would be altered. 


Attractants for the Male Silk-Worm Moth 


Hero again the actual sex-attractant scent secreted by 
the females has been identified’®. It is: 


CH,—(CH,),—CH=CH—-CH=CH— (CH,) -—CH,OH 
cis trans 


The double bonds at positions 10 and 12 are trans- and cis- 
in the natural scent. The 10-cis-, 12-trans- isomer has 
been synthesized and is highly active also. On the other 
hand, compounds in which both double bonds are cis- or 
both are trans- are inactive. It is reported’® that the 
general condition for bio-activity is a straight-chain, 
primary alcohol containing 14-18 carbon atoms, and 
with two double bonds, conjugated, and with at least 
three carbon atoms on either side of the conjugated 
system. 

Fig. 19 is a model of the natural attractant. It is 
likely that the alcohol group would be hydrogen bonded 
to the middle of the conjugated double bond system, but 
the model has not been ed to show it because it 
would come in from a direction that would probably not 
affect the postulated oscillation and would make it harder 
to see. Yet as will be explained in the next section, it 
may be important, and it may be significant that at least 
three carbon atoms are required between the —OH and 
the double bond for this hydrogen bonding to be possible. 

Examination of the model shows that the double bond 
with the trans- configuration links the two carbon atoms in 
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such a way that they have two pivots which are almost in 
line. The structure: 


H 
e G- AON 
H 


will therefore be capable of oscillating about a mean 
position which is fixed with respect to the other doubly 
-bonded pair by the partially double bond character of the 
linkage between them. Without the second double bond, 
: ngle olofinic linkage in the trans- configuration could 
ut with no particular restraint to establish a mean 
It will be seen. too, that if both double bonds are 












_ enables a prediction to be made, namely, that the replace- 
_ ment of either of the hydrogens linked to the carbons 
. having the trans- configuration will destroy the activity, 

but a CH,— on the outer carbon of the cis- pair should not 
affect the activity, and one on the inner carbon of the cis- 
“pair might not. ; 





Queen Bee’s Sex Attractant 


. It has recently been reported’? that a well-known 
constituent of ‘royal jelly’ serves also as the sex-attractant. 
In any event, this substance in small amounts profoundly 

modifies the behaviour of the workers and is, in fact, a 
well-known example of a pheromone. In view of its 
effectiveness in very small concentrations, it is probably 

¿o pereeived by the workers as well as the drones through 

“an olfactory sense. The substance has the structure: 


CH,—CO—(CH,),--CH=CH-—-COOH 


ural compound, the double bond has the trans- 
figuration. If the chain is shortened by one —CH,— 
group the activity disappears*. 
_ Fig. 20 shows the probable configuration of the molecule 
with the carboxyl group hydrogen bonded to the keto 
group. The fact that it is an «,8-unsaturated acid intro- 
duces some double-bond character between the carboxyl 
< and the a-carbon atoms so as to make possible a torsional 
< oscillation of the carboxyl group. The hydrogen bond to 
the keto-group would give rise to a synchronized electronic 
displacement in the keto oxygen similar to that mentioned 
<in discussing the gypsy moth attractant. Something of 
_ > this sort may turn out to be a regular feature of these 
- processes. The possibility certainly exists also in the 
_ silk-worm moth attractant if the primary alcohol is 
- bounded to the double-bond system, and it could happen 
also in the medfly lures. 
Fig. 22 shows that in. the cis isomer an internal hydrogen 
= bond seriously distorts the relative positions of the 
` carboxyl and olefinic groups, and Fig. 21 shows that the 
same thing is true of the trans- isomer if the chain is 
shortened by one —-CH,-— group. 













Wire-worm Attractants 


Many years ago it was reported that caproic acid has 
a powerful effect. on male wireworms (Limonius (Pheletes) 
canus Lec. and L. (P.) californicus Mann), and that lactic, 
butyric and valeric acids showed similar effects. It is 
woll known that the carboxylic acids tend to form dimers 
through hydrogen bonding: 


O.. R 
CR 
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These dimers exist even in the gas phase” and would be 
expected to exhibit a low-frequency torsional or flexing 
vibration of the ring. 


Conclusion 


A feature of these sex attractants is their chomical 
diversity. Whereas such biologically important substances 
as nucleic acids, vitamins, hormones and . respir 
pigments show a certain uniformity -throu 
animal kingdom, the sex attractants do not. 
left with a feeling that some metabolic product 
turned to account because it had the right smell ; 
because it was in any way tied to the specific ch 
processes of reproduction. This feeling is strengile 
by the apparent ease with which substitute or a 
lures can be found by screening almost: any large random 
selection of organic compounds. Lehman, for example, 
found several active sex attractants by screening 146 
compounds, most of them simple esters, aléohols o 
acids 

This is difficult to explain if the basic process of olfartion 
is chemical, but not if it is mechanical. 














which are demonstrably perceptible to various in 
species by what appears to be an olfactory process. < 
it stands, the evidence does not confirm the theory. 
the fact that the theory enables certain rather spe 
predictions to be made opens the way to an experiny 
test. If at least some of these predictions. are. 
the usefulness if not the truth of the theory will have 
exhibited. In some cases, notably the group of ny 
attractants, the prediction centres around a—-CH, gro 
which is almost the only part of the molecule left un 
touched by previous work. Verification in that case 
would not be so significant as in the case of the silkworm 
moth attractant where the predictions are not likely ta be 
arrived at on any other basis. 

If the theory can be verified in this way, and even more 
if a direct correlation can be established between a certaim. 
low-frequency vibration and the ability to attract 
specific kind of insect, then an important contribution 
will have been made not only to the production of effective 
insect lures but to our basic understanding of olfact: ry 
phenomena. 

This work was supported by a grant from the Research 
Branch of the Canada Department of Agriculture, and To 
also thank Dr. J. E. Bloor for heipful suggestions. 
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A CODED WIRE IDENTIFICATION SYSTEM FOR MACRO-ORGANISMS 


By Dr. K. B. JEFFERTS*, 


P. K. BERGMAN and H. F. FISCUS 


Washington State Department of Fisheries, Seattle, 99 


HIS article describes a system for identification of 

macro-organisms which has been applied to the 
Pacific salmon (Oncorhynchus sp.). As the title suggests, 
the information carrier utilized is a small segment of 
ferromagnetic wire, coded in one of several fashions. 
It is implanted in muscle or cartilage, and its presence is 
determined through the external effects of a permanent 
magnetic: moment impressed on the wire segment. 

The idea of using implanted metal tags is not newt. 
The promise of the system described stems largely from 
optimization of the tag detection system to allow reduc- 
tion in.tag volume by several orders of magnitude. Tags 
at present being used in this work are segments of 0-010 
in. diameter wire, of length 0-040 in. Modern methods will 
allow detection of tags of this size at distances of several 
feet. if necessary. 

One of the primary considerations in the selection of 
materials for such an implanted tag is biological com- 
patibility with the organism. This requirement has been 
approached so far by two different methods. The first 
entails coating the wire segment with a thin layer of any 
of several suitable materials, for example, tantalum. 
gold, ‘Teflon’, or polyvinyl chloride. Tags initially used 
“were individually coated with approximately 2 mils 
(0-002 in.) of polyvinyl chloride in two layers. 

A more attractive approach to this problem lies in the 
selection of a material for the wire which not only has 
suitable magnetic characteristics but is also sufficiently 
non-reactive for implantation without further treatment. 
‘Fortunately, a material that apparently satisfies these 
: requirements exists. Type 302 stainless steel, consisting 
of 17-19 per cent chromium, 8-10 per cent nickel, 2 per 
cent. manganese, 1 per cent silicon, and the remainder 
iron, is non-magnetic in the normal annealed state. How- 
ever, when it is cold-worked, it becomes a ferromagnetic 
material. with very satisfactory characteristics. This 
process apparently does not appreciably degrade the 
non-reactive character of the material. Here it should 
be noted that while this material is very similar to the 
18-8-S©MQ commonly used for surgical implants in 
human beings, it is not identical, and its use has not been so 
well documented. However, no pathological occurrences 
as à result of its use in chinook salmon, Oncorhynchus 
tshawytscha, have been noted so far in this project, and 
Calhoun? has used. it in annealed form to attach external 
fish tags with no apparent corrosion. 

«Several methods. for tag identification appear feasible. 
Binary magnetic numbering is obvious: magnetizing 
short segments of the wire in one direction or the other 

-is a well-known form of data storage. The disadvantages 
inherent are that the information capacity, that is, the 
=: number of different tag identifications possible, is relatively 

- small unless the tag is allowed to assume relatively long 

- and thin proportions. The tag must also be larger than 
the minimal size required for detection, since that part 
-of the tag used for information storage does not necessarily 
. “contribute to the external magnetic field which is used for 
' detection. However, this method is well adapted to a 
requirement for sequentially numbered tags, and it also 
offers. the possibility, at least in favourable instances, 
of tag identification without excision from the organism 
in question. 


* Department of Physics, University of Washington; consultant to the 
Washington State Department of Fisheries. 


Various methods of mechanical marking also appear 
feasible, for example, a binary code with a one being 
represented, by a transverse indentation and a zero by no 
indentation. This system also offers the possibility of tag 
identification without excision by use of X-ray tech- 
nique, similar to the suggestion of Lindroth*. 

The particular requirements at hand have led to a 
method utilizing narrow longitudinal stripes of coloured 
epoxy ink for identification. This method allows minimi- 
zation of tag size, has a large information capacity, and 
simplifies problems associated with semi-automatic applica- 
tion to large numbers of specimens. It is well adapted to 


application of identical identification to fairly large 5 


numbers of organisms. This is due to the fact that it is a 
relatively facile process continuously to code a length of- 
wire and cut it into segments thereafter. Longitudinal 
striping avoids all the problems of properly indexing the 
cut, which would exist if the more commonly applied 
transverse striping were selected. 

At present, six parallel] colour stripes of width approxi- 
mately 0-002 in. are being used. The same ten colours 
and convention for values that have long been standard 
in the electronics industry have been selected. This 
allows 10° different identifications if some other method is 
utilized to identify the sense of the coding, that is, which 
of the stripes is to be considered the first number, and 
which direction to read. . This latter requirement is 
satisfied by variation in the spacing of the stripes. 

Tho method of application of such stripes to wire of 
this size was developed by the Technical Research Co., 
Seattle, Washington. The stripes are applied continuously 
by. six micropipettes, the epoxy cured continuously in an 
oven, and the wire respooled as it comes out of the oven. 

No effort has been made to coat the epoxy against 
interaction with the organism. Although no data are 
available to indicate biological compatibility of the epoxy- 
plasticizer-catalyst combination used, no unfavourable 
reactions have been noted in limited testing on chinook 
salmon over a four-month period. 

Both past and proposed applications are to Pacific 
salmon. Here considerations to be discussed have led to — 
the selection of two potential tag locations: one, intra- 
muscular, in the lateral muscle near the dorsal fin; the 
other, subdermal, in cartilage, anterior to the brain, 
medial between the olfactory sacs. The latter location 
has been selected for further evaluation. 

The reasons for this choice of location are primarily 
economic in nature. It is desired to recover these tags 
from adult specimens of Pacific salmon taken in the 
sport arid commercial fisheries. Since the tags must. be 
excised from the specimens, locations where such excision. 
will appreciably detract from the value of the specimen 
are undesirable. Also to be avoided are locations: which 
might lead to accidental consumption of unrecovered: 
tags. The head has little commercial value and is. not 
customarily used for food, therefore it seems the logical 
area for implantation of tags. 

Since the tagging project goal is a system adapted for 
application to large numbers (for example, 10%-10*) 
of fish, there is an obvious requirement for relatively.» 
rapid application of tags. A semi-automatic tagging 
device allows an operator with reasonable experience to 
achieve a tagging rate approximately equal to that of 
clipping a single fin, or several seconds per specimen. 
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_ The basic principle of the tagging device consists of 
‘metering a predetermined length of previously coded 
_ wire tag material, cutting the wire to form the tag, and 
_ driving the tag through the barrel of a small hypodermic 
_ needle into the tissue of the fish. The uncut wire is utilized 
_ 88 a push rod to drive the tag into the fish. The needle 
_ retracts ahead of the push rod to avoid withdrawing the 
_ bag baek into the needle. This could occur as a result 
f the induced partial vacuums caused by plunger retrac- 
ion. The wire is then retracted a distance less than its 
lvance by just the length of the next tag, which is cut 
-by me ‘Shear. The device is then ready to repeat the 
Oye. ie. ; 
- Positioning of the tag in the fish is greatly facilitated by 
using a transparent plastic ‘bonnet’, moulded to fit the 
head of the largest specimen in the group to be tagged. 
In particular, if tho bonnet is designed to utilize the roof 
of the mouth as the lower index, rather than the lower 
sw, a considerable range of sizes of fish can be accom- 
“modated. TE 
_. One of the prime considerations in the selection of 
material, geometry, and location of the tag is the possi- 
bility of tag migration within the organism, even to the 
extent of complete tag loss. So far this has not been a 
< serious problem, at least with the tags and locations which 
have been investigated. 
ui., The problem of recovering these tags is at present 
"limited to dead fish in the commercial and sport catches 
as the fish are unloaded from the boats. This should 
low passage of fish down an instrumented chute as they 
are unloaded. 
“The present work has involved investigation of the use 
both flux-gate magnetometers and simple coil detec- 
rs for detection of tagged fish, which differ in principle 
n detection used in previous tagging systems!-*. 
tags of the size described, which have magnetic 
ents of approximately 5x 10- weber-meter, both 
are usable in normal circumstances. Both 
ns appear to be sensitive enough for error-free 
tection of these tags in mature salmon of any size 
r to be encountered in the fisheries. 
ince the coil detector, which senses the changing 
gnotic flux as the tagged fish passes through the coil, 
is much the simpler instrument, it is at present being 
refined for possible use in a large-seale recovery pro- 
gramme. 
it should be noted that either of two available optically 
| pumped magnetometers’, utilizing either metastable 
helium atoms or rubidium atoms for an active medium, 
_ are sufficiently sensitive to detect these tags at a distance 
of 6 ft. with a one-second integrating time. It seems 
likely that by the use of such devices in pairs to cancel 
mall variations in the Earth’s magnetic field, this limit 
ight bo approached in practice. This would allow 
ounting live tagged fish in a channel as wide as 12 ft. 
jhe channel were instrumented on both sides. 
Once tagged fish have been identified, the recovery 
‘Operation is completed by excising the tags. Various 
means can be used to facilitate this operation, which is 
_ somewhat difficult due to the extremely small size of the 
_ tag. Perhaps the simplest of these consists of removing 
a volume of tissue about the tag location, ascertaining tag 
presence with one of the detectors described, and then 
| » subjecting it to chemical or biological digestion to remove 
> the tissue. 
_.. The principal application of the system has been to 
| Juvenile specimens of O. tshawytscha, 75-115 mm in total 
_ length at the time of tagging. This has been an explora- 
-tory experiment involving three thousand specimens. 
_» Groups of one thousand each were placed in adjacent 
| Yaceways at the Bowman’s Bay Marine Research Station 
: of the Washington State Department of Fisheries. Tags 
were 0:125 x- 0:006 in. carbon steel wire coated with 
olyvinyl chloride, implanted in the lateral muscle in one 
group, in the head in a second group (as previously des- 
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cribed), and the third group remained asa control. The 
control wae retained separately in order to establish precise 
tag loss rates, while obtaining gross estimates of growth 
and mortality rates. 

At the time of writing, these fish are in their second 
year and have been bearing tags since October 1961. 
No significant tissue reactions have oceurred duo to the 
polyvinyl chloride. Periodic checks with a goi po: 
detector have indicated no tag loss in the ir 
larly tagged fish; head-tagged specimens have 
a cumulative 5 per cent tag loss, occurring over the 
1l-month sampling period. Dissection of the head-ta 
fish has shown that the simple, hand-operated: injec 
device utilized in this test misplaced a portion of the 
tags; in particular, many tags were deflected upwards ato 
dermoid layers. Tags so implanted have beon observed 
working their way through the skin, leading to eventual 
loss. A possible solution to tag loss from head inyplenis 
is suggested by an apparently more favourable’ tag loca- 
tion above the roof of the mouth. The improved: tag 
injection apparatus together with a greatly reduced tag 
size are expected to further improve tag retention in the 
head area. However, the simple, uncritical intramusiular 
implants appear eminently satisfactory where non-bio- 
logical factors will allow their use. 

Mortality rates and growth rates of the control and of 
the two experimental groups were compared to determine 
if the tags had any deleterious effect on either survi 
growth. Mortalities over the 11-month period, other th 
those fish killed for examination or accidently killed, we 
head tag, 73; control, 62; lateral muscle tag, 40. Rea 
duals were: head tag 687; control, 735; e 
tag, 767. A y? test® indicated no significant difference 
between the control and a composite of the tagged grou 
however, the y? value for the comparison between the 
tag groups was significant at the 0-01 level. The r 
should keep in mind that pond effects are confounded 
with treatment effects in this experiment and thus the 
results are contingent on the untested asstimption that the 
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ponds had an identical effect on the critical measures 
studied. 

At each sampling date, a census of each pond was taken, 
and all fish were weighed. An analysis of variance of the 
mean weights did not show any significant differences 
between the three groups during the experimental period. 
At each sampling date a number of fish were measured 
individually. Fig. 1 shows the mean lengths and con- 
fidence intervals for individual and for mean lengths. 
No finite population correction factors were used. It is 
clear from Fig. 1 that the growth in length during the 
course of the experiment does not appear to be related to 
the experimental treatment. 

We wish to emphasize the preliminary nature of these 
results, as well as the gross nature of the initial experiment. 
A more sensitive test of tag effects is planned involving 
larger numbers of fish and an improved tag, to be followed 
by release into the natural habitat to evaluate possible 
differential growth or mortality effects under stress of 
competition and predation. 
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the Micron Co., Seattle, for developing the several tagging 
devices, and Mr. Vernon Orn of Technical Research 
Co., Seattle, who was instrumental in developing the 
wire striping apparatus. Fort Wayne Metals, Inec., 
of Fort Wayne, Indiana, produced the stainless steel 
wire with required characteristics to allow continuous 
wire-form tags. Statistical analyses were performed by 
Dr. Gerald J. Paulik of the College of Fisheries, University 
of Washington. 
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SHORTENING OF A DIAPAUSE-CONTROLLED LIFE-CYCLE BY MEANS 
OF INCREASING PHOTOPERIOD i 


By Dr. G. M. BLAKE 


Pest Infestation Laboratory (Agricultural Research Council), Slough, Bucks. 


NDER outdoor conditions in southern England, the 
carpet beetle, Anthrenus verbasci (L.) (Col., Dermes- 
tidae), has a two-year life-cycle (semi-voltine), spending 
the first winter as a young larva and the second as a fully 
grown larva'. Under constant conditions in the laboratory 
larve may be either uni- or semi-voltine according to 
temperature. The percentage of larve which are uni- 
voltine increases from 0 at 15°C to 100 at 25°C. The 
larve have an endogenous and persistent rhythm con- 
trolling the onset of diapause*. Each cycle of the rhythm 
consists of a period of active growth (with moulting and/ 
or pupation) followed by diapause. The shortest individual 
larval period in the foregoing rhythm of development is 
21 weeks. 

Since the discovery of the inherent rhythm of develop- 
ment in this species, with its ‘internal clock’ controlling 
diapause, experiments have been aimed at finding en- 
vironmental stimuli which would shorten the first cycle 
of the rhythm. The effect of constant and changing 
photoperiods at 20° C was examined. It was found that 
there was no reduction in the length of the first cycle 
when larve developed in constant photoperiods of arti- 
ficial light equivalent to either long or short days (Blake. 
in preparation). However, it was shortened by conditions 
of changing photoperiod, as follows. Larve were grown 
in darkness for 13 weeks and then exposed to natural 
daylight, and vice versa. Others were bred under natural 
daylight conditions throughout larval life. The lengths 
of photoperiod to which larvae were exposed depended 
on the date at which each experiment was started. In 
each experiment 80 larve, 0-1 days old at the start, 
were kept individually at 20°C, 70 per cent relativo 
humidity and examined weekly from a little before the 
expected time of pupation. 

The results. taken altogether as in Fig. 1, indicated 
that the length of the first cycle of the rhythm was con- 
trolled in a different way from the second cycle. With 
respect to uni-voltine individuals (first cycle only) there 
were three main conclusions. First, the mean length of 
tho larval period was decreased compared with the control 
in continuous darkness (Fig. 1, A) whenever larve were 
grown under conditions of naturally increasing photo- 
period during early larval life (C, D, E and F). Secondly, 


Control (continuous darkness ) 


Photoperiod (h) 
E 
Constant temperature and humidity (20° C, 70% relative humidity) 





10 20 30 40 50 60 70 
Time (weeks) 


Fig. 1. Frequency distribution of pupation times when larval devdlop: 

ment has taken place in various combinations of natural daylight 

and continuous darkness at 20° C, 70 per cent relative humidity. Experi- 

ments C, D, E and F commenced during months of increasing day-length. 

The hours of darkness are shown stippled. One black square marks the 
time of pupation (to the nearest week) of one individual 
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_ the larval period became progressively shorter (C, E and F ) 
-as the photoperiod on the first day of larval life increased 
_ from 7 h 50 min (C) to 13 h 13 min (F). Thirdly, the 
-= response to the stimulus of increasing photoperiod was 
almost completely determined within the first 13 weeks 
of larval development—as may be seen by comparing 
UD with Æ (and B with C}. 
. With respect to the length of the second cycle, most 
_ Semi-voltine individuals pupated in January or February 
(8, CLE, Fand G). This apparently involved an early 
| pupation for some individuals (see B, C, E and F) and a 
_ late pupation for others (see Æ, F and G) when compared 
with the control. pod 
< A further experiment indicated differences in the control 
_ of metamorphosis as between the first and second cycles 
of the rhythm. The decreasing photoperiods of autumn 
thibit the metamorphosis of semi-voltine individuals*. An 
xperiment was designed to show whether the pupation of 
a uni-voltine life-cycle was similarly inhibited. 
ere bred in continuous darkness for 19 weeks and 
en, as fully grown larvæ, were exposed from August 17 
bo a decreasing autumnal day-length (Fig, 1, G). Meta- 
morphosis was not inhibited and larve pupated from the 
< 21st week of larval life onwards as in the control (A). 
This result is in accordance with the findings for uni- 
voltine individuals referred to in the previous paragraph. 
In other words, the length of the first eycle is mainly 
determined during the first 13 weeks of larval life. In 
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this case (G) the sensitive stage was passed through in 
continuous darkness and the length of the first evele wes 
not reduced but remained similar to the control. 

These results show that uni-voltine larva are sensitive: 
to certain aspects of the light régime. This may he 
regarded as a process of determination inasmuch as the 
responses are not influenced by subsequent changes in. 
the photoperiod. In contrast, the metamorph¢ ee 
semi-voltine individuals remains, to quite a large € ? 
under the immediate control of the environments 
conditions. ees 

This result may be compared with Corbet’st findh 
the dragonfly Anax imperator, exposed to an iner 
day-length during the last nymphal stage, pass 
directly to the adult without diapause. 

Anthrenus verbasci is the first insect in which it has 
shown that the termination of diapause can be determi 
during an earlier sensitive stage. Lees? gives exami 
in which the induction of diapause is predetermine : 
in all these cases, the termination of diapause remams 
under the immediate control of the environment 4 
verbasci thus provides a new clue to the nature of 
itself. 


> Blake, G. M., Bull. Entomol. Res., 49 (4), 751 (1958). 

* Blake, G. M., Nature, 188, 126 (1959). 

3 Blake, G. M., Nature, 188, 168 (1960). 

t Corbet, P. 8., J. Ezp. Biol, 38. 1 (1956). 

5 ie Ð.. Physiology of Diapause in Arthropods (Carib, Unin Presi: 
dD). i 





















COMPUTER PROGRAMMES FOR PROCESSING ENZYME 





HE rate equations for enzyme-catalysed reactions 
K . tend to be complex nen-linear functions of reactant 
`: concentrations. For example, where the concentration 
of one substrate is the only variable in a series of experi- 
_ monte, the initial velocities often conform to equation (1): 


= VA 
= EFA 





(1) 


where v is velocity, A is substrate concentration, and V 
` and K sre constants. In experiments where the concen- 
trations of more than one substrate are varied, or where 

.- retivators, products, or other inhibitors are added at 
various levels, the rate equations become even more 
- complex, and include 3, 4, 5 or more kinetic constants. 
_ Much ean be learned about the mechanism of an enzyma- 
_ tie reaction by determining the form of the rate equation, 
and by examining the actual values of the kinetic constants 
end checking relationships between them. Assuming a 
- certain rate equation, one would like, therefore, to have 
_ available a method for analysing kinetic data which gave 
` the best possible estimates of the various kinetic constants, 
: and also gave some quantitative measure of the reliability 
of these estimates. The usual methods of statisties could 
then be used to tell how well the data fit the assumed rate 
equation, and whether they could fit another equation 
just as well. 

Until fairly recently, however, kinetic data for enzyme- 
catalysed reactions have been analysed by various graphi- 
cal methods. For example, a linear graph of data con- 
forming to equation (1) is obtained by plotting 1/v versus 
1/A (or A/v versus A); but unless the data fit the assumed 
relationship extremely well, considerable unconscious 
bias may be introduced in drawing the line, and such 


KINETIC DATA 
By Pror. W. W. CLELAND 


Department of Biochemistry, University of Wisconsin, Madison 


graphical analysis furnishes only a subjective idea of the 
reliability of the estimates so obtained. Fitting of data 
to equation (1) in the reciprocal form ean be done by 
the least squares method, but as recently pointed out by 
Johansen and Lumry! and by Wilkinson? it is necessary 
to make a weighted fit with properly chosen weighting 
factors; otherwise the fit is based much too heavily onthe. 
lower velocities. If equal variances were assumed for the 
experimental velocities (that is, the probable absolute 
errors are the same and not a function of the vel 
themselves; a reasonable assumption in most cases), 
the weighting factors for such analysis are the fo 
powers of the velocities themselves. If any of the expe 
mental velocities deviate very much from the correspond. 
ing values calculated from the fitted curve, the errors | 
in the weighting factors being used become sizeable, and 
the fit will not yield the best possible values of the kinetic 
constants. 

The logical procedure in analysing kinetic data would 
be to make least square fits directly to the assumed rate 
equation, but since these functions are not linear 3 
respect to the kinetic constants being determined, itera- 
tive procedures are necessary. Wilkinson has recently 
described such a procedure for fitting data to equation (1) 
(ref. 2). Such caleulations are laborious with a desk 
calculator, even when the fit is to a simple function Hke 
equation (1), but they are easily performed by a digital 
computer for even much more complex functicns if 
suitable programmes are available. In this laboratory 
programmes have been written in Fortran language to 
make least square fits to equation (1) and to other funetias 
which have been encountered in enzyme kinetic stuc 
and to give standard errors of the kinetic constants os 
well as the constants themselves. These progr 
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wore originally written for use’ with an IBM 1620 computer, 
and have subsequently been used with the much faster. 


Control Data Corp. 1604. They can: be used with any 
computer which- will accept: programmes written in 
Fortran. Brief descriptions of the various programmes 
and their uses are given here; copies of the programmes 
themselves can be obtained from the author. 

The most often used programme makes a least square 
fit to equation (1), assuming equal variances for the experi- 
mental velocities. The programme follows the procedure 
of Wilkinson’, using a weighted fit to the reciprocal form 
of equation (1) to obtain preliminary estimates, followed by 
iteration until the value of K does not change. The 
programme gives values of K. V, KJV, V/K, 1/V, the 
standard errors of their estimates, and weighting factors 
(reciprocals of squares of standard errors) for further 
analysis. The processing time per set of data is 1 or 2 
min on the 1620 and 1 sec on the 1604. In common with 
‘© the rest of the programmes described here, this programme 
will handle as many sets of data as desired; only one set 
of data:is placed in machine memory at a time. In 
practice, a graphical plot (1/v. versus 1/4) is made first to 
see whether the data really appear to fit equation (1). 
Data which do deviate from the expected relationship 
(such as ‘velocities at high substrate concentrations which 
show substrate inhibition, or velocities which appear to 
‘lie outside the expected range of experimental deviation) 
are then not used for the computed fit. 

A second programme. designed to handle velocity 
versus substrate concentration data makes a fit to equa- 
tion (2), again assuming equal variances for velocities: 


VA? 
°= F BAFA (2) 
This initial velocity equation results when a substrate 
combines twice with an enzyme without a product being 
= Peleased between the times of combination of the substrate. 
. The denominator of equation (2) can also be written: 
KK? 4+ 2b(4 — K) + A?, where K is the Michaelis con- 
stant (concentration of A giving v = V/2). Preliminary 
estimates from a weighted fit of the reciprocal form of 
equation (2) are followed by 5 cycles of iteration to give 
-. final estimates of a, b, V, 1/V, K, the standard errors of 
. these estimates, and weighting factors for further analysis, 
‘The processing time is 3 or 4 times as great as for the fit 
to equation (1). 

Enzyme kinetic analysis often involves repeating under 
different conditions the determination of initial velocities 
at various substrate concentrations. Thus measurements 
may be made at various concentrations of an inhibitor or 
a second substrate, or at another pH. In analysing such 
data in this laboratory, the separate sets of initial veloci- 
ties are first fitted to equation (1) (or (2)), and then graphi- 
cal replots are made of K/V and 1/V values versus inhibitor 
concentration, reciprocal substrate concentration, or 
versus pH. On the basis of these preliminary plots, 
weighted fits are then made to an appropriate function 
by one of the following replot programmes, using the 
KJV or 1/¥ values and the weighting factors supplied 
by tho first analysis. 

_. The most commonly used replot programme makes a 
direct weighted fit to a straight line as given by equation 

-- (3), where y is K/ V or 1/ V and v is inhibitor concentration, 
reciprocal substrate concentration, ebe.: 


y = ax +b (3) 


‘This programme provides values of a, b, bja, 1/b. a/b, and 
the standard errors of their estimates. Typical applica- 
tions are for analysis of linear inhibitions (bja is Ki; 
bis K/V or 1] V in the absence of inhibitor), and for initial 
velocity analysis at several levels of a second substrate 
(for a 1/¥ replot, 1/b is the maximum velocity and a/b the 
Michaelis constant for the second substrate). 
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A second replot programme makes a direct weighted 
fit to a parabola (equation 4): 


y = a + be + er? (4) 


This programme gives a, b, c, lja, a/b, bje, ale, and the.: 
standard errors of their estimates. It has been used — 
primarily for parabolic inhibitions’, where a is K/V or. 
1/V in the absence of inhibitor and a/b, ajc and b/c are 
various inhibition constants. It has also been used for. 
initial velocity analysis at several levels of a second: 


substrate that combines twice with the enzyme (a sub= 


strate that would give velocities conforming to equation. 
(2) if its concentration were varied). 

A third replot programme makes a weighted fit to the 
hyperbola given by equation (5): 


al + x/Ki num) Pe 
y= (1 + æ/Ki aenom) r 


Preliminary estimates of Ki num and Ki aenom are obtained: 
from a weighted fit to the reciprocal form of equation (5) 
after the horizontal axis has been raised so the curve goes 
through the origin. These are used with 5 cycles of 
iteration to give final values of a, l/a, K+ num, Ki denom 
and the standard errors of their estimates. This. pro- 
gramme has been used for analysing hyperbolic inhibitions ` 
and activations by alternate products’. ee 

The final group of replot programmes make direct — 
weighted fits to functions where K/V or 1/V plotted: 
against log « would be a symmetrical bell-shaped curve. 
Equation (6), which represents a frequent type of variation 
of kinetic constants with pH, is a representative example 
{x is hydrogen ion concentration): 


y = a(l + x/Ka + Ko/a) (6). 


This particular programme gives values of a, 1/a, pKa, pK» 
and the standard errors of their estimates. This type of | 
function is also encountered when substrate inhibition is, 
given by the substrate. whose concentration is held con- 
stant at different levels in a series of experiments. ‘The 
variable « becomes substrate concentration in equation: 
(6), and a, Ka and Ky become combinations of or single 
kinetic constants. Several programmes of this type are 
available. 

The primary and secondary (replot) analyses described 
here are sufficient to. establish the overall kinetic pattern.. 
and to get fairly good estimates of kinetic constants. 
The best estimates of the constants, however, are obtained 
from fitting the entire set of data from a series of experi- 
ments to an equation which describes the velocity as a 
function of two variables (such as the concentrations of 
two substrates, or of one substrate and one inhibitor). 
Programmes for making these overall fits are described — 
here. All programmes assume equal variances for 
experimental velocities. 

The initial velocities for a sequential bireactant mechan- 
ism are given by equation (7), where A and B are con- 
centrations of the two substrates, Ka and Ks are Michaelis 
constants for A and B, and Kia is the inhibition constant 
for A‘: 


- VAB i ; 
US Fs + KaB + RA + AB (3) 





If the mechanism is ‘ping pong’ (that is, a product. is 
released before the second substrate combines with the 
enzyme"), the KigK» term is missing from the denominator 
of equation (7). Programmes are available for fitting 
both equation (7) and the corresponding equation without 
the KiaK, term. Preliminary estimates from a weighted 
fit to the reciprocal form of equation (7) are used with up 
to 5 cycles of iteration to give values and standard errors 
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of ‘he estimates for all of the kinetic constants. Processing 
time on the 1604 is 4 sec for the sequential and 3 sec for 
the ‘ping pong’ programme. When these programmes 
{and the rest of the overall fit programmes discussed here) 
are used with the 1620 computer, the values of the kinetic 
constants may be typed out after the preliminary fit 
and each cycle of iteration, so that the iteration can be 
stopped before 5 cycles to save time. 

A large group of programmes is available for various 
inhibition. patterns. Programmes are available for linear 
petitive inhibition (equation 8), linear uncompetitive 
-< inhibition (equation 9), linear non-competitive inhibition 
(equation. 10), _S-parabolic i-linear non-competitive 
-inhibition (equation 11), and S-linear I-parabolic non- 
-competitive inhibition (the linear and parabolic factors 

a are reversed in the denominator of equation 11): 


7A 
K+ TK) + 4 (8) 
_ Va | i 
K+ a0 FIK) (9) 
= : WA 

Kil + IKa + A(l + T/Kiy) 

_ VA 

Kü + TE, + P/K) + AQ + IKa 
For all of these programmes, preliminary estimates from a 
weighted fit to the proper equation in reciprocal form are 
. used with 5 cycles of iteration to give final values of the 

kinetic constants and standard orrors.of their estimates. 
_ Processing time with the 1604 is about 1 sec per kinetic 
‘constant determined. 


Two other inhibition programmes are available for S-lin- 
5; oar I-hyperbolic non-competitive inhibition (equation 12): 


VA 
TKU + IjKi + A i + T/Ky num) 
+ TK; denom) 


nyperbolic lie inhibition (equation 12 
thout ‘the (1 + 7/K;) factor). Those programmes as 
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now written require preliminary estimates of 
and Ki denom (and also K; for the first program 
the replot analysis as part of the data input, | 
the difficulty of obtaining preliminary estimate 
from the data. Final values of the kinetic cons 
their standard errors are obtained after 5 eyeless 
tion. 

The programmes described here have p 
this laboratory. In particular, the avail 
errors of the estimates has allowed v 
to be applied to the data. For examp 
possible to prove that certain inhibit 
effect of the inhibitor is much greater on K/ Vt 
were non-competitive by showing that the a 
obtained were significantly different from ea) 
Likewise, it has been possible to confirm compe 
inhibition (at least within the precision of the dot b 
showing. that there were no significant differences mi 
observed 1/V values. In trying to demonstrate parabolic 
or hyperbolic inhibition, one can tell from the i 
of these programmes whether the data are s 7 
pann to demonstrate the real existence of the { 


F 





errors of maximum velocities and Michaelis conste : 
simple and overall fits have generally been about a 
per cent of the values themselves. Standard. error ot ae 
inhibition constants tend to be somewhat higher (up to 
20 per cent of the values). i 
The programmes listed here do not exhaust th possibi 
functions which one may encounter in kino 
particularly as analysis gets more’ sophisti 
doubtedly other programmes will be available 
future. 
This article is published with the approval of 1 
tor of the Wisconsin Agricultural Experiment 
The work was supported in part by a grant. 
National Science Foundation (G—14388). os 
a G., and Lumry, R., Compt. Rend, Trav, Lab, Carlsbvig, DE 185 
2 Wilkinson, G. N., Biochem. J., 80, 324 (1961). 
* Cleland, W. W., Biochim. Biophys. Acta, 87, 173 (1963), 
+ Cleland, W. W., Biochim. Biophys. Acta, 67, 104 (1069). 








A DOLOMITE REACTION SERIES 


By Pror, A. R. ALDERMAN and C. C. von der BORCH 
School of Geology, Adelaide 


ROM a continued investigation of the microcrystalline 
carbonate sediments at present forming in the 
Coorong, a long, narrow arm of shallow sea in south- 
~ eastern South Australia, and associated ephemeral, 
saline lakes'—, it is now possible to see a definite pattern 

- in the sedimentation. 

All the lakes which have been studied had earlier formed 
part.of a larger Coorong lagoon which must have extended 
about 50 miles farther south than it does to-day. Deposi- 
tion of sediment and sand drifting from the dunes, which 
divide it from the Southern Ocean, have been major 
factors in isolating parts of the former lagoon into a chain 
of lakes, a process which probably progressed from 
south to north. The southernmost lakes are thus the 
oldest members of this chain while the northernmost 
lake has probably been cut off from the Coorong within 
living memory (Fig. 1). 

Within a few hundred yards to the east of part of this 
chain formed by the lakes and the Coorong and separated 
from it by a 5-ft. fossil sill is another group of lakes which 
is at a slightly higher level. This probably became 
isolated from the Coorong by marine regression in Mid- 
Recent time. This group is thus made up of the oldest 
lakes formed by the dismembering of the Coorong. 







It is thus possible to assign relative ages to Inko 
groups of lakes and this age appears to be ele é 
nected with the type of sedimentation. 

Sediments consisting essentially of the following é 
blages of carbonate minerals have been ree 
(1) aragonite + magnesian calcite; (2) magnesian 
(3) magnesian calcite + calcian dolomite ; (ho 
dolomite; (5) dolomite + magnesite; (6) aragonite 4e 
hydromagnesite. l 

We believe that this list of assomblages is arranged im 
order of increasing age of its environment. Aragonite + 
magnesian calcite sediments are forming in the permanent 
waters of the Coorong lagoon and also in the ephemeral 
south end of the lagoon where it is subjected to winter 
inundation and summer desiccation. The processes whioh 
will eventually isolate this shallow end of the lagoon and 
thus form a lake are well advanced. Magnesian calcite 
sediments are forming in the most recently isolated lakes. 
These are separated by only a few hundred vards from the 
aragonite-rich sediments of the Coorong and the sudden 
absence of aragonite is striking. Farther south the some 
what older lakes contain a small proportion of eal 
dolomite which is present in progressively larg 
in the older lakes to the south. Kingston Lake, | 









COORONG 
LAGOON 





Fig. 1 


be regarded as the end of this chain, has magnesian calcite 
and calcian dolomite in about equal amounts. 
The assemblages, ‘ordered’ dolomite, dolomite + mag- 


fe nesite and aragonite + hydromagnesite are found in the 


-oldest group of lakes and have so far not been further 
separated according to age. 
“Geochemical factors. which have been noted in our 
studies include salinity, composition, pH, oxidation poten- 
<tial'and temperature of lake and lagoon waters. Although 
“all these factors probably affect the nature of carbonates 
precipitating from the waters the variation in the relative 
amounts of magnesium and calcium is particularly inter- 
esting. During the annual period of inundation many 
lakes show a reasonable constancy in magnesium content 
while calcium noticeably diminishes. This is due to pre- 
cipitation of calcium carbonate both inorganically and 





evaporation the ratio magnesium + 
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Doriog te -period of inundation and 
calcium thus increases 
along with the salinity. Although every lake receives an 
increment of cyclic salt each year the proportion of 
calcium-deficient salt inherited from previous years is 
sufficient to maintain and, in fact, slowly to increase the 
magnesium : calcium ratio. A high magnesium : calcium 
ratio is thus associated with increasing ago and approxim- 
ate figures for each group of lakes at the time of maximum 
pH are given in Table 1. 


Disgnically. 


Table 1 
Approx. Mg ; Ca 
in water at time 
Age of lake Sediment of max. pH 
(Coorong) Aragonite + Mg calcite 5 
Mg calcite 6 
j Mg calcite + Ca dolomite 8 
inereases 
} Qrdered dolomite 10 
l Dolomite + Sen pea 16 
l Aragonite+ omagnesite 20 


Tt is obvious that in each lake as salinity approaches 
the level at which sodium chloride starts to crystallize 
the water will have an unusually high concentration of 
magnesium ions. We believe that at this stage any cal- 
careous carbonate sediment in the water may react so as 
to increase its content of magnesium. 

It is thus suggested that in the variety of environments 
provided by the Coorong and its associated lakes, carbon- 
ate sediments represent a reaction series, for example: = 


aragonite->magnesian calcite—calcian dolomite—>‘ordered’ dolomite 


The first three stages, up to calcian dolomite, can take 
place, we believe, during the aqueous phase of the annual 
cycle. Although aragonite is not an important constitu- 
ent of the lake sediments it is possible that it is the first 
form of calcium carbonate to crystallize but inverts rapidly 
to calcite. The conversion of magnesian calcite + calcian 
dolomite to ordered dolomite may be confined to a dia- 
genetic stage. 

Aragonite + hydromagnesite sediments do not fall in 
the normal reaction series.. They represent an environ- 
ment into which an unusually high carbonate~bicarbonate 
content has been introduced by ground-water. This 
assemblage may eventually develop into the dolomite + 
magnesite assemblage. Alternatively magnesite may 
represent the final magnesium-rich product of the normal 
reaction series. 

The work was supported by the American Petroleum 
Institute. 

: Alderman, A. R.; and Skinner, H. C. W., Amer. J. Sci., 255, 561 (1967)... 
2 Alderman, A. R., J. Geol, Soe, Austral., 6 (1), 1 (1988). 


* Alderman, A. R., and von der Borch, C. C., Nature, 188,931 (1960), 
t Alderman, A. R., and von der Borch, C. C., Nature, 192, 861 (1961). 


CORRELATION BETWEEN GRAVITY ANOMALIES, TRANSCURRENT 
FAULTS AND POLE POSITIONS 


By J. C. L. HULLEY 


54 Bateman Street, Cambridge 


ec BSERVED deviations in satellite orbits reveal regional 
CZ dopartures from a symmetrical mass distribution 
-about the Earth’s equatorial plane; Kaula has published 
an interpretation, recently revised!, of these regional 
“gravity anomalies, Incorporating data from other sources. 
There are five positive and five negative areas, with typical 
radii of 4,000 km and ranging up to 50 m of geoid undula- 
tion at their centres. The absence of an obvious relation- 
ship to surface topography suggests that the mass varia- 
tions causing the anomalies extend into the mantle. 


Such variations might be associated with convection, 
but their geographic distribution does not fit the present 
pattern of tectonic movements in the way that. would be 
expected if sections of the crust are carried along on the 
tops of convective cells. The purpose of this communica- 
tion is to point out that a more direct relationship between 
the anomalies and tectonic movements can be found in 
pole-seeking and pole-fleeing forces. 

It is assumed that the regional anomalies are isostatic, 
that is that they do not primarily reflect surpluses or 
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Fig. 1 


deficiencies of total mass. but rather variations in the 
distribution of mass: vertical columns of the mantle-crust 
having higher than average centres of gravity appear as 
positive anomalias, and conversely. 

Positive anomalies of this type are subject to pole-fleeing 

_ forces (polfluchtkraft), and negative ones to pole-seeking 
forces which, by virtue of their regional extent, can reach 
significant proportions: depending on the actual distribu- 

.. tion. of mass in depth which is assumed, they range up to 
10% dynes/em? average around the sides of a column of 

Je and crust. Because the gaseous and liquid layers 
low the mantle-crust are weak, and because 
omalous sectors are wide in relation to their depth, 
they are likely to transmit and concentrate the stresses 

“required to cause faulting in the weak belts of the crust. 
According to recent estimates?, the energy annually 
released in carthquakes is about 3 x 10% ergs; the energy 
of horizontal motion may range up to several times this 
quantity, sufficing to cause both faulting and creep. 

Fig. 1 permits comparison of the anomalies with geo- 
logical observations of current horizontal motion. The 
centres of the ten anomalous regions are marked as large 
arrowheads to indicate the expected directions of move- 
ment. Zones of earthquakes down to magnitude 6 
(refs. 3 and 4) are shown as groups of circles. Pairs of 
parallel arrows indicate transcurrent faulting. 

The latter include only contemporary movements 

_ Which have been directly observed, that is motions along 
faults which break the surface, where offsets have been 
‘measured on the spot during the past eight decades. 
Five of the six cases listed in Table 1 are described in 
Richter’s compilation (ref, 4, beginning at the page noted, 
with references in Appendix XVI); the other one is an 
observation afterwards published by Allen’. In most 
cases the main fault is accompanied by conjugate faults 
roughly at right angles to it, while the horizontal offset is 
associated with vertical throw; in these cases I have fol- 
lowed the authors’ selections of prevailing motion. Move- 
ments believed to have oecurred in earlier times are 
exeluded because assumptions about relative positions 
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Table 1. CONTEMPORARY HORIZONTAL MOTIONS OF THE CRUST, DIRECTLY 





OBSERVED 

Region Strike Sense Offset Dates Ref.t 

California- rE 6 
Nevada N.N.W.-S.8.E, dextral up fodm 1946, 1954 466 
Japan N.N.W,-S.3.E, sinistral uptodm 1891, 1930 554 
Formosa à W. sinistral up to 2m 1981 Alen? 
Sumatra N. dextral upto4 m 1892 608 
W., Pakistan E ‘sinistral tm 1892 608 
‘Turkey E-W. dextral upto3m 1988, 1939 Gil 
1942, 1944 
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of gravity anomalies and poles in those times lie peyor 
the scope of the present communication. 
solutions are also omitted because of their: 
particularly where the fault-strike is unknown. 

In Fig. 1 it may be seen that: ee 

(1) While the location of earthquakes is detenn 
mainly by the relative weakness of the crust a 
mountain ranges and ocean-ridges, the directio 
stresses appears to be determined by the gravity 
ies; observed movements (small arrows) corres 
each case with the expected movements. associati 
the anomalies (large arrow-heads). The least-o 
case, in Turkey, may be explained by the rotations! 
on the African continent of the southward vecio 
West Africa and the northward ones in Tndia and the 
Indian Ocean. 

(2) The distribution of seismic energy may also: be 
accounted for. Thus the most active seismic region in 
the world, in Eastern Asia, lies amid the closest concentra» 
tion of oppositely directed anomalies. : 

An additional concordant observation, not shown ii 
Fig. 1, is: ae 

(3) Transcurrent faults with offsets of several hundred 
miles in the eastern Pacific Ocean basin strike toward the 
mid-Pacific; because the majority of faults with long 
offsets may be expected to have been. roughly merdi 
when they were active, their apparent paleozoic 
to the evidence’ for polar locations in the ts 
region at that time. age 

There thus appears to be a correspondence betwe 
transcurrent faulting, polar locations and the è 
motion of regional gravity anomalies which may 
of a new hypothesis of the cause of tectonic me 
In preparing this article I have received substantial hoty 
and guidance from J. E. Jackson and Dr. F. D. Stacey. 

Note added in proof. A more recent harmonic analysis 
of satellite motions by Kaule? differs from earlier ones! 
in incorporating luni-solar and atmospheric perturbations. 
while excluding surface gravity observations. The differ- 
ence in results is wide enough to make the correlation poor: 
the difference in source data makes assessment diffieult. 
1 Kaula, W. M., J. Geophys. Res., 64, 2401 (1959); 66. 1799 (1981). 
* Gutenberg, B., Trans. A.G.U., 41, 2, June (1960), 

* Koning, L. P. G., Overdruk uit Geol. en Mijnhowe, N. 8.18. 271, duly jose 

* Richter, C, F., Elementary Seismology (Freeman, 1954). 

* Allen, C. R., J. Geophys. Res., 67, 4795 (1902). 

* Vacquier, V., in Continental Drift, edit. by Runcorn, Se Et 
emie Press, 1962). : 

7 Runcorn, S$, K., in ref. 6. 

* Kaula, W, M., J. Geophys. Res., 68, 478 963). 
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THERMAL REARRANGEMENT OF A PERFECTLY ORDERED TUNGSTEN SURFACE 
By Dr. D. W. BASSETT 


National Chemical Laboratory, Teddington, Middlesex 


TOMICALLY smooth and almost perfectly ordered 
tungsten surfaces are prepared in the field ion 
microscope by field evaporation at low temperatures'. In 
contrast, field ion micrographs show that after tungsten 
field emitters have been thermally annealed their surface 
is relatively disordered; only the most densely packed 
crystal planes such as (110), (211) and (100) are wel! 
developed and atomically smooth*. It would therefore 
be expected that a field evaporated surface would re- 
arrange if the emitter were heated to a sufficiently high 
temperature. An investigation of this re-arrangement 
has been made using field ion microscopy for examination 
of the emitter surface. 
The field ion microscope used is similar to that described 








[10] 


Fig. 3. Arrangement of atoms in the edge of (110) layers at the surface 
of a tungsten field emitter. The type of kink atoms found in the (100) 
and (111) regions are shown at A and B, respectively 


[001] 


by Müllər!. Since it is not possible to distinguish between 
adsorbed gas atoms and displaced tungsten atoms in the 
ion micrographs, any contamination of the emitter surface 
after its initial cleaning by heating to 2,300° K and field 
evaporation would have obscured the changes to be 
observed. Ultra-high vacuum techniques were therefore 
used, and a pressure < 5 x 10-* torr was readily obtained 
after baking the microscope at 450° C. Ion images were 
obtained using very pure helium at about 7 x 10° torr, 
with liquid nitrogen cooling of the emitter. Perfectly 
ordered tungsten surfaces were prepared by low-tempera- 
ture field evaporation. These surfaces were then re- 
arranged by raising the emitter temperature to a desired 
value for 2 min, and then allowing it to cool rapidly to 
—195° C. The helium used to obtain the image was 





Fig. 1. A field-evaporated tungsten emitter (radius about 900 A) after present during the heating cycle, but no electric field was 

heating at 420° C for 2 min. Isolated bright spots around the bright tied t 5 } s S 1; li Ph 

triangular region near the centre of the picture show atoms in the (111) appuec betw een the emitter anc its surroundings. oto- 
region which have moved graphs of ion images of tho initial and final states of the 


surface were subjected to detailed comparison. 

Tho experiments show that the temperature at which 

S Hei i movement of surface atoms first occurs is not tho same 

N ? s for all crystal planes. The surface is divided into two main 
regions by the [111] zone lines. which form bridges 
between the (110) and (211) planes, and in each region 
smaller local variations in behaviour are observed. In 
the region around (111), atom movement begins at about 
420° C (Fig. 1); but in the region around (100) comparable 
changes are observed only when the temperature is about 
470° C (Fig. 2). At higher temperatures the amount of 
atom movement is very large, and the conformation of 
the emitter surface changes towards that of thermally 
annealed nearly hemispherical emitters. Only the most 
densely packed planes remain atomically smooth, and the 
(211) and (110) planes increase in area as migration of 
atoms from the uppermost layers expeses underlying 
layers. 

The hemispherical tip of a (110) oriented tungsten field 
emitter may be pictured as a stack of (110) layers, each 
layer being smaller than the layer beneath it. The surface 
thus consists of a series of (110) terraces separated by 
steps of monatomic height. As tungsten is a body-centred 

: cubic metal, the (110) plane is the most densely packed. 
Vig. 2A ld-evaporated tungen miter showing suture rearrange Each atom in this plano has 6 neighbours, 4 of thom in 
min close-packed positions. The most weakly bound atoms 
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in the tip surface are those at kinks in the edges of such 
(110) layers, for example, Fig. 3 A and B. The surface 
re-atrangements observed are probably due to atoms from 
kink sites moving along the edge of the layer to other kink 
sites which act as traps: MacKenzie, Moore and Nicholas 
have pointed out that in a hemispherical surface the kink 
atorns are of two types determined by the spatial arrange- 
ment of the nearest neighbour bonds which are broken*. 
The resulting division of the surface into two regions is 
the same as that observed in the migration behaviour. 
Although the kink atoms are of two types, if it were valid 

- $0 asstime the pairwise addition of bond energies, they 
“should be energetically very nearly equivalent. This is 
not the. case, as the difference in the temperatures at 
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which atom movement begins in the two regions of the. 
surface indicates a difference of about.0-2 eV in the height 
of the energy barrier to the migration of kink atoms: 
Either the assumption of pairwise addition of bond 
energies is incorrect, in which case the spatial arrangement 
of bonds between nearest neighbour atoms in a body-. 
centred cubic metal should be considered, or poss 
positions of the kink atoms are displaced relati 
positions of atoms in the interior of the metal 
I thank Dr. J. 8. Anderson for his advice. 


t Müller, E. W., Advances in Electronics and Electron Physics 
Marton, L., 43, 83 (Academic Press, Ine., New York. 1960) 

2? George, T. H., and Stier, P. M., J. Chem. Phys., a7, 1085 

3 MacKenzie, EA K., Moore, A. J. W., and Nicholas, J, Py, 
Solids, 23, 185 (1962). 















TWILIGHT LITHIUM IN THE UPPER ATMOSPHERE 


High Abundance of Twilight Lithium, 
November 1962 


A LARGE enhancenient of upper-atmospheric lithium 
abundance occurred during November 1962, closely 
resembling the event of August 19581. Both these 
ean be correlated with thermonuclear explosions near 
60 km, occurring a few days before the initial rise of 
abundance. 
Observations were made at Saskatoon, Canada (52° N), 
in the zenith with the same birefringent photometer used 
. for an earlier investigation®. The intensities, measured in 
< vayleighs, are shown in Fig. 1. According to Sullivan 
and Hunten?, a brightness of 100 rayleighs corresponds 
toa lithium abundance of 6-2 x 10° atoms/em?; the 
ical intensity of 4,000 rayleighs near the maximum in 
therefore represents about 2-5 x 10° atoms/cm’. 
gh the brightness is comparable with that of the 
ines, the corresponding abundance is more than 
of magnitude lower, and it is unnecessary to 
aake any corrections for resonance absorption? in the 
thium Jayer, Many of the observations, shown by open 
circles, were made under conditions of cloud or light over- 
east. Experionce has shown that such results are still 
fairly reliable; the intensity may be either decreased or 
< inereased, but remains within + 50 per cent of the original 
‘value. Much of the fine structure seen in Fig. 1 may be 
due to this difficulty ; but the general form of the enhance- 
ment should be correct. There is also some uncertainty 
in the absolute intensity scale of the photometer; but 
this should be included in the error limits already given. 
Previous experience’* has shown that a likely source of 
“this lithium is a thermonuclear explosion at a height of 
$ about 60km. Gadsden and Salmon! could find no effect 
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Fig. 1. Approximate zenith. brightness of the lithium resonance lines 
during late 1962. The lines connecting the points are intended only to 


guide the eye. The arrow shows the.date of the thermonuclear explosion 

believed to be responsible for the enhancement. The bar marked SB 

shows when the measurements of Shepherd and Bens (following com- 
munication) were made 

Observing a @, good; O, poor 





from an explosion at 30 km; Sullivan and Henten’ 
observed a possible effect, only one-tenth as. strong as 
this one, from @ much larger explosion im the lower 
atmosphere. The event recorded here can be correlated 
with an intermediate-yield explosion at.a height of 20-4 
miles (48-64 km) at 0900 v.t., October 26 (ref 4); t 
time is shown by the arrow in Fig. 1. This is the 
explosion, so far as we know, resembling the ox 
requirements since 1958. The similarity of Fig. 
1958 event! is striking. The first. observed rise of inty 
occurred 4 days after the explosion in both. case: he 

peaks are about 17 days after; and the half-life of the docas 
is a week or slightly more. Gadsden and Salmon? 
unable to measure absolute intensities; but | 
maximum. values to be close to that of the so 
Tinsley and Vallance Jones® find this to be ab 
rayleighs in the southern hemisphere in August. y 
agreement with Fig. 1. 

It seems safe to conclude that the lithium enhancements 
of August 1958 and November 1962 were both caused by 
intermediate-yield thermonuclear explosions. at a hei 
near 60 km. The measurement of the isotopic ratio 
reported by Shepherd and Bens in the following communi. 
cation was made at the time labelled SB in Fig. 1. Their 
somewhat surprising result was obtained whe 
intensity was well down from its maximum. How 
there is little doubt that most of the lithiuta ob 
at that time was still of artificial origin. cue 

The explosion of July 9, 1962, at a height of 
produced many violent geophysical offec 
might not be ‘expected to deposit: much lit 
80-km region. At Saskatoon. Sullivan i 
increase from 40 rayleighs early in July to a pea 
rayleighs on July 15. At Lauder, New Zealand, O 
reported a peak intensity estimated to be noar IQ: 
rayleighs. The present results strongly support his corn. 




























clusion that thermonuclear explosions are indeot respons- 
ible for these enhancements. 

This work was supported by the Geophysics Research 
Directorate, Air Force Research Division, Office ofo 
contract 


na- 





space Research, U.S. Air Force, under 


19(604)-7265. 





Institute of Upper Atmospheric Physics, 
University of Saskatchewan, 
Saskatoon. 


1 Gadsden, M., and Salmon, K., J. Atmos. Terr, Phys.,22, 75 (20091). 

* Sullivan, H. M., and Hunten, D. M., Nature, 198, 1064 (1982). 

3? Chamberlain, J. W., Physies of the ‘Aurora and Airglow (Academie Press, 
New York, 1961). : 

* New York Times (October 27, 1962). 

* Tinsley, B. A., and Vallance Jones, A., J. Atmos, Terr, Phys, 24.5 

* Sullivan, H. M., thesis, Univ. Saskatchewan (1962). Sullivan 
Hunten, D. M. (to be published). : 
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Fine and Hyperfine Structure of Twilight Lithium 
Emission, November 1962 


Tars communication deseribes the results of observa- 
tions made on the fine and hyperfine structure of the 
lithium resonance line in the twilight-glow. These 
observations were made during the large increase in lithium 
abundance of November 1962, which Hunten and Gault 
(preceding communication) have concluded arose from a 
thermonuclear explosion. From the results it is concluded 
that the thermonuclear explosion of October 26, 1962, 
deposited only one isotope, lithium-7, in appreciable 
amounts. Observation of the fine structure of lithium-7 
provided a positive check on the identification of this 
emission. 

When in November 1962 it was learned that an un- 
usually large amount of lithium was present in the upper 
atmosphere (preceding communication), interferometric 
observations were begun, with two aims in mind. The 
first was to detect the fine structure components of the 
emission, providing a more positive identification of the 
source than has yet been made. The second was to look 
for any change of lithium-6 from its natural abundance 
ratio of 7-5 per cent. The latter measurement could 
possibly help determine the importance of thermonuclear 
sources. Spectra of the lithium resonance line at 6708 A 
were obtained at Saskatoon on November 23 and 24, 
using a photoelectric Fabry-Perot spectrometer which 
has been deseribed elsewhere!*, For this work, an etalon 
spacing of 3-3 mm was used, giving a free spectral range 
of 1,500 mK and a pass-band. half-width of about 110 mK 
(i mK = 10 cm). An interference filter of 15 A half- 
width, a red gelatin filter, and a dichroie filter reflecting 
wave-lengths greater than 8000 A were also used. It was 
necessary to accumulate about ten successive l-min 
scans to obtain a tolerable signal-to-noise ratio. This was 
done with a 32-channel condenser memory unit designed 

_ and provided by Dr. D.M. Hunten?. 

The lithium resonance transition has a fine-structure 
splitting of about 325 mK. The isotope shift between 
~lithium-6 and -7 is practically the same, about 355 mK 
(ref. 4), Each of these components has a further hyper- 
fine-structure splitting of about 30 mK; compared with 
the Doppler width this is narrow enough to be neglected 
here. The observed structure is thus a triplet of about 
equal spacings, with the central line consisting of two 
components. The identifications are, in order of increas- 
ing wave-length: *Li(?P3/.Si/.); “iC? Py/.S1/.) and 
SLi? PaaS) superimposed; and ®Li(?P,/,-*S,/.)®. In 
what follows these three features will be referred to as 
I, I, and I, respectively. 

The relative intensity of the two fine structure com- 
ponents for a single isotope is determined only by the 
statistical weights of the *P,;, and *P,/, levels since 
absorption in the lithium layer is negligible’. If the ratio 
of lithium-6 to lithium-7 is denoted by r, then the line 
intensity ratios aro I,/J, = 0-5 +r and I/I, = 05 r. 
For the natural abundance of r = 0-08, 7/7, = 0-58 and 
L,/I, = 0-04. With a low signal-to-noise ratio, this could 
not be distinguished from pure lithium-7. Appreciable 
increases in r would be readily observed, however. For 
r= 05, IJI, = 1-0 and J,/f, = 0-25; for r= 1-0, 
fT, = 15 and I/I = 0-5. 

‘Two spectra obtained on the evening of November 23 
are shown in Fig. 2, along with the predicted positions of 
I, J, and J, as determined using a laboratory lithium 
sourco: A large amount of background signal has been 
subtracted from each of the records. Fig. 2a was taken 
during late twilight and contains 10 seans. Fig. 2b 
contains 14 scans; it was taken during early twilight when 
the white light background was changing more rapidly. 
Three emission lines are readily apparent. at positions 
very close to those predicted. In order to determine 
their relative intensities, the background-level must be 
determined. If this were taken at the level of the channel 
having the least signal, it would be as indicated by the 
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Fig. 2. High-resolution spectra of the lithium resonance line in twilight, 

obtained at Saskatoon on November 23, 1962. The arrows indicate the 

predicted positions for the following lines: Jy “LiG@Paig"’Sya)t Ta, 

"LIC Pye Sua) and *LiGPs/¢"S8is4) superimposed; Ia, *LIEP e-*Si/9). 

The histogram-like appearance is imposed by the 32-channel memory 

used, æ, Ten scans taken during late twilight; b, fourteen scans taken 
during early twilight 


lines b-b (this channel appears twice, in successive orders). 
This possibility was ruled out on the basis of expected 
line shapes. The channel width is about 55 mK and the 
instrumental spectral width about twice this. For an 
emission line centred on one channel, that channel will 
contain about 70 per cent of the total signal for that line. 
For an emission line centred halfway between channels, 
the sum of the signals from those two channels will be 
equal to 85 per cent of the total signal. On this basis, the 
background level must correspond more closely to the 
lines a-a. 

Choosing a-a as the background-lovel, the following 
intensity ratios were obtained: J,/J, = 0-19 and J,/I, = 
0-39. The I/I, value suggests r = 0°38, but the J,//, 
value implies the impossible result that r is less than zero. 
Of the two values, tho first is the less reliable. The 
identification of the observed line as J, is questionable 
for two other reasons. First, the signal-to-noise ratio is 
low; and secondly, the observed line is displaced by one 
channel from its predicted position. It seems reasonable 
to conclude that the observed féature is not lithium-6 
but is spurious, so that J; = O0 andr = 0. The difference 
of F/I, from its expected value of 0-5 can be attributed 
to the low signal-to-noise ratio. The spurious feature may 
result from an instrumental effect, but is more likely 
background contamination from artificial lights. 

Tt follows that the abundance of lithium-6 is less than, 
or possibly equal to, its natural value. The observations 
were made about 12 days after the enhancement reached 
its peak, and the brightness had dropped from about 
3,000 down to 700 rayleighs. The date of our observations 
is indicated on Fig. 1 of the preceding communication; 
they believe that most of the lithium present then was 
still of artificial origin. Apparently the thermonuclear 
explosion of October 26, 1962, deposited mainly lithium-7 
in the atmosphere. 

oa thank Dr. D. M. Hunten for providing the informa- 
tion about the brightness of the lithium emission. This 
work was supported by a grant from the National Research 
Council of Canada. 
G. G. SHEPHERD 
A. R. Bens 
Department of Physics, 
University of Saskatchewan, 
Saskatoon. 
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LETTERS TO 


PHYSICS 


Magnetic Anisotropy in Evaporated Thin Films 
containing Aluminium 


y metal and alloy ferromagnetic films prepared by 
vapour deposition at normal! or oblique? incidence are 
known to possess a magnetic anisotropy in the film plane. 
_ Published work has. been confined chiefly to the main 

z ferromagnetic elements and to alloys near the 80/20 
__nickel-iron composition. At this composition the observed 
-anisotropy is thought to be due in part to directional 
. orderimg of the solute atoms as described by the Néel- 
Taniguchi theory’. To examine further the influence of 
a ctional ordering on the anisotropy of films, and 
. particularly the behaviour of alloys containing small 
amounts. of non-magnetic solute atoms, the system 
‘gluminium-iron was investigated. The induced anisotro- 
¿pies of bulk materials of the alloy range considered have 
been examined‘, and show evidence of the influence of 
directional ordering. 

Evaporations were carried out at pressures near 10-4 

mm mercury on to glass substrates held at 200°C. The 
. souree-substrate distance was 15 cm and films were 

‘doposited at a rate near 900 A/min to thicknesses near 
2000 A. Beeause of the differing vapour pressures of 
aluminium and iron at temperatures at which iron begins 
to evaporate at a convenient rate, the film composition is 
inereased in aluminium relative to that of the alloy charge. 
Using a single alloy charge it is thus difficult to obtain 
ilma containing controlled low quantities of aluminium. 
- alloy composition of the film may be more closely 
trolled by evaporating the two materials simul- 
ancously from two different sources. This technique was 









used in the investigation reported here, the iron being held 


in a magnesia crucible and heated by high-frequency 
induction and the aluminium was placed on a loop of 

“tungsten wire through which a high current could be 
passed. The geometry of the arrangement was such that 
for the film substrate position where the iron was deposited 
at norma] incidence, the aluminium was incident at an 
angle near 30°, 

Filme prepared according to this arrangement had an 
induced easy axis direction in the film plane, orthogonal 
to the line joining the film to the aluminium source. The 
influence of the aluminium: beam on the induced anisotropy 
was confirmed by depositing some films after moving the 
aluminium source by an angle of 90° about an axis normal 

to the substrate plane, when the easy axis direction was 
again observed to form orthogonal to the line joining the 
film to the aluminium source. 

> The magnitude of the aluminium beam induced 
anisotropy increased with aluminium content in the film, 
with a specimen containing an averaged chemical composi- 
tion of 22-0 atomie per cent aluminium having an 
anisotropy energy density of 1-5x 10° ergs cem. This 
compares with a maximum induced anisotropy of less 
than 1-8 x 104 ergs em in bulk aluminium-iron, which 
occurs at a composition of near 22-0 atomic per cent 
aluminium‘. 

Where the iron itself was deposited at oblique incidence 
the anisotropy so induced? could be removed in favour of 
an anisotropy with an easy axis direction defined by an 
oblique incidence aluminium beam. The anisotropy of 
permalloy films could be governed by the aluminium beam 
and the easy axis so formed could be made to lie orthogonal 
to the direction of an applied annealing field. In a typical 
example, a permalloy film containing near 3 atomic per 
cent aluminium had an equivalent anisotropy field, 
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aligned by the aluminium beam, of 22:0 œ. with an easy 
axis direction ceercive force of 0-9 œ. 

The origin of the aluminium beam induced 
was not confined to behaviour at the film-gl 
interface as films of iron-aluminium, forme 
that the iron began depositing after the aly 
finished, showed little trace of any replication as 
In addition, films the substrates of whieh wore o 
with iron to a thickness of a few hundred A L ; 
depositing the alloy, still possessed an anisotropy nor i 
by the aluminium beam. 

The presence of an aluminium beam induced anisotropy 
may be associated with the fact that durimg filmy growth 
the aluminium is incident chiefly on those surfaces of the 
growing crystallites which face the aluminium source. 
Diffusion within the film is thought to be insufficient to 
produce a homogeneous alloy, so that the film consists 0 
alternate regions, lying orthogonal to the line joining. in 




















and low in aluminium content. This anisotropic 
bution of aluminium within the film is then assumed 
establish an effective aligned shape anisotropy 
magnetic structure of the film which causes the m 
anisotropy. The anisotropic distribution of alun 
material having a high affinity for oxygen, may 
effect of aligning the oxygen atoms pri 
deposited at pressures used in the present inv 
The aligned oxygen could then contribute to th 
anisotropy according to the models considered by 
reich et al.” and Prosen et al.', 

The ability to govern easy axis direction in evaporated 
films using an oblique incidence aluminium. beam suggests 
that the easy axis dispersion found in large-area filine die 
to the geometry of the deposition? could be reduced by 
the application of suitably orientated aluminium beams 
incident over the film area during its deposition. Tn this 
manner it should be possible to produce a film the easy 
axis direction of which remained sensibly constant over a 
large area. 

I thank Dr. E. W. Lee for advice and Mr. 5. Jenkinson 
for assistance with the film fabrication. 





Heiden. 





J. A. Hopame 
Department of Physics, 
University of Sheffield. 
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An Optical-radiation Quenching Effect 
following a Current Pulse superimposed on 
a Background Arc Plasma in a Low-pressure 

Mercury Vapour Valve 


AN experimental single-anode mercury pool valve with a 
saturated-vapour presrure of about 5 um mer wae 
operated in a single-phase single-way rectifier cireuié 
with resistance load to pass at a frequency of ae ie 
half-sinusoidal current pulses with a crest value of 
20 amp, and superimposed on each of these basic. pub 
was a further pulse of half-sinusoidal wave-she 













472 


b 





20 psee/div. 


200 psee/div. 
Time-seale 
Fig. 1. Osecillograms of radiation intensity following the superimposed 


current pulse in the valve. a, Anode region; b, region between anode and 
cathode; c, as for (6) but with ultra-violet component; d, cathode region 


crest value of 80 amp and a duration of 14 psec at the 
base, the superimposed pulses being produced in syn- 
chronism with the basic pulses by periodically discharging 
through an appropriate circuit arrangement e capacitor 
which was continuously being charged through a high 
resistance from a d.c. source. The phase difference 
between basic and superimposed pulses was adjustable 
and was set at 60° in respect of the starting instants. 
An electron multiplier photovalve with quartz window 
was used in combination with a high-speed cathode-ray 
oscillograph to obtain and to record the wave-shape of 
optical radiation intensity from the plasma in the valve 
as follows: (a) in the anode region; (b) in the region 
between anode and cathode; (c) in the same region but 
with the radiation passing through a quartz window 
attached at an appropriately placed outlet port in the 
glass envelope of the valve; (d) in the cathode region. 
Fig. 1 shows the oscillograms which for clarity of demon- 
stration of some effects were obtained at two different 
speeds of the time base. 

The broken line on each oscillogram indicates the 
intensity of radiation from the background plasma alone, 
that is, if the plasma had remained undisturbed by any 
superimposed current pulse. Two distinct effects can be 
discerned in the oscillograms, an ‘afterglow’ effect follow- 
ing the superimposed current pulse, and later a tempor- 
ary radiation ‘quenching’ effect. The afterglow effect 
is most pronounced in the cases (b) and (c), less pro- 
nounced in (a), and virtually absent in (d), whereas 
the duration of the quenching effect is shortest in (d) 
and longest in (b) and (c). The oscillograms (c) indicate 
that the ultra-violet component of radiation somewhat 
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increases the afterglow effect but is not noticeable in the 
duration of the quenching effect. 

The mechanism of the quenching effect appears to be 
in some manner related to the factors affecting the mecha- 
nism of the afterglow effect, a short duration of quenching 
being associated with an absence of afterglow—seo oscillo- 
grams (d)—and a long duration being preceded by some 
substantial afterglow—seo (b) and (c). At present no 
explanation is offered to account for the mechanism of 
the two effects and any possible inter-relation between 
them apart from pointing out the behaviour of the plasma 
parameters after the end of the superimposed current 
pulse which was found! for the region from which the 
oscillograms (b) and (c) were obtained: (1) the electron- 
density temporarily increased above, and the electron 
temperature temporarily decreased below the respective 
non-disturbance value, the peaks of deviation coinciding 
fairly closely with the radiation intensity troughs in the 
oscillograms (61) and (cI); (2) the ion density first sharply 
dropped, in a few microseconds below the non-disturbance 
value, then increased above non-disturbance value to a 
peak in about 40 usec and after further 150 usec began to 
decrease gradually. A further observation which may 
perhaps have a bearing is indicated in the oscillogram 
(all), which shows asmall hump in the radiation intensity 
about 40 usec after the peak. The hump was found to 
coincide with a corresponding small depression in an 
oscillogram of the ion current to a probe inserted in the 
plasma. The cause of the hump in (all) is surmised to be 
analogous to the cause of similar humps occurring in the 
afterglow of are pulses in low-pressure inert gases*. 

The work was carried out in the Electrical Engineering 
Department of the Manchester College of Science and 
Technology. 

Note added in proof. A possible explanation for the 
mechanism which causes a hump in the optical radiation 
intensity during the afterglow of an are pulse has since 
been found to have been proposed recently by some 
Russian workers* for such a phenomenon in a hydrogen 
are pulse. They consider the temporary increase of 
radiation intensity in the afterglow to be caused by a 
temporary increase of recombinations resulting from a 
sharp increase of the recombination coefficient as the 
electron temperature falls, in their case below 10* °K, the 
fall in temperature being due to loss of electron energy, 
principally in the processes of excitation and ionization. 
after the current pulse. For their case under investigation 
they estimated a drop of electron temperature from 
5 x 10t °K to 5 x 10° °K to occur in about 20 usec. 
which value was of the appropriate order for the time 
scale of the appearance of the optical radiation intensity 
hump, and which also applies to the time scales of the 
hump phenomenon in mercury vapour referred to here, 
and in other gases reported elsewhere‘. 


R. FEINBERG 
M. E. ROBERTS 
Ferranti Ltd., 
Hollinwood, Lancs. 
1 Feinberg, R., and Roberts, M. E., Proc. Inst. Elec. Eng.,110 (1963) (in the 
press). 
* Feinberg, R., and Roberts, M. E., Proc. Fifth Intern. Conf. lonisation 
Phenomena in Gases, Munich, 1961, 1, 1080; J. Electronics and Control, 
11, 115, 297 (1961). 
Pavlichenko, O. S., and Dushin, L. A., Optica and Spectroscopy, 12, 301 
(1962). 


Cosmic-ray Latitude Knee around Cape 
Town Anomaly 


I have already reported that the position of the so- 
called cosmic-ray latitude knee at sea-level is much lower 
in the south direction from Cape Town than in other 
regions':*. The latitude knee found by means of a ship- 
board neutron monitor remained in a fixed position, 
35-4° S. geomagnetic latitude, throughout the four surveys 
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-back and forth along the constant route from the Indian 
‘Ocean to.the Antarctic Ocean via Cape Town during 
October 1956-April 1961. I attributed such anomalously 
low ‘knee’ effect to a cause of the small horizontal com- 
ponent of the geomagnetic field around Cape Town. 
~The fifth survey has been carried out under the same 
_ eonditions of observation as in the preceding surveys 
during: the period November 1961—April 1962. Neutron 
ities obtained referring to the geomagnetic latitude 
e plotted in Fig. 1, together with results of the preceding 
| surveys where part of the fourth one are amended for the 
_ past wrong reduction of data. If one defines the position 
_of ‘knes as an intersection point of an inclined straight line 
fitted to observed points between 20° S. and 35° S. on the 
_ intensity-latitude curve with a horizontal line representing 
the mean neutron intensity above 50° S. then it is clear 
from Fig. 1 that any systematic variations are scarcely 
seen among each position of ‘knee’ as pointed out by A, of 
hich error in latitude is estimated to + 1°. Whereas, 
we could find some difference concerning apparent shape 
if eel varying from a sharp type to a gradual one with 
: In other words. a difference between the neutron 
a inrensiby at 35° S. and above 50° S. becomes larger as solar 
- Saetivity descends. The neutron nema observed at a 
fixed cosmic-ray station located near 35° S. Hermanus, 
shows intensity increase of 7-5 per cent during January 
1958-March 1962, while 9-9 per cent at Mawson, Antarctic. 
i Thus, such year to year variation in the latitude effect as 
seen in Fig. 1 is consistent with the observed results from 
he reference stations. 
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Fig.l. Cosmic-ray intensity versus geomagnetic latitude, five surveys 
back and forth. The intensity scale is given by the natural k 
enle on of counting-rates/12 h (24-h mean values for fourth 
only), The standard deviations of the intensity values are 
covered by the circles. The intensity shown by æ horizontal line is 
deduced from the measurement during two months when the ship was 
st taying in the Antarctic Ocean 
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To display clearly the foregoing variation in the latit 
effect, a straight line is approximately fitted with the 
points largely deviating from both the previous inclined 
and horizontal lines. Two intersection points of the 
present line with the previous ones are illustrated by 8 and, 
C, respectively. Each of point B, say the first BO) Te 
always kept in a fixed position throughout the 
surveys while point C, the second one, gradually. ir 
towards higher latitude with time. Now, physival ¢ 
siderations must be given of the primary cosnyo 
spectrum deduced from the intensity-lativade: gur o usir 
any known specific yield function. Fig. 
differential primary rigidity spectra sonsmcading 
first and the fifth surveys, where Webber and Que 
yield function and normalization method? are app 
also both rigidity values by Quenby and We 
Quenby and Wenk® referred. Although a 
parison of my spectra with Webber and Qu 
meaningful only in rigidity region above 5 GeV, i 
be seen from Fig. 2 that the former has a remar 
hump of neutron intensity beyond the latter in 1 
rigidity region belonging to Cape Town anomaly, even if 
the improved rigidity by Quenby and Wonk is used. 
This means any known rigidities are still incomplete around 
the geomagnetic anomaly. Furthermore, it is pro! ; 
atical whether a large time variation of the second ‘knoe 
that amounts to sbout 10°, which corresponds to 1-5 
GeV in rigidity, during a half solar ecyele ean be 
quantitatively explained in terms of the known time 
variation only in the primary spectrum, or not. 

Recently, the latitude survey using an airborne neutroi 
monitor was performed around C ‘ape Town by the 
al.*, the intensity-latitude curve of which along 1 
geographic longitude shows no ‘knes’ effect be 
geomagnetic latitude. Since the geographic long 
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which our surveys were made is not constant but varied 
from 19° E. in Cape Town to about: 70° E. in the position of 
20° S. geomagnetic latitude, some longitude effect should 
be included in the observed intensity-latitude curve. For 
example, double circles in Fig. 1 illustrate the mean 
neutron intensity in Cape Town, where the ship stayed 
for about a week every one passage. Each of them largely 
deviates from the respective latitude curve 4A’, amount- 
ing to 5 per cent in average. Correction for this amount of 
longitude effect leads to upward shifting of the position of 
the first ‘knee’ by only a few degrees. Nevertheless, there 
should still remain some significant difference between 
the air-altitude ‘knee’ and the sea-level one. This also 
may be concerned with any primary spectrum around 
Cape Town anomaly. Detailed consideration and dis- 
cussion of the foregoing problems will be published else- 
where. In this article we wish to point out the fact that 
some anomalous effect in the primary cosmic-ray spectrum 
due to the strong geomagnetic anomaly is observable even 
at sea-level. In any event. it will be necessary to measure 
altitude and latitude dependences of the various com- 
ponents by balloon flight around Cape Town anomaly. 

The cosmic-ray measurement aboard was supported by 
the Science Council of Japan, as one of the Japanese 
Antarctic Research Expedition programmes. I thank 
Dr. Y. Miyazaki for his advice. 

Masautro KODAMA 
The Institute of Physical and Chemical Research, 
Tokyo. 
1! Kodama, M., Sei. Papers Inst. Phys, Chem, Res., 54, 20 (1960). 
2 Kodama, M., Fukushima, S., and Makino, T., J. Phys. Soc. (Japan), Supp. 
A, 2, 441 (1962). 
3 Webber, W. R., and Quenby, J. J., Phil. Mag., 4, 654 (1959). 
‘ Quenby, J. J., and Webber, W. R., Phil. Mag.. 4, 90 (1959). 
* Quenby, J. J., and Wenk, G. J., Phil. Mag., 7, 1457 (1962). 
‘du Plooy, N. F., Kühn, G. J., Maree, J. P., Stoker, P. H., and van der 
Walt, A, J., preprint (1962). 


Breaking Extension of Nylon Filaments 
under Combined Axial and Transverse 
Stresses 


Tas normally accepted coaxial helix model of the 
geometrical structure of a continuous filament textile 
yarn) is such that rupture of the yarn would be expected 
to commence at its centre, where the filaments are aligned 
parallel with the yarn axis. Hearle and Thakur? have 
shown for short lengths of yarn extended at low strain 
rates that breakage of the yarn begins at a point away 
from the yarn centre. They concluded that this type of 
rupture would be expected if the centre filaments of the 
yarn were buckled in the unstrained state. This explana- 
tion, however, ignores any alteration in filament breaking 
extension which may be associated with the transverse 
stresses exerted by the surrounding filaments. These 
stresses have been shown?! to modify considerably the 
stress distribution in rubber filaments which form a 
twisted structure of the type deseribed here. Some 
results which I have obtained recently on the breaking 
extensions of nylon monofilaments subjected to a combined 
axial stress and transverse compressive stress show that 
their extensions at break are changed under these con- 
ditions. 

Model yarns consisting of a straight centre filament of 
low. breaking extension around which are wrapped five 

- filaments of medium breaking extension in a helical con- 
figuration have been constructed. These models are 
designed to ensure that, on stretching, the centre filament 

breaks first. Using an Instron machine, the models were 
stretched until the centre filament broke and the strain at 
this point was observed. This corresponds to the breaking 
strain of the centre filament when subjected to a tensile 
stress along its axis together with a transverse compressive 
stress. By varying the initial helix angle of the outer 
filaments, a range of values of breaking extensions and 
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corresponding transverse stresses has been obtained. 
These stresses were calculated from a knowledge of the 
yarn geometry at the breaking point and the stress-strain 
property of the outer filaments. Results given here show 
the relation between the breaking extensions and the 
calculated stresses for two nylon filaments with normal 
breaking oxtensions of 13-8 and 19-8 per cent. It is seen 
that the strains at which the two specimens break increase 
considerably with transverse stress, particularly for the 
specimen with the lower breaking extension. This effect 
has also been observed in cellulose and “Terylene’ mono- 
filaments. It should be noted at this point that an increase 
in breaking extension may not necessarily occur when the 
transverse stresses are applied via a fluid, for such a stress 
system would differ from that used here in that it would 
not be accompanied by large frictional forces acting over 
the filament surface. While not rejecting the likely 
explanation of this effect as being the presence of the 
transverse stresses, it might be explained by the frictional 
forces alone which bring about a more uniform distribu- 
tion in stress along the filament. 

Filaments at the centre of a yarn under tension are 
subjected to the largest transverse stresses 80 that their 
breaking extensions will be increased by a greater amount 
than those away from the centre, where the stresses are: 
less. It follows from this that the precipitation of rupture 
of a textile yarn might begin at a point away from its axis 
even when the centre filaments are straight and parallel to 
the yarn axis. 

An effect of this kind might be an important factor 
which has previously been neglected in investigating the 
mechanism of yarn rupture. 
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ENGINEERING 


Fluid Extrusion as a Drawing Process 


Fiurp extrusion is normally conducted as shown in 
Fig. la, where the diameter of the billet is smaller than 
the maximum diameter of the die opening. A high hydro- 
static pressure forces the metal to flow through the die 
into a low hydrostatic pressure. 
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Fig. =! Fluid eyo a, As usually conducted; b, with billet larger in diameter than 
ing drawn into die. 
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Fig. 2. Fluid exi -300-1 die openings a 0-375-in. billet of 35 aluminium 
passing into a a 0-300-in, die oponing. overall ion is 90 per cent; 
extruded by 350,000 1b./in,* into about 250,000 Ib./in.* 


In this experiment, a billet larger in diameter than the 
maximum die o was nosed to the 20° die angle, and 
inserted into the die (Fig. 1b). The question arose as to 
whether the billet would deform on to the die entrance 
(Fig. 1c), or would be drawn through the die as shown in 
Fig. ld, despite the compressive environment. The 
material was 3S aluminium. Mechanics theory predicted 
the behaviour shown in Fig. 1d. 

The unretouched photograph (Fig. 2) shows the resulting 
extrusion which was only partly completed in order to 
exhibit all aspects of the deformation. It can be seen 
that the metal has indeed been drawn into the die, as 
occurs during wire drawing. Wire drawing differs from 
fluid extrusion, however, in that the extruded material is 
not under a hydrostatic stress. 

Two other features are of interest. A teat on the upper 
surface of the billet from the preliminary mac 
operation is still present. The upper surface of the billet 
is still perfectly flat, exhibiting no pipe formation. This 
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experiment indicates the initial feasibility 
of the fluid-extrusion process as a means 
of fabricating wire, because there is no 
tendency for the billet to buckle. Inas- 
much as a high-pressure environment is 
known to be suitable for plastic deforma- 
tion of many brittle materials, this process 
may provide a means of making super- 
conductive wire and strip directly from 
brittle intermetallic compounds. An 
analogy to the behaviour of a flexible 
billet during fluid extrusion is that of a 
length of spaghetti being sucked into 
one’s mouth, with no tendency to buckle. 

This extrusion was performed by a 
pressure of 350,000 lb./in.? into a pressure 
of about 250,000 Ib./in.*. These pressures 
are believed to be the highest yet used 
in a fluid-extrusion process. All work 
was at room temperature. 

ALFRED Bosprowsky 
EUGENE A. Srack 
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laternas of Hydrocarbon and Surface- 
active Agent 

Ir is generally assumed, in colloidal systems, that the 
hydrocarbon carrier plays a negligible part in determining 
the effectiveness of surface-active agents. We have 
carried out scuffing experiments using a 4-ball machine 
which show this is not always true. The machine con- 
sisted of three l-in. hard steel balls clamped together in a 
cup and flooded with lubricant, with a 4th ball loaded 
against the other three, such that the centres of the four 
are at the corners of a tetrahedron. The 4th (top) ball is 
rotated at speeds up to 200 r.p.m. The solvents were 
straight-chain paraffins and the surface-active agents long- 
chain acids, amines, and alcohols, in 0-3 per cent molar 
concentrations. The number of carbon atoms in the agents 
were varied and the loads on the top ball increased in 
15-lb. increments (at about 5-min intervals) until seuffing 
started. This point was marked by definite stick slip 
oscillations, and an increase in friction. 

The scuffing loads reached a sharp maximum when the 
number of carbon atoms in the straight-chain additive 
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equalled those in the paraffin lubricant. Fig. 1 shows the 
results for hexadecane (cetane) and straight-chain acids, 
amines and alcohols. Double bonds seem to fit in with 
their effective lengths, for example, elaidie is longer than 
oleic. Similar results were obtained using tetradecane and 
decane as carriers, when the peaks occurred with 14 and 
10 carbon atoms respectively in the (straight-chain) 
additives. 

There is some evidence that this effect is bound up with 
the peptization of wear debris away from the contact zone. 
Runs with the discharge-voltage method! indicated that 
scuffing occurred when the discharge voltage across the 
gap became zero, indicating zero lubricant film thickness. 

Investigations are now being carried out using floccula- 
tion of iron oxide as an indicator of the interaction of 
carrier and surface-active agent. 


A. CAMERON 
R. F. CroOUcCH 
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London, S.W.T. 
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CHEMISTRY 


Enthalpy of Formation of Phosphorus Oxide 


TuE thermochemical literature contains a single value! 
for the standard enthalpy of formation AH;° P,Q) of 
~ 540 keal/mole. This value was obtained by an indirect 
route involving accurate measurements of the heat of 
combustion of red phosphorus in nitric oxide. The 
products of combustion were reported to be exclusively 
P,O, and P,O,,, but the identification of the products was 
not necessarily definitive. 

Because of possible ambiguities in this connexion it has 
. seemed to us desirable to measure directly the heat of com- 
. bustion of a well-defined sample of P,O,. 
The sample of P,O, used was synthesized by burning 
white phosphorus and collecting the lower oxide in the 
manner described by Thorpe and Tutton®. The material 


“owas. purified by ultra-violet irradiation treatment (to 


convert residual white phosphorus to involatile red) and by 
subsequent. vacuum distillation. The final solid collected 
for uso had a measured melting point of 23:9° C and on 
- melting gave a clear liquid which could readily be super- 
cooled by 2°-3°. 

‘Analysis showed the phosphorus content of two of the 
samples burnt to correspond to 99-95 per cent of that 
required. by the formula P,O,. 

For accurate combustion experiments the’ P,O, was 


» pelletized, preliminary analysis having shown this. treat- 


ment to give the most complete combustion. The pellets 
were first allowed to equilibrate to temperature in a con- 
-ventional bomb calorimeter (previously described’) under 
1 atm. of carbon dioxide. -35 atm. of oxygen was then 
added, equilibrated to temperature, and a combustion 
carried. out rapidly. A correction for the small amount 
of oxidation which occurred prior to the nominal 
‘firing’ was made, -and other standard corrections were 
made as necessary. No evidence of carbon monoxide, 
- which could. arise from reaction between P,O; and carbon 
dioxido, was obtained. 
Analysis of the final combustion products indicates that 
under the best conditions about 95 per cent of the P,O, was 
as oxidized to POr according to tho equation: 
; ; < P Oso +202>P,0 1000 
The P.O, 1o Was identified by X-ray analysis. 
The combustion products contained small amounts of an 


insoluble residue, probably red phosphorus—up to 1 per 
cent by weight in well-combusted samples. Considerable 


(1) 
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amounts of trivalent shouplioe us also formed in the com- 
bustion products. Paper chromatography shows the only 
trivalent phosphorus species to be phosphite. 

It seems likely that the insoluble residue and part of the 
trivalent phosphorus come from the pyrolysis reaction®: 

4P,0,->3P,0,+ 4P rea (2) 

The pyrolysis of small samples of P,O, at 280° + 10° C 
has been investigated separately using differential thermal 
analysis and it has been shown that assuming complete 
reaction the overall pyrolysis occurs with an enthalpy 
change AH = —15 kcal/mole of PO, Tt has not been 
possible to establish unequivocally that reaction (2) 
represents the stoichiometry of the pyrolysis. 


Table 1 
Experiment No. 1 2 ; 3 4 
P,O. sample weight (g) 1-185 0-9166 08124 0-4570 
Heat measured in bomb (cal) 1,364 1,240 1,141 617 
Bomb residue (mg) 82 87 05 22 
pi (me) estimated as H,PO, 62 26 12-4 8&5 
Total P (analytical) (mg) 682 524 251 
Theoretical P (mg) 668 517 458 258 
— AU keal/mole P,0,(¢) 818 827-5 3185 814 


Analyses of the trivalent phosphorus contents of the’ Ny 


soluble combustion products by iodine titration’, when 
compared with weights of residue, show that the amounts 
of H,PO, are larger than expected on the basis of the. 
pyrolysis according to equation (2). 


P,O; remains uncombusted, the second (and more likely) 
that a percentage of P,O, is directly oxidized to P,O,. 
Both these effects have been considered, a figure for the 
enthalpy of formation of P,O, being estimated as the . 
mean of those for P,O, and P,O,). For calculations total 


amounts of phosphorus in the bomb have been derived: 


from the known mass of P,O, added. In three cases the 


total soluble phosphorus was estimated after oxidation of 


the trivalent phosphorus. This estimate together with ` 
weighed amounts of residue show agreement of 1-3 per | 


cent between the analytical amounts and the known © 


amounts added; this is probably within the limits of the 
analysis. 

Allowance for the heat of pyrolysis according to equa- 
tion (2) involves corrections of 1 per cent.or less. It has 
been found that either of the foregoing assumptions about 
trivalent: phosphorus. gives. substantially the same result 
for the heat of combustion of P,Q.. 

The results of four combustions are averaged to give an 
energy of combustion, — Av of 320 kcal/mole, from which we © 


calculate (using standard corrections for pressure effects) 


an enthalpy of formation AH,° P,Oge to. be —392 keal; - 
mole (taking AH; P,O,xo to be — 713 kcal/mole)”. 
Using values for the heats of sublimation of P,O, and 


P,Oio to be respectively®* 16 and 24 keal/mole, we can“ oe 


calculate the mean bond energy E (P — O) to be 86 kcal/mole a 


and the mean dissociation energy D(P=0) in P,O to be 


138 kcal/mole. The latter value now falls better into line 
with those obtained for other phosphoryl compounds? 
than the value of 115 keal/mole usually quoted (cf. Neale 
and Williams)®. 

We thank Dr. J. K. Jacques for the measurement of the 
heat. of pyrolysis, and Miss C. M. Ottery for the paper 
chromatography. 

8. B. HARTLEY 
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Oldbury, Birmingham. 
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There are two simple 
alternative explanations for this: the first that some of the 
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Photoelectric Emission of the Complexes between 
Czsium and Polycyclic Aromatic Compounds 


In 1935, Suhrmann found that the evaporation of a 
hydrocarbon, naphthalene or anthracene, on to a sodium 
(or potassium) film promotes the efficiency of photo- 
electric emission of the alkali metal'. On the other hand, 
the electrical properties of the solid-state complexes of 
polycyclic aromatics involving alkali metals, sodium, 
potassium and lithium, wore investigated by Ubbelohde 
et al.*-*, Further, Setton and Bazin have reported on 
the photosensitivity of the complexes between alkali 
metals and graphite’. Recently, we found that the inter- 
layer junctions between alkali metals and aromatic hydro- 
carbons show strong photovoltaic behaviour under illum- 
ination by visible light’. These reactions may be due to 
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sharing of conduction electrons of alkali metal (as an 
electron donor) with partner aromatic molecules (ss an 
electron acceptor) which has new electronic properties. 

When, in this work, a vapour of cæsium metal (2) was 
introduced to come in contact with a thin film (1) of poly- 
cyclic aromatic compound, which was deposited on a 
surface of glass photocell from a metal gun having an 
electric heater (3) under a high vacuum (Fig. 1), a strong 
and immediate change of colour occurred. The complex 
formation was terminated by a saturation of involved 
cæsium metal. The photocells applied in this experi- 
ment were violanthrene—cesium and pyranthrone—cwsium. 
Under illumination by visible light, a fairly strong photo- 
emission from the surface of the complex was produced 
when an electric field between a collector (4) and the 
complex film (1) was applied. The variation of emission 
current as a function of an applied potential for pyran- 
throne (Cy 9H,,0,)-c#sium photocell under illumination 
by monochromatic light, 460 my having the intensity of 
5:2 x 103 photons/sec, is illustrated in Fig. 2. No ageing 
behaviour of the emission was found. 

The spectral response of photo-emission current was 
a curve falling gradually from the short wave-length side 
to the long wave-length side and no maximum of 
was found in a wave-length region of 300-700 my (Fig. 3) 
for the violanthrene-c#sium photocell. 








NA 


The pure alkali metal, cæsium, has a strong response 
peak at around 400 mu and it is not expected that a 
photo-emission from the polycyclic aromatic compounds 
is detected in a wave-length region greater than 300 mu. 
Therefore, the emission from a caesium-aromatics system 
takes place from a new compound; that is to say, the 
metal in the complex is a positively charged cesium ion, 
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not cxsium atom, [Cs*] Aona] as was described 
in the work on the thermionic emission of tungsten sur- 
faces which has been exposed to cæsium vapour®*, The 
transfer of electrons from the metal to the partner mole- 
cule is promoted to increase a quantum yield of photo- 
emission from 10-4, the value for pure cæsium metal, 
to 10-* (Fig. 2). The ionization potential, obtained from 
the threshold value of photo-emission spectral response 
ig smaller than that of cesium metal (1-9 eV). This 
behaviour is explained by the phenomena of depression of 
work function of tungsten surface from 4-54 eV to 1-54 eV 
(refs. 9, 10) when the coverage of tungsten with cæsium is 
complete. 

Similar photoelectric behaviour was found for the 
photocells of isoviolanthrone-cesium and also of pyr- 
anthrone—cesium. 

We thank Dr. H. Miyazawa for preparing the photocell. 
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Diffusion Recombination in Polyethylene 


THE recombination of carriers in polyethylene and 
other good insulators during gamma irradiation has in 
the past been interpreted! in terms of the Rose? theory of 
conduction processes. The fall of conductivity after 
irradiation has ceased has in consequence been expressed ?:? 
in terms of a hyporbolic decay as expected from a bimolecu- 
lar recombination mechanism. 

An alternative mechanism which may well occur in 
low-mobility materials is that the rate of recombination 
is controlled by diffusione. The rate constant then 
becomes dependent on time! and its behaviour varies 
markedly with the form of the potential function between 
the carrier and its recombination centre’. The caleu- 
lation of such rate constants is quite difficult but the 
following simple results have been obtained using equa- 
tions (4), (18)-(20) of ref. 6 and assuming repulsive 
Coulomb potentials ọ. In all cases the parameter L 
measuring the strength of the interaction is negative. r 
isa radius vector, and the behaviour of the rate constant 
kis for time too. 


1-dimensional ¢ase, 


2-dimensional case,. 9 = L log; 
L= 0, k -» 0 elowly (ref. 8) 
L=-l, kat} 
L=-3, ko th 
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and, by inference: koe te bee 
-dimensional case, ọ = —L/r; 
k x L/(l-exp (-L;d)) 
d=constant 


A more rapidly varying potential function would be 
expected to cause a more rapid falling off of the reaction 
rate, as has indeed been found for the two-dimensional 
case (ref. 7, equation 14), and in the three-dimensional 
problem we must expect the rate constants to tend to 
zero at long times. With a suitable choice of potential — 
function a simple power law may well occur similar to the: 
two-dimensional results outlined here. 
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0 10 20 
t (min) 
Fig. 1. Hyperbolic plot of conductivity decay, Solid curve, first-order 
iffusion controlled decay; dashed curve shows linear extrapolation 
to a value greater than unity 


Specimens of polyethylene sheet were irradiated with 
90 kVp X-rays at dose rates in the range 1-10 rads min-* 


and the conductivity decays recorded with the apparatus. - 


previously described’. It was found that there was no 
significant correlation between the ratio (6(0)/o(t)) and 
o(0), where a(t) is the conductivity at time ¢ after the 
irradiation has ceased. This strongly suggests that. the 
recombination is first order. This impression was confirmed- 
by evaluating the quantities (de/dt)/o and (do/dt)/o* which 
are proportional to the rate constants for assumed first 
and second order kinetics respectively. At a fixed time t 
the first was found to be independent of o(0) while the 
second showed a marked correlation. It was concluded 
that first order kineties more nearly represented the 
actual recombination process. 

For times ¢ extending from ten seconds to a few hours 
it was found that (do/dt)/o œ t3, a behaviour which is not 
unexpected from the theoretical arguments given here. 
It follows that log(o(¢)/o(0) ) œ #". A hyperbolie plot of a 
typical decay curve is shown in Fig. 1 together with the 
theoretical relation obtained by suitable choice of the 
constant of proportionality. This curve is seen to provide 
a good fit to the data, and it accounts for the ‘initial rapid 
drop’) shown by the linear extrapolation cutting the 
vertical axis nearer 2 rather than 1, as would be the case 
for non-diffusive bimolecular recombination, 

The analysis described here strongly suggests that 
carrier recombination in polyethylene is first order and con- 
trolled by diffusion, that the recombination centre must 
be uncharged and hence that interband recombination? 
does not occur. The same considerations may apply tö 
other insulating materials. The diffusion coefficient cannot. 
be evaluated without knowing the form of the potential 
function. 
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BIOCHEMISTRY 


_ Cytochrome ¢- Cytochrome Oxidase in 
Bioluminescent Fungi 

o REFERENCES have been made to the presence of cyto- 
chrome oxidase in the luminescent bacteria!~*, but none 
to the presence of cytochrome oxidase in luminescent 
fungi. Therefore a survey investigation was made of five 
genera of bioluminescent fungi using a modified ‘G-Nadi’ 
reagent. It should be noted that the ‘G-Nadi? reaction is 
not a conclusive test for cytochrome c—cytochrome oxidase, 
but can be considered a good presumptive test when 
suitable controls are utilized4>. 

Cultures of Panus stipticus, Armillaria mellea, Armillaria 
fusipes, Mycenna polygramma, Clitocybe illudens, and 
¿=i Collybia velutipes were grown on 10 per cent bread crumb 
ou agar ab room temperature until an adequate light output- 
vol of approximately 120-600 mu lumens was reached. 
ure and photometric techniques have already beon 
d*. Squares, 1-5'em x 1-5 em, were cut from the 
T mats of oach organism, and the lower surface was 
clean of adhering agar. The squares were crushed 













scraped 
= with a stirring rod in a test tube and 0-5 ml. phosphate 
~ buffer (M/15) pH 5-8, 1-25 ml. 10 per cent «naphthol in 
ethanol, and 1:25 ml. of a 0-12 per cent aqueous solution of 
dimethy1-P-phenylene diamine hydrochloride? were added 
and mixed. Four controls were run for each experiment. 
The first control consisted of the ‘G-Nadi’ reagents without 
the organisms, the second consisted of the ‘G-Nadi? 
reagents with the various organisms plus 1 drop of a 0-1 
por cent solution of potassium cyanide. The third control 
consisted of heating the square of mycelium in distilled 
water for 15 min at 60° C. The water was decanted, the 
squares crushed, and the ‘G-Nadi’ reagents were then 
added. The last control was a crushed square (1-5 em by 
1-5 em) of bread crumb agar to which the ‘G-Nadi’ 
reagents were added. Development of a blue colour 
(indophenol blue) within 3 min was considered a positive 
test. All the organisms gave a positive ‘G-Nadi’ reaction 
(Table 1). 


Table 1 

g Organisms G-Nadi’ 

‘G-Nadi’ heated to ‘G-Nadi’ plus reagent 

Organism plus 80° € for 15 organisms without 

organism min and then plus KCN organism 

*G-Nadi’ or KCN 
P. ition + - fi os 
fusipes + _ -~ =- 
A. mellea + ~ - - 
Gy ttudens + ne = ee 
C, velutipes + - _ - 
M. polygramma + a S at 

The- negative ‘G-Nadi’ reactions obtained on the 


=. addition of potassium cyanide and the heat inactivation 
of the specimen help to strengthen the supposition that 


_ eytochrome c-cytochrome oxidase was responsible for the 


-positive ‘G-Nadi’ reaction. 
The presumptive demonstration of cytochrome c—eyto- 
chrome oxidase (and the possible presence of the other 
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cytochromes) in the bioluminescent fungi is quite attrac- 
tive, for it fits into the evolutionary scheme proposed by 
McElroy and Seliger®. In this scheme bichuninesesnes was 
a suggested technique whereby anaerobic organisms dealt 
with the oxygen which gradually accumulated in the 
primitive reducing atmosphere before the development of 
cytochrome and cytochrome oxidase -systems 
luminescent bacteria at the present time hav 
cytochrome oxidase systems, plus the lumin 
which McElroy and Seliger call ‘vestigial’. In 
manner the presumptive cytochrome e-cybochrame ¢ 
system and the ‘vestigial’ luminescent syster 
present in the five genera of laminescent fungi (Baad: 
mycetes) examined. Thus, further support. has | 
given to McElroy and Seliger’s proposition byot 
presumptive presence of a cytochrome ¢-cytochrons 
oxidase and bioluminescent system in the more highiy 
developed and evolutionarily advanced bioluminescent 
fungi. 

Further work is being carried out to confirm the pre- 
sence and types of the cytochrome-cytochrome oxidase 
systems spectrometrically. 
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Ribonucleic Acid-primed Synthesis of RNA 
following Viral Infection 


THERE are several possible mechanisms for the repli- 
cation of RNA in RNA viruses. Viral RNA may induce 
synthesis of DNA followed by a DNA directed synthesis 
of viral RNA or, alternatively, there may be direct 
synthesis of RNA on an RNA template from the infecting 
virus. In order to distinguish between these two alterna- 
tives, the activities of the polymerase enzymes, DNA 
nucleotidyltransferase and the DNA-primed and RNA- 
primed RNA nucleotidyltransferases of normal Krots 1I 
mouse ascites tumour cells and of cells infected with 
encephalomyocarditis virus! have been investigated. 

No consistent differences could be demonstrated it: tl 
DNA nucleotidyltransferase and the DNA-primed K 
nucleotidyltransferase activities of infected and uninfvoted 
cells. but significant increases in the activity of RNA- 
primed RNA  nueleotidyltransferase were regularly 
observed in the infected cells. 

Washed Krebs I cells were suspended in Earle's medium 
in duplicate stoppered flasks at a concentration of Lx 10° 
cells per ml. To one flask a preparation of virus {3 plague- 
forming units per cell) was added. Samples of infected 
and uninfected cells were withdrawn at zero time and at 
l- or 2-h intervals after infection and centrifuged at 7509 
for 5 min at 0°. The packed cells were resuspended in 
0-01 M tris buffer pH 7-5, homogenized in a Potter eype 
homogenizer and submitted to sonic vibration (40 W: 
20 ke/s) for 1-2 min at 0°. Complete disruption of ¢ 
nuclei by this treatment was confirmed microscopically. 
The suspension was centrifuged at 2,250g for 15 min at 0° 
and the supernatant fraction was removed and its protein 
concentration adjusted to 1-5-2-0 mg/ml. with 0-01 Mave 
buffer pH 7-5. Protein was estimated by the method af 
Lowry, Rosebrough, Farr and Randall‘. 

DNA nucleotidyltransferase was assayed by the me 
of Keir, Binnie and Smellie’, DN. A-primed 
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Fig, 1.. Ratios of the specific activities of (¢) DNA nucleotidyltransferase, (b) DNA-primed and o RNA-primed RNA inti yore oer a 
ch Kisba d Io cells at intervals after infection with ence 


ephatomyooarditis vi 
Ch; -0:08 umole EDTA; 0-5 umole KH,PO,/K,HPO, buffer 3 pH 7:5; 


MgCl; 50 Hra.moles each of dCTP, Jerr Sa date a 50 zm.moles (a-*P)TTP (specific activity 1:3 x 107 counts/min/«mole); 
K heat denatured DNA (et. D ~~ 0-15 mi. enzyme (2-mg protein ) in-a total volume of 0-25 ml. eer! 


: © Bach tube ot 50 moles tris. buffer 


; each | of CTP, GTP and ATP; 200 um.mioles Ceni UTE (e ( 


‘epecific activity. 1-0 x 10° counts/min/zmole); 0-025 mg yeast R. 


in a total led a 04 


transferase: rotein; 


2-0 umoles MgCl,; 1-0 umole MnCl, 

specifo activity 1-0. x 10° counts/min, 
DNA; 0-1 ml. 1 per cent bentonite in 0-01 M acetate buffer pH 6-0 and 0-2 ml. enzyme cm 
o Each tube contained 25 pmölès tris buffer pH 9:5; 2-0 umoles Males 201 


; 1-0 gmole 2-mereaptoethanol; 200 um.moles 
mole); 005 mg heat denatured ascites tumour 
mg (protein/ml; in in è total volume of 04- mil, 
200 Leen each of C P; 200 pm. moles (a-"PJUTP 
tper cent. Pentoniee and 0- i ‘aL, enzyme 2 mg protein/ml. ) 
m 


Absolute values for the he Incorporation of nucleotides into. olynunteotice in uninfected control cells were as follows: (a) DNA. nucleotide! 


(P)TMP. incorporated/mg 


a ad wae nes protein; 


... tidyltransferase by a modification of the method of Weiss 
. and Nakamoto‘ and RNA-primed RNA nucleotidyl- 
transferase was assayed by a modification of the method 
of Burdon and Smellie’. Duplicate enzyme incubations 
for each assay were shaken at 37° in a water bath for 45 
min and the reactions wore terminated by freezing. 0-05 

aml. samples of the reaction mixtures were pipetted on to 

< 2-5-em disks of Whatman No. | filter paper and these were 

“washed four times with ice-cold 5 per cent trichloroacetic 

‘acid, twice with ethanol/ether (3:1), dried and counted in 
a Nuclear Chicago windowless gas-flow counter. 

‘The DNA-primed and RNA-primed RNA nucleotidyl- 

*granstorasce could be distinguished by their requirements 
for DNA and RNA primers, pH optima, ionic requirements 


and by their response to treatment with pancreatic 





o deoxyribonuclease and ribonuclease. In the presence of a 
_ DNA primer, maximal incorporation of UMP residues 
labelled _ with aoea into polyribonucleotide 


of the 1 reaction was reduced > 50-80 per cent 
when primer DNA was omitted. In the presence of an 

RNA primer on the other hand, maximal incorporation of 
labelled UMP residues was observed at pH 9-5 and the 
addition of Mn*+ ions and 2-mercaptoethanol strongly 


* 


DNA-primed RNA nucleotidyltransferase: 
{c) RNA-primed RNA erat yitransferase: 40-55 upmoles(**P)UMP incorporated per mg protein. 


60-80 zumoles (PU. 


inhibited the reaction. There was a linear relationship _ 


between the incorporation of labelled UMP residues and 


the concentration of added RNA over the range 15-100) 
pg/ml. In the absence of added RNA primer there was 
residual incorporation of labelled UMP residues amounting © 
to between 5 and 50 per cent of that in the corresponding - 
primed reactions. RNA isolated from yeast, Krebs IT 
colls and encephalomyocarditis virus served equally well: 
as primers. 4 
Tho effects on these systems of pancreatic deoxyribo- _ 


nuclease and ribonuclease were also examined in the 


absence. of added primers. When the enzyme: was. first 
incubated with ribonuclease (1 ug/ml.) to destroy 
endogenous RNA and then, after removal of the ribo- 
nuclease with bentonite, assayed in conditions optimal for 
the RNA-primed reaction but in the absence of added 
RNA, there wasa decrease of 45 por cent in the ingorpora- ne 
tion of labelled: UMP. When, however, the same ribo- 
nuclease-treated preparation was assayed in the absence ai 


of added DNA, but otherwise in conditions optimal for the 


DNA-primed reaction, no difference from the untreated - 
control was observed. In corresponding experiments in _ 
which the enzyme was first treated with deoxyribonuclease. 
(200 pg/ml.), assays carried out under the condiitons for 
the DNA-primed reaction but in the absence of added 
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-DNA showed a 20 per cent decrease in the incorporation 
-of labelled UMP while under the conditions for the RNA- 
_ primed reaction there was a slight increase in incorporation. 
< Ne apparent differences were observed in the activities 
of DNA. nucleotidyltransferase or DNA-primed RNA 
nucleotidyltransferase in preparations from infected and 
uninfected cells and cell fractions (Fig. la, b). However, 
ignificant increases in RNA-primed RNA nucleotidyl- 
ransferase activity were observed in each of the five 
riments of this type performed beginning at intervals 
h after infection (Fig. lc). The increases were 
ronounced in enzyme preparations from nuclear 
ytoplasmic fractions. 
h, Franklin, Shatkin and Tatum’ have demons- 
ted that more than 90 per cont of DNA- primed RNA 
hesis can be inhibited by actinomycin D in L cells 
t significant interference with the production of an 
ous RNA virus. More recently, Baltimore and 
7 have found that after infection of L cells with 
s there is increased incorporation of ribo- 
otide residues into polyribonucleotides by a particu- 
| Jate fraction from the cell cytoplasm. These pieces of 
_ evidence, together with tho finding that RNA-primed 
[A nucleotidyltransferase activity is increased in Krebs 
IL ascites tumour cells on infection with encephalomyo- 
“carditis virus, suggest that the replication of RNA viruses, 
at least in some marnralian systems, is dependent on 
-= RNA-primed rather than on DNA-primed synthesis 
of RNA. 
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Calcification of Keratin 


=OS PAUTARD®? has suggested that many keratins may be 

_ calcified and has quoted the baleen of the rorqual whales 
- as being a particularly outstanding example. Recently 
. we have reported that the X-ray diffraction pattern of the 

“horn of the Indian rhinoceros (R. unicornis) shows strong 
apatite reflexions’, 

-o Dr. Pautard has directed our attention to this latter 
servation in relation to his own work on calcified 
ins, and as a result a large number of X-ray diffrac- 
patterns of keratins, taken in these laboratories over a 
eriod of years, has been re-examined for the presence of 
“apatite reflexions. Three keratinous materials, platypus 
ir, lion whisker and goose feather calamus, have been 
found to show such reflexions to a marked degree, and 
riof details of these photographs are as follows. 
Platypus hair. Hair from body gives very poor o-keratin 
hotograph with strong apatite reflexions. Latter com- 
_ plotely absent in hair from tail. 

| Lion whisker. Root gives very poor «-keratin pattern 
with good apatite reflexions. Latter disappear at distal 
end as keratin reflexions intensify. 

Goose feather calamus. The residue insoluble in ammonia 
‘solution after oxidation with peracetic acid shows strong 
apatite reflexions. The characteristics of the keratin 
yhotograph have been described previously*. 

-Although apatite reflexions have not been observed in 
ther keratinous materials, this does not necessarily mean 
hat apatite is absent. The plates were exposed for times 
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sufficient only to give a satisfactory keratin patter, ani 
even if these times are increased, increase in background 
scatter from the keratin may mask the apatite rollodore. 
Support for this contention is found in the ease of kem 
since although the diffraction photograph fails to show. 
apatite, excellent reflexions are given by the 3:5. per ont 

residue obtained by igniting the fibres. Under th 
ditions used for obtaining the photographs dosc 
would appear unlikely that less than 1 per cent o 
would be detected. 

Finally, it has been found that in the case of 
whisker, the apatite is situated either in the med 
the adjacent region which shows Maltese cross 
gence when a transverse section is viewed in pole 
light’. If the apatite were orientated similarly to the K 
keratin?, it would be expected to make a contribution to. 
the Maltese cross effect, although there is no direct evni 
ence to support: this. 

Note added in proof. In collaboration with Dra. F. N. 
Bamford and R. K. MacCuish of Bradford, the # : 
nails of fifty patients from a geriatric unit have been 
examined by X-ray. diffraction, and it has been found 
that 16 per cont show strong apatite reflexions. 

P. R. Braer 
C. EARLAND 
J. G. P. Seman 
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Enzymatic Digestion of Fibre in Coconut Cake 


THE major obstacle in using coconut cake, ia human 
food, is its very high fibre content. Hence an attempt has 
been made to pre-digest the associated fibres in coconut 
cake through the use of cellulase of microbial origin. 
Details of the enzymatic digestion of fibre in coconut cake 
are reported in this communication. 

The most promising cellulase-producing cultures were 
of fungal origin. The species selected were Myrothecium 
verrucaria 1334-2 from the National Research Council, 
Ottawa, and Stachybotrys atra (No. 49534) through the 
courtesy of Dr. M. A. Jermyn, Council of Scientific and 
Industrial Research Organization, Melbourne. M: 
caria was grown in & medium of 0:1 per cent (w/v) mcose oe 
2-0 per cent (w/v) Whatman cellulose powder and: ae 
salts of essentially the same composition as given | 
Whitaker. S. atra was grown in a medium of 
cent (w/v) glucose, 1-0 per cent (w/v) Whatman 
powder and mineral salts of the same cory 
given by Thomas*. One litre of the medium conis ning oe 
cellulose powder and mineral salts, dispensed at 50. 
mould-culture flask, was inoculated with the d 
organism, and was shaken during twenty-one days 
25° C. At the end of three weeks, the contents of 
culture flasks were pooled and processed as follows. Th 
cells and residual cellulose were removed by centrifugation 
and Seitz-filtration, leaving a large volume of culture 
medium containing active cellulolytic enzyme. This was 
freeze-dried at 25°C, yielding a solid preparation. ‘The 
eellulolytie activity of aqueous solutions (1 per cent w is) 
of the active preparations, (1) from M. verrwearia, (2) 
from S. atra, was determined by viscometric mothod™*, 
using sodium salt of carboxymethyleellulose as substrate, 
The activity of the two preparations, from fungal sources, 
compared favourably with that of ‘Takamine collilae:’, 
a commercial preparation, obtained from Miles Co., New = 
Jersey, U.S.A. 

Expeller-prossed coconut cake, in the form of fine b 
powder, and solvent-extracted copra (dirty: “white 
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482 


material) were used in our experiments. to determine the 
comparative degradative action of cellulase from M. 
verrucar ta, cellulase from 8. atra, and ‘Takamine cellulase 
over varying periods of time. The. initial and final fibre 
content of the materials was determined’ and the percent- 
age breakdown of the fibrous material, a major constituent 
of coconut cake, calculated. The results are given in 
Table 1 
The ‘cellulase’ preparation from S. atra seems to be the 
most promising from the point of view of the degradation 
of fibrous material in coconut cake. 


Table 1 


+ 


Crude Percentage of decom- Percentage of decom- 
fibre position after 16 h position after 7 days 
Material (per a 
cent) T MV SA T MV SA 
Coconut cake 
(brown) 9-06 37:50 25:20 5526 36:90 2610 53-60 
“Coconut cake 
(solvent ex- 
< tracted) 16°70 901 17-40 41-90 42-60 88-90 41-20 


T, Takamine ence from Miles Co.; MV, cellulase from M. verrucaria; 
SA, cellulase from S, atra. 


Opportunity was taken to analyse the samples of coconut 
cake (used, in this investigation) for their lignin content 
according to Ritter et al" as modified by Ramamurti’. 
The lignin content of brown coconut cake was 32-52 per 
cent and solvent extracted coconut cake 25-50 per cent 
(on the basis of the dry weight of the respective materials). 

Using coconut cake at 3 per cent (w/v) level as the sole 
carbon source the two fungi, M. verrucaria and S. atra, 
were trained to grow in a supporting medium containing 
mineral salts of the composition given by Whitaker! and 
Thomas*. Ten days old growing cultures of M. verrucaria 
were used as inocula for large-scale dissimilation of coconut 
cake conducted in porcelain trays (24 in. x 18 in. x 2 in.). 

Tho finely powdered coconut cake (1 kg) was autoclaved 
for 20 min at 15 Ib./in.* after which the material was 
evenly transferred on to a sterile porcelain tray. Moisture 
content at 60-70 per cent was maintained by the addition 
of sterile distilled water to the coconut cake. A growing 
culture of M. verrucaria (with coconut cake as sole carbon 
substrate) was used as inocula to start the dissimilation of 
» eoconut cake in the tray maintained at 25°C. A heavy 
- bacterial contamination was observed on the third day. 
The contamination was traced to the presence of sugars in 
the coconut cake as revealed by chromatography on 
Whatman filter paper No. 1, of a concentrated aqueous 
extract of coconut cake in a solvent mixture (n-butanol/ 
acetic acid/water, 4:1:5; by vol.). Two spots were 
located, one corresponding to glucose and another to 
galactose, when the chromatogram 
was sprayed with a spray reagent® 
(benzidine in trichloroacetic acid). 

Tray fermentations with seven 
times water-extracted coconut cake 
were conducted using active cul- 
tures of M. verrucaria. A degrada- 
tion of 14-1 per cent of the fibre 
present in coconut cake was effected 
by this: organism in three days, 
: and 16-b per centin a week. 

‘The fact that growing cultures 
of M. verrucaria containing an 
active cellulolytic enzyme bring 
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: STRAIN 
-gent of the fibre content of coconut: 7 
cake in culturo flask experiments as \ 

opposed to 14-16 per cent in tray N 


"fermentations suggest the presence 


Let different proportions of water in 


‘the two. situations. Tt seems 
probable that the nutrients neces- 
sary for the elaboration of the 
enzyme by M. verrucaria might 


have been removed by repeated ex- Fig. 1. 
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traction of coconut cake with water... It might also be 
pertinent to consider the different degrees of degradation of 
the fibre in the light of the use of cell-free active prepara- 
tion of the organism in one case, and that of growing cul- 
tures of the same organism in the other. That tho process 
of cellulose degradation is frequently and considerably 
affected by naturally associated polymers like lignin is well 
known. Working with jute, Basu and Ghose? have shown 
that a decrease in lignin content resulted in increased sus- 
ceptibility to microbial attack. The lignin content of coco- 
nut cake, determined in the present investigation, would 
seem to be an indication that such substances like lignin 
are involved in retarding the process of cellulose degrada- 
tion. Further investigations on the feasibility of oxtract- 
ing proteins from the enzymatically digested coconut cake 
are in progress and the details of the investigation will be 
published elsewhere. 

We thank Dr. V. Subrahmanyan, director, and Dr. A. 
Sreenivasan, deputy director, for their advice. 

K. RAMAMURTI 
D. S5. JOHAR 
Central Food Technological 
Research Institute, 
Mysore, 2, India. 
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sane? Acid Composition of Milk Phospholipids 
Mice with and without the Mammary 
Tumour Virus 

Waite considerable effort on the part of many investiga- 
tors has been directed toward the isolation and purifica- 
tion of the mammary tumour virus (MTV)', little attention 
has been given to the effects of the virus on metabolism. 

As part of investigations of the effect of the MTV on 
phospholipid metabolism in mammary glands of mice 
of high- and low-cancer strains, an examination of the 
phospholipid composition of mouse milk was under- 
taken. 

Pooled 5-0 mi. samples of mouse milk obtained. from. 
nursing Az (without MTV) and A strain mice (with MTV): 
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order of 250-500 ml. would-be re: 
quired for identification by gese 
liquid chromatography. 

The free fatty acid fraction and 
the fatty acids from neutral tat 
revealed no qualitative differences 
between milks of the two straine 
Both the free fatty acid and moui? 
fat fractions showed. law 
tic, palmitic, palmitoleic 
oleic and linoleic and trac 
lenie, lignoceric acids e 
unidentified peaks with reten 
times between linolenic ar 
ceric acid (retention ratio 
cerate to palmitate = 14-7 

In view of the similarity in. cor. 
position of the free fatty acid and 


neutral fat fractions, the differentes 
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` n Fig, 2. Gas-liquid chromatogram of phosphatidyl ethanolamine fatty acid methyl esters 


“were extracted three times for 30 min at 37° C with 2 vol. 
of 95 per cont othanol/diethyl ether (2:1 v/v). After 
flash evaporation and lyophilization of the lipid extract, 

the phospholipids were precipitated with 9 vol. of cold 

_ acetone containing two drops of magnesium chloride in 

alcohol. Tho free fatty acids and neutral fats in the 
---supematant were separated by partition methods and, 
. after hydrolysis, reaction with diazomethane produced 
the methyl esters for gas-liquid chromatography. The 
precipitated phospholipids were separated, on silicic acid 
npregnated glass paper by the technique of Marinetti’. 
ots were cut out, eluted and hydrolysed using the 
in and- Lucas procedure*. The methyl esters of 
id ‘moieties were prepared using diazomethane. 

uid chromatography was carried out using a 
x 4mm internal diameter glass column containing 
per cent ethylene glycol adipate polyester on 60-80 
mesh ‘Chromosorb W°. A Barber-Colman model 10 gas- 
chromatographic instrument equipped with a strontium-90 
argon ionization detector was used. Chromatography 

` was carried out using a column temperature of 195° C 
at a flow of 16-2 ml./min at 14 Ib./in.* of argon gas. The 

“methyl ester peaks were identified by comparison of 
retention times to known standards (Hormel Institute, 
Austin, Minn.) and by chromatography with mixtures of 
samples and standards. 

The results of gas-liquid chromatography of the fatty 

acids from phosphatidyl ethanolamine and phosphatidyl 

inositol obtained from Az and A strain milk are shown in 
Figs. Land 2. The amounts of lecithin, sphingomyelin 
` cand phosphatidyl serine, although identified, on silicic 

_ acid impregnated glass paper, were not present in sufficient 

© quantities for estimation of the fatty acid composition. 

= As seen in Figs. 1 and 2, there appears to be qualitative 
differences between milks of the A and Az strains of 
-= mice. In Fig. 1, linoleic acid and another fatty acid with 

a retention ratio of 4:12 (palmitic acid = 1-0) was found 

in A milk but not in the milk of the virus-free Ar strain. 

< In Fig. 2, representing the fatty acids obtained from 

- phosphatidyl ethanolamine, the A milk contained linoleic 

-acid and an unknown fatty acid with a retention ratio of 

- 8-66 (relative to palmitate = 1-0) which was not found in 

-Ar milk phosphatidyl ethanolamine. Further chromato- 
_ graphy of the A, milk phospholipids was carried out 

under maximum resolving conditions, that is, maximum 
concentration of fatty acid methyl esters used with slight 
_ overloading of the column and operation of the instrument 
_ at highest amplification, without showing any presence of 
_ linoleic or the two unknown acids. Therefore, it is con- 
_. eladed that linoleic is either entirely absent or present in 
such small amounts that only larger milk volumes of the 











































phospholipid fractions would be 
most likely explained as a reflexion 
of viral stimulation of marnhary 
gland phospholipid metabolism’. 
Moore reports a 330 per cent increase in phospholipids of 
mammary gland tissue cultures due to the effect of the 
MTV (ref. 5). The possibility of viral-phospholipid con. 
tamination, although not ruled out, is unlikely in view of 
the insensitivity of the virus to lipid solvents“? and the 
extremely low concentration of virus found it 
milk’. Milks from other high- and low-cancor s! 
at present being investigated. Oe 
This work was supported by grants from the American 
Cancer Society H-106A and 107D. ee 
We thank Dr. Leon Dmochowski, M. D. Anderson. 
Hospital and Tumor Institute, Houston, Texas, for his 
advice and for providing the mouse milk samples. 
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Grand Forks, North Dakota. 
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Ascorbic Acid in Chloroplasts 


Ascorsic acid is found in all green plants, although ite 
concentration may vary greatly. Probably the largest 
concentration recorded is in the endocarp of the walnizt. 
Juglans regia, which contains between 2 and 3 per cent of 
the fresh weight. The smallest concentration recorded is 
possibly that in the vegetable marrow, Cucurbita ovifera 
0-002 per cent of fresh weight. The ascorbie acid in greer 
leaves is generally between 0-05 and 0-5 per cent of the 
fresh weight, and is usually in higher concentration there 
than in the remainder of the plant. 

The location of aseorbie acid within the leaf has be 
examined by many workers. Its presence in celes 
well known, but whether or not the vitamin is 
within the chloroplast has not been fully pro 
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Giroud et al. suggested that the blackening of chloro- 
plasts with silver nitrate, first observed. by Molische®, was 
due to the presence of ascorbic acid. Brown e¢ al.*, in 
electron microscope studies of silver nitrate reduction in 
plant leaf cells, found that reduction occurred within the 
chloroplast but not within the grana or pure stroma. 
Some reduction of silver nitrate was also seen on the inner 
and outer surfaces of the cell wall. They also stated that 
no silver nitrate reduction was observed in undamaged 
cells lying close to the cut surface. The reduction of silver 
nitrate cannot be taken as specific for the presence of 
ascorbic acid, as other substances within the cell may have 
the same property. An alternative explanation of the 
silver nitrate reduction has been suggested by Goutheret*. 
He claims that the reduction is in fact a photolysis of 
silver nitrate in which chlorophyll acts as an optical 
sensitizer, and that the presence of ascorbic acid is not 

necessary. f 

In an effort to throw more light on this problem it was 
decided. to attempt to estimate ascorbic acid quantita- 
tively in the chloroplast. Ascorbic acid is very easily 
oxidized during the homogenization of most green leaves, 
owing to the presence of various oxidizing enzymes. It 
was therefore essential to control in some way the oxida- 
tion that might occur during the experiments, either by 
inactivating any enzymes present or by choosing a plant 
in which ascorbic acid is only very slowly oxidized during 
the process of homogenization, that is, one which has a 
very low enzyme activity. In previous work on the 
stability of ascorbic acid in iris leaves by Booth and 
Constable®, it was found that the oxidase activity in the 
iris leaf towards ascorbic acid was extremely low, and, as 
this leaf also has a high ascorbic acid content, it seemed 
logical to use the iris leaf for these experiments. 

In preparing chloroplasts by homogenization, aqueous 
isotonic solutions are generally used, and if ascorbic acid, 
which is water-soluble, is normally a constituent of the 
chloroplast, it can quite easily diffuse out. If a non- 
aqueous solvent were used, care would then be required in 
ease the cell membrane were damaged and the fat soluble 
contents of the chloroplast then dissolved away. 


Table 1. DISTRIBUTION oF ASCORBIC ACID IN THE IRIS LEAF 


N First exp. Second exp. 
Original leaf 35 mgig 3:89 mg/g 
Aqueous phase of leaf (calculated) 2-84 mg/ml 4:70 mg/ml. 

First sap separated 2:78 mg/ml 4-39 mg/ml. 
Second sap separating 3-03 me} — 
Final chloroplastie layer 2-15 mg/g 2-44 mg/g 
Aqueous phage of chloroplastic layer 

(ealeulated) 2-70 mg/m! 3-75 mg/ml. 


Pilot experiments with liquid paraffin suggosted that 
although most of the carotene and tocopherol are dissolved 
out or destroyed®, it would probably be the satisfactory 
medium to use for these experiments. It was found that, 
when. iris leaf was homogenized with liquid paraffin, 
strained through muslin and centrifuged at a high speed, 
four distinct: layers appeared in the centrifuge tube. The 
layers in- ascending order were: cell debris, cell sap, 
chloroplasts and liquid paraffin (light yellow in colour). 

The general plan of the main experiment.was to obtain 
chloroplasts by this method, centrifuge in an ultracentri- 
fuge to remove all- possible cell sap, and then estimate 
+- ascorbic acid and moisture in the chloroplastic material. 
. By calculation, the concentration of ascorbic acid in the 


Ae = water of the wet chloroplast could then be determined and 


compared with that of the sap and also with that of the 


-whole leaf. 


- Tris leaf, 65 g (17 per cent dry matter), was macerated 
= for 2 min with 250.ml. of liquid paraffin in an ‘Atomix’ 

ring and Scientific: Equipment, Ltd.). 
ined through four thick- 
Jul Í entrifuged at 800g 
for 30 sec; the ediment was discarded and the 
remaining material centrifuged at. 2,000g -for 10 min. 
Four layers were obtained, which. were the same as 
previously described for the pilot experiments. The 
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cell sap and- chloroplastic layer were carefully: removed 
and ascorbic acid was determined in the former, while the 
latter was centrifuged at 45,0009 for 30 min, ‘Threo layers 
—eell sap, chloroplastic material and paraffin—resulted. 
Ascorbic acid and water content were determined in the 
ehloroplastic layer; the sap was again checked for its 
ascorbic acid content. For determination of ascorbic 
acid the method of Mindlin and Butler? was used. Water 
content was determined by drying a small sample in an 
oven for 5 h at 100°C. 

From the foregoing results it can be seen that the con- 
centration of ascorbic acid did not vary greatly between 
that in the sap and that calculated for the water in the 
chloroplasts. The slightly lower figure for the chloroplast 
water can well be understood because of the time taken to 
carry out the experiment. 

In a different type of test, chloroplasts were prepared 


from iris leaves treated with 0-35 M sodium chloride- 


(Arnonetal.)’. After washing twice with the sodium chloride’ * 
solution no ascorbic acid could: be found in the chloro- 
plasts. A third washing with 0-35 M sodium chloride con- 
taining ascorbic acid was then given and the chloroplasts 
centrifuged at 45,0009 for 30 min. Ascorbic acid and dry 
matter were determined in the resultant ‘plug’ of chloro- 
plasts. It was found that when the ascorbic acid content 
of the ‘plug’ was calculated in terms of concentration in 
the water present, it agreed with that in the washing © 
solution. It is suggested that this indicates that. ascorbic 
acid can move freely across the chloroplast membrane. \ 
These experiments seem to support the view that ascor-. 
bie acid occurs inside as well as outside the chloroplasts, 
and that, in experiments where no ascorbic acid has been 
found in the chloroplast, diffusion out during the prepar- 
ation had probably occurred. B. J. CONSTABLE 
Dunn Nutritional Laboratory, k 
University of Cambridge and Medical Research Council, 
Cambridge. 
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Niacinogen-hydrolysing Enzyme in Extracts 
from Rice Seedlings i Ei 
Tue alkali-labile bound form of nicotinic acid (niaċino- 
gen) has been isolated as a coloured crystalline compound 
from different cereals':*. It is composed of nicotinic acid; 
a chromophoric moiety or moicties and a peptide, the 


nicotinic acid being linked through an alkali-labile ester _ 


linkage. The occurrence of the niacinogen in cereals sug- 
gests a common biological role of this compound in cereal 
grains. It has been found that in cereals. niacinogen is 
synthesized in the ripening stage and there is an increase 
in the nicotinic acid and pyridine nucleotide contents 
along with a decrease in the niacinogen content. during 
germination’. j Mo 

This communication presents evidence that germinating 
rice seedlings contain an enzyme which catalyses the... 
release of nicotinic acid from niacinegen.. Further, a 
possible biological role for this hydrolysing enzyme is 
suggested. as 

Rice seedlings (3—4 days old) were extracted with 0-1.M 
phosphate buffer, pH 7-5. The turbid juice obtained by 
squeezing the brei through cheese cloth was centrifuged at. 
20,000g.. The supernatant. solution was: made to 40 per 
cent saturation of ammonium sulphate and the precipitate 
discarded. The supernatant solution was then, made to 70 
per cent saturation of ammonium sulphate and the pre- 
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cipitate was dissolved in 0-01 M phosphate buffer, pH 6-8. 
To the clear solution protamine sulphate solution was 
added (0-17 mg protamine sulphate/mg protein). The 
precipitate was discarded and the supernatant fraction 
was made to 70 per cent saturation of ammonium sulphate. 
Tho precipitate was dissolved in 0:01 M phosphate buffer, 
pH 6-8 and dialysed against 0-005 M phosphate buffer, 
pu 6:8 for 2h. The clear dialysed fraction was used as 
the source of enzyme. 

The reaction mixture for assay of the enzymatic activity 
contained 1-5 moles niacinogen, 40 umoles acetate buffer. 
pH 5-5, 25 ug ‘Aureomycin’ to prevent bacterial growth and 
1-2 mg purified e in a total volume of 1-0 ml. It was 
ineubated at 37° for 18 h. The reaction was halted by 
placing the tubes in boiling water-bath for 14 min. The 
nicotinic acid released from niacinogen was estimated by 
the method of Das and Ghosh*. The product of the 
enzymatic reaction was identified as nicotinic acid by paper 


chromatography’. 

‘The summary of the purification procedure of the 
enzyme is given in Table 1. 
Table 1, PURIFICATION PROCEDURE OF NIACINOGEN-HYDROLYSING ENZYME 

Fraction Total units* Specific activity 
t paes = 

40- ammonium sulphate 2,273 33-3 
Proce fraction 2,144 130-7 


* One unit of is that amount which catalyses the liberation 
1 mynnole of nicotine acid in 18 hat 37°. o 
+ Initial activity could not be determined. 


The rate of enzymatic reaction is very slow. The enzyme 
is considerably inhibited by the substrate when the con- 
centration of niacinogen exceeded 1:5x10-* M. The 
optimum pH for the enzymatic activity is found to be 
5-5. Divalent metal ions like Mg**, Mn**, Catt and Cot? 
in a final concentration of 10-* M have no effect on the 
enzymatic reaction. The enzyme is, however, inhibited 
to the extent of 40 per cent by Fet? and Zn** and to 
‘the extent of 80 per cent by heavy metals like Hg** and 
Cu**, The enzyme is completely inhibited by p-chloro- 
mercuric benzoate and the inhibition can be counter- 
` acted by reduced glutathione or cysteine, indicating 
that some thiol groups are involved in the activity of 
the enzyme. It is also inhibited by sodium fluoride 
suggesting that the enzyme may bolong to the esterase 
group. The enzyme may not be a metalloenzyme as 
a chelating agent like ethylenediamine tetraacetic acid 
shows very little inhibitory effect. 

The enzyme is found to be present in both the micro- 
somal and soluble supernatant fractions. Both the roots 
and the shoots of the rice seedlings contain the hydro- 
lysing activity. 

Tt is also found that when the extract of rice seedlings 
is incubated with nicotinic acid-7-“C, 5- ee: 
ribose-1-pyrophosphate, adenosine tripho: mag- 
_-nesium chloride, glutamine and glutathione, “i beli 
coenzyme 1 and des-amido coenzyme l are formed, 
showing that in rice seedling nicotinic acid serves as the 
precursor of coenzyme l. This is further supported by 
the fact that the extracts of rico seedlings show a strong 
nicotinamide deamidase activity. 

These results demonstrate that nicotinic acid is stored 
in the cereals as niacinogen from which it is released by a 
hydrolysing enzyme during - ioanew and is afterwards 
utilized for the synthesis of coenzyme 

We thank the Indian Council of Medical Research for 
financial support. 
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Distribution of the Serum Proteins of Syrian 
Hamster as revealed by Starch-gel 
Electrophoresis 


ALTHOUGH considerable work has been published on 
the distribution of the serum proteins of various labora- 
tory animals, little has been reported on the electro- 
phoretic pattern of the serum proteins of hamster. Moore’ 
investi serum proteins of several species of ani- 
mals, including that of the hamster, by moving boundary 
electrophoresis. He identified six components in the 
serum of corresponding to albumin, æ- and 
8-globulins and a y-globulin. Since starch-gel electro 
phoresis was first suggested by Smithies*, this technique 
has been applied to the examination of the normal serum 
proteins of a great many species, including vertebrates*-"*. 
as well as invertebrates". 

In the work presented here the serum protein pattern of 
individual Syrian white hamster of both sexes were 
examined by the technique of vertical starch-gel olectro- 
phoresis", using borate buffer of ionic strength of 0-03 
and pH 8-6, with a voltage of 150 and 16-17 m.amp, 
using Shandon constant current power supply and run 
for a period of 15-5 h. Eight serum samples were used 
in each run. Paper electrophoresis was also performed. 
using sodium veronal and sodium acetate of 01 ionic 
strength and pH 8-6. Tho hamsters used in these experi- 
ments came from Walter LaCasse Laboratory of Montgom- 
ery, Alabama, and were given to us by tho State of 
New York Department of Health, where they had been 
inbred since 1955. The hamsters were received at this 
laboratory more than a year ago and have been bred here 

over since. 

Seventy-two individuals, soy 4 months old, equally of 
both sexes, were tested. Fig. 1 represents a photograph 
of the starch-gel olectrophoretic pattern of six hamsters. 
Numbers 1-3 refer to three individual females and 4-6 
to three individual males. Individual variations were 
shown to exist among those which were examined. In 
Fig. 1, serum No. 3 is different from the other five sera. 
at the region behind the albumin band. Further quali- 
tative variations are also observed among some of the 
other fractions. Only 2 out of 72 samples examined were 
the same as serum No. 3 of Fig. 1. No differences were 
noticed among fresh sera and sera stored at — 20° C. Fig. 2 
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is a photograph of the serum proteins-of a normál human 
individual (upper two) and sera of five individual ham- 
sters. Two pre-albumins are present in the serum of 
hamster, as is also present in human serum. Marked 
differences are noticed between the serum pattern of 
these two species. No attempt has been made to identify 
the various fractions of hamster serum at present. The 
paper electrophoretic pattern of hamster serum appeared 
to contain six distinet bands corresponding to albumin, 
a-l- a-2- and «-3-globulin, 8-globulin, and a y-globulin. 
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In vitro Binding of Tetracyclines to Calcium 


Since antibiotics of the tetracycline series were first 
demonstrated to localize and persist in vivo specifically in 
newly proliferated bone and in certain areas of calcified 
cartilage’, it appears to have been generally accepted that 
these antibiotics do in fact bind to calcium ions in at least 
crystal-seeded nucleation sites on collagen fibrils and 
in other physiologically ‘available’ calcium-impregnated 
protein matrices. Nevertheless, some little controversy 
seems to have arisen recently owing both to the presence 
of diffuse though minimal localization of tetracycline 
fluorescence in non-growing skeletal areas? and, as cited 
in- the original communications, the apparent, often 
transient, localization of these drugs in certain grossly 
non-calcified soft tissues. 

Little or no information has generally been made 
available with respect to the calcium content of such 
tissues. Where such information has been obtained, it 
appears that localization of the drugs can still be directly 
related to the calcium content of the tissues. Thus, for 
example, it has been shown that tetracycline localization 
in the sclera can be related to the high calcium content of 
this tissue? and localization in certain malignant tumours 
can be directly ascribed to the intracellular presence of 
hydroxyapatite crystals on ribozomal particles*. Indeed, 
even though tetracycline may bind to an extremely small 
extent to highly purified collagen preparations®, there do 
not appear to be any available data which can account for 
tetracycline localization and persistence by any mechan- 
ism other than that which was previously postulated?. 
To clarify the situation, therefore, it has become of 
interest to report herewith certain results obtained in this 


Table 1. 
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laboratory some years ago which relate to the possible 
mechanisms whereby tetracycline drugs can localize and 
persist in biological organisms. 

Cortical bone was obtained from freshly slaughtered 
cattle and lambs and exhaustively extracted with alcohol/ 
ether (1 : 1 v/v) solutions in a Soxhlet apparatus. They 
were then ground manually and in a Wiley bone mill to 
the form of a fine white powder. The particles were 
passed through A.S.T.M. sieves of varying size; particles 
passing through the number 100 sieve but not through the 
number 200 sieve were collected and designated as ‘bone 
salt, A.S.T.M. 100-200’. 

Aliquots of this latter material were placed in a 0-2 M 
solution of buffered ethylenediamine tetraacetic acid, pH 
7-2, in an Erlenmeyer flask and stirred continuously by 
means of “Teflon’-covered magnetic bar for a period of ten 
days. The bath fluid was entirely replaced at 48 h intervals... 
The EDTA-treated bone salt (demineralized) was collected 
by filtration, washed repoatedly with distilled water and 
dried at 50° C for 48 h. 

Additional aliquots of the untreated bone salt prepara- 
tion were placed in a Soxhlet apparatus and refluxed con- 
tinuously with anhydrous ethylenediamine for one week. 
The extracted bone salt preparation (anorganic) was 
refluxed for an additional.8 h with several changes of 
distilled water and then dried at 50° C for 48 h prior to use. 

Other commercially available adsorbents. were pur- 
chased from laboratory supply houses and passed through 
A.S.T.M. sieves of similar size but not further treated. 
These included: (a) calcium phosphate; (b) calcium 
carbonate; (c) animal charcoal; (d) ‘Amberlite C@-50 
type resin, hydrogen form; (e) ‘Dowex 1—X8’ resin, chloride 
form; (f) American Standard hide powder collagen. These 
adsorbents and the three bone salt preparations (that is, 
untreated bone salt, EDTA-treated bone salt and ED- 
treated bone salt) were all then handled in an identical 
fashion. 

100 mg, 500 mg, 1 g and 2 g samples of each of the nine 
adsorbents were individually placed in 250 ml. Erlenmeyer 
flasks and overlain with 50 ml. of a free-base tetracycline 
solution containing 12-5 y/ml. in 0-1 M phosphate buffer, 
pH 7-4. Flasks were stoppered and constantly agitated 
by a Burrell wrist action shaker for varying time-intervals. 
At stipulated times, an aliquot of the supernate was 
removed, centrifuged at 3,000 r.p.m. for 5 min and filtered 
through number 5 Whatman filter paper. Optical density 
of the solution was determined at 360 my using a Beckman 
model DU spectrophotometer. Buffer solution was used 
as a blank and the original tetracycline solution was used 
as the standard. Tetracycline adsorption was calculated 
in terms of percentage adsorbed. (Critical analysis requires 
precise determination of crystal size and surface area of all 
adsorbents, rather than the crude method. utilized here. 
This is now under investigation.) (Table 1.) 

Tetracycline clearly behaved as an anion in solution at 
pH 7-7-4, since it exchanged with the chloride ion of the 
strongly basic anionic exchanger (‘Dowex 1—X8’) and did 
not associate with the hydrogen form of the weakly basic 
carboxylic acid type of cationic exchanger (‘Amberlite 
CG-50’). Furthermore, no tetracycline binding was 
detected by the methods utilized here to isoelectric 
(pH 5-4) bovine hide powder collagen, though appreciable 
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py ; | 
i | | Percentage of adsorbed per mass adsorbent (100-200 A.S.T.M. mesh) 
| Adsorbent | Calcium content - : i - ETOT | E EO 
| | g% i Per 100 mg Per mg Per 500 mg Per mg 
Bone salt 23-6 0-3 0-003 154 | 0030 
1. Bone- salt + EDEA 0 i a 0 0 | 0 
Bone sale+-ED 33-7 i 13-6 0-136 53-4 l 0-071 i 
poQalOy 35-0 | 161 | 0-1861 35-6 i 8-050 
o Caa POs 36-4 i 28-6 i 0-286 1-6 | 0-089 
Hide powder collagen 0 i 0 | 0 | 0 i 0 
Charcoa: i 26-9 | 93-1 i 0-931 H 7-4 ; 0-097 
‘Dowex 1-¥8 (CI) f G | 35-9 0-359 i 61-0 i 0-062 
‘Amberlite CG-50" (H*) 0 i 0 l 0 | 0 0 
| i 
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binding was apparent to the animal charcoal 
adsorbent of similar particle size. Significant 
binding occurred to fat-froe bone powder 
which had not been treated with EDTA or 
ED prior to interaction with tetracycline. 
No binding was observed, however, with bone 
salt which had been pre-treated with 
ethylenediamine tetraacetic acid and which 
contained no detectable calcium. Ethylene- 
diamine-treated bone salt, on the contrary, 
avidly bound tetracycline and roughly to 
the same extent as did the preparation of 
inorganic calcium phosphate. ` Calcium car- 
bonate also avidly bound tetracycline, but 
to rier a than did wal nore 
phy . Binding to calcium phosphate 
and to the other calcium-containing prepara- 
tions as well, was dependent both on the 
total calcium present and to the length of 
time of the interaction. Thus, in both the 
fat-free bone powders and in the bone 
specimens, it would appear | that ethylenedi- 
amine treatment, by removing the organic 
phase, in effect appeared to remove either a 
diffusion barrier or an otherwise hindering 
bond between the crystal and matrix phases. 
An apparently greater total calcium crystal 
, approximating that of inorganic 
calcium phosphate, was thus made available 
to the tetracycline ion. Conversely, treat- 
ment by ethylenediamine tetraacetic acid 
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i crystal phase shows serum takon at 12 snd 
hs shpat diminished iraia EE fom a mo al now born ab iy raperi the Pinet gn ot methionine 
of the drug. When all the mineral phasehad WGF? developed from serum taken & and 24 i after isotopo iniy. 
been removed, no adsorption of the drug the right of the application 


could be detected by the methods used in 
this investigation. 

The data thus argue strongly for the previously drawn 
inference that persistence of tetracycline fluorescence in 
biological tissues is probably directly related to the calcium 
content of that tissue. In the absence of direct data 
suggestive of any other mechanisms whereby the vast 
majority of injected tetracycline molecules can localize in 
bi tissues, it seems reasonable to again conclude 
that these drugs probably interact primarily, if not only 
with calcium ions in at least hydroxyapatite-seeded 
nucleation sites on collagen fibrils. 
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Synthesis of Gamma-globulin in the New- 
born Rabbit 


EVIDENCE to be presented here indicates that the normal 
new-born rabbit is capable of synthesizing y-globulin. The 
fact that synthesis of y-globulin is possible by the time of 
birth was first suggested by Deichmiller and Dixon!. 
These workers demonstrated incorporation of sulphur-35 
amino-acids into y-globulins of 2-day-old animals at 
about 1/36th the ee of adult rabbits when calculated 
per unit body-weight. Isolation of the y-globulins was 


bulin ig pra the 
Fig. 2 shows the bard artero veloped from the above Mannoia hails pattern 


accomplished by starch-block electrophoresis. However, 
during this period of life, the rates of incorporation of 
amino-acids into §- and «-globulins were found to approx- 
imate those of adult animals. Thus, it seemed possible 
that slight contamination by the other plasma com- 

ponents of high specific activity could have accounted for 
these results. Therefore, the problem has been re- 
examined in our laboratory. 

Incorporation of 1-methionine labelled with sulphur-35 
into y-globulins was investigated in normal, hybrid, 
healthy new-born rabbits. High specific activity sulphur-35 
labelled 1-methionine (140 ye: /mg) was red intra- 
peritoneally in a dosage of 2 me./kg at 4 h, 5, 8, 11, and 
14 days of age. Blood for serum samples was obtai 
8 and 24 h following administration of the isotope. The 
method of separation of the y-globulin and detection of the 
incorporation of the radioactivity was the autoradio- 
graphic immunoelectrophoretie method first described by 
Hochwald et al.*. New-born serum was submitted to 
micro-immunoelectrophoresis in agar gel for 55 min at 
35 V with a pH of 8-2 in 0-1 M veronal buffer. Thereafter, 
goat anti-rabbit globulin serum was allowed to diffuse 
from an adjacent trough and conventional precipitin lines 
allowed to develop for 24h. The slide was then washed in 
0-145 M sodium chloride containing 0-001 M l-methionine 
for 3 days with frequent changing followed by washing in 
distilled water. The slides were air dried and photographic 
film (Kodak Royal X Pan and Ilford ASA 400) applied to 
the gel and exposed for three weeks. 

The specificity of the incorporated radioactivity was 
verified using two other methods. The conversion of 
methionine to cysteine may result in the non-specific 
binding of this amino-acid to plasma proteins by dithio 
bonds*. Therefore, samples of the serums used as des- 
cribed here were also incubated with sodium bisulphite 
prior to the immunoelectrophoresis. In additional experi- 
ments, 1-lysine labelled with carbon-14 was injected in the 
same dosage schedule to new-born animals and the serum 
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collected and analysed for radioactivity in thesame fashion. 
All three methods gave identical results. 

These experiments have shown (Figs. 1 and 2) that 
incorporation of radioactive amino-acids into y-globulins 
as well as other serum proteins may be demonstrated 
within the first day of life. Samples of serum from 8 
new-born rabbits (representing 5 different litters) gave the 
same result. It can be seen that the intensity of exposure 
of the film was much less for the y-globulin line than for the 
other plasma proteins. 

These results are not inconsistent with other lines of 
evidence showing immune response in the neonatal or 
foetal mammal. The ability of many mammalian foetuses 
to react with antibody formation is well documented*-’. 
Histopathological examination of a human stillborn fœtus 
with congenital syphilis revealed the presence of plasma 
cells as early as 6 months*t. That plasma cells may be 
absent during this period following birth and antibody 
production may yet bė present is entirely consistent with 
developmental aspects of the early immune response 
reported in the human and rabbit neonate*:*. These 
workers demonstrated that 19S y-globulin to bacterial 
antigens may be detected many days before 7S y-globulins 
are found. Although the cell of origin of the high-molecu- 
lar-weight species antibody has not been clearly defined, 
it is probably not the conventional plasma cell?®. 

This experiment confirms that the ability to synthesize 
y-globulin is present within 12 h after birth in rabbits. 

This work was supported in part by grants from the 
American Heart Association, the National Institute of 
Health (A-2694) and by a training grant from the National 
Institute of Arthritis and Metabolic Diseases (2A—5273). 
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Relaxing Factor in Extracts of Blood Platelets 
and its Function in the Cells 


THE known release of 5-hydroxytryptamine from blood 
platelets exposed to thrombin? has led to further investiga- 
tions in this laboratory concerning the mechanism of 
action of the enzyme on the cells. Recently published 
results of these investigations? show that a number of 
intracellular constituents, including 5-hydroxytryptamine, 
are simultaneously released from the cells through the 
operation of a sequential reaction system for which the 
term ‘release reaction of the platelets’ was suggested. 
In this process a proteolytic reaction catalysed by throm- 
bin represents the first step. It is followed by a reaction 
which requires calcium ions. Observations indicate that 
the final step consists in active contraction of the platelet, 
by which water and solutes are extruded into the sur- 
rounding medium. 

The ability of the platelets to perform such contractions 
is made possible by their constituent contractile protein, 
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‘thrombosthenin’, first described by Bettex-Galland and 
Liischer*** in extracts of human platelets. A similar con- 
tractile protein was independently observed and prepared 
in this laboratory from pig platelets*®. This type of 
protein constitutes 15-20 per cent of the total protein of 
platelets in these different species**, which accords with 
its proposed functional importance in the cells. 

It is a notable fact that the ‘release reaction of the 
platelets’ is completely dependent on the presence of free 
calcium ions, provided that extracellular and intracellular 
sources of this element are controlled*. Assuming that 
contraction represents an essential step in the release 
process, the dependence on calcium suggests the presence 
in the platelet of a relaxing factor similar to the activity 
known from the studies of striated muscle’. In the latter 
tissue contraction is believed to be initiated by the intra- 
cellular appearance of free calcium ions, which inactivate 
the relaxing factor’. The preparation of an extract from 
platelets having relaxing activity on platelet contractile 
protein was accordingly attempted. 

Washed and packed blood platelets, obtained from 
citrated pig blood as described previously*, were homo- 
genized with 3 volumes of extraction fluid (0-03 M potas- 
sium chloride, 0-005 M magnesium sulphate, 0-01 M 
potassium oxalate, 0-02 M tris pH 7-0) for two periods 
lasting 30 sec, with an interval of 3 min. A homogenizer 
(Measuring and Scientific Equipment, Ltd.) with micro- 
attachment was used. It was run at top speed and the 
cells were cooled in iee between each run. The homogen- 
ate was immediately centrifuged in the cold for 5 min at 
14,000g. The supernatant solution contained no visible 
cell fragments and was stored in ice until used. 

The system used for demonstrating relaxing factor 
activity in the platelet extract was based on a previous 
observation by Mueller’ that relaxing factor of muscle 
is able to prevent superprecipitation of actomyosin. Con- 
tractile protein was prepared from pig platelets by my 
previously described procedure? and dissolved in 1 M 
potassium chloride to a concentration of 10-7 mg protein/ 
ml., at a calculated ionic strength of 0-6. 100 ul. of platelet 
extract was pre-incubated for 10 min at 20° C with 100 ul. 
of solvent (0-005 M magnesium sulphate, 0-005 M potas- 
sium oxalate, 0-02 M tris pH 7:0) and 20 ul. of 0-025 M 
adenosine triphosphate (ATP) neutralized to pH 7-0. 
50 ul. of the contractile protein solution was added and 
the mixture was incubated at 37° C for 15 min, followed by 
30 min at 20° C. Micro test-tubes were used, measuring 
4 x 30 mm. After incubation the tubes were spun in a 
clinical centrifuge at 1,000 r.p.m. for 30 sec, inspected 
and photographed. 





Fig, 1. Effect of platelet extract on platelet contractile s probate. 
§ by ATP is shown in £). sons and bition 


of superprecipitation by platelet extract f and abolishment of the 
effect of platelet extract by calcium ions in (4). Details of the experiment 
are described in the text 
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= Results of an experiment of this type are shown in Fig. 1 
“Tube 1 contains contractile protein incubated with platelet 
extract in the absence of ATP, tube 2 eee protein 
‘and ATP without platelet extract, tube 3 contractile 
_ protein with ATP and platelets extract, tube 4 contractile 
protein with ATP and platelet extract to which caleium 
oo added to a calculated final concentration of 0-1 mM 
wens att, ; y 
Comparison of tubes 1 and 2 shows the degree of super- 
tation obtained in the presence of ATP. Tube 4 
shows the same dogroe of super-precipitation, indicating 
_that tho platelet extract is inactive in the presence of 
cium.ions. In contrast, tube 3 shows complete 
ion of the contractile protein by the combined effect 
and the platelet extract. These results are identi- 
1 observations previously made on the behaviour 
tomyosin in the presence of ATP and relaxing factor 
muscle’. Partial inhibition of the ATPase activity of 
_ contractile protein by the platelet extract was 
lso found to occur. 
may be concluded that an activity having the same 
fundamental characteristics as the relaxing factor of 
striated muscle is present in pig blood platelets. So far 
as is known. this represents the first demonstration of 
relaxing factor activity in cells other than those of heart 
and skeletal muscle. The presence of this factor—the 
., activity of which is destroyed by calcium ions—in platelets 
ccie clearly in agreement with the reaction mechanism pro- 
| posed for the ‘release reaction’ in my earlier report? and 
'— explains the cardinal role of calcium ions in the process. 
_ Simultaneously, the part played by calcium in the physio- 
i logically important alterations of viscous metamorphosis 
in platelets is thus explained, since according to my 
| observations? viscous metamorphosis represents a parallel 
ffect of the mechanism which is. responsible for the 
release phenomenon. 
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l PHYSIOLOGY 


Extra-uterine Re-ci slation of lodine-13! 
from the Young to Mother in Rats 


SUCKLING tats or puppies, separated from their mother 
uring the first two weeks of life, cannot urinate spon- 
taneously even though the bladder may be filled with urine’. 
Although. these findings | have indicated the dominant 
role of the mother in the regulation of excretion of urine 
in such immature. mammals. no attention has been 
paid to the possibility that mothers may also ingest 
the urine of their young. To examine this problem the 
transfer of iodine-131 from young rats through the 
lactating mothers into the body of the intact young was 
investigated. 

-The experiment involved: 10-day-old rats of the Wistar 
strain from three different litters. Eight animals from 
each litter were divided inte two equal groups, A and B. 
Group A received intraperitoneally 2 ue. of iodine-131 
and were then reunited with their mother for 4 h. During 
this time the animals of group B were isolated in another 
cago. 4h later the animals of group A were killed and 
16 mother was transferred to group B. At the end of 
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Table i 
Group 
Litter wg o n Mother 
4h with mother 

Stomach 1 333,300* 5,910 
2 340,110 2,662 
3 811,114 3,870 
Thyroid gland 1 92,170 56,510 
2 146,595 22,050 
3 163,470 72,130 
Serum 1 46,740 485 
2 46,595 121 
3 47,770 408 

Urinary bladder 1 7,640 

2 40,373 

8 101,280 





* Values represent means of c.p.m. per total organ or i mii of seram B: : ; 
groups of four animals. 


a 4-h period during which the animals were ablo to 
suckle, they and the mothers were killed by bleeding 
from the aorta abdominalis under ether anasthesia. The 
radioactivity in the serum, stomach and thyroid gland 
was determined in a well-type scintillation counter, 

The results (Table 1) indicate that a considerable 
quantity of iodine-131 administered to 10-day-old rats 
of group A re-appears in the organism of intact nursing 
of group B, after passing through the organism of = 
mother. This presence of iodine-131 in the stomach, 
serum and thyroid gland of uninjected suck! 
demonstrates a rapid re-circulation of iodine bets 
immature rats and their mother in both directions. 
observed ingestion of urine excreted by immature 
may represent a saving mechanism which eould in 
several other substances in order to compensate for the 
loss via the milk. This suggests the possibility that in 
species with immature new-born animals the mother nia 
be responsible for the maintenance of their normal iv ; 
environment in a manner very similar to that occur ng 
during the intra-uterine life. 
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Water-induced Cerebral Over-hydration 
in the Maturing Rat Brain 


CEREBRAL injury due to anoxia and ischemia im 
adult rat is accompanied by edema of. the 
Recent work has shown that swelling of the brain 
circumstances does not occur in rats aged less thar 
days‘. Although this may be a consequence of 
increased resistance of the young mammal to ano 
there could be primary inability of the brain to dey 
edema before a certain stage of development is reac 
In order to test the latter possibility, the propensity to 
develop cerebral edema following administration of watot 
was investigated in rats of different ages. 

Colony bred, Wistar rats aged 1-55 days were ued 
Animals were given 50 ml/kg of distilled water intra- 
venously under ether anxsthesia. Litter-mates acted as 
untreated controls. In the first week of life, inbravencus 
infusions were made into the facial vein, using a @ 27 
gauge luer hypodermic needle connected by a polythene 
tube to a tuberculin syringe. In older animals, the water 
was injected into the external jugular vein via a polythene 
cannula. One hour after administration of water both 
test and control animals were killed by light 
anesthesia followed by exsanguination. The forebe 
were rapidly removed and the dry weights were estima 
by weighing: before and after drying to constant we 
at 110°C. 
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Fig. 1. Effect of intravenous administration of 50 ml,/kg water to rats 


of different ages on the water content of the brain 1 h afterwards 
Control animals were litter-mates of the test animals in each age-group 


The results are shown in Fig. 1. The test animals 
showed consistently higher forebrain water content 
compared with controls only after the age of 11 days. 

In the next experiment rats in the first day of life were 
given intravenous injections of 300 ml. of water/kg over 
the course of 15-20 min. One hour after this the animals 
showed pitting oedema, ascites and pleural effusions. The 
brains of these animals showed no significant increase in 
water content compared with those of controls. 

These results suggest that failure of edema formation 
in the brains of new-born rats following anoxia and 
ischzemia may be at least partly related to a physiological 
state of immaturity resulting in a diminished tendency 
of these animals to develop edema in this site in the first 
11 days of life following osmotic disturbances generally. 

At about this age, myelination is commencing in the 
rat's brain and a sodium/potassium gradient becomes 
manifest between the neuronal cytoplasm and extra- 
neuronal space’. Whether these or other mechanisms are 
involved in the foregoing events is not at present known. 
However, it is possible that postanoxic—ischzmic cerebral 
cedema is related to a breakdown of the ‘sodium pump’ 
between neurones and glia? due to a disturbance of the 
tricarboxylic acid cycle induced by oxygen lack, and in 
rats aged less than 11 days oedema formation of this sort 
is not possible as the ‘sodium pump’ does not become 
effective until the middle of the second week of life’. 

This work was supported by the National Spastics 
Society. 
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London, 8.E.1. 
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Glutamate-induced Depolarization in 
Crustacean Muscle 


Ir has been shown that glutamic acid and some 
related amino-acids in relatively low concentrations 
excite crustacean muscles’? and mammalian nerve 
cells’. In crustacean muscles it was suggested that the 
glutamate acts on the muscle at the neuromuscular 
junction, although the experimental method did not 
discriminate between an action at the neuromuscular 
junction and one on the muscle fibre directly. On the 
other hand, in mammalian nerve cells these substances 
were considsred to be non-specific excitants’. 

The purpose of the work recorded here was to determine 
the site of action of the glutamate in the crustacean muscle 
by electrophoresis. The abductor muscle of the dactyl in 
the first walking leg of the crayfish (Cambarus clarkii) was 
used. Two micropipettes filled with 3 M potassium chloride 
were used for recording the potential changes, one of which 
was used for intracellular recording and another for 
extracellular recording. .-glutamate ions were applied 
eleectrophoretically by passing the inward current pulse 
through a micropipette filled with 1 M L-sodium glutamate 
(pH 7-5). The intracellular electrode was kept inserted 





Fig. 1. Depolarization produced by electrophoretically applied L-gluta- 

mate. Upper line: monitored current pulse through the glutamate 

filled micropipette. Lower line: intracellularly recorded potential 
Current, 1 107 amp; potential, 3 mV; time, 50 cycle 





Fig. 2. A, Lower line: intracellular recording of excitatory junctional 
potentials at stimulus rate of 30/see. Upper line, simultaneous extra- 
cellular excitatory junctional potentials from a single junctional area 
recorded with microelectrode. B, Lower line, intracellular recording 
of the glutamate-induced depolarization. Middle line: simultaneous 
extracellular record from the same junctional area with that in A. 
Upper line, monitored current pulse through the glutamate filled 
mntoropipette. Diphasic component of the intracellular record is due to 
a.c. amplifier. Current, 5 x 107 amp; extracellular potential, 0-5 mV; 
intracellular potential, 1 mV: time, 5 msec in A; 100 msec in B 
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in a muscle fibre throughout the experiment. Tho charac- 
teristic length of the musele fibre was long compared with 
the length of the muscle and the changes in potential in the 
muscle fibre could be recorded intracellularly with little 
distortion. When a glutamate-filled micropipette was 
moved longitudinally along the muscle fibre, several spots 
were usually detected on a muscle fibre where the current 
pulse produced the slow depolarization of the membrane 
(Fig. 1). These spots are sharply localized and the 
potentials disappear or change their time course and 
amplitude with a movement of the pipette tip of several y. 
When the pipette filled with glutamate penetrated the 
membrane, the hyperpolarization of the membrane 
appeared by the current pulse and little depolarization, 
if any, was observed. 
. The motor nerve was stimulated repetitively (at 
stimulus rate of about 30/sec). A micropipette was kept 
inserted in muscle fibre and another micropipette was 
placed on the muscle surface and a spot was located where 
ap with nerve stimulation’. The lower 
line in Fig. 2A shows the excitatory junctional potentials 
recorded intracellularly. The upper line presents the 
simultaneous excitatory junctional potentials measured 
extracellularly at a single junctional area. A glutamate- 
filled pipette was then brought near the tip of the extra- 
cellular micropipette and a strong current pulse was passed 
through the pipette. The lower line in Fig. 2B shows the 
depolarization of the membrane produced by an electro- 
phoretic application of the glutamate. The middle line 
the simultaneous potential change recorded 
extracellularly at the same junctional area with that in 
A. Downward deflexions represent the negativity of the 
electrode tip. 

These results indicate that glutamate ions have action 
on the crustacean muscle at the neuromuscular junction 
and the glutamate-sensitive site locates on the outer 
surface of the membrane. 
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Reactivity of Skin and Muscular Blood Vessels to 
Noradrenaline dories. Induced Respiratory 
Acidosis in Cats 


THE pressure responses to intravenous injections of 
noradrenaline and adrenaline have often been shown to 
decrease during respiratory acidosis'*. This decrease was 
more pronounced during acidosis in dogs with a total 
cardiac by-pass? indicating that a decreased reactivity of 
peripheral blood vessels was one major cause. In accord- 
ance with these observations, it has been found that the 
vascular regions, perfused through the common carotid 
artery of dogst and via the femoral artery of cats, 
responded less to noradrenaline during respiratory 
acidosis. In the work recorded hero both skinned (group 
A) and unskinned (group B) leg preparations were perfused 
through the femoral artery and the reactivity changes 
during acidosis in the two groups were compared. 

Cats weighing 2-2-5-0 kg wore used in all experiments. 
The left leg was tied off at the upper part of the thigh 
leaving only the major vessels and nerves untouched. In 
group A experiments the leg was skinned and the paw 
tied off just above tho ankle joint. This permitted the 
femoral artery to perfuse mainly muscle vessels. The flow 
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of blood in the femoral artery was in both groups exteri- 
orized in a polyethylene loop and maintained constant by 
means of a constant output-pump (Sigmamotor, Ine.). 

In 9 cats the preparation also included cutting the left 
sympathetic chain at mid-lumbar level and the splanchnic 
nerves on both sides. 

The following paramoters were continuously recorded: 
(1) systemic blood pressure; (2) heart rate; (3) perfusion 
pressure in the loop; (4) arterial blood pH. 

Spontaneous respiratory movements were abolished by 
a slow intravenous drip of sueccinylcholine iodide 
(‘Celocurin’, Vitrum, Ltd.) in a low-molocular-weight 
dextran (“Rheomacrodex’, Pharmacia, Ltd.). The animals 
were kept undor artificial respiration. At the inni 
of each experiment the ventilation and the flow of blood 
to the perfused leg were adjusted so that the blood pH 
was approximately 7-4 and the perfusion pressure equalled 
the systemic blood pressure. During this control period 
the animals were ventilated with oxygen. Respiratory 
acidosis was induced by the inhalation of gas mixtures 
containing 10 and 20 per cent carbon dioxide in oxygen. 
During the control period intra-arterial injections of 
noradrenaline were given to the perfused leg in doses 
sufficient to produce a 50-mm mercury increase in the 
perfusion pressure. During the periods of acidosis the 
noradrenaline dose was increased to maintain an 
unchanged pressor response. A decrease in the sensitivity 
of the vessels could therefore be expressed as the number 
of times the control dose had to be increased to still elicit 
a 50-mm mercury pressure increase. 

The induction of acidosis in the preparations with intact 
nervous supply to the perfused vascular bed invariably 
caused an increase of the perfusion pressure. In group A 
experiments this averaged 35 mm mercury during venti- 
lation with 10 per cent carbon dioxide. In ventilation 
with 20 per cent carbon dioxide an increase of 85 mm 
mercury was observed. The corresponding values were 
somewhat less in group B. It is known that an increase in 
nervous tone of blood vessels decreases the effect of 
noradrenaline*:?. Therefore, it seemed likely that this 
could influence the peripheral response of intra-arterial 
noradrenaline injections in these experiments. To evaluate 
the significance of this, control experiments were made 
using muscular vessels and sympathetic chain stimulation 
sufficient to induce an increase in the perfusing pressure 
of 60 mm mercury. To obtain a further 50 mm mereury 
increase of the perfusion pressure a dose of no ine, 
1-8 times the normal control dose, was required. 

The results obtained in the present investigation are 
shown in Fig. 1. It is seen that during respiratory acidosis 
the overall response of the peripheral blood vessels to 
noradrenaline decreased much more in the whole-leg 
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Fig. 1. Effect of respiratory acidosis 
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preparation than in the skinned-leg preparation. After 
denervation the difference was less obvious but still 
noticeable with ventilation of 20 per cent carbon dioxide. 
These results suggested a marked difference in the change 
of reactivity between skin and muscular blood vessels 
during acidosis. 

In other experiments, where the flow of venous blood 
from skin and muscles was separately recorded, it was 
found that acidosis provoked a more pronounced vasocon- 
striction of the muscular blood vessels than of the skin 
vessels. In group B experiments this resulted in a re- 
distribution of the blood from the more constricted muscle 
vessels with a well-preserved reactivity to the skin vessels 
with a more decreased reactivity. This helps to explain 
the difference in the results between experiments A and 
B. This suggestion is supported also by the observation 
that the reactivity was preserved better in the denervated 
unskinned. leg preparation where the redistribution of 
blood would be less marked. However, in the skinned leg 
preparation a difference, although less marked, was also 
observed between the innervated and denervated prepara- 
tions. The magnitude of this difference suggested that its 
explanation could be the increase of the perfusing pressure 
elicited by the acidosis only in the innervated preparations. 

This work was supported by research grants from 
Karolinska Institutet and Magnus Bergvalls Foundation. 
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Effect of Certain Cytostatic and Fungistatic 
Steroids on Activity of the Reticulo-endothelial 
System 


We have previously reported the effects of various 
steroids on the macrophage activity of the reticulo- 
endothelial system™?, and have shown that in general 
the cestrogens gave rise to stimulation’ while cortisone 
and related substances caused depression‘. It is therefore 
pertinent that such compounds as 38-methoxyandrost- 
5-en-168-ol®* having a strong cytostatic activity should 
be investigated with regard to their effect on reticulo- 
endothelial phagocytosis. 

The present communication reports the effect of six 
synthetic steroids on the phagocytic activity of the 
reticulo-endothelial system. $ 
_ Seventy-two -white mice, M.R.C. stock (T.O. Swiss 
strain; 20-25 g), were used. Ten: animals were used to 
test. each substance, each animal receiving one sub- 
cutaneous dose of the steroid in 0-05 ml. arachis oil 
daily for 6 days. Twelve animals were used as controls 

and received 0-05 ml. of arachis oil daily on six occasions. 
On the eighth day the phagocytic activity was measured 
by the rate of disappearance of a known amount of 
_ specially prepared. carbon from the circulating blood, 
this. being in accordance with our standard procedure 
reported in previous communications’. The results are 
‘shown in Table L 
Tt will be seen that there are two main inhibitors 
of phagocytosis, namely, androst-5-ene-38,168-diol and 
38-methoxyandrost-5-en-168-ol,- which have relative 
phagocytic values of K9-2 and K9-8 as against a control 
value of K16. However, it must: be noted that the former 
compound was given in a dose-five times as great as the 
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Table 1. EFFECR oF CERTAIN SYNTHETIO STEROIDS ON THE RETICULO- 
ENDOTHELIAL SYSTEM 


Compound: used Daily dose (ug) Phagooytie Index 


Androst-5-ene-32,1868-diol * 500 92 
Androst-5-ene-38,16a-diol * 

(as diacetate, 100 14-6 
38-Methoxyandrost-5-en-16A-ol * 100 98 
38-Methoxyandrost-5-en-162-ol * 100 18:7 
38-Ethoxyandrost-5-en-16f-ol + 100 13-6 
Androst-5-ene-38,168,178-triol f 

{as triacetate)§ 100 16-3 
Controls — 16 


* J, Biol. Chem., 222, 447 (1956). 

+ Recently synthesized at Lasdon Foundation Research Institute of 
Chemotherapy, m.p. 123°-124° uncorrected. 

t Ber., 72, 417 (1939). . 

§ Given fully esterified because of low solubility in oil of parent compound. 


latter. It is of great interest that, according to Jones, 
Rebell and Huffman*, compound 38-methoxyandrost-5- 
en-168-0l was the strongest cytostatic and fungistatic 
agent they had synthesized, and it appears from our 
investigations that this steroid is also a strong depressant 
of reticulo-endothelial activity. 

We are greatly indebted to Dr. Max Huffman of the 
Lasdon Foundation Research Institute of Chemotherapy, 
Colorado, for generously supplying the steroids for this 
investigation. 
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HÆMATOLOGY 


Distribution of Sickle-cell Haemoglobin 
in Saudi Arabia 


Jr is now recognized that the sickle-cell trait, though ` 
inherited through a single gene, does not necessarily 
maintain a constant frequency in a population from 
generation to generation, but that its frequency 1s the 
result of two opposing processes of natural selection. 
The gene for sickle-cell hemoglobin (or hemoglobin: S$) 
tends to be eliminated from the population because 
of the deaths of homozygotes from sickle-cell anzmia, 
while, in the presence of endemic faleiparum (malignant 
tertian) malaria, homozygotes for normal adult hemo- 
globin (hemoglobin A) have a higher mortality than 
heterozygotes with genes for both A and S. The sickle- 
cell gene is thus maintained from generation to genera- 
tion from the pool represented by the favoured hetero- 
zygotes. So long as malarial incidence remains: con- 
stant, a state of balanced polymorphism ‘will eventually - 
be reached ; but if the former then changes, there will: 
be a gradual shift towards a new balance of genes. There 
can, therefore, be no doubt that the frequency of the 
sickle-cell trait in a population is, at least in part, related 
to the recent malarial history of that population. 

The distribution of sickling in Saudi Arabia is of 
particular interest because of its relation. to malarial 
distribution and the origin and movements of the popula- 
tions concerned, The most malarial areas of Saudi 
Arabia are the two large and we ll-watered oases of the 
Eastern Prevince—the Qatif Oasis and the Al-Hasa 
Oasis. As Daggy’ has shown, prior to the anti-malaria 
programme now in effect throughout the country, malaria 
was prevalent in both these oases. In 1947, for example, 
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the parasite rate for children between the ages 2-14 
averaged about 85 per cent in the Qatif Oasis proper; 
for infants the parasite rate was 100 per cent. Falciparum 
malaria was predominant over vivax and malarie (ovale 
is virtually unknown in the two Oases) among both adults 
and children. 
Malaria in Saudi Arabia is not limited to the Eastern 
- Province, but occurs in both the Central and Western 
| Provinces as well. It is doubtful, however, if the parasite 
: among the inhabitants of the other provinces ever 
lett the pre-1948 parasite rates found in the oases 
he Eastern Province, 
> large majority of Saudi Arabs are Sunni Muslims, 
he remainder are Shi’i Muslims. The former are 
: d throughout the country, and include both Bedouins 
and settled villagers and townspeople. The Shi’i, consist- 
vontirely of townspeople and villagers, are limited 
almost entirely to the two major oases of the Eastern 
ince-—-the Qatif Oasis and the Al-Hasa Oasis. 
ing an approximately two-year period from late 1955 
until late 1957, blood samples were collected from 1,376 
> adult male Saudi Arabs in the Eastern Province of Saudi 
Arabia. The specimens were tested directly for sickling, 
and also examined by electrophoresis for the presence 
of sickle-cell hemoglobin (hemoglobin S). All the men 
were employees of the Arabian American Oil Co. Most of 
them were born in the Eastern Province, but a sub- 
v stantial number, both Bedouins and settled people, have 
-gome from other parts of the country. 



























‘Table 1. HÆMOGLOBIN GENOTYPES IN SAUDI ARAB POPULATIONS 
ENTE , Hæmoglobin 
Population Class Religion Locality No. genotype 
AA AS 
Eastern Province 
A Settled Shi'i Qatif Oasis 894 205 99* 
B Shi'i Al-Hasa Oasis 65 49 16 
g Sunni Qatif Oasis 22 21 T 
Do Sunni Al-Hasa Oasis 217 191 26 
Sunni Other areas 83 77 6 
Central Province 
> Sunni Neja 179 177 2 
Western Province 
Sunni  Hejaz 102 102 0 — 
Sunni. *Asir 30 3 á — 
Sunni = Najran 44 42 2 
Sunni fagtern Province 79 73 — 
Sunni Other Provinces 99 9 — 
— _ 82 56 6 
1,876 1,218 158 





= * Twovof these were originally classified as being of genotype SS. They 

are now considered to be examples of thalasswmia in persons of genotype AS. 

fable 2, FREQUENCY OF HÆMOGLOBIN GENOTYPES IN SAUDI ARAB 
POPULATION GROUPS 


; Percentage 
Population Class Religion Locality No. hemoglobin 

group tested genotypes 
: AA AS 

odanda B Settled Shri Eastern Province 459 7495 25-05* 

4th Dand E Settled Sunni Eastern Province 322 80°75 10°25 
Pee Settled Sunni Central Province 179 98-88 112 
G,Handl Settled Sunni Western Provinces 176 98:86 1:14 
“fam K Bedouin Sunni All Saudi Arabia 178 100-00 — 
de : — — 62 90°32 9-68 
oo Total 1,376 88-52 11:48 


* See footnote to Table 1. 


(In Table 1 are shown the numbers of each hemoglobin 
: genotype in each of the 12 populations tested. In Table 2 
these populations are combined for purposes of frequency 
calculation into groups which appear to be genetically 
homogeneous, relatively speaking, for hemoglobins as 
“well as for blood groups, details of which will be published 
‘separately. S 
: The Shi'i, all of whom arè from the Eastern Province, 
© have 25-1 per cent. of sicklers. This frequency, by far the 
-highest found in Saudi Arabia, occurs among Shi’i from 
both the Qatif and the Al-Hasa Oases. The Sunni towns- 
“people and villagers of the Eastern Province have a 
-o frequency of 10-2 per cent of sicklers, which, although 
_ high, is considerably below the frequency figure for the 
S ShP The settled population of the other provinces of 
Saudi Arabia—-Nejd, Hejaz, ’Asir, and Najran—inelude 
-about I per cent of sicklers. The 178 Bedouins from all 
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parts of the country do not include a single sikler 
miscellaneous group of 62 Saudi Arabs of undetorn: i 
origin includes about 10 per cent of sickle-cell trait 
carriers. st 

In view of the known relationship of sickling te falet- 
parum malaria, it is relevant that until recently 
major oases of the Eastern Province were highly ma! 
while the rest of the country was less:so. ‘The 
frequency of sickling in the Shi'i most probabi, 
an equilibrium with the degree of endemz G 
under which they and their ancestors. lived fi 
long time. The fact that the settled Sunni inha 
the Eastern Province, living under similar con 
have a much lower sickling frequency suggests: (1 
they are more recent settlers in the provinces, pr b EE 
having drifted in from the less malarial interior areas of C0 
the country; (2) that they have been inhabitants of the 
oases long enough to have acquired a fairly high si ia 
frequency, but not long enough to have reached full 
equilibrium. 

The inhabitants of most other parts of Saudi Arabia 
have lived for many generations in a relatively malaria. 
free environment. Thus they would not have bee sub- 
mitted to any intense stimulus tending to favour the ov 
sickle-cell trait, and if their ancestors ever did have soc onoi) 
high sickle-cell frequency, they would have tended tolese o < 
it gradually through the deaths of homozygotes Irom 
sickle-cell anemia. 

The present distribution of sickling in the Ara 
peninsula, as shown in this paper and by Lehm 
is a reflexion of local conditions existing during r 
centuries; but is consistent with the gene having 
first instance an Asiatic origin. Sickling. is found ©: 
sively in the malarial areas of central Africa, but is 
found in Indian aboriginal populations which, acco 
to Coon’, are related to the pre-Arab stock of the A 
peninsula. As pointed out by Lehmann}, the ocension 
observations of sickling in Iran and Pakistan* suggest 
the possibility of dissemination of the sickling gene by 
land routes ultimately connecting the pre-Arab popula- 
tions of the Arabian peninsula with the Australoids of 
southern India. 

We wish to thank Mr. M. P. Curwen for statistien| 
assistance. 
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Role of Calcium in Fibrin Formation 


Tue conversion of a fibrinolytic factor to a clotting 
factor, both extracted from fibrin clots, was shown to 
occur in oxalated plasma without calcium chloride’. 
Larger amounts of lytic factor prevented plasma coagu- 
lation with or without this salt?, presumably due to an 
insufficient amount of the converting enzyme in plasm. 
Calcium chloride was reported to have two effects: (1) 
it accelerated the coagulation of oxalated plasma with 
clotting factor?; (2) it rendered clots formed from hring- 
gen and clotting factor less soluble in 30 per cent i 
than control clots without the saltè. Clots comtal 
oxalate, on the other hand, dissolved more rapidly 
than control clots. 
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In order to determine the specificity of these calcium - 


effects, salts of various cations were tested. In all experi- 
ments, 0-03 ml. of 0-1 M salt solutions and 0-1 ml. of 
substrate, plasma or 0-3 per cent of bovine fibrinogen, 
and of clotting factor were used. Chlorides of sodium, 
potassium, magnesium, caleium, strontium, and barium 
were added to oxalated plasma and clotting factor. 
Strontium and barium chloride shortened the control 
clotting time of 25 sec by 7 sec, calcium chloride by 11 sec; 
the other salts left it unchanged. With fibrinogen as 
substrate none of the salts had an accelerating effect; 
however, calcium, strontium, and barium chloride elimin- 
ated the delay in clot formation brought about by sodium 
oxalate? and its nearly complete inhibition by sodium 
citrate. 

In other tests the three salts exhibited different modes 
of action.. Salts of strontium, like calcium salts, produced 
an immediate turbidity when added to oxalated plasma 
and clotted it directly, while with barium salts there was 
no. visible change. The chloride, bromide, nitrate, and 
acetate salts of strontium, respectively, were used. The 
clotting time varied from 10 to 20 min for plasma which 
would coagulate in 3-4 min with calcium chloride. The 
resulting clots were insoluble in urea. 

In a reaction mixture of precipitated barium oxalate, 
fibrinogen, and clotting factor clearing occurred, while 
with calcium or strontium oxalate there was no change. 
This could be due to the formation of a complex compound, 
which would also explain the failure of barium chloride 
to react visibly with oxalated plasma. 

The stability of clotting factor-fibrinogen clots was 
unaffected by the addition of barium chloride. They 
dissolved in 30 per cent urea in about 1 h; clots with 
strontium chloride required 3-4 h and clots with calcium 
chloride 8-10 h for dissolution. 

Potent preparations of clotting factor? contained 17 ug 
. of calcium per ml., as determined by flame photometer 
“measurements, Oxalate and citrate most likely enter into 
- eombination with the factor through calcium and are, in 

turn, readily removed by precipitating cations. Under 

of physiological conditions of blood clotting, the amount of 
< clotting: factor produced in a certain volume of plasma 
would seem to be just sufficient to coagulate it. The 

‘anticoagulant effect of oxalate or citrate added in the 
prescribed quantities would then be due to depression of 
clotting factor activity, not to interference with clotting 
enzyme formation. Neither oxalate nor citrate destroys 
clotting factor. There was no change in factor activity 
even after 48 h incubation at 37° C with the anions. 

In the stabilization of fibrin clots, strontium apparently 
can take the place of calcium, though it may not fit as 
well into the structure of the fibrin molecule. It is possible 
that this is the mechanism by which strontium is deposited 
in tissues in the calcification process. 

This work was supported in part by a grant from the 
Kansas Heart Association. 
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, ects of Phytohemagglutinin in vivo in Rats 


o G ERAL reports'-* during the past three years have 
_ shown that phytohemaggliutinin (PHA) (a muco-protein 
derived from the red kidney bean, Phaseolus vulgaris) 
possesses: mitosis-stimulating properties on. lymphocytes 

in short-term culture. Despite the considerable interest 
existing concerning. the nature of this drug, there: is no 
information available on its effect in vivo apart from a 
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Can we Goddard amd Mandol thirty-four years agot. 


For this reason the following investigation was undertaken. 

Young female Wistaria rats of approximately the same 
age (8 weeks) and weight (50 g) were grouped as follows: 
I (4 rats), saline treated controls; H (4 rats), PHA 0-2 ml. x 
4 at weekly intervals subcutaneously; TIT (4 rats), PHA 
0-2 ml.x4 at weekly intervals intraperitoneally; IV (4 
rats), PHA 0-2 ml. intraperitoneally followed by 3 weekly 
doses of 0-1 ml. subeutaneously; V (2 rats), PHA 0-5 ml. 
intraperitoneally followed by 3 weekly doses of 0-1 ml. 
subcutaneously respectively. 

The PHA used throughout was the Difco M form. 
During the four weeks of observation the rats were weighed 
at weekly intervals, and packed cell volumes, white cell 
counts and differentials carried out on tail-vein blood at 
the same time. At the end of this period, two rats in 
each group were killed and post-mortem examinations 
performed. 

All rats in Sah group gained from 5 to 10 g in weight- 
during the experiment. Their packed cell volumes rəs: 
mained within the range 38-48 per cent for all animals: 
with no difference between the control and any treated 
group. The white blood cell counts were aleo probably 
within the rather wide range of normal values, with © 
differential counts of 68-90 per cent lymphocytes, without 
increase in the treated groups. 

Normal values for the rat are given as: packed cell | 
volume. (adult) 50 per cent; total white blood count 
6-18,000/mm$; differential count (lymphocytes) 55-96 
per cent’. f 

Serum globulin determinations at the time of death were 
as follows: I, 0-81 and 0-95 g per cent; IT, 1-16 and 0-97 g 
per cent; ITI, 0-62 and 0-90 g per cent; IV, 0-62 and 0-84 g 
per cent; V, 0-85 and 0-53 g per cent. 

The rat spleens and livers were weighed with doubtful 
differences between control and treated groups as shown 
in Table 1. 


Table 1. 
Group Spleen om (g) Liver wet (g) 

0-80 7-35 

H 0-70 875 
0-75 795 

In 1-05 . BTS 
0-95 45 

Iv 6-98 10-20 
1-05 9°30 

Vv 0-82 985 
0-06 995 


Histological examination of the spleens showed a 
possible ‘cuffing’ of pale, large lymphocytes around the 
follicles in some of the treated rats (groups IT, III and TV), ° 
but it was impossible to establish a consistently abnormal 
pattern. 

No local lesions or tumours at the sites of any injections 
were noted and no enlargement of lymph glands or other 
signs of lymphatic stimulation seen. 

From these results it may therefore be concluded that, 
in the doses given, PHA is not toxic to rats, does not 
produce active hemolysis or observable agglutination of 
the red cells, and its ability to produce lymphoproliferation 
such as is seen in vitro in lymphocyte culture could not be- 
unequivocally confirmed. 

One of us (M. W. E.) is in receipt of a Medical Repeal 
Council research scholarship. 
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Fate of Transplanted Bone 


THERE has been considerable controversy concerning 
the origin of new bone in a bone transplant. Some 
workers!“ consider that such bone is derived from soft 
tissues associated with the transplant and is, therefore, 
of donor origin. Others, however, have suggested that it 
arises from host tissue metaplasia’. The evidence for these 
opposing views is extensively reviewed by Axhausen®. A 
method of investigating this problem which seems so far 
not to have been used dzpends on the immunological 
relationships between inbred and F, hybrid animals. It 
is known from various investigations, particularly of skin’, 
that whereas tissues of an inbred animal can be successfully 
grafted to an F, hybrid animal (which had the inbred 
concerned as one of its parents), transplantation in the 
opposite direction induces an immunological response, 
since the graft possesses antigens (dorived from the other 
inbred parent) which are not possessed by the host. 

It is, therefore, to be expected that if inbred bone, grown 
in a hybrid, is solely inbred in nature, it may be success- 
fully retransplanted back into that inbred. If, however, 
hybrid bone has been formed in the transplant it will 
elicit a homograft reaction when returned to a host of the 
same gonotic constitution as the original donor. While 
there are somo advantages to be gained in using only 
osteogenic tissue, transplants of the complete humerus 
were mad» in this initial investigation, since whole bone, 
because of its marrow, is strongly antigenic. 

057 and #111 inbred mice and the F, hybrid between 
them were used. The msthod adopted was to transplant 
one humerus of a 2-day-old C57 donor subcutaneously 
into an adult C57 x R111 hybrid and the other humerus 
into a C57 adult as a control. After 28 days in these hosts, 
both bones were retransplanted into another adult C57 
so that the original donor pairing was reconstituted. The 
retransplants were examined microscopically and histo- 
logically after another 28 days. The relationships between 
animals were kept as close as possible, and in most cases 
both C57 hosts were sibs of the donor. Further, the F, 
hybrid was dorived from the same C57 mother as the 
inbred donor and hosts. No sex-incompatible transplants 
were mad». In addition the bones from a few 30-day-old 
F, hybrids wero transplanted into 057’s to determine the 
nature of the immunological response of this inbred to the 
hybrid bone. 

Typical rosults are illustrated in Fig. 1. Fig. la shows 
the histological appearance of a C57 — C57 — C57 
transplant. The bone is well vascularized and most of the 
lacune are occupied by living bone cells. There is also a 
well-developed and healthy marrow. It may be added 
that there has been considsrable growth in length, 
secondary centres have appeared both distally and proxi- 
mally and the former has fused with the metaphysis. 
However, most of the growth and maturation occurs 
during the 28-day period within the first host, and there 
is little growth in the second host. 

In striking contrast is Fig. 1b which illustrates the 
effects of transplanting F, bone into the inbred. Here all 
the bone cells are dead. the bone is avascular, and the 
marrow is necrotic and has largely disappeared. Further, 
a distinct round-coll infiltration of the bone and surrounding 
tissue is evid nt. The little growth in length that occurs is 
entirely cartilaginous. 

Finally, Fig. 1c shows the typical offects of a C57 — F, —> 
C57 transplantation. As in the trus homograft the marrow 
is necrotic. indicating unequivocally that the original C57 
tissue was replaced by F, marrow in the first host. It is 
also evident that lymphocytes are concentrated around 
parts of the graft. Further, the bone is largely avascular 
and though considsrable growth occurred while it was in 
the F, host. practically none took place after retrans- 
plantation. Nevertholess, far more of the bone is alive in 
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Fig. 1 


this type of transplant than in the typical homograft, 
and there is no correspondence between the areas of dead 
bone and those where one would have presumed new bone 
to have been laid down while the transplant was in the F, 
host, that is, subperiosteally, and adjacent to the growth 
cartilage. This suggests that such death as has occurred 
is due to avascularity. It has been shown that interruption 
of the vascular supply is a typical feature of the homograft 
reaction, and since such a reaction has boen undoubtedly 
induced by the marrow (and whatever F, soft tissue was 
inevitably transplanted with the bone) the blood supply 
to the bone itself would also be defective. The fact that 
the retransplants did not increase in length may be partly 
attributed to this cause; but failure to grow also charao- 
terizes the true isograft retransplant, though to a lesser 
extent. 

Further investigation solely using transplants of boneand 
stimulating antibody formation independently of the graft 


496 


is obviously required. Nevertheless, the present evidence 
strongly suggests that in isografts the new bone deposited 
is of donor origin. 

R. MAWDSLEY 

G. AINSWORTH HARRISON 


Department of Anatomy, 
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PATHOLOGY 


Mitotic Rate of Spontaneous Mammary 
Adenocarcinoma in C3H/HeJ Mice 


Tue mitotic rates and duration of cellular turnover of 
a great variety of normal organs with cell renewal have 
been determined, mostly in rodents'*, and in sporadic 
instances also in man*. In contrast, information is still 
limited on the mitotic rates and doubling times of malig- 
nant cell populations. Using tritiated thymidine, Baserga 
et al. determined that Ehrlich ascites tumour cells, 
lodging in the mouse lung, grew at a constant rate with 
100 per cent of the cells dividing every 18-20 ht’. A 
similar doubling time of 18 h has been determined with 
tritiated thymidine by Edwards et al. for Ehrlich ascites 
tumour cells in the peritoneal cavity of mice*. Oehlert 
et al., likewise using radioactive thymidine, observed a 
mean generation time of 17-19-4 h for Ehrlich ascites cells 
in the mouse abdominal cavity; after intramuscular 
inoculation of ascites tumour cells, those at the periphery 
of the resulting tumours showed a mean generation time 
of 12:6-14-4 h; the mean generation time of the cells 
in the central tumour regions was 28-2-32-4 h’. 

The mitotic rates and doubling times of transplantable 
Walker carcinosarcoma 256 and rat fibrosarcoma 1/162 
have been investigated by Bertalanffy and Lau, using 
the colchicine technique’. This investigation has shown 
that during the growth periods a constant number of cells 
was daily added to these tumours by mitotic division; 
Baserga et al. previously demonstrated that such constancy 
of growth occurred also with Ehrlich ascites tumour cells’. 
The doubling time of the Walker tumour population has 
been ascertained by Bertalanffy and Lau to be 1-7 days, 
that of the rat fibrosarcoma 2-5 days*. The growth of 
spontaneous breast tumours of the C3H mouse has been 
examined by Mendelsohn and associates, using the tritiated 
thymidine technique!®. On the basis of results obtained 
with this technique, Mendelsohn estimated the doubling 
time of the cells of the C3H mammary tumour to be 7-4 
days". This doubling time of the cell population of the 
tumour corresponded to that of the volume of the tumour"*. 

The purpose of the present investigation was to 
ascertain the doubling time of the same C3H mammary 
tumour, but without the use of radioactive tracers. The 
colchicine technique was applied, instead, that has proved 
itself valuablo in determining the mitotic rates of a great 
variety of animal tissues':?. The mice, obtained from the 
R. B. Jackson Memorial Laboratory, Bar Harbor, Maine, 
were of the C3H/HeJ strain'"*, and approximately 8-9 
months old when used for the investigation. Twenty 
tumour-bearing mice were divided into 4 groups of 5 
animals. Each mouse received a single subcutaneous 
injection of 0-20 mg of colchicine per 100 g of body-weight, 
and was killed exactly 6 h after injection. Colchicine 
was administered to the animals at such times that each 
of the 4 groups covered a different 6-h period of the 
day (Table 1). This was done in order to detect diurnal 
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Table 1, MITOTIC-RATE OF C3H MAMMARY ADENOCARCINOMA THROUGHOUT 
ONE 24-H PERIOD 


Time of day No. of No. of Percentage of S.D. 
cells hases  metap 

10 a.m.- 4 p.m. 10,305 309 3-0 0:13 

4 p.m.-10 p.m. 10,672 $25 3-0 0-06 

10 p.m.— 4 a.m, 10,501 290 2-8 0-07 

4 4.m.-10 a.m, 10,415 298 2-9 O11 

Daily mitoticrate .. .. . 11-7 010 


variations of mitotic activity, if such occurred in this 
tumour. Colchicine effected an arrest in metaphase of all 
cells that entered division during the 6-h period covered 
by each animal group (Figs. 1 and 2); this was evident 
from the circumstance that neither anaphases nor telo- 
phases were encountered. The details of the colchicine 
technique have been presented elsewhere, as well as 
evidence that the technique, if suitably applied, neither 
depresses nor stimulates mitotic activity'®:’’. 





Fig. 1. Portion of mammary adenocarcinoma from a C3H mouse 6 h 

after colchicine administration, The cells are in acinar-like 

formations and exhibit vesiculated nuclei with coarse c! 

Seven colchicine yee ee are present, characterized by 

clumped chromatin and clear omer * pecs (hematoxylin and 
eosin, x 





In" tivo Ma a aA O rie caine domaine 

i p are ¥ 

In the epidermis the mitotic activity serves cell renewal in the adult 
animal (hematoxylin and eosin, x 160) 


More than 2,000 nuclei of the adenocarcinoma cells 
were enumerated for each of the 20 mammary tumours, 
the number of colchicine metaphases counted in each 
field being recorded separately. The percentage of meta- 
phases was calculated for the five animals of each 6-h 
group. These four percentages are presented in Table 1, 
together with their standard deviation. 

Inasmuch as each of the 4 percentages represented the 
proportion of cells which entered division during a different 
6-h period of the day, summation of the 4 pereentages 
yielded the percentage of cells dividing in the mammary 
tumour during one day, or the daily mitotic rate of the 
tumour, found to be 11-7 per cent. Analysis of variance 
showed that the variance between the 4 groups was less 
than the variance within groups; thus there were no 
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diurnal fluctuations of mitotic activity. Diurnal mitotic 
variations were not observed previously in Walker 
carcinosarcoma and rat fibrosarcoma 1F16F (ref. 8). 

If it is assumed that the mammary tumour grows at a 
constant rate, as do Ehrlich ascites cells, the Walker 
tumour and the fibrosarcoma 1F16F, then the daily 
mitotic rate of 11-7 per cent indicates that the cell popu- 
lation of the spontaneous mammary adenocarcinoma of 
the C3H mouse doubles once about every 8-5 days. This 
also presupposes that no appreciable cell loss, as by 
necrosis, occurs from the tumour. 

The doubling time of 8-5 days, ascertained in this work 
for the C3H mammary adenocarcinoma, is rather close 
to that of 7-4 days estimated for the same tumour by 
Mendelsohn on the basis of data obtained by labelling 
with radioactive thymidine. 

As compared with other malignant tumours of which 
proliferation rates have been ascertained (see above), 
the growth of the adenocarcinoma is relatively slow. 
Moreover, its daily mitotic rate is not even twice as high 
as that of the anterior thoracic wall epidermis, which was 
determined to be 7-6 (+ 0-3) per cent in the same C3H 
mice. Mitotic activity serves a somewhat different process, 
however, in normal and cancerous tissues. Mitosis occurs 
in the epidermis for cell renewal; for each cell newly 
formed by mitosis in the Malpighian layers (Fig. 2) 
another cell becomes keratinized and is desquamated 
from the surface of the epithelium. Thus in the adult 
the number of cells in the epidermis remains constant— 
or in a steady state—in spite of a continuous flow of cells, 
because a dynamic equilibrium is maintained between 
the newly formed and extruded cells. Consequently. the 
daily new formation of 7-6 per cent of cells indicates that 
the cell population of the epidermis becomes renewed 
once about every 13 days. In contrast, such dynamic 
cell equilibrium does not exist in the malignant tumour, 
inasmuch as the rate of new formation of cells greatly 
overbalances the degree of cell loss that may occur by 
necrosis. The result is an increase of the neoplastic cell 
populations, that is, growth of the tumour. The daily new 
formation of 11-7 per cent of the cells in the malignant 
tumour thus implies an addition of this quota of cells 
to the total cell population (if the cell loss by necrosis 
is disregarded); it signified, further, doubling of the 
latter and of the whole tumour once about every 85 
days. 

The assistance of Miss C. McAskill and Miss C. A. 
Foley is gratefully acknowledged. This investigation 
was supported by a research grant from the National 
Cancer Institute of Canada, Toronto. 
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Mercurochrome Fluorescence in Tumour 
Tissue 


RALL et al.’ have reported that, in animals bearing 
transplantable tumours, a yellow fluorescence was noted 
in the bones and the tumour tissue under ultra-violet light 
after treatment with any of the tetracyclines. Recently, 
McLeay? and Klinger et al.* presented the practical 
application of the tetracycline fluorescence for the detection 
of malignant tumour. 

Administration of mercurochrome (disodium-2,7- 
dibromo-4-hydroxymercurifiuorescein) has been found to 
produce a yellow fluorescence localized in tumour tissue 
and bones of mice with transplantable tumours under 
ultra-violet light as shown in Fig. 1. This fluorescence in 
the former remains for long periods, but in the latter it is 
lost after a few days. 





Fig. 1. Mercurochrome fluorescence in the tissue of a mouse tumonr 


Mice with Ehrlich ascites tumour subcutaneously 
transplanted in the back area were injected transperi- 
toneally with mercurochrome (4 mg/100 g). Following 
three such daily treatments, the mice were killed on the 
first, second, third, . . . day after the last injection and the 
fluorescence of the tumour tissue was examined under 
ultra-violet light. The fluorescence in the twmour tissue 
can be observed distinctly for at least 15 days after the 
last administration. 

Mercurochrome administered in rats and mice with 
spontaneous malignant tumour gave the same yellow 
fluorescence as the experimental tumour. 

Microscopically the yellow fluorescence js indicated very 
brilliantly in the area of stroma surrounding a cancerous 
growth (Fig. 2). 





Fig. 2. Microscopical mercurochrome fluorescence in the area of the 
stroma 
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Fig. 3. Microscopical distribution of brom in the area of the stroma 


The distribution of mercurochrome in the tumour tissue 
can be illustrated by the histochemical d>tection of bromt: 
brom is distributed in the same area where the mercuro- 
chrome fluorescence is brilliant microscopically (Fig. 3). 

Then, in ordor to examine the concentration of mercuro- 
chrome in the mice, a quantitative analysis of mercury in 
the tumour tissue and other organs was carried out: 
mercurochrome (4 mg/100 g/day) was administered 
intraperitoneally to mice with a three diy tumour, and 
the animals were killed on the first, third, fifth, seventh, 
tenth, and fifteenth day after the last injection and mereury 
in the tissue was determined by the dithizone method. As 
shown in Fig. 4, on 24 h the concentration of mercury was 
most dotectable in kidney, but after the third day in the 
kidney and the other organs, except in the tumour tissue, 
it had dscreased rapidly; in the tumour tissue it was 
highest after the fifth day. 
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To patients with gastric ulcer, gastric cancer, cancer of 
colon, rectum and breast, pre-operatively mercurochrome 
was administered intravenously or orally in doses of 3-4 
mg/kg for 3-5 days. The specimen resocted on the second 
or third day aftor the last administration was examined 
undor ultra-violet light, gross and microscopically, and a 
yellow fluorescence was found in cancer tissue. 
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Hrrosu1 MOTOYAMA 
Department of Surgery, 
Kumamoto University, Kumamoto, Japan. 


1 Rall, D. P., Loo, T. L., Lane, M., and Kelley, M.G., J. Nat. Cancer Inst., 
19, 79 (1957). 

? MeLeay, J. F., Amer. J. Surg., 98, 415 (1957). 

* Klinger, J., and Katz, R., Gastroenterol., 41, 29 (1961). 

* Okamoto, K., Ueda, M., and Maeda, R., Microscopie Histochemistry, 
second ed., 128 (1958). rry 

$ r A Colorimetric Determination of Traces of Metals, second ed., 


RADIOBIOLOGY 


X-irradiation Sensitivity of Nitrogen Mustard- 
resistant Mammalian Cells in vitro 


A SIMILARITY of the modo of action of some chemical 
and physical agents (nitrogen mustards, ultra-violet and 
X-rays) has been proposed, on the basis of the similarity 
of many biological end-effects (pharmacological and 
toxicological properties, mu ic effects, growth 
inhibition). Although several authors have suggested that 
this may be the result of reactions initiat.d by funda- 
mentally different primary events, of significance to the 
interprotation of a common mode of action of both 
alkylating agents and ionizing radiations would be a 
description of the cross-resistance phenomenon in strains 
of Escherichia coli! 

In recent years, the introduction of good techniques for 
growing single cells into macroscopic colonies* has made it 
possible to carry out quantitative experiments on mam- 
malian cells cultivated in vitro, which are for some 
eytogenetical and metabolic investigations more advan- 
tageous than micro-organisms. Thereafter, variants from 
different strains of mammalian cells have been obtained 
by using various selecting agents':*, and tho rosistance of 
the selected coll lines has been related to their genetical 
properties®’. 

In this laboratory the effects of a nitrogen mustard on a 
guinea pig coll strain cultivated in vitro (RCP strain) have 
been compared with the effects of X-irradiation on similar 
systems’. Also several experiments on cross-resistance 
have been carried out: preliminary results are here 
doseribed. 

A rosistant colony has been isolated from the survivors 
of RC P-strain cells, 20 days after treatment with a single 
dose of 2 ug/ml. of mothyl-bis(8-chloroethyl)amine hydro- 
chlorido (HN2). With such a dose the percentage sur- 
vival, determined by the plating technique developed by 
Puck et al.*, was about 0-002 per cent. 

When a normally growing culture had been established, 
the survival of tho colony-forming ability of the newly 
isolated sub-line, D-26, was compared with that of strain 
RCP, after treatment with increasing doses between 0-03 
and 0:50 ug/ml). of HN2. In parallel experiments the 
colony-forming abilities of D-26 and RCP strains were 
compared, after X-irradiation with doses of 50-700 r. In 
Fig. 1 the results obtained from separate experiments are 
plotted in somi-logarithmic scale. 

Aftor treatment with HN2 (Fig. 14) a decline in colony- 
forming ability was noticed both for RCP and D-26 strain: 
the curves show an initial shoulder, followed by a linear 
portion in which survival is an exponential function of 
dose. Nevertheless, the survival of D-26 was higher than 
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Fig. 1.. Percentage survival as a function of HN? (4) and X-rays (B) 
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dose, Survival values are based on the number of macroscopic colonies 
developed in five dishes per dose. The different symbols indicate 
values obtained from separate experiments 


that of RCP at all doses, and the difference was greatest 
- at 0-50 ug/ml. (at this dose the survival of the resistant 
_ line was 6-7 times that of ROP strain). 
The shape of the X-ray survival curves (Fig. 1B) is 
lar to that of HIN2-curves, but no difference between 
and RCP ability of colony formation was noticed 
ftor X-irradiation. 
_ Therefore there is no evidence here for a cross-resistance 
“phenomenon between X-rays and HN2 drug, with regard 
_ fo survival of RCP strain cells. In a subsequent paper 
some biochemical and genetical properties of the D-26 
variant will be described. 
- This work was performed under contract No. 36 with 
ihe International Atomic Energy Agency. 
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Movement of Water-soluble Material in- 
Mayer’s Albumin and a Simplified _ 
Dry-mounting Method for Autoradiography 


Tue freeze-drying technique permits the embedding of o =< — 
tissue containing water-soluble radioactively | Lo 
compounds with minimal movement of the labelled 
material. However, the procedure for mounting i 
microtome sections later obtained from the tiss 
requires a mounting adhesive containing water 
floating the ribbon of sections on water. 
latter procedure large amounts of radioactivity 
from the sections —up to 100 per cent in some 
Using the ‘mounting adhesive technique’ the radioacti 
may not be lost from the section; but, what is wo 
may move, giving a false impression of the. pr 
localization in the tissue. 

Because of the finding of a very large distribution ap 
of sucrose labelled with carbon-14 in thyroid slices’ 
have been interested in developing a method for the a 
radiographic localization of this material in tissues. ” 
thyroids to be examined were freshly obtained and ke 
chilled beakers until sliced in a Stadie-Riggs micro! 
to slices about 1 mm thick weighing several hundre, 
These were incubated for 1 h at 37° © in 25 ml. of | 
Ringer bicarbonate buffer containing the labelled material _ 
(10-15 ue. of either sucrose-"C or inulin-“C—obtamed 
from the New England Nuclear Corp, Boston, Mass.) o 
They were then prepared for autoradiography by a fr ne 
drying technique using a ‘Cyro-Desiccator’ (Phipps and 
Bird Company, Richmond, Va.). Tho paraffin-embedded 
slice obtained after the freeze-drying procedure was then 
cut into sections 7u thick, and these were placed on 
previously prepared slides coated with Kodak ‘NT: 
bulk emulsion ‘subbed’ (that is, underlaid) with a sol 
of 0-5 per cent gelatin. (It was found that bubbles co 
eliminated from the emulsion by allowing it to stand in t o 
darkroom overnight in a water bath at 40°--42° ©.) In the 
early preparations we next coated the emulsion-covered 
slides with a very thin layer of Mayer's alburnin {E te 1 
mixture of glycerin and egg white) in order to make the 
section adhere to the slide. The sections were mounted 
using the method described by Gallimore, Bauer and 
Boyd’, which consists of an apparatus for holding the 
section for transfer to the slide. The slides were thon 
exposed 1-10 days in a refrigerated: light-tight box 
Immediately before development the paraffin was è 
from the section by dipping the slide into xylol. 
emulsion was then developed for 5 min with Kodak 
developer, fixed for 2 min, then. stained with hema 
and eosin for 1-5 min each and washed with water withow 
the use of ammonia water or acid alcohol. 

The results obtained with. this technique showed 
radioactivity to be scattered over the entire slide as thi 
the sucrose had diffused throughout the tissue dur 
incubation. In some cases an even more misleading 
artefact was seen: the sucrose seemed to have become 
localized within the follicles. Since this was a resale 
which had been hoped for but- scarcely expected, s further 
attempt was made to ensure that no movement of the 
isotope had occurred during the procedure. ‘This consisted 
of omitting the use of the Mayer’s albumin for mounting 
the section since it was the most suspect portion of the 
procedure. The method used for making the seetion 
adhere to the slide then consisted of placing the slides in 
an oven after exposure but still in a light-tight box snd 
heating at 60° C for 20 min. Although the emulsion 
became sticky enough to allow the section to adhere, 
movement of the radioactivity at that time was of ne 
consequence because the slides were developed immed- 
iately afterwards. There does not appear to have been 
significant movement of the silver granules in the ommal- 
sion, since the latter appeared only in an extrafollicn 
location in slides treated in this manner. Jt 
argued that it is not impossible for this lash result to 




















































artefact, and there is no way of disproving this at the 
moment. However, the Mayer’s albumin was the only 
water-miscible material used in the procedure, and when it 
was eliminated the sucrose appeared in the extrafollicular 
spaces, which is where it should become localized according 
to ideas accepted at present. 
There have appeared remarkably few articles on auto- 
radiographic localization of sugars despite the obvious 
importance of this subject to many experiments. One 
reason may be the difficulty encountered in obtaining good 
localization with existing methods. The present tech- 
nique of mounting without exposure to water or water- 
containing or water-miscible material at any point in the 
procedure may help remedy this situation. 
T. C. SmrraermMan 
A. F. DEBONS 
J. A. PITTMAN 
V. STEPHENS 
Veterans Administration Hospital, 
Radioisotope Service, 
and Departments of Medicine and Physiology, 
University of Alabama Medical Center, 
Birmingham, Alabama. 
i Fitzgerald, P. J., Lab. Invest., 10, 846 (1961). 
*Debons, A. F., and Pittman, J. A., Endocrinol., 70, 937 (1962). 
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Resin Metabolism in the Sapwood of Pinus 
radiata 
Tue use of carbon-14 produced in nuclear bomb testing 
in biological investigations has been discussed in an earlier 
communication’. Since 1954 the specific activity of the 
carbon dioxide in the atmosphere over New Zealand has 
been increasing as is shown in Fig. 1%. We have used this 
effect to examine the resin metabolism of Pinus radiata. 
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Fig. 1. Specife activity of southern hemisphere atmosphere after 

Rafter (ref. 1). A‘C expressed as parts per thousand enrichment above 

0-95 of National Bureau of Standards’ oxalic acid standard and normal- 

ized for isotopic fractionation to oan pE the P.B.D. Chicago belemnite 

standar 


1961 


Annual rings of a Pinus radiata. tree felled in January 

1960 in the Kaingaroa Forest were ground up and the 
yesin extracted with acetone. From the residue, cellulose 
-was propared. The acetone-extracted material and the 
cellulose were converted to carbon dioxide and counted in 
the Institute of Nuclear Science low-level carbon-14 


- counter: The carbon-12 : carbon-13 ratio of a portion of 


each sample was measured so that the results could be 
-< -eorrected for any isotope effect either in the metabolism 

-_of the tree or in the chemical manipulations. The results 
are given in Table 1. 

From these results it is clear that: (1) all the resin 
activity is considerably lower than that of the atmosphere 
at the time of felling of the tree. Thus the resin in the 
sapwood of Pinus radiata is not in metabolic equilibrium 
with the metabolism of the tree. (2) The resin has a long 
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Table 1. PARTS PER THOUSAND ANC* VALUES FOR CHEMICAL FRACTIONS 
OR 


ANNUAL RINGS or Pinus radiata 


Atinual ring ~ Cellulose Acetone-soluble (resin) 
1953/54 + 1954/55 — 20 +73 
= £0 o= 40 
1955/56 + 1956/57 - —14:8 +131 
= 28 o = BS 
1957/58 + 1958/59 +535 +500 
o = 34 o = $4 


Atmosphere at time tree felled (January 1960) = +200. $ 

* AHC expressed as parts per thousand enrichment above 0-95 of National 
Bureau of Standards oxalic acid standard and normalized for isotopic 
fractionation to 0-075 of P.B.D. Chicago belemnite standard. o = standard 
deviation of counting. 


metabolic half-life, at least of the order of many years. 
(3) Since the resin in the three rings measured has signifi- 
cantly different specific activities, it follows that any 
lateral circulation through the laterally and vertically 
interconnected resin canals is very slow, with mixing times 
at least of the order of many years. 

We thank the Forest Institute, Rotorua, who kindly 
felled the tree and separated the rings, the Institute of 
Nuclear Science for counting the samples, and the N.Z.. 
University Grants Committee for financial support. 

A. T. WILSON 
J. M. GUMBLEY 
D. J. Speppine 
Department of Chemistry, 
Victoria University of Wellington, 
New Zealand. 


1 Rafter, T. A. Tenth Pacific Sci. Conf., Hawaii, August 1960, J. Geodesy 
and Geophys. (in the press), 
3 Wilson, A. E., Nature, 191, 714 (1961). 
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Special Tubules for Sperm Storage in 
Female Lizards 

SPECIAL sperm storing glands occur at the base of the 
infundibulum of the oviduct of colubrid? and viperid*® 
snakes, and are probably characteristic of all snakes’. 
No structure of similar function has been described in 
other reptiles. I have detected the presence of sperm in 
small tubular outgrowths of the vagina of the green anole, 
Anolis carolinensis. 

Female anoles were collected. from the vicinity of New 
Orleans. Forty-six were maintained in captivity for 
various periods; 15 were killed within three days after 
capture (Table 1). Oviduct sections were stained with 
Mallory’s azan or hematoxylin and eosin. 


Table 1. SEASONAL FREQUENCY OF SPERM IN TUBULES 
Dates 
Captivity period With sperm Without sperm 
July 5~Sept. 20 11 0 
Aug. 18-Oct. 8 6 1 
Aug. 27-Nov, 24 9 D 
Sept. 20—Jan. 10 3 J 
Oct. 10-Jan. 14 6 i 
Nov, 8-Jan, 7 7 1 
Fresh killed 
Jan. 14 4 0 
March 13 2 ü 
April 3 2 ù 
April 22 7 0 
Totals 57 4 


Lizard oviducts consist of an anterior infundibulum, 
a middle uterus and a posterior vagina‘. In Anolis, the 
infundibulum is thin-walled and lined by simple ciliated 
and non-ciliated columnar epithelium. The mucosa is 
thrown into low, more or less circular folds. The shallow. 
ciliated troughs. and pits between the folds. bear only a 
superficial resemblance to the seminal receptacles of 
snakes. The uterus is the largest part of the oviduct. and 
contains coiled tubular shell glands. The vagina is divided 
into a thin, anterior. vaginal tube and.a thick, posterior 
vaginal pouch. The mucosa of the anterior two-thirds of 
tho vaginal tube is arranged in longitudinal folds; caudally, 
the folds. bifurcate and run irregularly. The epithelium 
of the vaginal tube consists of simple, columnar, ciliated 
cells interspersed with non-ciliated cells. 
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L tudinal sections (10x) h the vi tube of Anolis, 
Us pepan h shows several aa Stk rn crabs of oviduct 
is on t dle and lower photographs show orderly arrangement 

of sperm “ 


From the bottom of the grooves between tho folds of 
the vaginal tube, small tubules extend deep into the thick 
lamina propria and run more or less parallel to the folds. 

Many tubules contain bundles of sperm (Fig. 1). These 

ese yen Sap mc agus tubules occur along most of the 
vaginal tube but are most common in the middle and 
anterior third. They range between 13 and 40y in diameter; 
some are relatively short in length, but others appear to 
be well over 500u. Proximally, the tubule epithelium 
consists of acidophilic, simple columnar cells, mostly 
ciliated, which look very similar to those of the vaginal 

ithelium. Distally, the cells become cuboidal or even 

tter and stain more deeply. Frequently, through the 
middle part of the tubules, the cilia are limited to two 
narrow bands on opposite sides of the tubules. Distally, 
and in most areas where sperm are stored, cilia are lacking. 
In rare instances, whore cilia were adjacent to sperm, the 
cilia appeared shortened. 

The quantity of sperm present in the tubules depends 
on the time elapsed since the last insemination. In 
animals killed through the summer most tubules were 
bulging with sperm’. Those animals killed during winter 
or early spring had fewest sperm in the tubules. Although 
sperm were found in all parts of the tubules, they were 
usually located in the distal, non-ciliated regions. Longi- 
tudinal views of the less-crowded tubules (Fig. 1) showed 
that the sperm tonded to arrange themselves in a fairly 
regular pattern. The heads clustered in evenly 
spaced bundles pointing toward the distal end of the 
tubules. These bundles were soparated by gaps equal to, 
or somewhat longer than, the sperm heads. The gaps 
were occupied by overlapping sperm tails. This regular 
spacing of sperm heads was less obvious in recently 
inseminated individuals. The sperm did not come in 
direct contact with, or appear to alter, the epithelial cells. 
Nothing suggested that the sperm were nourished by the 
cells or their secretions as appears to be the case in snake 
receptacles'*. However, the orderly arrangement of sperm 
in the lizard tubules that its presence is of 
functional value and not due merely to chance wandering. 
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sperm were reported to have survived at least 6 months". 

Since in most vertebrates the eggs are fertilized shortly 
after entering the oviduct, the posteriorly located recept- 
acles of Anolis appear to be less advantageously located 
than those of snakes which are situated at the base of the 
infundibulum. Possibly at ovulation or when an egg 
enters the uterus of a lizard, the vaginal tube is simul- 
taneously stimulated and sperm are forced from the 
tubules into the vaginal cavity in time to reach the eggs 
before the shell membranes are deposited. In the case of 
Anolis, which has only one egg in an oviduct at a time’. 
such a mechanism could easily operate. 

Since the males are ready to breed at about the time 
the females first ovulate, and continue to produce sperm 
throughout the long breeding season, the sperm storage 
tubules may normally have little functional value. 
However, it is fairly certain that a few females ovulate 
in September, several weeks after the males have stopped 
producing *. Further, in the April 22 sample, two 
of the seven females with fertile eggs had no sperm in the 
oviduct cavity and only moderate to few sperm in the 
receptacles. It is probable that these eggs were fertilized 
by sperm from copulations of the previous summer. Thus. 
sperm storage can effectively lengthen the period of 
fertile egg laying and may also be of significant survival 
value in submarginal habitats where males may be scarce. 

This work was supported by National Science Founda- 
tion grant G10751. I also thank Mr. Eugene Wolfe 
and the Department of Medical Illustration, Louisiane 
State University, for the photomicrographs. 

Note added in proof. Since this communication was 
submitted a description of similar tubules in the oviduet 
of lizards of the family Chamaeleonidae has been reported 
by Saint Girons®. 


Wave Fox 
Department of Anatomy. 
Louisiana State University School of Medicine, 
New Orleans. 


! Fox, W., Anat. Rec., 124, 519 (1956). 

* Saint Girons, H., Bull, Biol., 91, 284 (1957); Ann. Hislochim. (France). 
4, 235 (1959), 

* Fox, W., and Dessauer, H. C., Copeia, No. 4, 590 (1962). 

* Giersberg, H., Z. wise Zoot., 120, 1 (1922). 

* Ramsdell, C. M. (personal communications). 

ars G. W. D., Copeia, No. 3, 183 (1952). Fox, W., Copeia, No. 1, 28 


* Atsatt, 8. R., Copeia, No. 1, 59 (1953), 
* Saint Girons, H., Beaufortia, 9, No. 106, 165 (1962). 


Appearance of Antibodies to Trophoblast 
during the Postpartum Period in Normal 
Human Pregnancies 

Iv a previous communication’, it was reported that 
fluorescein-tagged serum globulin collected in the post- 
partum period of normal human pregnancies localizes in 
syncytiotrophoblastic cytoplasm of the placenta delivered 
by the patient in a manner best interpreted as an antigen- 
antibody reaction. This communication was based on 
five patients from whom the serum was collected on the 
fourth postpartum day. This day was arbitrarily chosen 
because of the theoretical possibility that antibodies 
formed during pregnancy might be absorbed by the large 
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volume of trophoblastic material present in the placenta, 
hence might not be present in significant amounts in the 
circulation prior to delivery. 

Further investigation with these sera revealed that the 
localization phenomenon was not specific to the placenta 
delivered by the patient, but would occur with other 
placentz as well. Additional tests with placente obtained 
at the time of therapeutic abortion (representing 3-6- 
month gestations), as well as placentæ from premature 
deliveries, again revealed that the localization phenomenon 
is limited to the syncytiotrophoblastic cytoplasm. The 
trophoblasts of one particular placenta (obtained at the 
time of therapeutic abortion of a 4-month pregnancy for 
chronic maternal hypertension with cardiac decompensa- 
tion) revealed strikingly strong localization characteristics 
and was used extensively in exploratory investigations. 

To investigate further the hypothesis that antibodies do 
not appear in the maternal circulation prior to delivery, 
total of 36 sera were collected from a number of normal 
patients with term pregnancies. 

The sera were collected in a random manner prior to 

labour, during labour, and at several points in the first 
few postpartum days, and tagged with fluorescein iso- 
thiocyanate. 
Modification of the technique originally described 
included absorption of non-specific fluorescence with 
powdered human liver (40 mg/ml.) rather than powdered 
mouse and rat liver, as described by Coons*. This was 
based on the rationale that the antigen responsible for 
fixation in trophoblast cytoplasm would probably not be 
present in liver, but that many of the proteins responsible 
for non-specific fixation in human tissue would. The use 
of human liver powder resulted in better suppression of 
non-specific fixation than had been obtained using mouse 
and rat liver powders. Also, control sections of frozen 
placent were mounted on the same slide as test sections 
to eliminate small but important variations in such matters 
as vigour exerted during washing of the sections, etc. 
Finally, the placental sections were prepared from the 
aforementioned 4-month gestation as well as from normal 
term placente. 


Table 1. PLACENTAL LOCALIZATION OF FLUORESCEIN-TAGGED SERA FROM 
NORMAL PREGNANCIES 


Day serum drawn No.of sera No.of tests Positive Positive (%) 
Prior to labour 4 8 0 0 
lal 8 16 1 6 
Postpartum day 1 8 16 0 0 
” » 2 4 8 1 12 
, > 8 5 10 1 10 
as 2 & 3 6 5 83 
eee ae a ee 
af "9 1 2 3} 50 

Total 36 72 


A positive reading was recorded if the fluorescence of 
the syncytiotrophoblastic cytoplasm in the test section 
was more pronounced than in the control. Because of the 
vagaries of the fluorescent staining technique and the 
subjective nature of the end-point, multiple determinations 
were made with each serum, and the positive and negative 
observations recorded. The results were then grouped 
according to the point of time, with respect to delivery, at 
which the sera had been drawn. The results are listed in 
tabular form (Table 1), where it can be seen that the 
number of positive observations tended to increase 
markedly around the fourth postpartum day, and 
remained elevated from that time on. The sera collected 
prior to labour, during labour, and in the early post- 
partum period failed to localize in the placenta. 

Thus, our original hypothesis that antibody does not 
appear prior to delivery in normal pregnancies appears to 
be substantiated by these data. However, our original 
theoretical explanation, that trophoblasts absorb circulat- 
ing antibody prior to delivery, does not appear to be 
entirely satisfactory. If this were true, antibody would 
appear promptly in the immediate postpartum period. 
The fact that antibody does not appear until several days 
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after delivery in normal pregnancies suggests that there 
are other mechanisms at work in the pregnant woman to 
suppress the appearance of this antibody. One possible 
mechanism is the suppressive effect of high levels of 
circulating adrenocorticosteroids in pregnancy, which 
drop dramatically postpartum’. Other mechanisms 
undoubtedly exist, and are being explored. 
This work was supported in part by grants from the 
American Cancer Society and the Population Council, Inc. 
Jarostav F. HULKA 
VIRGINIA BRINTON 
JOHN SCHAAF 
CAROLINE BANEY 
Department of Obstetrics and Gynecology, 
University of Pittsburgh, Magee-Women’s Hospital, 
Pittsburgh, Pennsylvania. 
i Hulka, J. F., Hsu, K. ©., and Beiser, 8. M., Nature, 187, 707 (1960). 
* Coons, A. H., and Kaplan, M. H., J. Ezp. Med., 91, 1 (1950). 
* Benson, R. C., Clin. Obstet. Gynecol., 5, 639 (1962). 


Teleosts : 
haracoid 


Paired Frontal Foramina in Livin 
Definition of a New Family of 
Fishes, the Crenuchidae 


Crenuchus spilurus Günther! (order Cypriniformes) is 
a small characoid fish, from Guiana and the Amazon 
basin, ing a number of unusual features. First, 
its dentition, most of its skull structures (Fig. 1) and its 
general appearance would place it near the cheirodonts 
(including Aphyocharax), and possibly also near Characi- 
dium?*, But its rather long dorsal fin (about 18 rays) is 
characteristic for remotely related groups (with the 
exception of some Characidiidi; see following): the 
Serrasalminae (piranhas and others) among the Characidae, 
and only one genus, Hoplias, among the Erythrinidae. 
All other forms (at least 1,000 species in South America) 
have 9-13 rays, generally 10-11. 





Fig. 1, Right lateral view of the skull of Crenuchus spilurus 


On the other hand Crenuchus has a rather strong sexual 
dimorphism (the male is much larger, with much ex- 
panded, orange-dotted dorsal and anal fins), similar to 
that of certain eyprinodonts, and exceptional within the 
characoids. 

Also the young individuals of the species enter into 
protective (mimetic ?) association with young Geophagus 
(cichlids) and Curimatopsis (curimatines). There are more 
peculiarities, too technical to be detailed here, principally 
concerning the low number of the unbranched anal rays 
(one or two instead of three as in most of the characids), 
and the structure of the scales (which have some curious 
anostomine-erythrinid features). 

The most interesting point of difference is a highly 
unusual skull structure (Fig. 2), still undescribed, which 
places Crenuchus (and others) quite apart, not only from 
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Fig. 2. Dorsal view of the skull of Crenuchus spilurus 


the characoids, but also from all the recent teleosts. In 
Orenuchus anterior fontanel (generally present in 
small characids) is absent and replaced by a wide depres- 
sion between orbits, running forward to the anterior 
third of the dermethmoid; this depression in the bones is 
partially filled up by a dense adipose tissue. Posteriorly, 
it is limited by a frontal crest assuming the form of a 
forwardly V. The unusual structure is a small 
tube near the end of each branch of the V, immediately 
to the inner side of the supraorbital canal, through the 
frontal and in communication with the cerebral cavity. 

A rather crude dissection (of not too well preserved 
material) showed that each hole is filled with a small 
‘organ’, cup-like, externally rather adherent to the 
dense tissue of the top of the head (the skin of which is 
rather depigmented), internally with the 
anterior brain by a very thin ‘nervous’ tractus. It is my 
intention, when fresh material becomes available, to 
examine histologically this structure, and, if possible, 
to get an idea of its function (if there is a function), 
E oA a erty did nah reveal! any such or 
homologous ‘organs’, at the same place, in any group of 
fishes, at least in adult ones. Meanwhile, it may be per- 
mitted to speculate about tho origin of this unique 
paired communication through the frontals, which are 
strongly reminiscent of the pineal foramen (for example, 
of the Devonian iform tetrapods, or even some 
modern siluridst): the latter, between the frontals, is 
evidently unpaired (median), but it has been considered 
by some authors® as of a paired origin. 

Another, much rarer, dwarf species from British 
Guiana, which strongly parallels a poecilid, is Poecilo- 
charaz bovallii Eigenmann®: it has nearly as long a 
dorsal fin as Crenuchus, together with marked dimorphism 
and the same paired foramina. Its existence supports 
the evidence that we are dealing with a small but well- 
separated group. Both genera Crenuchus and Poecilo- 
charax are thus raised here to family rank, with the 
following diagnosis. 

Crenuchidae: A small family of South American fishes 
of the sub-order Characoidei; the only one group at 
present to possess paired foramina in the frontal bones, 
containing a structure resembling a sense organ; tripus 
(of the Weberian apparatus) movably joined with the 
centrum of the third vertebra, without intercalated 
spring-like lamella; dorsal fin long, 15-18 rays; anal 
fin short, with few simple rays, one or two; incomplete 
lateral line; adipose fin present or absent (Poecilo- 
charax); intestine very short, straight, without circum- 
volution; teeth narrow, acutely tricuspidate, numerous, 
in one row in both jaws; maxillary not toothed, rather 
long, straight; suborbital not covering the cheek; pro- 
nounced sexual dimorphism. 

The phylogenetic position of the Crenuchidae is still 
uncertain. As can be seen from the former diagnosis, 
they do not fit with Weitzman’s definition of his Chara- 
cidae (s. lat.), which is based on the structure of tho 

ian apparatus. According to this author’, the 
characoid fishes possess a thin lamella (issued from the 
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tripus) immovably joined to the centrum of the third 
vertebra; in this way the tripus may move owing to the 
spring-like action of the lamella. Crenuchus does not 
possess such a lamella, and its tripus moves by a quite 
‘standard’ joint with the vertebra. Some investigations, 
still in progress, tend to show that some of the erythrinids 
have also a movable joint between the tripus and its 
corresponding vertebra: this may indicate certain affini- 
ties between the Crenuchidae and the Erythrinidae, here 
ized as distinct from the Characidae s. str. 

Finally, the already mentioned resemblance with the 
cheirodontines and the characidiidi (almost certainly true 
Characidae), which was formerly considered as having 
phylogenetic significance’, now appears, in this new light, 
as likely to be due to evolutive convergence. The excep- 
tions referred to at the beginning, namely, the tiny Vene- 
zuelan fish Elachocharax pulcher Myers? and perhaps a 
Jobertina from south-eastern Brazil (both being typical 
Characidium-like fishes), may well have gained their long 
dorsal fin independently, as certainly did the Serrasal]- 
minae. 

J. R. GERY 


Centre National de la Recherche Scientifique, 
Laboratoire Arago, Banyuls Sur Mer, 
Pyrénées orientales, France. 


1 Günther, A., Ann. Mag. Nat, Hist. (3), 12, 443 (1863), 

* Myers, G. S., Bull. Mus. Comp. Zool. Harvard, 68 (3), 114 (1927). 

3 Gery, J., Opusc. Zool. München, No. 47, 9 (1960). 

* Friedrich-Freksa, H., Z. Wiss. Zool., 141, 52 (1932). 

NT Traité de Zoologie, edit. by Grassé, P. P., 18 (1), 879 (Masson, 


* Eigenmann, C. H., Mem. Carnegie Mus., 5, 310 (1912) (redeser.) 
? Weitzman, S. H., Stanford Ichth. Bull., 8 (1), 43 (1962) 


Oxalates and lonic Equilibria in Australian 
Saltbushes (Atriplex) 


Cation absorption in Atriplex species is partly balanced 
by concurrent chloride absorption’:*, and, in all species 
so far examined, organic acid anions, principally oxalate, 
balance most of the residual cation excess. Atriplex 
has been known for some time to contain considerable 
deposits of calcium oxalate crystals in leaf tissue* and this 
communication discusses the quantitative significance of 
oxalates in the genus. 

Chemical analyses of field samples showed that levels of 
oxalate of the order of 50-400 m.equiv./100 g dry weight 
in excess of that accountable as calcium o: were 
present in the leaves of 15 different species of Atriplex, 
Bassia, Kochia and Rhagodia. The expressed sap of 
A. nummularia and A. vesicaria, containing approximately 
150 m.equiv soluble oxalates per 100 g dry weight, 
had pH values of 6-12 and 6-25 respectively. It is con- 
cluded, then, that the acid is present in the sap as soluble 
salts of sodium and potassium. 

From Table 1 it is clear that organic acid anions, prin- 
cipally oxalate, make an important contribution to ionic 
balance. This contribution is small in young leaves, as 
would follow from Black's results?. In the mature leaves 
of chloride-tolerant perennials such as A. vesicaria it is 
lower than in non-chloride-tolerant annuals, such as A. 
spongiosa. In fact, an inverse relationship seems to exist 
between chloride tolerance and organic acid production 
in different species. In the case of A. vesicaria, ecotypes 
show the same pattern. In solution culture experiments, 
increasing the supply of calcium chloride, sodium chloride, 
potassium chloride, sodium sulphate and potassium 
sulphate invariably reduced both oxalate-level and total 
organic acid content of the leaf of A. vesicaria (Table 2). 
The important conclusion is that the oxalate and organic 
acids respond to inorganic anions, independently of 
associated cations. 

It appears possible, in Atriplex at least, that high cation 
absorption is associated with endogenous acid synthesis, 
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Table 1. Tonto BALANCE IN Atriplex SPP* 
Anions i Cations 
Oxa- Total Cl PO, Total Nà -K Ca+ Total 
os late acids anions Mg cations 
A, vesicariat 

(young leaves) 74 147 1416 31 29- 196 57 98 351 

A, vesicaria t (old 
leaves) 151 260 38 29 327 137 30 144 311 
A. inflatat 312 392 58 6 456 4189 182 149 520 
A. spongiosa t 395 455 45 7 507 182 185 156 524 


` * All values expressed as m.equiv/100 g dry weight leaf tissue. 
+ Grown in solution culture sodium chloride 5 m.equiv/l.+-4 strength 
Hoagland's solution. 
Grown in sand irrigated with sodium chloride 5 m.equiv/1. +full strength 
Hoagland’s solution. 


Table 2. DEPRESSION OF OXALATE AND TOTAL ACID SYNTHESIS IN Atriplex 
vesicaria BY INORGANIO ANIONS SUPPLIED IN SOLUTION CULTURE 


Nutrient Total Nutrient Total 
treatment *Oxalate acids treatment Oxalate acids 
NaCl, 0-005 M 143 237 K,80,0-:005M 147 312 
Ree 005 127 211 0-05 M 118 250 
KCL’. ..0-005 M 157 241 CaCl, 0-005 M 145 — 
e 0-05 M 115 21 0-08M 84 — 
Nas50, 0:005 M 151 305 
0-05 M 183 269 


a * Oxalate and total acids expressed as m.equiv/100 g dry weight leaf 
isaue, 


principally oxalate. Cation accumulation in tissues can be 

balanced either by concurrently accumulated inorganic 

anions or by endogenously produced organic acid anions! *. 

‘When Atriplex grows in an environment containing readily 

available inorganic anions such as chloride, and if the 

species. is tolerant of these anions, then. they too are 
absorbed and most probably compete successfully in the 
accumulation mechanism with endogenously produced 
organic acid anions, the overall synthesis of which is 
thereby depressed. Such a competition has been sug- 
=> gested by several workers®*. That a mechanism of active 

: accumulation of oxalate is operative in Atriplex leaves is 
indicated by preliminary experiments which show reduc- 
-tions of 30-50 per cent in absorption of oxalate by excised 
- leaves of A. nummularia from solutions of sodium oxalate 

when the metabolic inhibitors cyanide, DNP, azide and 
fluoride are present in concentrations of 10-3 M. It is 
_ interesting to note that oxalate was synthesized in beet 
“storage tissues when cations were accumulated in excess 
from tap water’. 

Further preliminary experiments indicate that there 
may be a tissue localization of systems of ionic balance. 
Thus organic acid anions appear to balance the cations 
in the mesophyll cells of the Atriplex leaf whereas the 
inorganic anions are found mainly as inorganic salts in the 
vesicles. Ability to withstand. high environmental 
salinity may depend on the sensitivity of the mesophyll 
acid accumulation mechanism to higher chloride levels. 
If much of the incoming chloride can be pushed to the 
vesicles, particularly in the case of young leaves, then 
mesophyll cells avoid salt stress. Tho fact that the non- 
chloride-tolerant ecotype of A. vesicaria shows tremen- 
dous hypertrophy and death of young leaves when given 
high chloride culture treatments is further evidence for 
the foregoing scheme. 

Many members of the Chenopodiaceae, such as spinach 
and beet, are well known as producers of oxalate. The 
semi-arid genera seem to be no exception in this regard. 
Thus the weed Halogeton glomeratus, growing in situations 
in the United States ecologically similar to those in which 
Bassia, Kochia and Atriplex are found in Australia, has 
_been shown to have an oxalate response somewhat the 
same as that outlined here*. The interrelations with 
chloride, however, were not clear from this work. 

-As well as being coupled with ion absorption as sug- 
gested here, oxalate production in four Atriplex species 
~ is severely depressed at reduced light intensities (Vince 
and Osmond, unpublished results). This would perhaps 
implicate some: photosynthetic product as a substrate for 
oxalate synthesis. In other Chenopodiaceae, glycolate, 
an early photosynthetic. product, is the precursor of 
oxalic acid’, The biochemistry of oxalate synthesis in 


~ Atriplex is how. being investigated. In view of the high 


May 4, 1963 vox. 198 





oxidation-level of oxalic acid, and the accumulation of 
these high levels in leaves, thero seoms little possibility of 
oxalate involvement in energy-yielding. metabolic pro- 
cesses, though some may be involved in generation of 
active formyl groups”. 

It is concluded that, in Atriplex leaves, oxalates have an. 
important physiological function in ionic balance. More- 
over, the extent of oxalate synthesis may be geared to the 
same processes as involved in inorganic ion accumulation. 
Formation of calcium oxalate crystals in some leaf meso- 
phyll cells may be regarded merely as a visible manifesta- 
tion of a process common to vacuolated cells, a conse- 
quence only of the chemical properties of certain con- 
stituents of the vacuolar sap. It is unlikely that such 
crystalline deposits function either as a store of calcium 
or as a means of disposal of ‘toxic’ oxalic acid. 


B. Osmonp * 
Department of Botany, 
University of New England, 
Armidale, New South Wales. 


* Present address : Department of- Botany, University of Adelaide... 
Adelaide, South Australia, PEEN 
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Experimental Modification of the Pattern of © 
Organogenesis in Hydrocharis 


Ix some flowering plants, buds do not occur randomly, — 





nor in the axil of every leaf, but in rather specific patterns.» 


In the aquatic plant. Hydrocharis morsus-ranae L., as has 
long been known! *, two vegetative buds occur in the > 
axil of every. second leaf. . (The second. bud is formed g 
laterally on the first.) In an investigation of growth and 
morphogenesis in this. plant, this regular pattern of 
organogenesis has been modified in two ways. 

Turions (dormant winter buds) of H. morsus-ranae 
were cut freshly across the base and grown singly in glass 
vessels of liquid mineral nutrient, maintained for ‘more 
than 12 h per day in artificial light of approximately 
400 ft.-candles. Under these conditions uniform growth 
of the turions was obtained, and no. other treatment was 
necessary to break dormancy‘. The basal medium was 
half-strength Knop’s solution with Nitsch’s® trace-element: 
solution, slightly modified’. To this were added aqueous 
solutions of either gibberellic acid (GA) or kinetin to give 
final concentrations of 0-1, 1-0 and 10-0 mg/l. All plants 
were grown in the basal medium for a few. days, and then 
transferred to the GA or kinetin solutions, the. controls 
being placed in fresh basal medium. The solutions were 
renewed weekly, and the plants were not maintained | 
under aseptic conditions. 

In the control cultures, as in naturally occurring plants, 
only some of the buds present in the turions grew out as 
stolons, and this pattern of growth was repeated in the 
stolons of the first and second order, and sò on. In the. 
presence of GA, the number of outgrowing, elongating 
stolons was greatly increased, rising with increasing 
concentration over the range investigated. A similar 
result was obtained with kinetin at 1-0 mg/l, but. at 
0-1 mg/l. it was apparently without effect on stolon 
outgrowth, and at 10-0 mg/l. it was toxic. In one experi- 
ment the mean total number of stolons (N.B., of ‘first. 
second, third order, etc.) per plant which had grown out 
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` after 40 days, with the fiducial limits at the 95 per cent 
devel, was as follows: control, 6641-9; +1-0 mg/l. 
_ kinetin, 24-044-6; +100 mg/l. GA, 25-6421; +10 
- tag/l. kinetin + 10-0 mg/l. GA, 68-2462. Although GA 
-and kinetin had generally comparable effects on stolon 
outgrowth, different mechanisms were probably involved, 
-asin other experiments’. In peas’, kinetin can counteract 
the effect of apical dominance, lateral buds elongating in 
_ the presence of an uninjured shoot apex. This may be the 

explanation of the observations described here. 
_ In sectioned apices of outgrowing stolons, interesting 
_ and distinctive effects of GA and kinetin on apical organiza- 
tion were observed. A normal arrangement of parts was 
_ found in stolons from control plants: that is, there were 
_ initially two seale leaves in opposite positions, and these 
_ were followed by a number of spirally arranged foliage 
_ leaves with seale-like stipules. Buds were present in the 
-axil of the second seale leaf, and of every second leaf 
thereafter. Stolons from GA-treated plants showed 
considerable internodal elongation, and more than the 
“normal two scale leaves. These were not arranged spirally 
but were usually paired, and in fact several different 
patterns were observed; sometimes foliage leaves were 
Interspersed with the scale leaves. However, buds were 
_ always present in the axil of every other leaf, whatever 
its morphological nature. Dostál obtained an increased 
number of bud scales in the axillary buds of Syringa when 
the subtending leaves had been treated with GA. More 
general effects of GA on leaf form have been recently 

_ discussed’. 

In ‘stolons from plants in media with 1-0 mg/l. kinetin, 
| leaf arrangement and development were normal, but the 
normal complement of buds was decreased, at least in 
material cultured for one month. Normally bud-bearing 
leaf axils were devoid of buds, and bud distribution was 
itregular, But disorganization of apical tissues, as 
| by: Laetsch and Briggs! in Marsilea, was not 
















xporiments, the regular apical organization 
drocharis was affected in two ways, in the presence 
JA or kinetin respectively: (1) the spiral arrangement 
he leaves was changed, probably as a consequence of 
6 induced internodal elongation, but the normal pattern 
-of bud formation in the axil of every second leaf persisted ; 
(2) the phyllotactic arrangement of the leaves remained 
normal, but the usual association of buds with particular 
_ leaf primordia was sometimes changed. There is apparently 
somo correlation between the inception of & bud primor- 
-dium and that of the subtending leaf primordium, since 
the association between them persists even when the leaf 
= position is experimentally altered. M. and R. Snow! 
reached a somewhat similar conclusion in other species 
_ from the results of surgical experiments. The formation 
er buds per individual axis in the presence of kinetin, 
thstanding the greatly increased total number of 
nding stolons per plant, may be a result of some other 
tance necessary for bud formation having become 
ting. 
conclusion, Hydrocharis seems likely to prove a useful 
_ plant for experimental purposes, in that a regular pattern 
of organogenesis, which must normally be genetically 
_ controlled, can be relatively easily disturbed. 
. ELIZABETH G. CUTTER 
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A Modified Cellulosic Medium for the Isola- 
tion of Cellulolytic Fungi from Infected 
Materials and Soils 


Because rich media such as potato-dextrose agar or 
Czapek agar give quick and luxuriant growth of the 
‘sugar fungi’ which suppress the growth of the celhilal, 
ones, cellulosic media are generally regarded ni 
able for isolation of the latter. Following the me 
Hungate', and of Hazra et al.*, Eggins and Pug 
posed a ball-milled cellulose medium fot the is 
cellulose-decomposing fungi from the soil. Chakra 
et al.4, in line with Fuller and Norman’, used < 
dextrin medium for isolating the causative cellulolyiic 
fungi from infected jute and cotton materials. The colo- 
dextrin was prepared by precipitating celhilose. disso! 
in 70 per cent sulphuric acid and dialysing the precipitate 
for 72 h, followed by centrifuging. 

A modified cellulosic medium which does noè require 
any special accessories is described here; it can be pr 
pared very quickly and easily in any laboratory. 
medium has been found very useful for isolating various 
cellulolytic fungi (including those that are missed in 
ordinary media) from infected cellulosic materials and 
soils. As there is no soluble carbohydrate in it, i 
fungi’ are checked, and cellulolytic fungi, whith are. 
usually slow growers, get a chance to flourish. A more 
comprehensive picture of the cellulolytic fungal flora 
present in the sample is thus gained. 

The cellulose is prepared as follows. Small strips of 
Whatman No. 1 filter paper (or powdered filter paper) 
are immersed in concentrated hydrochloric acid: (specitic 
gravity, 1:18) in the ratio of 3 g per 100 ml. for 3 hat 
25°-27° C with occasional shaking; the mixture is: ; 
poured with stirring in excess distilled water. After... 
standing for 2-3 h the supernatant liquor is poured of ~ 
and the residue washed on a Buchner until froo fron: 
acid. Finally, it is washed with 95 per cent ethanol ard) 
air-dried. 

The cellulose is used at 1 per cent concentration and 
a weighed quantity is taken in a mortar, soaked with a 
few ml. of Czapek salts solution and made into a fine pasto 
with a pestle. The paste is then made up to the required 
volume with Czapek salts solution. Agar is added in 
1-5 per cent concentration. 

For plating in 15-cm Petri dishes, the medium is taken 
in 20 ml. quantities in 2-5 x 15 om tubes and ste 
lized at 15 Ib. for 15 min. Before plating. the tube 
cooled to about 45°.C and then rotated between the palo 
to make a uniform suspension. A trace (about 4 mg) 
the shredded infected material is added: before n 

































of pouring the medium in Petri dishes containing crun 
of soils is followed. Bacterial growth may be suppressed: 
by adding lactic acid to the medium before. platu 
recommended by Chakravarty et al. (usually 1 dro 
tube) to bring the pH to about 5-4. The medium se 
an opaque mass with the cellulose uniformly distributed 
throughout. The Petri dishes are incubated at 30°C, and 
in 4-6 days the cellulolytic fungi are readily recognized 
from the formation of clear transparent zones around 
the growing colonies. The diameter of the clear zone 
gives a fair idea of the cellulolytic nature of the fungus. 
but is not strictly proportional to its cellulose-decom- 
posing ability as otherwise determined. This will be 
apparent from the results given in Table 1. 


Table 1. 





DECOMPOSITION OF CELLULOSE 


. Percentage loss in 
weight of filter 


Diameter of 


Species and ref. No. clear zone (mm: 






paper (12 days) {8 days) 
Aspergillus terreus &2 68-1 425 
rys atra 70 40-1 28) 
Memnoniella echinata 73 24-2 21-0 
7 ium globosum 79 27-8 61-5 
Penicillium rubrum 127 6-5 F5 
Myrothecium verrucaria 139 37-7 B45 
Temperature of incubation i 


~ oe 


The modified cellulose and Whatman No. 1 filter paper 
show nearly equal loss:in weight when used as substrates 
with living fungi, while with thoir enzyme solutions 
(culture filtrates) the former: substrate produces more 
sugar. 

I thank the Research Director, Indian Jute Mills 
Association Research Institute, for permission to publish 
these results and also Dr, S. N. Basu for his interest. 


R. G. Bose 
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Build-up and Decline of Ammonia and Acidity in 
Grass after Successive Sowings and Regrowth 


THE concomitant build-up and decline of ammonia and 
acidity during the early growth stage of the grass Setaria 
sphacelata has already been reported’. This behaviour 
did not occur with another grass Brachiaria ruziziensis 
grown under identical field conditions and similar in 
chemical constitution. The next step was to determine 
whether this behaviour would reoccur after a second 
sowing of the grassos in 1962 and also during regrowth 
following application of ammonium sulphate (2 cwt/acre) 
after the mature grasses grown in 1961 had been cut back. 
This would show whether the behaviour with Setaria 
was due to abnormal soil or climatic conditions or to an 
inherent property of the grass. 

There was no evidence with Brachiaria of any build-up 
and. decline of water-soluble ammonia and acidity after 
‘the 1961 and 1962 sowings or during regrowth after the 

mature material sown in 1961 was cut back in 1962. With 
Setaria it occurred in all three instances, as shown in 
Table 1, 


Table 1. Ma@/100@ (PEAK VALUES) 
NH,—-N Hi (titratable) pH (minimum) 
A (First sowing) 536 43-2 4°72 
B eter ee, 411 30°6 4:85 
C (Second sowing) 256 84-2 4-70 


The equations relating titratable acidity (T.A.) and 
ammonia nitrogen during their rise and decline were found 
to be linear and highly significant (Table 2). 


Table 2 
(A) T.A. = 00593 NH,--N + 13-0 (r* = 0-88) (1) 
(B) T.A. = 00380 NHy-—-N + 14-5 (r° = 0-88) (2) 
(0) T.A. = 00818 NH;—N + 14-4 (r? = 0-81) (3) 


The equations are of the form y = ax + b. There is 
evidence that the b values refer to monobasic amino- 
acids and that the relationship y = ax involves a separate 
process during which the increase in titratable acidity is 
associated with the production of acids of higher dissocia- 
tion (than the monobasic amino-acids) and which gradually 
disappear with declining titratable acidity. 
From equations (1)-(3) the proportions of ammonia to 
titratable acidity expressed as equivalents and ignoring 
the b factor are 1-20, 1-88 and 0-87 respectively, during 
- the period of build-up and docline, that is, either ammonia 
or titratable acids are produced in excess of each other. 
- The high value 1-88 must. be related to the application of 
- ammonium sulphate. This alters the conclusion reached 
earlier: on the basis of equation (1) only and suggests 
-that in the build-up of ammonia and acidity the com- 
pounds could be derived from separate sources. This 
may well be so since the uptake of nitrate to some extent 
paralleled that of ammonia especially with the regrowth 
material. 
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It is possible, then, that with Setaria ammonia accumu- 
lates as a neutral salt together with dicarboxylic acids 
derived from carboxylic metabolism. Accumulation 
could be due to a block caused by low concentration of the 
enzymes responsible for amino-acid and amide formation. « 
At a certain stage of growth, roughly the same in all 
instances and just prior to culm elongation, this block is 
apparently overcome with a decline in both ammonia 
and titratable acidity presumably through amino-acid 
and amide synthesis leading eventually to protein forma- 
tion. Arnino-acid determinations on ethanol extracts are 
being carried out and preliminary results reveal the pre- 
sence of considerably more glycine and. asparagine in 
the Brachiaria extracts than in those of Setaria. The signifi- 
cance of this observation and the formulation of a more 
precise hypothesis than that outlined here should emerge . 
when more amino-acid data are available. 

Whatever the mechanism involved, the repetitive 
pattern of behaviour with Setaria is interesting and one 
which, so far as we are aware, has not previously been 
reported for a grass growing under natural conditions. 
A third sowing will be carried out in 1963 to test further ` 
the occurrence of this particular pattern. 

We thank Mr. H. Hodgson of the Department of 
Agriculture, Kenya, who is carrying out the amino-acid 
determinations. 

H. F. Brow 
Makerere University College, 
Kampala, Uganda. 
H. W. DOUGALL 
Grassland Research Station, 
Kitale, Kenya. 
1 Birch, H, F., Hood, C. C., and Dougall, H, W., Nature, 194, 1195 (1962). 


MICROBIOLOGY 


Characterization of Pools of Protein in 
Cells of Shigella flexneri F6S infected with 
Phage H-Sh 


Tue lesions elicited by phage H-Sh in the susceptible 
cells of Shigella flexneri F6S have been examined by means 
of the fluorescence microscope, on smears treated with: 
acridine orange'? or better with coriphogphine*. With 
both techniques the normal cells show one or more 
yellow-green nuclei (DNA) in a red cytoplasm (RNA). 
The aspect of the lesions due to H-Sh vary somewhat 
following the multiplicity of infection, especially in the 
earlier stages of the cycle. 

The following description applies.to bacteria infected 
with a multiplicity of two. or three phages per cell. After 
15 min, in most bacteria, DNA appears finely fragmented 
and evenly distributed in the whole cytoplasm, but there 
are also some cells with one or two round nuclei which 
appear more brightly fluorescent and larger than those in 
the normal cells. This latter aspect will persist, in some 
cells, to the end of the cycle. After 30min, the general 
aspect is not very different from that after 15 min, but the- 
cells are somewhat enlarged. After 45 min, finely frag- 
mented DNA still persists in some cells, but most. of thess 
show large irregular pools of DNA with RNA still visible 
between them. 

All cells are markedly hypertrophied (twice the. size 
of normal cells). At that time, one or two (rarely more} 
round little black spots with well-defined edges:do appear 
in some of the infected bacteria. In cells stained by tolui- 
dine blue, or by the Rebinow or the Gram methods, these 
spots, which may be considered as vacuoles, appear colour- 
less (Fig. 1). After 60 min the cells are larger than after 
45 min (three times the size of normal cells) and more 
cells show large pools of DNA, while RNA isin regression. 
The vacuolized cells are more numerous and the vacuoles 
larger than those previously observed. DNA appears 
frequently condensed around the vacuoles. Some cells, 
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Fig. 1. Shigella flexneri cells infected with phage H-Sh showing un- 
stained vacuoles, Gram staining 
Fig. 2. Shigella flexneri FOS cells infected with phage H-Sh, Coons’s 
indirect method. Antibacterial serum 
Fig. 3. Shigella flexneri FOS cells infected with phage H-Sh, Coons’s 


indirect method. Antiphage serum 


which are nearly bursting, show no more RNA: they are 
full of DNA of an intense bright-green colour, differing 
widely from the yellow-green DNA. as seen in normal cells 
or in the first stages of the phage infection. In some cells 
the bright-green DNA is condensed in two or three large 
pools within which the dark vacuoles are still visible. 
Bursting cells and free phages are also bright-green. After 
75 min many cells are lysed and the remaining ones are 
surrounded with clouds of free phages'. 

The vacuoles, observed in /’6S cells infected with H-Sh, 
do not contain RNA or DNA; it may be tentatively 
assumed that they contain one or more proteins related to 
phage infection. To test this hypothesis, I have treated 
the infected cells with antiphage serum using the 
fluorescent antibodies indirect method®. Antiphage rabbit 
serum was carefully freed from the antibacterial antibodies 
by repeated contacts with F6S normal cells. The 
fluorescent sheep anti-rabbit serum was similarly treated 


NATURE 


507 


to discard the normal anti-Shigellae antibodies present in 
the sheep serum. Anti-bacterial serum and normal cells 
were used as controls. Normal or infected cells treated 
with the specific anti-bacterial serum show brightly 
fluorescent outlines without internal coloration (Fig. 2 

This remains during the whole cycle; the hypertrophy of 
the cells is visible. On the other hand, antiphage serum 
does not react with the infected cells until after 45 min. 
At that time, some infected cells show little round spots 
intensely fluorescent with clear-cut edges (Fig. 3). The 
repartition in the cells, number and size of these spots are 
very similar to those of the dark vacuoles. After 60 min 
many infected cells show fluorescent spots frequently 
accompanied by fine fluorescent granulations. a few cells 
are fully fluorescent and free phages are also visible 
After 75 min the majority of the cells are lysed, the 
remaining ones show large fluorescent spots or are wholly 
fluorescent. The amount of free phage is enormous, and 
many cells appear surrounded with a fine irregular 
fluorescent dotting of newly adsorbed phages. This is very 
different from the continuous and regularly fluorescent 
outline of the cells treated with the anti-bacterial serum 

The normal cells do not react with antiphage serum. 

The infected cells treated with ribonuclease or deoxyribe- 
nuclease loose the red or green fluorescence respectively 
when coloured with coriphosphine, but they still react 
with anti-phage serum. After treatment with trypsin the 
infected cells do not react, or only very weakly, with 
antiphage serum, 

F6S cells infected with phage P1, closely related to 
H-Sh°7, show lesions very similar to those described before, 
including the dark vacuoles. Tho complexes F6S-P1! 
react intensively with anti-H-Sh serum. 

Coli B cells infected with 72 do not show dark vacuoles 
when coloured with coriphosphine, but after 10 min they 
begin to react with anti-7'2 serum showing a weak uniform 
fluorescence. Later on, fine fluorescent granulations 
appear evenly distributed in the cells. The granulations 
will enlarge during the course of the cycle, until the whole 
cells become evenly fluorescent just before bursting; this 
fluorescence never becomes localized in distinct spots as 
in the case of the F6S—H-Sh complexes. 

A cytochemical investigation, still being carried out, 
seems to confirm the protein nature of the vacuoles 

M. P. BEUMER-JOCHMANS 

Institut Pasteur du Brabant, 

Brussels. 

1 Armstrong, J. A., and Niven, J. S. F., Nature, 180, 1335 (1957) 

* Anderson, 8. E., Nature, 180, 1335 (1957). 

3 Keeble, 8, A., and Jay, R. F., Nature, 193, 695 (1962). 

* Anderson, E. 8., Armstrong, J. A., and Niven, J. 8. F., Virus Growth amd 
Variation, 225 (Cambridge Univ. Press, 1959). 

* Weller, Th. H., and Coons, A. H., Proc. Soc. Exp. Biol. Med., 88, 759 
(1954). 

* Beumer, J., and Boumer-Jochmans, M, P., Ann. Inst. Pasteur, 89, 304 
(1955). 


* Bertani, J., Advances in Virus Research, 5, 151 (Academic Press, Ne 
York, 1958), 


VETERINARY SCIENCE 


Plasma Progesterone Concentration after 
Removal of the Corpus Luteum in the Cow 


PLASMA progesterone concentration was determined 
serial 1-1. blood samples taken from normal dairy cows 
mid-cycle after removal of the corpus luteum, The methi 
of Short', with some modification, notably the incorpor 
tion of an internal marker of progesterone-4-"C for 
individual recoveries, was used for progesterone detern 
ination. In addition it was found necessary to acoetylat 
the first chromatogram eluate and subject it to rechrom 
atography**. Recoveries were comparable with thos 
obtained for bovine plasma by Short! and averaged 50 pe: 
cent with a range of 40-60 per cent. Corpora lutea were 
removed under posterior epidural anesthesia via the 





Progesterone concentration (4/100 ml. plasma) 
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Time (min) after removal of the corpus luteum per vaginum 


Fig. 1 


vagina by making a 3-cm incision in the dorsal vaginal 
fornix, and manipulating the ovaries into the vagina 
where the corpus luteum was easily enucleated. In this 
position the ovaries could be inspected by means of a 
_vaginal speculum for either residual tissue left after 
enucleation or other corpora lutea. 
Fig. 1 shows the effect of removal of the corpus luteum 
~ on plasma. progesterone. concentration in cows B and E 
on day 12 of the cestrous cycle. The shape of the curve 
indicates an initial rapid fall in the plasma progesterone 
concentration followed by a more gradual decline. 
The initial drop in level is almost certainly due to the 
“removal of the main endogenous supply and the known 
rapid disappearance of progesterone from peripheral 
o blood--in humans?‘-, in the rabbit™?, in the sheep, 


and in the cow. 


| The level represented by the flat part of the curve could 
be due to a contribution from other. sources. of proges- 
< cotorone in the body, namely: (a) Ovarian tissues. Detect- 
able. _progesterone-levels have been reported in normal 
ovarian tissues of the cow!?. Progesterone has also been 
demonstrated in ovarian vein blood from. ovaries with 
only follicles or cysts present, in the pig*, and in the goat"; 
(b). The adrenal glands. Balfour et al.* have shown that 
bovine adrenal glands are capable of secreting considerable 


"Progesterone concentration ‘(vg/100 ml. plasma) 





0:15 80° 60 120 180 
Time (min): after removal ‘of ovaries 
B; Flank laparotomy; CE per vaginum 
Fig. 2 





ae quantities of { peogortorone. 
-3-5 mg/h in late pregnancy in the cow, but points out that 





Me 4, 1963 vet. 198 
Short?” estimated. a level of ` 


a proportion of this level may be due to surgical stress 
during cannulation of the adrenal vein; (c) The body fat 
depots. Kaufman and Zander have shown that in women. 
a considerable.amount of progesterone is present in the .. 
body fat during the menstrual cycle, during pregnancy, 
and after injection of exogenous progesterone. In fact 
during pregnancy the level in the body fat was higher 
than that.in the plasma. Davis et al.® using progesterone- 
4-4C in pregnant women found the highest concentration 
in the body fat some hours after injection. The proges- 
terone concentration in body fat of cows at mid-cycle is. 
5-10 times that found in the plasma". 
Fig. 2 shows the results when the same cows were 
bilaterally ovariectomized following the elapse of one 
normal cycle after the previous experiment. It will be 
seen, that there is little change in pattern from the previous 
findings in Fig. 1, indicating that a residual ovarian contri- 
bution is not responsible for the flat part of the curvo. 
Further work is in hand to evaluate the relative contri: 
butions of the adrenal glands and the body fat in - 
producing this type of curve. The fact that no | 
progesterone could be detected 24 h after surgery in any 
of the cows used in the foregoing experiments suggests 
that a fat storage/release mechanism may be the more. 
important of the two. However, an adrenal contribution — 
of progesterone lasting less than 24 h due to post- 
operative surgical stress cannot at this stage be ruled. 
out completely. S 
I thank Prof. W. L. Weipers for his continued encourage- 
ment. I also thank Dr. R. V. Short for help concerning 
techniques. Marker steroids were obtained from the 
Medical Research Council Steroid Reference Collection, . 
through the courtesy of Prof. W. Klyne. This work was 
financed by the Scottish Milk Marketing Board. 


Joun A. McCRACKEN 
University of Glasgow Veterinary Hospital, 
Bearsden, 
Glasgow. 
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VIROLOGY 


Hzmagglutination Inhibition : -Interaction : 
of Influenza Viruses with Horse Serum 
Inhibitor oo 


Tue abrupt antigenic change which led. to the appear- 
ance of A, (Asian) influenza viruses in 1957- was accom- 
panied by the acquisition of sensitivity to a new type of 
non-specific inhibitor!, now referred to as the y-type. 
Active almost exclusively against A, strains it is easily. 
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_ distinguished from «- and B-type inhibitors both by its 
_ characteristic properties and its occurrence in high titre in 
normal horse serum. Some A, strains and laboratory 
_ variants of A, strains are partially or completely insensi- 
_tive toit. These variations are due to the presence of two 
_distinet types of particle which differ in their suscepti- 
bility to y-inhibitor. Their relative proportions determine 
_ the inhibitor sensitivity of any particular virus prepara- 
eoretically, variation of particle inhibitor sensitivity 
ject to two possible interpretations. It may depend 
the ability of the virus particle to combine with 





















Q 

inhibitor molecules. Alternatively, all forms of particle 
may have the same combining capacity, attached inhibi- 
tor molecules exerting their effect by ocelusion of virus 
- hemagglutinins through the mechanism of steric hindrance 
_ originally suggested by Smith and Westwood! to explain 
o ‘Francis phenomenon’. If so, combination of inhibitor 
h both sensitive and insensitive viruses should be 
mstrable. Our results, reported here, which are 
contrary to those of Choppin and Tamm’, are in line with 
this hypothesis. 

- Originally, high-speed centrifugation was used for the 
removal of both free and combined virus from virus- 
serum mixtures, but it soon became abundantly clear 
that horse serum y-inhibitor is deposited by the centrifugal 
force necessary for complete deposition of residual virus. 
The results of centrifugation experiments on both the 
heated soram used in this investigation and unheated 
m is shown in Table 1. To obviate this difficulty the 

ining capacities of various viruses for horse serum 
ibitor were investigated by tho following technique. 
serum mixtures were incubated overnight at 4° C; 
irus. still capable of hemagglutination was then 
noved by repeated adsorptions with human group O 
arocytes at 4° until no more hemagglutination 
e residual free inhibitor was then titrated 
sitive variant of 4/Singapore/1/57. 








































1, DEPOSITION ov Horse SERUM y-LNHIBITOR BY CENTRIFUGATION 


Serum % inhibitor deposited 
lige 41,0007 x 1h 59.0007 x 6h 
ci Unheated I nt. 55 
Unheated TI n.t. 83 
Heated at 58°72 h 50 89* 


Table 2. 


ABSORPTION OF HORSE. SERUM -INHIBITOR BY PROTOTYPE 
VIRUS STRAINS 

Strain Type Sensitivity to % inhibitor absorbed 
y-inhibitor 1 2 3 
ay 4 82 >90 BE 

ng. | 

insensitive Ag ~ 6g To mt 
HES a oe gof 39 53 
es A _ 76 > 90 nt 
B m 45 83 86 
B -= 18 10 nt 










T sorbing dose of. virus per unit of inhibitor varied from 25 to 35 
glutinating doses in all experiments with the exception of those marked 
hi an asterisk in which the dose was 55 agglutinating doses, n.t., not 
‘ontrols showed that adsorption with erythrocytes had 
o effect on the inhibitory titre of the original serum. The 
esults of experiments in which the inhibitor -combining 
acities of representative influenza virus strains were 
ivestigated under the same conditions are shown in 
able 2. In these experiments care was taken to adjust the 
rbing doses of virus per unit of inhibitor to comparable 
vels on the basis of the hemagglutination test. The 
results show that strains of all types have comparable 
absorbing power for horse serum inhibitor although only 
mo A, strains are inhibited by it: The type B strain LEE 
is exceptional in that it does not absorb inhibitor to any- 
_ thing like the same extent. as-other strains. However, the 
absorbing power of the other typo B strain ROB shows 
that this is not a general characteristic of type B strains. 
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The relative failure of LEE to absorb inhibitor affords 
some evidence that absorption of inhibitor by insen 
strains is not explicable on the basis of non-speciie 
physical adsorption. 

These results indicate that viruses vary both in tl 
affinity for, and sensitivity to, horse serum hemagg! 
ation inhibitor. Acquirement of affinity for the i 
substance presumably depends on the deve 
particular reactive sites, but it is evident that 
occur without the development of sensitiv 
inhibitory effect. This is analogous. to the abs 
a-inhibitor by both unheated and heated viruse 
inhibition of the latter only*. Smith and Wes 
suggested, on the basis of their experimental obse 
tions, that the greater sensitivity of heated wirus > 
due to surface distortion so that the virus ‘hemageli- 
tinins were more easily occluded by attached inhibitor 
molecules, through the mechanisms of steric hindrances. 
The change of inhibitor sensitivity which occurred in 1987 
may be similarly explained by natural variation of virus 
surface configuration which affects the spatial distribution 
of hemagglutinins so that the efficacy of attached inhibitor 
molecules becomes apparent. 

In addition to the definite change which occurred in 
1957, Cohen and Belyavin® brought forward some evidence 
of other periodic changes of inhibitor sensitivity. I. as 
some maintain, antigenic variation is the result: of oy 
rearrangement of a basic number of antigens. pi 
variations of surface configuration are easily conceiv- 
able. 

The occurrence of variations of virus surface configurs. 
tion implied by our results may be of some significance in 
natural infection. Invasion of the host cell is initiated | 
adsorption of virus to the cell surface by means of 6 
hæmagglutinin receptors. It follows that any variation 
which affects the spatial distribution of these receptors 
may influence the behaviour of viruses in natural infoction. 


A, Cope 
E, Broone 
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Adenosine Triphosphatase Activity at the- 
Surface of Mature Extracellular Herpes 
Virus 


HeLa cellst?, like other undifferentiated cultured cells 
manifest considerable surface activity, and light mic 
scope staining methods have demonstrated adenosine 
triphosphatase (ATPase) associated with their plasma 
membranes’, presumably concerned with providing 
energy. At the electron-microscope level, such enzymatic 
function has now been precisely localized in the plasma 
membrane and shown to be related to region ating 
profuse microvilli or other processes indicative of surface 
activity*. 

When HeLa cells are infected with herpes virus the 
agent escapes by budding out through cellular mem- 
branes and becomes enclosed by an outer covering from 
these as it passes through and matures’. It seemed 
possible, therefore, that if budding were to occur at-an 
active plasma membrane having ATPase activity, í 
latter would be carried on to the maturing parti 


















Electron micrograph of a thin section cut thro 
virus had been 


F ` 
extant stained fi aires plitting adenosine tri hosphate. 
apr or spliti a 
y iyo intense! jue segmented ban f rection DOA 
(lead close against the outer iting membrane of 
each particle aig > =~ the presence there of activity of adenosine 
triphosphatase-type. (x 90,000) 


should be present in them outside the cell. This type of 
enzyme has never been reported in herpes virus and is in 
fact known only with the virus of fowl myeloblastosis*.’. 

To test for the presence of enzymes splitting adenosine 
triphosphate (ATP) in herpes virus, HeLa cultures were 
infected with heavy doses of the HFEM strain of this 
agent and were collected after 48 h when almost all the 
cells showed virus growth and maturation; the methods 
used have already been described’. The infected cultures 
were fixed by squirting from suspension into glutaralde- 
hyde’, were stained in suspension in slightly modified 
ATP-containing medium of Wachstein and Meisel?®”, 
were post-osmicated, dehydrated, embedded in epoxy 
resin and sectioned for electron microscopy. The distribu- 
tion of the opaque enzyme reaction product (lead phos- 
phate) was investigated in this material and appropriate 
control preparations, with special reference to the mature 
extracellular virus particles. 

On examination, such particles were present in pro- 
fusion close to most of the infected cells. Where the cells 
showed surfaca activity and ATPase reaction product as a 
dense 30 my band of deposit at their plasma membranes, 
the extracellular virus associated with them was likewise 
similarly surrounded (Fig. 1). Virus particles lying beside 
cells without ATPase or in control preparations were 
always free of deposit. Using only ATP as substrate it is 
not possible exactly to define the nature of the enzymes 
involved!?13, but the results demonstrate unequivocally 
that mature herpes virus carries activity of ATPase type 
when released through a cell membrane possessing this 
function. These findings and their significance will be 
reported and discussed in full elsewhere'. 
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Effect of 5-iodo-2'-deoxyuridine on Vaccinia 
Virus, in vitro 


SEVERAL reports have appeared recently regarding the 
effect of various halogenated pyrimidines on herpes simplex 
virus'“*, 5-Iodo-2’-deoxyuridine (ITUDR) and 5-fluoro-2’- 
deoxyuridine inhibit the herpes simplex virus growth, 
both in vitro and in vivo. These halogenated pyrimidines 
inhibit the biosynthesis of deoxyribonucleic acid by com- 
peting with thymidine in the synthesis of DNA-thymidine 
in mouse Ehrlich ascite cells. 

This communication shows that [UDR inhibits vaccinia 
virus replication and is devoid of any inhibitory activity 
against polio 1 and coxsackie B3 viruses. Vaccinia virus is 
a DNA virus, like herpes simplex virus’; polio 1 and 
coxsackie B3 viruses are RNA viruses. 

HeLa cells and culture media used have been described 
previously*. The viruses tested were: vaccinia virus 
(originally obtained from vaccinal lymph of Istituto 
Sieroterapico Milanese, Milano) sub-cultured 8 times in 
HeLa cells; polio 1 (Brunhenders) and coxsackie B3, sub- 
cultured 10 times in HeLa cells. 5-Iodo-2’-deoxyuridine 
was supplied by Farmila, Milano. 


Table 1, Jn vitro Activity or IUDR AGAINST VIRAL Cytotoxic EFFECT 
Concentration of IUDR Virus Cytopathic units inhibited 
in the medium (y/ml.) 
10 Vaccinia 1,000 {3° 
33 Vaccinia 1,000 (2 
1 Vaccinia <10 (2 
333-3 Polio 1 <10 3) 
333-3 Coxsackie BS <10 (2 


* In parentheses, the number of tests performed, 


Table 2. In vitro Activity OF IUDR AGAINST VIRUS REPLICATION 
Concentration of [UDR CPE and CPU produced in 
in the medi 


Viral inoculum ays 
(CPU) (y/ml.) CPE CPU No. of tests 
Vaccinia 10,000 0 +++ 10° 2 
Vaccinia 0,000 10 + <10 2 
Vaccinia 10,000 3:3 + 10 2 
Vaccinia 10,000 1 +++ 10* 2 
Vaccinia 100 0 +++ 10° 2 
Vaccinia 100 10 - <10 2 
Vacei 100 3:3 = <10 2 
Vaccinia 100 1 +++ 10° e 
Polio 1 100 +++ 10° 2 
Polio 1 100 333-3 +++ 10° g 
Coxsackie B3 100 0 +++ 10° 1 
Coxsackie B3 100 333-3 +++ 10° 1 


CPE, Cytotoxic effect; CPU, cytopathic units. 


Table 1 shows that [UDR in a concentration of 3-3 y/ml. 
inhibits the cytotoxic effect of 1,000 cytopathic units of 
vaccinia virus. A concentration of IUDR 100 times 
higher does not inhibit the cytotoxic effects of 10 cyto- 
pathic units of polio 1 and coxsackie B3 viruses. 

Table 2 shows that the cytotoxic inhibition is accom- 
panied by an inhibition of complete cytopathic unit pro- 
duction. It appears that concentrations of [UDR ineffec- 
tive in inhibiting the vaccinia virus cytotoxic effect 
inhibit, however, the production of a complete virus. The 
ineffectiveness of [UDR against polio 1 and coxsackie B3 
cytotoxic effect is paralleled by a lack of inhibiting activity 
against complete virus production. In conclusion our 
results agree with previous reports’? on the selective 
inhibitory activity of TUDR against DNA viruses. 
Moreover, they show that IUDR is able to inhibit vaccinia 
virus in concentrations probably obtainable in vivo. 


B. Loppo 
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W. FERRARI 


Department of Pharmacology and 
Departments of Hygiene and of Microbiology, 
University of Cagliari, Italy. 


1 Kaufman, H. E., Sores Sora Symp. Virology, New York (Fob. 5, 1982). 

* Perkins, E. S., Wood , Sears, M. L., Prusoff, W. H., and Welch, 
A. D., Nature, 194, has (1962). 

ee O a and Doyle, R. F., Nature, 194, 986 (1962). 

* Loddo, B. . Brotzu, G., and Spanedda, A., Boll. Ist. Sierot. 
Milan, ai 11 ‘due. 


fee 


No. 4879 May’, 1963 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 6 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p.m.—Prof. L. N. Pyrah: ‘Biochemical 
and Practical Aspects of Renal Caleuli’”.* 


FARADAY SOCIETY (in the Department of Chemistry, University of Keele, 
Keele, Staffordshire), at 5 p.m,—Prof. A. M. Liquori (University of Naples) : 

Geometry of Hydrocarbon~Purine Complexes and Interaction between 
DNA and Polycyclic Aromatic Hydrocarbons” (Bourke Lecture). * 


_UNIVERSITY OF LONDON (at the Wright-Fleming Institute of Micro- 
biology, St. Mary’s Hospital Medical School, London, W.2), at 5 p.m.— 
Prof. P. E. Polani: “Biological Aspects of Mongolism’. (Second of a 
series of four Almroth Wright Lectures.)* 


UNIVERSITY OF LONDON (at Queen Elizabeth College, 61-67 Campden 
Hill Road, London, W.8), at 5.30 p.m.—Prof. D. V. Glass: ‘Population 
Growth in Developed and Less Developed Societies. Problems and Policies”. * 


INSTITUTION OF ELECTRICAL ENGINEERS AND ROYAL AERONAUTICAL 
SOCIETY, LONDON JOINT Grocer (at the Royal Aeronautical Society, 4 
Hamilton Place, London, W.1), at 6 p.m.—Discussion on “The Case for 
Digital Computers in Aircraft” opened by Dr. A. J. Maddock. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 8-30, pm. —Nr; H. T. Norris: “The Wind of Change in the Western 
ahara”. 


Tuesday, May 7 


UNIVERSITY OF LONDON (at the Institute of Ophthalmology, Judd Street, 
London, W.C.1), at 5 p.m.—Prof. J. Jawetz (California): “Studies on Eye 
Viruses”, * 

INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W.C.2), at 5.30 p.m.—Sir Harrie Massey, F.R.S.: 
“Scientific Research in Space”. 


PLASTICS INSTITUTE (at the Wellcome Building, Euston Road, London, 
N.W.1), at 6.80 p.m.—Annual General Meeting and Chairman’s Address. 


Tuesday, May 7—Wednesday, May 8 


PHYSIOLOGICAL SOCIETY; SOCIETY FOR THE STUDY OF HUMAN BIOLOGY; 
and the ZOOLOGICAL SOCIETY OF LONDON (in the Meeting Room of the 
Zoological Society of London, Regent’s Park, London, N.W.1), at 10 a,m. 
daily--Symposium on “The Biology of Survival”. 


Wednesday, May 8 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Prof, R. ©. Curran: “The 
Electron Microscopy of Intestinal Disorders”. * 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER Drvision (at Savoy 
Place, London, W.C.2), at 5.80 p.m.—Scientific Papers. 


BRITISH INSTITUTION OF RADIO ENGINEERS, COMPUTER GROUP (at the 
London School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1), at 6 p.m.—Short Contributions on “Techniques 
of Semiconductor Controlled Power Supplies in Data Processing”. 


ROYAL Soorety OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—~Dr. T. F. Gaskell: “Man Explores the Sea”. 


SOOIETY or CHEMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave Square, 
London, §.W.1), at 6.15 p,m.—~Dr. J. G. Davis: “Food Analysis and 
Legislation” (Chairman’s Address). 


Thursday, May 9 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p.m.—Prof. C. A. Clarke: “Recent 
Applications of Genetics to Clinical Medicine”. 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.——Prof. A. H. Cottrell, F.R.S.: “Fracture” (The Bakerian Lecture) 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— 
Dr. 8. Udenfriend (Bethesda): “Biosynthesis of Hydroxyproline and Its 
Relationship to Collagen Metabolism’’.* 


CHEMICAL SOCIETY (at the Royal Institution, Albemarle Street, London, 
W.1), at 6 p.m.—Prof. D. H. R. Barton, F.R.S.: “The Biogenesis of Phenolic 
Alkaloids” (Hugo Müller Lecture). 


Friday, May 10 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— 
Dr. E. Jawetz (California): ‘‘Problems and Prospects of Antibioties After 
Two Decades”. * 


Universtry of LONDON (in Physiology (No. 2) Lecture Thoatre, St. 
Bartholomew’s Hospital Medical College, Charterhouse Square, London, 
E.C.1), at 5.30 p.m.—Prof, M. Dolivo (Lausanne): ‘The Metabolism of the 
Superior Cervical Ganglion in Relation to Drug Action and Sensitivity to 
Acetylcholine”. * 


SOCIETY FOR VISITING SCIENTISTS (in the Physics Department, Imperial 
College of Science and Technology, Prince Consort Road, London, S.W.7), 
at 7.30 p.m.—Discussion Meeting on “Some Effects of Prolonged Isolation 
Underground’. Chairman: Air-Commodore, W. K. Stewart, C.B.E., A.F.C. 
Speakers: Monsieur Michel Siffre, Dr. O. G. Edholm and Mr. K. G. Corkin- 

ale. 
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ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m. 
T Austin Bradford Hill, F.R.S.: “Epidomiecs of Yesterday, Today and 
tomorrow”. 


Monday, May 13 


UNIVERSITY OF LONDON (in the Chemistry Lecture Theatre, University 
College, Gower Street, London, W.C.1), af 5 p.m.—Prof. J. P. Bunnett 
(Brown University): “Reactions in Moderately Concentrated Acids’.* 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Dr. J. E. Flood and Mr. D. I. 
Urquhart-Pullen: ‘Time-Compression Multiplex Transmission”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.80 p.m.-— 
Dr. A. Leaf (Harvard Medical School): “Studies on Permeability and 
Transport in a Living Membrane’’.* 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 6 p.m.—*River of Life” and “Sea Sanctuary” (Sound films). 


Monday, May 13—Friday, May !7 


FIRST INTERNATIONAL REPROGRAPHIC AND INDUSTRIAL PHOTOGRAPHIC 
EXHIBITION (at Earls Court, London), * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for thé following appointments on or before 
the dates mentioned: 

ASSISTANT LECTURER IN PURE MATHEMATICS—The Secretary. The 
Queen’s University, Belfast, Northern Ireland (May 11). 

BiocHEMstT, Basic grade (with a degree in biochemistry or chemistry 
or Grad. R.I.C.), IN THE DEPARTMENT OF CHEMICAL PATHOLOGY- -The 
ee pe King’s College Hospital, Denmark Hill, London, %.L.5 

ay 11). 

LECTURER or ASSISTANT LECTURER IN APPIWED PHysics---The Registrar, 
The University, Hull (May 11). 

RESEARCH FELLOW IN SOCIOLOGICAL STUDIES— The Registrar, The 
University, Sheffield (May 13). 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with a first- or 
second-class honours degree in a science subject, and for $.8.0. at least 
three years postgraduate experience), to work on problems of instrumenta- 
tion and automatic control arising from the increasing mechanization of the 
timber industry—The Director, Forest Products Research Laboratory, 
Borin. Princes Risborough, Aylesbury, Bucks, quoting Ref. E/AK;015 

ay 17). 

LECTURER IN OIVIL ENGINEERING; and an ASSISTANT IN BOTANY -The 
Secretary of University Court, The University, Glasgow (May 18). 

TECHNICAL OFFICER (with a degree in agriculture or agricultural botany. 
or a National Diploma) IN THE ROOT AND FODDER CROPS SECTION OF THE 
TRIALS BRANCH—The Secretary, National Institute of Agricultural Botany, 
Huntingdon Road, Cambridge (May 18). i 
aa APPLIED MATHEMATICS—The Registrar, The University, Leeds 2 
May 20). 
ones, IN PURE MATHEMATICS—The Registrar, The University, Leeds 2 

‘ay 20). 

LECTURER or ASSISTANT LECTURER IN AGRICULTURAL CHEMISTRY in the 
Faculty of Agriculture, University of Ibadan, Nigeria—The Secretary, 
Inter-University Council] for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (May 20) 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PsycHOoLOvY The 
Registrar and Secretary, The Durham Colleges in the University of Durhui., 
38 North Bailey, Durham (May 20). 

RESEARCH FELLOWS IN THE DEPARTMENT OF BIOCHEMISTRY -Tha 
Deputy Registrar, The University, Birmingham 15 (May 20). 

ECTURER IN THE TEACHING OF MATHEMATICS AND PHYSICS in the 
Institute of Education, University of Ibadan, Nigeria—The secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn Square. 
London, W.C.1 (May 22). 

LECTURER or ASSISTANT LECTURER (with high academic qualifications 
and preferably with postgraduate training in abnormal psychology) IN 
PsycHoLoGy—The Registrar, The University, Hull (May 25). 

LECTURER (with a higher degree, preferably Ph.D., and some teaching 
and research experience) IN BIOCHEMISTRY IN THE DEPARTMENT OF PHYSIO- 
LOGICAL SCIENCES, University of Lagos Medical School—The Secretary. 
Inter-University Council for Higher Education Overseas, 29 Woburn Square. 
London, W.C.1 (May 25). 

READERS, SENIOR LECTURERS and LECTURERS (preferably with speciali-t 
qualifications in hydraulics or structures) IN CIVIL ENGINEERING at Ahmadu 
Bello University, Northern Nigeria—The Secretary, Inter-University Council! 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 (May 30). 

RESEARCH FELLOWS (2) IN THE SURFACE Paysics GROUP, to join team. 
investigating (a) surface behaviour in thermionic direct converters, and 
(b) mechanism of photoelectric emission—The Registrar, The University. 
Southampton (May 30). 

LECTURER IN ELECTRICAL ENGINEERING (Physical Electronics} -Fhe 
Secretary of University Court, The University, Glasgow (May 31). 

LECTURER IN THE DEPARTMENT OF ANATOMY—The Secretary, The Um- 
versity, Aberdeen (May 31). 

ASSOOIASTE PROFESSOR IN MEDICINE (Biochemistry) IN THE DEPARTMENT 
OF MEDIOINE, University of Sydney, Australia—The Secretary, Association 
of Universities of the British Commonwealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, June 7). 

SENIOR TUTOR IN PSYCHOLOGY at the University of Sydney, Australia- 
Tho Secretary, Association of Universities of the British Commonwealth 
{Branch Offices), aarporough House, Pall Mall, London, $.W.1 (Australia 
une 7). 

SENIOR LABORATORY TECHNICIAN IN THE SURGICAL PATHOLOGY/ MORBIL 
ANATOMY DIVISION OF THE DEPARTMENT OF PATHOLOGY, Princess Alexandra 
Hospital, Brisbane, Queensland, Australia—The Acting Manager, Tho South 
Brisbane Hospitals Board, Ipswich Road, Woolloongabba, Brisbane, Queens- 
land, Australia (June 8). 

SENIOR LECTURER or LECTURER IN PHILOSOPHY; and a LECTURER IN 
GREEK PHILOSOPHY at the Australian National University—The Secretary. 
Association of Universities of the British Commonwealth (Branch Office. 
Taio House, Pall Mall, London, $.W.1 (Australia and London 

une 10). 

READER (with qualifications in electrical engineering or science and i: 
some aspect of electronics or communications, and preferably with ex- 
perience in electronic circuit design) IN ELECTRICAL ENGINEERING at the 
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University of Queensland, Australia—The Secretary, Association of Univer- 
sities of the British Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (London and Brisbane, June 14). . 

LEOTURER (graduate in sociology, and preferably a knowledge and in- 
terests in a specialized field, such as domography or small group theory) 
IN SOCIOLOGY at Victoria University of Wellington, New Zealand—The 
Secretary, Association of Universities of the British Commonwealth (Branch 
ome i; oe House, Pall Mall, London, S.W.1 (New Zealand and Lon- 

ion, June 15). 

ZOOLOGIST, Scientific Officer grade (with a first- or a good second-class 
honours degree), to work on plant-parasitic nematodes—Tho Secretary, 
Rothamsted Experimenta! Station, Harpenden; Herts (June 15). 

PROFESSOR OF METEOROLOGY AND MATOLOGY—The Dean, Faculty 
of Science, Hebrew University of Jerusalem, Israel (June 30). _ 

LECTURER (with an honours degree or equivalent qualifications) IN 
APPLIED ORGANIC CAEMISTRY at the University of New South Wales, 
Australla—The Agent-General for New South Wales, 56-57 Strand, London, 
W.C.2;_ and the Appointments Section, The University of New South 
Wales, Box 1, Post Office, Kensington, New South Wales, Australia (July 15). 
$ Onam of BLOOHEMISTRY—The Registrar and Secretary, The University, 

ristol. 

GRADUATE (recent), to organize oxisting branches and start new ones In 
British universities—Tho Universities Federation for Animal Welfare, 
Ta, Lamb’s Conduit Street, London, W.C.1. 

JUNIOR LECTURERS (2) (with an honours degree in chemistry or bio- 
chemistry, an interest in new concepts of science education, and preferably 
research and/or teaching experience) at the Courtauld Institute of Bio- 
chemistry—The Secretary, Courtauld Institute of Biochemistry, Middlesex 
Hospital Medical School, London, W.1. 

LECTURER IN ZOOLOGY IN THE DEPARTMENT OF BIOLOGY—Prof. J. M. 
Honeyman, Sir George Williams University, 1435 Drummond Street, 
Montreal, Canada. 

LECTURER (with an honours degree and teaching experience, and prefer- 
ably the ability to teach statistics) In MATHEMATICS, to take part in the 
teaching of pure and applied mathematics to B.Sc. Part I (London External) 
and G.C.E. Advanced Level students—The Principal, South-West Essex 
Technical College and School of Art, Forest Road, Walthamstow, London, 


LIBRARIAN/ABSTRAOTOR (able to type, a knowledge of German, and at 
least “A” level qualifications in biological sciences) with the Agricultural 
Research Council Unit of Experimental Agronomy, Oxford—The Secretary, 
Department of Agriculture, University of Oxford. i 

OST-DOCTORAL FELLOW (with some experience in protein chemistry) 
for physico-chemical and enzymatic studies of muscle proteins—Dr. ©. M. 
Kay, Department of Biochemistry, University of Alberta, Edmonton, 
Alberta, Canada. 

POSTDOOTORATE FELLOW IN PHYSICS, to pursue research in the field 

of optical pumping in alkali metal vapours or in a closcly related field— 
= Dr. L. Krause, Head, Department of Physics, University of Windsor, 
Windsor, Ontario, Canada. 
_ QUALIFIED TECHNICIANS or BiocHEmists, for routine and research work 
in the new laboratories of the Biochemistry Division, Department of 
Pathology—The Manager and Secretary, Royal Women’s Hospital, Mel- 
bourne, Australia. 

RESEARCH ASSISTANT (honours degree standard in aeronautical or mech- 
anical engineering), for a research programme devoted to aerodynamic 
problems of winged hypersonic vehicles—Mr. J. L. Stollery, Aeronautics 
Department, Imperial College of Science and Technology, London, S.W.7. 

RESEARCH STUDENTS IN THE PHYSICS DEPARTMENT, for work on the 
following topics: magnetic resonance of the solid state, gas discharge 
studies, investigations of defects in glass and other fibres, and studies 
on the properties of oxide cathodes—Prof. D. J. E. Ingram, Physics Depart- 
ment, University of Keele, Staffordshire. 

- SENIOR LECTURER OR LECTURER IN PHYSIOS at Ahmadu Bello Univorsity, 
Northern Nigeria—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1. 

SENIOR LECTURER or LEOTURER (preferably with experience in the fields 
of geomagnetism and the lonosphere) IN PHysics at Ahmadu Bello Univer- 
sity, Northern Nigeria——The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1. 

TEMPORARY LECTURER IN THE DEPARTMENT OF ORGANIC CHEMISTRY— 
The Registrar, The University, Liverpool, quoting Ref. No. CV/300/N. 
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APPOINTMENTS VACANT 
GOVERNMENT OF NORTHERN 





IRELAND : 
SENIOR SCIENTIFIC _OFFICER/SCIENTIFIC 
: OFFICER 


Applications are invited for pensionable post in 
Chemical Research Division, Ministry of Agricul- 
ture. Qualifications: Honours degree in chem- 
istry with postgraduate experience in agricultural 
chemistry or an honours degree in agricultural 
chemistry with appropriate postgraduate experi- 
ence. Successful candidate may be required to 
undertake teaching duties in Faculty of Agricul- 
ture in Queen’s University, Belfast. Preference 
for ex-Service candidates. Grading and starting 
salary will depend on qualifications and experi- 
ence. Salary scales; Senior Scientific Officer, 
trans to £1,772; Scientific Officer, £791 to 

Application forms obtainable from Secretary, 
Civil Service Commission, Stormont, Belfast, 4, 
must be returned by May 22, 1963. 





The 
Electricity Council 


PRINCIPAL 
ASSISTANT 


(ECONOMIC 


and i 
STATISTICS) 


Applications are invited for the 
superannuable appointment of a 
PRINCIPAL ASSISTANT in the 
Load Forecasting Section of the 
Commercial and Development De- 
partment, at Headquarters in 
London. Duties will be to assist 
in the provision and interpretation 
of statistics, economic intelligence 
information, consumer sampling 
and market surveys and the 
formulation of long and short 
term estimates of electricity re- 
quirements. Candidates should 
have an honours degree in 
economics and a sound knowledge 
of modern statistical techniques. 
Salary within £1,500-£1,900 p.a. 
inclusive, depending on qualifica- 
tions and experience. Applica- 
tions, stating age, present position 
and salary and giving full details 
of qualifications and experience 
should be forwarded to the Assist- 
ant Secretary (Establishments), 
The Electricity Council, Winsley 
Street, W.1, by May 11, 1963. 
Quote Ref. N/236. 




















AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF CHEMICAL ENGINEERING 


RESEARCH 
OFFICERS 


Applications are invited for the appointment of Research Officers (Chemical Engincer, 
Chemist, Mathematician, or Physicist) with the Organization’s Division of Chemical 
Engineering located at Fishermen’s Bend, Melbourne, Victoria. 


The Division is concerned with fundamental and applied investigation into fields of 
process development, unit operations research, and equipment development. Subjects 
covered include: water desalination, gasification of coal comminution, fluidization, 
mixing and mass transfer operations. 


The appointments available are: 


CHEMICAL ENGINEER, 
APPLIED MATHEMATICIAN OR PHYSICIST 


Duties: Work of a theoretical nature in the general field of chemical engineering. This 
would involve independent research, although the appointee would also be 
expected on occasions to take part in joint projects and to provide assistance of 
a mathematical nature to other groups. 


Fields of interest include fluid dynamics, mass transfer, reactor design and pro- 
cess dynamics, but.the appointee’s personal interests would be taken into account 
in the formulation of a research programme, 


An Elliott 803 digital computer is available on the site for use by Divisional 
mr and this will be supplemented at a later date by more powerful computing 
facilities. 


Qualifications: Applicants should possess a Ph.D. degree in mathematics, chemical 
engineering, or pure science, or postgraduate research experience of an equiva- 
lent standard and duration supported by satisfactory evidence of research 
ability. A knowledge of fluid dynamics and heat and mass transfer would be 
advantageous. 


CHEMICAL ENGINEER OR CHEMIST 
Research 


Dutles: Investigate basic chemical engineering operations with a view to explaining 
their behaviour in terms of chemical and physical principles. Initially, the work 
will be concerned with chemical kinetics and interphase mass transfer, with 
particular reference to the design of reactors and of mass transfer equipment. 
The work will offer considerable scope for experimental and theoretical ability 
and ingenuity, and the appointees personal interests would be taken into account 
in the selection of research programmes. 


Qualifications: Applicants should possess a Ph.D. degree in chemical engineering or 
pure science, or postgraduate research experience of an equivalent standard and 
duration, supported by satisfactory evidence of research ability. 


Salary: Dependent upon qualifications and experience within the ranges: 
£A1,816 to £A2,296 per annum or £A2,426 to £A2,751 per annum. 


The salary for women will be £A188 per annum less than corresponding rates for 
men. 


Promotion within C.S.1.R.O. is by merit and may go beyond the upper limit of the 
scale within which the original appointment is made. 


By mutual arrangement, the appointments may be for an indefinite period or for a 
fixed term of three years. In the case of a fixed term appointment, consideration will 
be given to the continuation of F.S.S.U. or, alternatively, if a secondment is arranged 
with the present employer; the Organization may reimburse the employer's share of 
other superannuation schemes. 


Fares paid for the appointees and their dependent families and return fares to point 
of origin will be provided for an appointee who accepts appointment for a fixed term. 
Further particulars supplied on application to: 


Mr. P. F. Butler, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2, 


i vion applications (quoting Appointment No. 608/35) should be addressed by June 
, 1963. = 


CHEMIST REQUIRED BY NATIONAL 
Vegetable Research Station, Wellesbourne, 
Warwick, to study plant nutrients in soils and 
their effects on the growth of vegetables. Good 
honours degree in chemistry or in biochemistry 
and postgraduate experience, not necessarily in 
this field of work. Salary in Scientific Officer 


(£768 to £1,271 per annum) or Senior Scientific 
Officer (£1,396 to £1,720) scales, depending upon 
age and postgraduate experience. Superannua- 
tion under F.S.S.U. Further particulars may be 
obtained if desired from the Secretary —Appli- 
cations, with names and addresses of three 
referees, to Secretary by May 18, 1963. 
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TECHNICAL CO-OPERATION IN AGRICULTURE 


S we press into the mid-sixties of the twentieth 
century, the dilemma of food and population, the 
dominating characteristic of the human condition in our 
time, becomes increasingly severe and menacing. In the 
decade 1948-58 remarkable increases in crop yields, 
throughout the world, were the main source of a mean 
annual increase of 3 per cent in production, and of a 
wave of optimism about the prospects of the problem. 
This rate, projected forward to the year 2,000, would 
treble the total output of food, and this would be enough 
to ensure a moderate improvement in the level of nutrition 
of mankind. 

Unfortunately, it is now clear that outside the indus- 
tzialized countries the rate of growth has slackened 
because the generally poor levels of agricultural yield in 
less-developed areas are not increasing nearly so fast as 
they should and certainly could. There are many reasons 
for this, including unfavourable seasons, the effect of 
which may only be temporary, and social, educational 
and economic organization, which may well be slow to 
improve; but the central and most urgent task remains 
technological—to apply to farming throughout the world 
the methods and the results of agricultural science. In 
tropical agriculture, enough is already known to improve 
yields substantially, and for the rest many lines that 
research might profitably follow are plain. Agricultural 
science knows how to set about the job. 

The older, industrial nations differ from the newly 
emergent ones not merely in environment, wealth and 
standard of life, but also because the former have science 
and technology which enable them to control the environ- 
ment more efficiently; the newer countries, for the most 
part, have not; and these are plants which do not bloom 
overnight in new soil. In the ‘sixties, and perhaps for 
many years, the shortage is of men—men who have 
scientific initiative and balanced judgment, and are able 
to apply appropriate training and experience to new 
problems and changing needs and circumstances; tech- 
nical advisers, research workers, teachers. 

Though in many under-developed countries, university 
faculties of science and agriculture, helped and encouraged 
by the older nations, are beginning to produce trained 
men, there are nowhere near enough of them to maintain 
the services at the necessary standard of effectiveness, 
particularly as the need has been increasing over the past 
twenty years and cannot but continue to do so. Inevi- 
tably, for perhaps another twenty years, the older countries 
must represent an important source of recruits, without 
whom the newer ones cannot hope to achieve techno- 
logical independence in agriculture. The number of 
British agricultural officers and specialists in agriculture 
working overseas (not including perhaps 100 university 
teachers in agriculture and allied subjects) rose from 
about 600 in 1948 to more than 1,400 in 1959; at present 
it is about 1,300. The total demand is unlikely to slacken, 
partly because the uncertain climate of the transition to 
independence increases the rate of wastage. Those who 
leave can usually be replaced only by new recruits; and 
this not only reduces the effectiveness of the attack on 
practical problems, but also delays yet further the training 
of local people. Many of those who leave are lost to 
tropical agriculture. Our more senior tropical agricultural 


cadre, which should now be providing technical leader- 
ship, has been largely dispersed, and the number of new 
entrants has fallen so much that several years’ production 
of tropical agricultural scientists has been lost. Con- 
sequently, it is extraordinarily difficult to find suitably 
experienced applicants, particularly for more senior over- 
seas posts. It is common experience to-day that whoreas, 
from one source or another, funds can be found for over- 
seas agricultural developments, it may be quite impossible 
to find suitable senior men to use them. 

Into the partial vacuum thus created, other nations— 
some with little or no tropical experience to offer—have 
not hesitated to enter. For example, in the Sudan 
Republic, formerly the scene of some of Britain’s greatest 
achievements in tropical agriculture, the German Federal 
Republic has helped to equip and staff a new agricultural 
resoarch station. In West Africa, East German and 
Israeli scientists are active. Throughout the tropics well- 
trained Dutch agricultural scientists are making effective 
contributions. Everywhere United States money, men 
and experience are increasingly deployed. These countries 
and many more are steadily expanding the opportunities 
they offer for scientific and technical training in agricul- 
ture for students from overseas. Britain’s advantages— 
language, experience, a national tradition of devoted 
personal service overseas, and leadership in many kinds 
of agricultural science—must be used to the full to moet 
the growing needs of the developing countries. The 
Overseas Service Aid Scheme, by which the Department 
of Technical Co-operation is able to meet a significant 
proportion of the cost of employing British scientific and 
technical people in developing countries, has eliminated 
an. important difficulty, but many problems still remain. 

Among the immediate issues for Britain are training, 
both of our own people or of overseas students, and 
deployment. The Robbins Committee, now considering 
higher education in Britain, and the Bosanquet Com- 
mittee, specifically considering the supply of graduates in 
agriculture and agricultural science, are both bound to 
take account of the content of agricultural education. 
Though, during the past fifteen years, university educa- 
tion in agriculture has begun to swing away from the- 
exposition of the methods of British agriculture as it is, 
to the teaching of agricultural science and technology, 
there has been no thorough public examination of its 
philosophy and objectives. 

University education and research in agriculture must 
essentially be concerned with the systems of technical, 
economic and social relations which exist in all countries 
to exploit the environment for the production of food 
and of plant and animal raw materials. The information 
and methods of the relevant applied sciences determine, 
in any set of environmental circumstances, the technical 
possibilities, which it is the task of the agricultural toch- 
nologist to realize and of the economist to evaluate. 
Approached in this way, against a background of com- 
parative geographical, ecological and historical as well as 
technical studies, the subject has inherently great educa- 
tional and academic value and could do much to unify 
the intellectual life of a university. No studium could be 
more generale than one concerned with the material basis 
of the evolution of civilization itself. 
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Such a course in agriculture will eminently fit its 
graduates not only to serve the changing and. developing 
systems of advanced agriculture, but also to participate 
in the technical transformation of neolithic into modern 
agriculture which is the essential nature of the task in 
most undeveloped regions. Yet there are dangerous ten- 
dencies in many agricultural faculties to cling to the old 
forms of agricultural education on one hand, and to 
despise or neglect technology and shy off into ‘pure’ 
science on the other. These tendencies are the stronger 
because (apart from personal links and work in agricul- 
tural economics) university faculties of agriculture are 
separated from the agricultural advisory service, isolated, 
in most cases, from the research institutes, and out of 
touch with agriculture overseas. These are grave defects, 
and the Bosanquet Committee, if not the Robbins Com- 
mittee, would do well to consider them. 

Particularly acute difficulties arise in the training of 
agricultural students from overseas. In the undergraduate 
courses they may find themselves set to learn the methods 
of the present phase of development of British farming, 
or at the other extreme having to master the structure 
of the nucleic acids, the statistics of the diallel cross, or 
the Calvin-Arnon scheme of photosynthesis. Neither of 
these alternatives is of much direct use to the Sudanese 
who has to go back to direct the agriculture of a district 
or of a province. His mind may be trained, but for what? 
To think is not enough: one must have a full stock of 
suitable information to think about. 

In postgraduate studies the problem is even more 
severe. The overseas universities are sending out increasing 
numbers of able men and women for whom » period of 
suitable work in a British university would be of immenso 
value, and for whom more and more scholarships and 
grants are available. The usual pattern of higher-degree 
work for a British honours graduate assumes that he has a 
thorough previous training and sets him to investigate 
intensively a relatively narrow problem. It is intended 
primarily to fit a man for a career in more advanced 
research or in university teaching. The agricultural 
graduate from overseas often needs supplementary train- 
ing to bring him to the standard of an honours graduate 
in his chosen specialization, so that course work has often 
to be included in M.Sc. or Ph.D. programmes, even at the 
cost of extending their length. Courses leading to masters’ 
degrees by examination would often be of more use to the 

_men themselves and to their countries, but the universal 
desire for the title and status of doctor, whether for social 
prestige or to satisfy the establishments branch of the 
public service at home, makes such courses less attractive 
than they should be. 

It is common experience that overseas students put 
heavy extra burdens on university departments, par- 
ticularly in the largely linguistic and essentially personal 
task of teaching even the most intelligent how to formulate 
and express their own scientific ideas clearly in a foreign 
language. Faculties of agriculture cannot accept these 
heavier loads unless they have more staff and better 
equipment. (In one particular university department in 
the United States, as Dr. R. K. S. Wood pointed out 
in his Barnes Memorial Lecture to the Association of 
Applied Biologists in December, there are more plant 
pathologists than in all the British universities put 
together). They need these also, even if their total 
output of graduates is not to be increased, to im- 
prove the quality and efficiency of their work at all 
levels. 
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For British graduates who wish to work in the tropics 
(and many do) a further period. of training overseas is 
usually essential, for applied science specialists as well as 
for technologists. The only institution in the English- 
speaking tropics which has specialized in such postgraduate 
training is the Imperial College of Tropical Agriculture in 
Trinidad, now the School of Agriculture of the University 
of the West Indies. Though its past is distinguished, its 
prospects during recent years have been gloomy. Britain 
has wished to reduce the financial burden, yet the inde- 
pendent Governments -in the Caribbean, ready though they 
certainly are to help in the common advance of the 
tropical world, cannot see their way to assume it all, 
particularly as the College serves an area much larger 
than the West Indies. Means must be found to secure the 
future of this institution as an educational and research 
centre of the first rank. The announcement that the 
British Government will carry the entire cost of the 
postgraduate work of the College during the coming 
triennium will be widely welcomed; but the past uncer- 
tainties require that the Governments concerned should 
state in principle their joint intention to ensure the long- 
term future of the institution. It cannot retain or attract 
an effective staff, particularly of senior people, against a 
background of triennial crises of confidence. It is good 
news also that arrangements are being made to train in 
Trinided up to 20 British postgraduates a year, without 
commitment to particular Governments or employers— 
much as the Ministry of Agriculture provides training 
awards in Britain. This will do much both to stabilize 
the academic life of the School and to provide the flow 
of new entrants Britain needs to maintain her contribution. 
of service to tropical agriculture. 

The main problems of deployment arise from career 
uncertainty. Apart entirely from fears of enforced retire- 
ment, many, if not most, official overseas agricultural 
appointments today are on contract for a term of years, 
after which the officer has to find himself another appoint- 
ment abroad or a way back into home service. Recent 
experience shows that many able young men are still 
willing to accept such appointments and take their chances, 
for the sake of a fow years’ experience abroad; but there 
is no doubt that some sort of home-based service is also 
necessary. 

This can teke two forms—secondment, or direct em- 
ployment by a home-based organization. The Department 
of Technical Co-operation directly or indirectly employs 
a small number of people (for example in the specialist 
pools, the Directorate of Overseas Surveys and the 
Tropical Products Institute) who are available for service 
abroad, but it cannot be expected to develop, by direct 
employment of staff, a central organization to meet 
unforesesable needs; and indeed an official organization. 
of this sort would be undesirable from many points of 
view. The alternative is secondment, from universities, 
research institutes, the Ministry of Agriculture and the 
Agricultural Research Council, as well as from industry. 
Where the overseas service has funds, secondment need 
not be expensive, as the Reading~Khartoum arrangement 
shows; but the task of the Department in meeting requests 
for aid from overseas would obviously be much eased if 
there were a number of supernumerary posts in universi- 
ties, Government departments and research institutes. The 
existence of such posts could also provide some guarantee 
of future security for the most valuable class of workers, 
those now working overseas. Secondment cannot but 
enrich the home institution, as well as the individual, 
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with new ideas and experiences, and indeed it would be 
most valuable if a period of overseas service formed a 
part of the normal careers of members of university staffs, 
research institutes, and official technical services. The 
resolutions passed in March 1962 by the Senate of the 
University of London, to encourage secondment to 
university institutions overseas, declare inter alia that 
due account should be taken of such service when the 
standing of a member of the staff is evaluated. The 
resolutions deserve wide study and publicity. 

Whatever use may be made of secondment, direct 
omployment by a suitable unofficial home-based organiza- 
tion can be of the greatest value. This is shown 
by the experience of the Empire Cotton Growing Cor- 
poration, an independent body supported by the cotton 
industry as well as by Government. For more than 
forty years the Corporation has provided a home-based 
service for research on the cotton crop in certain overseas 
territories, at the invitation of their Governments and in 
collaboration with their own agricultural services. Its 
staff numbers fewer than 50 scientists, and its budget, 
two-thirds of which comes from contributing Govern- 
ments and the rest from the interest on an initial capital 
grant from the Treasury, is less than £250,000 a year, 
but it has a first-class record of fundamental and applied 
studies. Since 1921 the total production of cotton in the 
territories in which it now works (Sudan, Uganda, 
Tanganyika, Nigeria, Kenya, Nyasaland, the West 
Indies and Aden) has been multiplied seventeenfold: 
the Corporation has played a notable part in this great 
achievement. ‘Further, its staff has been able to con- 
tribute to the advancement of agriculture generally in 
these territories, and in some it has represented, in times 
of rapid change, not only a source of urgently needed 
specialists for secondment, but almost the only source 
of continuity in research. Through its scientific committee 
and consultants the Corporation has firm links with higher 
education and research in agricultural science in Britain 
as woll as with the appropriate official organizations. 

The Agricultural Sciences Program of the Rockefeller 


Foundation, initiated in 1942, is in many ways remarkably ` 


similar in its organization, though it is very much larger 
and is concerned with education and training as well 
as with research. It is independent of the U.S. Govern- 
ment, but it has close links with the U.S. Department of 
Agriculture and other official organs. Like the Empire 
Cotton Growing Corporation. it works within the agri- 
cultural organization of foreign territories at the invitation 
of their Governments, who meet the greater part of the 
cost. It too has great achievements to its credit, in 
increasing the yield and production of food crops in 
Mexico, Colombia and Chile, and more recently in India. 
Its Inter-American Crop Improvement Program links 
together the agricultural research services of the whole 
continent, from Canada to Argentina, in work on maize, 
wheat and the potato. The third annual report* of the 
Agricultural Program has now been published. Its 
form and general content are similar to those of two 
earlier reports (see Nature, 191, 539; 1961; 194, 413; 1962). 
The Foundation’s grand design of international collabora- 
tion in agricultural science, now come of age, is steadily 
extending through the underdeveloped countries, where 
the Program is probably, after the Food and Agriculture 
Organization, the most significant single agency for 
agricultural improvement. In Mexico and Colombia the 


*The Rockefeller Foundation, 1962. Program in the Agricultural 
Sciences, Annual Report 1961-2. Pp. ix+335+many plates and diagrams. 
(New York: Office of Publications, The Rockefeller Foundation, 1961.) n.p. 
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Rockefeller units have now been fully merged into the 
national institutions for agricultural research. In India. 
in addition to aiding the establishment of the Postgraduate 
School of the Indian Agricultural Research Institute 
(from which more than 25 Ph.D. and 168 M.Sc. degrees 
have been awarded since the first students were admitted 
in 1958), the Foundation is helping in the long-overduc 
reorganization of higher agricultural education. 

The international character of the Program is one 
of the main sources of its strength. Its staff has almost 
completed the study of the indigenous types of maize 
throughout the Americas; this has not only made great, 
contributions to knowledge of the evolution of the crop. 
but has also provided new and very promising sources of 
inbred lines for programmes in other paris of tho tropics 
including India, where by 1967 it is planned to sow one- 
quarter of the maize acreage with hybrids. Ethiopian 
sorghums are being used to extend the range of this crop in 
Mexico, and North American work on rust resistance from 
Aegilops umbellulata is applied to the further improvoment 
of wheat there. Studies of Mexican potatoes have yiolded 
clones of Solanum demissum which are frost resistant. 
as well as new sources of resistance to potato blight: 
these materials will be of interest in all tomperato potato- 
growing countries. The major collection of Andean bean 
varieties now being made will undoubtedly have inter- 
national significance. Negatively, a new race of stem 
rust (6c) has attacked every variety in a world colloction 
of oats in Colombia. ‘ 

The Rockefeller Agricultural Program is not only 
an object lesson in scientific agronomy; it is also a classic 
model of practical technical assistance, and so deserves 
the attention of all who are engaged in this work-- 
particularly of those whose experience of the limitations 
of some U.S. agricultural technologists in the tropics has 
not been encouraging. The Rockefeller effort is directod 
and conducted by scientists of the highest quality; and 
the suggestion that the Foundation may extend yot further 
its already very valuable services in West Africa will be 
welcomed by all who are devoted to the progress of the 
African peoples. . 


A BRADSHAW FOR NUMERICAL 
ANALYSIS 


Numerical Solution of Ordinary and Partial Differential 
Equations 

Edited by Dr. L. Fox. (Based on a Summer School held 

in Oxford, August-September 1961.) Pp. ix+509. 

(London and New York: Pergamon Press, 1962.) 70s. 

net. 


‘HE shelf which, forty years ago, contained little 

save Runge and Whittaker-Robinson, is now becom- 
ing inconveniently crowded, but room on it must be 
found for this new and valuable compendium. It is 
edited by Dr. L. Fox, formerly of the Mathematics 
Division of the National Physical Laboratory, now director 
of the University of Oxford Computing Laboratory, and 
is a record of a summer school held at Oxford in 1961. 
Essentially a user’s book, all the main methods now in 
use are discussed from the point of view of the practical 
computer, and, what may be even more valuable, these 
methods are shown in operation on present-day research 
problems from a variety of fields. The reader is not so 
plunged into theory as to be unable to see the practice: 
where mathematical details would tend to tedium, as. for 
example, in existence theorems, they are abbreviated or 
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dealt with by reference. Very little previous knowledge, 
but a reasonable degree of sophistication, is assumed, so 
that a first course in elementary methods of numerical 
analysis involving some direct acquaintance with desk 
computation is a desirable prolegomenon. 

The first three sections deal with ordinary differential 
equations, integral equations, and the simpler partial 
differential equations. This is the text-book part of the 
volume, and is largely the work of Dr. Fox himself and 
Dr. D. F. Mayers. For ordinary equations, the methods 
of dealing with initial-value and boundary-value problems 
are crisply described, and particular attention is directed 
to the study of stability of processes, and to the care 
needed to avoid the introduction of spurious solutions 
which may submerge the true solution beyond trace. Two 
valuable chapters describe recent work by Lanczos, 
Clenshaw and Fox on the application of Chebyshev 
polynomials. In an integral equation, the replacement 
of an integral by an approximative sum is an obvious line 
of attack, but this barely scratches the problem; the treat- 
ment here is up to date but should suggest many lines of 
inquiry to the research worker. The vast field of partial 
differential equations can scarcely be fully explored in 
100 pages, but once more the main approaches are de- 
picted concisely, while the reader is left with the impression 
that much deeper questions remain to be tackled. 

In the fourth section, the tone changes. Here experts 
from research centres are dealing with the actual problems, 
chiefly of partial differential equations, now being investi- 
gated, over a wide range of topics: nuclear reactors, un- 
steady fluid-flow, transport wquations, Monte Carlo 
methods, plasma physics, weather prediction, etc. All 
this is recent work, with sometimes the rough edges and 
unfinished sir of growth which should stimulate the young 
research worker. 

Throughout the book, the use and power of electronic 
computation is stressed, and the tone of modernity is 
maintained in the bibliography, where most of the refer- 
ences are to publications of the past decade. For the 
worker beginning research in numerical analysis as a 
study in its own right or in its applications to present-day 
physics and engineering, this book is invaluable. It must 
also be available for reference in any scientific library. 

T. A. A. BRoADBENT - 


SEPARATION OF METALS BY MEANS > 
OF ORGANIC BASES 


The Application of Organic Bases.in Analytical Chem- 
istry 

By E. O. Ostroumov. Translated from the Russian by 

D. A. Paterson. Pp. xxv+159. (Oxford, London, New 

York and Paris: Pergamon Press, 1962.) 50s. 8.50 

dollars. 


HE separation of complex mixtures of metals has 
always been one of the most troublesome problems of 
analytical chemistry. Although efficient methods have 
been developed they are usually time-consuming and 
demand great skill on the part of the operator; reprecipi- 
tation is often necessary and the precipitates obtained 
(hydroxides, hydrated oxides or sulphides) are generally 
in an undesirable physical condition. It is necessary to 
apply separation methods to mixtures of metels from the 
second, third and fourth conventional analytical groups, 
particularly when the final determination is based on 
classical gravimetric or titrimetric procedures. 
Ostroumov describes new separation methods applied 
to the analysis of rocks, ores and minerals. Precipitation 
is effected by the organic bases, pyridine, «-picoline and 
hexamethylenetetramine. These bases enable the pH 
to be controlled within very narrow limits, and by forming 
stable complexes with many of the divalent metels, reduce 
co-precipitation to negligible proportions. Moreover, the 


NATURE 


May ll, 1963 vor. 198 


precipitates obtained are in a compact form and can be 
filtered readily. i 

Particularly interesting is the method used for pre- 
cipitating sulphides. Itis well known that for each metal 
there is a definite pH value at which its sulphide pre- 
cipitates in the most compact form. When this precipita- 
tion is done in a solution containing hexamethylene- 
tetramine, the latter slowly decomposes and there is a 
gradual rise in pH. The first sulphides to precipitate are 
those formed at low pH values, and this stepwise pre- 
cipitation continues until, at the highest pH, manganese 
sulphide is produced in a red crystalline form. Sulphides 
precipitated in this way are not readily oxidized by air. 

Two major criticisms can be raised against this mono- 
graph, neither of which concerns the scientific content. 
First, the title is misleading, for there are many applica- 
tions of organic bases in analytical chemistry other than 
in controlling pH, and the title implies that the mono- 
graph gives a comprehensive account of the application 
of all such reagents ; secondly, this monograph appears 
to be a collection of published papers, and so contains 
material which is not customarily retained in a mono- 
graph, for it is of little interest to the general reader. 
This material could have been omitted. This is, of course. 
one of the difficulties of translation from the Russian; 
the translator is not usually an expert on the subject, 
and the expert knows no Russian and so cannot judge 
the contents until the translation is complete. Neverthe- 
less, the eighty tables which consume so much space could 
have been eliminated without loss. 

These remarks do not lessen the value of the work 
described ; it would seem that some very ancient problems 
have been solved, and the monograph should be studied 
by all concerned with this type of analysis. 

R. BELCHER 


A NEW APPROACH TO 
PLEOSPORACEAE 


A World Monograph of the Genus Pleospora and Its 
Segregates 

By Prof. Lewis E. Wehmeyer. Pp. ix+451 (25 plates). 

(Ann Arbor: University of Michigan Press; London: 

The Cresset Press, Ltd., 1961.) 15 dollars; 105s. net. 


ROF. WEHMEYER has played a prominent part in 
the revival of interest in the taxonomy of the Pyreno- 
mycetes. The present volume is based on the work of 
twenty years of collecting and investigation and deals 
with four muriform-spored genera of the Pleosporaceae. 
Pleospora is the central and largest member with a 
hundred species and forty varieties; Pyrenophora has 
seven species; Platyspora, a new genus, has three species; 
and Clathrospora has eight species and four varieties. 
Ascospore morphology is used as the basis of separation 
throughout, and Wehmeyer considers ‘‘the developmental 
sequence and morphology of the spore is of prime impor- 
tance in recognition of the species”. . 

.The large number of species in the genus Pleospora are 
divided into five sub-genera and the largest of these, 
Pleospora, is again divided into two sections and two 
sub-sections (Pleospora is used as a generic, sub-generic, 
section and sub-section name). Excluding the sub-genus 
Cylindrosporae the primitive members of each series have 
three transverse septa and the phylogenetic relationship 
of these with the more advanced members is shown by a 
chart. Although spore morphology is the primary basis 
for determining relationships, some correlation is demon- 
strated between related species and their host and 
geographical distribution. 

The eleven-page key to genera and species works 
reasonably well, although var. alpina (p. 35) does not 
appear to be mentioned again, and it leads to some 
irritation when the pagination of the species listed in the key 
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can only be found by reference to the generalindex. When 
found, the species descriptions are clear and concise, and 
notes on host range, distribution and synonomy are given 
together with a valuable list of the collections examined 
by the author. The fact that the work is based on 1,200 
collections actually examined by Wehmeyer gives a 
consistent basis for the determination of the taxa. On the 
other hand, little attention has been paid to the findings 
of contemporary workers in the group. No direct 
comparison is made with the work of Müller or Webster, 
and while Drechsler’s work on the graminicolous Helmin- 
thosporium species is mentioned, the nomenclature of the 
perfect states (Pyrenophora, Drechslera) is not accepted, 
and these species are listed as synonyms of Pleospora 
trichostoma. 

The book is well-illustrated with line-drawings and 
photomicrographs of many of the species. Prof. Wehmeyer 
is to be congratulated on producing s hand-book which 
makes a major contribution to our knowledge of this large 
and difficult group of Pleosporales. It is an essential tool 
for anyone working on the Ascomycetes. 3 

C. Boora 


FRESHWATER AQUARIUM FISHES 


Freshwater Fishes of the World 

By Dr. Günther Sterba. Translated and revised by Dr. 
Denys W. Tucker. Pp. 8784+ 192 plates. (London: Vista 
Books, Longacre Press, Ltd., 1962.) 70s. net. 


ROF. STERBA wrote his book for the serious aquarist, 
and it is in this context that one must evaluate it and 
seek comparisons. But since behaviour investigations are 
becoming increasingly prominent in the ichthyological 
literature its value to the zoologist is also involved. 
Sterba’s intention is to provide basic data on the identi- 
fication and aquarium biology of some 1,300 species of 
freshwater fishes which have, at some time or other, been 
introduced into aquarist circles. In this respect the book 
is unique, particularly since nearly all the species are 
illustrated, either by line-drawings or in half-tone or 
colour photographs. The publishers, however, are too 
exultant when they declare, in the blurb, that it is “‘...the 
first major handbook on this subject in English”. It is 
not; W. T. Innes’s Exotic Aquarium Fishes (1935) is a 
worthy ancestor. 

After a concise introductory chapter on the counts, 
measurements and other morphological characters used 
in identifying fishes, and a brief introduction to nomen- 
clature and classification, there follow the specific 
descriptions. These are arranged in families grouped into 
Regan’s classification of the higher categories. Hach 
family is given a very clear distribution map and a broad 
outline of its characters, both morphological and ecologi- 
eal, the former confined to superficial characters readily 
soen in the living fish. For each species there are notes on 
distribution (some errors here), a few meristic characters, 
details of colour, notes on its ecology in aquaria and, 
occasionally, remarks on its biology in Nature. The 
comments on its well-being in vitro appear detailed and 
practical; particular attention is given to breeding habits 
and requirements. The book does not deal with fish 
diseases or setting up an aquarium. 

Since an aquarist is not likely to kill off a specimen he 
wishes to identify, it has not been possible to provide 
keys, even to the families. Thus, if the book is used to 
identify a fish the method used will be primarily that of 
thumbing through the illustrations. The few ‘specific’ 
characters given in the text (apart from colour notes) are 
therefore of restricted value unless a corpse is available. 
Even then they will be trenchant only in certain groups. 
The line-drawings generally fulfil their purpose admirably, 
particularly since they show a happy tempering of the 
often rather bleak scientific illustration with a certain 
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impressionistic licence. It is a pity then that the artist 
was unable to cope with oral barbels, especially in the 
Cyprinidae. Figures of these species (and also of some 
catfishes) are the poorest in the book and are definitely 
misleading in many cases. The photographs are of a very 
high standard and have reproduced better in this edition 
than in the original. On the whole, the relevant line- 
drawings are placed near the text references, but the 
plates are generally several pages distant. It is irritating 
to find colour plates of tooth carps in the section dealing 
with armoured catfishes and even more disconcerting to 
find sequential photographs of spawning activities inter- 
rupted by several pages of unrelated text. 

Taxonomists will doubtless find fault with the nomen- 
clature of certain groups within their own specializod 
fields. Regrettable though these errors are, they are 
inevitable in a book of this scope produced by a single 
author. The translator, Dr. D. W. Tucker, has attempted 
to ameliorate the situation by correcting some of the 
more commonly perpetuated mistakes which occurred in 
the original, but the nomenclature of certain groups (for 
example the Characidae) is still rickety. 

The English edition scores over its German, counterpart 
by the addition of several species, in the extensive and 
annotated bibliography, and by Dr. Tucker’s character- 
istically informative and outspoken preface. The latter 
could be read with profit by any Ph.D. student who is 
casting around for a research problem involving experi- 
mental work on fishes. Later, when he has launched out 
on his problem, he will find Sterba an indispensable source 
of information on the maintenance of his animals. There 
is also much that can fascinete and inform the general 
zoologist, particularly in the field of zoogeography. For 
anyone concerned with problems of body-form or colora- 
tion the plates and figures should prove provocative. 
Certainly it is a book that a student could browse through 
profitably, bearing in mind that it covers slightly more 
than a twentieth of all the known fish species and certainly 
not all the freshwater species either, as its title in trans- 
lation might imply. 

Freshwater Fishes of the World has its blemishes, but 
these should not be allowed to detract from its considerable 
value. In the field of aquarium literature it is very good, 
and without this field it should not be ignored as a reference 
work to many aspects of ichthyology. 

P. H. GREENWOOD 


HUMAN ANATOMY 


Gray’s Anatomy: Descriptive and Applied 

Edited by Prof. D. V. Davies and Prof. F. Davies. 33rd 
edition. Pp. xv+1632. (London: Longmans, Green and 
Co., Ltd., 1962.) 150s. 


LL connected with the publication of this, the most 
recent, edition of Gray’s are to be congratulated. It 
might, however, seem at first appearances to bo ‘the 
mixture as before’, since the form, order and many of the 
illustrations are familiar. However, substantial revisions 
have been made in the sections of histology, angiology and 
neurology. Throughout the text, changes, some minor, 
but all significant, indicate awareness of the dynarnic 
nature of a subject too often regarded as dead. The new 
figures are helpful; there are a few discrepancies botween 
text and figures, for example the Renshaw cellis mentioned 
several times in the text but is not depicted in the 
diagrams. The loss of the tracings of the outlines of the 
skull of a child between the ages of three months and seven 
years is regrettable, for these were an impressive illus- 
tration of the co-ordinated destruction and formation of 
bone during growth. 
The book defies simple classification. The section on 
embryology is a comprehensive and commendably bricf 
text-book; the greater part is a sound, practical and 
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up-to-date work of immediate reference, of service to 
undergraduates and graduates in academic and clinical 
medicine. The footnotes are a useful guide to the 
literature, although .more references would have been 
welcomed in the masterly reviews on the sensory, motor 
and extra-pyramidal systems and in relation to blood 
supply of nerves, particularly the optic nerve. The 
section on histology, the introductions to the book as a 
whole and to the individual sections are in Bacon’s 
category of the “few to be read wholly, and with diligence 
and attention”. These summarize principles, the under- 
standing of which stimulates intelligent observation and 
deduction, and goes a long way towards counteracting 
the unhappy tendency to learn anatomy from a book and 
by rote. 

The phenomenon of normal variation is touched on in 
relation to times of appearance and fusion of primary and 
secondary centres of ossification. There is no call for 
detailed descriptions of variants, these are available in the 
older standard works and in monographs, but in the next 
edition, more weight, but not necessarily more space, 
could be given to this interesting topic and to problems of 
growth. (The chapter on the animal cell has demonstrated 
the Editors’ ability to presont a wealth of complicated 
information briefly and accurately.) 

We are greatly indebted to the editors, who have de- 
voted scholarship and practical knowledge to meticulous 
revision and unification of a lucid, reliable and succinct 
source of reference, for as Claude Bernard said, anatomy 
is the basis necessary to all medical jnvestigation, whether 

‘theoretical or practical. Rura BOWDEN 


ELECTRONICS DICTIONARIES 


A Dictionary of Electronics 

By 5. Handel. (Penguin Reference Books, No. R19). 
Pp. 384. (Harmondsworth, Middx.: Penguin Books, Ltd., 
1962.) 7s. 6d. 


Six-Language Dictionary of Automation, 
and Scientific Instruments 

A Comprehensive Dictionary in English, French, German, 

Italian, Spanish and Russian. Compiled by A. F. Dorian. 

Pp. 732. (London: Iliffe Books Ltd.; New Jersey: 

Prentice-Hall Inc., Englewood Cliffs, 1962). 105s. 


WO volumes have recently appeared in the field of 

electronics literature carrying the title of ‘dictionary’, 
but the function, reproduction and price of the two works 
is very different. 

A Dictionary of Electronics is an inexpensive paper- 
backed issue in the Penguin Reference Books series, which 
explains about 5,000 electronic terms, each in some two 
or three lines. A small number of misleading statements 
can be detected, such as the assertion that all computers 
{including analogue) operate by logical processes, but in 
the main the descriptions given are accurate. About 160 
diagrams appear by way of illustration, and some faults 
can be found among these. Thus, the lettering of cathode- 
ray tube electrodes is unconventional (although correct 
when shown symbolically elsewhere) and a magnetic drum 
stated to hold 100 words per track has locations numbered 
from 1 to 99, which may lead to confusion. One diagram 
appears upside-down, and the mathematical definition of 
admittance is misleading as a result of an unfortunate 
choice of brackets. These errors are, however, minor for 
a book containing so much concise information at low 
cost. 

The second work is a considerably more expensive 
technical dictionary in six languages; English, French, 
German, Italian, Spanish and Russian. The volume is 
divided into two parts, a dictionary section in which 
translations of some 5,000 terms appear in alphabetic 
order of the English words, and an index section of 
alphabetic cross-references for the other five languages. 
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It has not been possible to verify the accuracy of the 
whole of this work, but a close investigation of the Russian 
section has revealed several errors. It must be pointed 
out, however, that the number of mistakes in relation to 
the total is small. Some of the less important mistakes 
would not cause the sense of a text to be lost, for example, 
‘alarm bell’ has been translated to the equivalent of 
‘alarming bell’, ‘power relay’ to ‘powerful relay’, ‘mag- 
netizing field’ to ‘exciting field’ and ‘magnetostriction’ to 
‘magnetic striction’, where more correct words and 
phrases exist. Other minor errors involve incorrect 
translation of the words auxiliary, stability, induction, 
conduction, current, transducer and glow, in various 
contexts. 

More serious errors capable of better translation can 
best be indicated by their literal English translation as 
follows: ‘basic collector’ for ‘base-collector’, ‘chardcter- 
isties of sinusoid’ for ‘harmonic response’, ‘front phase’ 
for ‘phase advance’, ‘continuous constant’ for ‘long time 
constant’, ‘throughout current’ for ‘loop current’, and 
‘counter coupling’ for ‘negative feedback’. The most 
inexplicable translations are ‘slope of characteristic’ for 
the word ‘mutual’ and that for ‘phase balance protection’ 
which appears to have no meaning at all. 

Other improvements could be made at some points in 
the matter of Russian style, and a few spelling mistakes 
(phrases 10545, 10640 and 19060) can be detected. Two 
phrases (4435 and 4440) appear in incorrect order in the 
Russian. Further explanation of the intended meaning 
of some English words would also be welcome; thus the 
word ‘lay’ is from its translations apparently intended to 
mean the lay of a, cable. 

To put matters into perspective, however, it must be 
emphasized that these comments relate to less than 1 per 
cent of the Russian translations, and the whole work is 
doubtless one of gr eat value on which the Compiler is to be 
congratulated. V. BLADYKO 

E. M. DEELEY 


A RADIO TELESCOPE IN YOUR 
GARDEN 


Radio Astronomy for Amateurs 

By Frank W. Hyde. (Amateur Astronomer’s Library, 
Vol. 2). Pp. 236+12 plates. (London: Lutterworth 
Press, 1962.) 25s. net. 


MATEURS have in the past played a distinguished 
part in the development of astronomy, and at the 
present time their keen and careful work is widely 
recognized. Indeed many professional astronomers must 
at times be reassured by the thought that the sky is 
watched by so many experienced eyes and small telescopes. 
Similarly, the spectaculer results obtained by amateurs 
in radio communications are a lasting reminder of the 
immense value of amateur interest in science. With this 
background, amateur radio astronomers must be welcomed 
and encouraged. 

Mr. Hyde is one of the few serious amateur radio 
astronomers, and has set up an impressive observatory in 
Essex. It is thus with great reluctance, that having read 
this book anxious to welcome it, I must report that it is 
disappointing. Much of the book is taken up with a strange 
assortment of astronomical and electronic information 
which seems to reflect more the personal interests of the 
author than the needs of a budding radio astronomer. The 
newcomer to the subject will probably find the sections 
on radio astronomy, on aerials and on the adaption of 
commercial receiving equipment stimulating, interesting 
but inadequate. The book could be dismissed as a 
mediocre attempt to fill a place in the Amateur Astrono- 
mer’s Library were it not for the many serious errors. A 
numerically wrong definition of the unit of solid angle, 
the steradian (in the glossary), an error of about 10°* in 
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comparing the radio emission of Cygnus 4 with that of 
the Sun (p. 28) and the confusing substitution of latitude 
for altitude at one point on p. 44 are perhaps proof-reading 
errors. However, when he finds that the gain of a radio 
telescope is analogous to the magnification of an optical 
telescope (p. 17), that the resistance of a network is given 


1 
by a useless undefined expression of the form R,+ R 


(Fig. 11), that a formula for the reactance of a circuit is 
wrong (p. 94), that azimuth is measured from South 
through East (Fig. 4) and that Fig. 13 contains a funda- 
mental error that any schoolboy should spot, the reader 
cannot be blamed for feeling unable to trust any of the 
book’s quantitative results. 

In the final chapter “Into Practice” a good opportunity 
is missed. Although we are wisely advised to start 
observations on the Sun, a variable radio source that is 
easy to detect, I feel sorry for the unwary amateur who 
following Mr. Hyde’s advice proceeds to build, at 
considerable expense, a radio interferometer and then 
sits down night after night taking readings every few 
seconds hoping to observe lunar occultations of radio 
sources or to resolve the discrepancies between the 
Cambridge and Sydney radio source surveys. 

M. J. LARGE 


BREEDING LABORATORY ANIMALS 


Notes for Breeders of Common Laboratory Animals 
Edited by George Porter and W. Lane-Petter. Pp. 
vii +208. (London and New York: Academic Press, 
1962.) 35s. 


HE Laboratory Animals’ Centre of the Medical 

Research Council, Carshalton. England, introduced 
an accreditation scheme in 1950, throughout Great 
Britain, for breeders of guinea pigs, mice and rabbits, 
primarily in order that laboratories might obtain satis- 
factory animals. 

A journal, the Laboratory Animals’ Bulletin, was 
issued from 1950 until 1956, and the need for a more 
ambitious programme had then become apparent. Notes 
for Breeders of Common Laboratory Animals provides that 
further requirement, and it is a valuable manual for the 
breeder who wishes. to maintain the necessary high 
standard for the production and maintenance of the 
animals. 

Within eleven chapters, each covering the necessary 
information about one of the species of animals (guinea 
pig, mouse, rabbit, hamster, rat) or with maintenance 
subjects especially (feeding, breeding, hygiene, ectopara- 
sites) or with general matters (animals in research, 
laboratory standards), there are, altogether, forty articles 
by a score of different authors, these comprising graduate 
scientists, technicians and commercial breeders, all 
competent to write on the subject concerned. 

Tho book is designed to be understood by the intelligent 
breeder, yet useful to the scientist. The aims as set 
out in the foreword have been achieved. There is uni- 
versal agreemont that quite elaborate planning is re- 
quired to provide the necessary type of animal for the 
laboratory, sound in health, and suitable for the purposes 
of experimental work. The hindrances and disappoint- 
ments of the past from failure of the experimental animals, 
as tools of the laboratory, to live to provide the data 
required because of ill-health and unsuitability in other 
ways are wéll known; in addition, the cost in money and 
scientific effort wasted whon careful planning and elaborate 
preliminary work have been spoilt has been considerable: 

A further important asset from the provision of this 
book is the indication it gives of the comfortable cireum- 
stances in which the animals live and this should alleviate 
qualms of those who may fear that undue cruelty might 
be perpetrated in the laboratory work. 
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Perusal of the book brings out the need for more tha 
the half-a-dozen illustrations to ease the path of the 
reader on some of the articles. The law relating to 
experiments on animals in Great Britain is briefly and 
clearly set out. An article on laboratory animal stan- 
dards in the United States of America provides a valuable 
contribution which supplements by comparison some 
of the matter in the book as a whole. The British Acero 
ditation Scheme for the commercial breeding of those 
animals is briefly outlined. 


INTERNATIONAL TRANSPORT OF 
CATS AND DOGS 


The Export and Import of Dogs and Cats 

A Handbook of Regulations. Prepared by C. E. Woodrow. 
Pp. viii+107. (London and New York: Pergamon Press. 
1962.) 35s. 


HE movement of dogs and cats into and out of 
Britain is a small-scale transfer, but of very grea! 
importance, largely because of rabies. Because of its 
absence from Britain, many people imagine that the 
danger may bo exaggerated. On the contrary. the risks 
involved are very great indeed. At the end of the Necond 
World War rabies extended rapidly from eastern Europo 
right up to the North Sea, and the reason was quite 
interesting. With the rapid political changes in Europe. 
areas which had been relatively free from the disease 
experienced rapidly changing conditions. Populations 
were not permitted to possess firearms, and biting predator 
animals were able to multiply quickly. foxes being impor- 
tant in this respect. The wildlife animals spread the 
infection mutually and also infected dogs; dogs were 
not the chief means of spread, but were important in its 
dissemination within’ communities in towns and villages. 
Similarly, in vast areas in arctic regions biting predators 
are infected and pass the diseaso on to dogs; this is the 
case in both U.S.S.R. and in American territories. Wild- 
life in parts of the United States, particularly in areas 
in the south, is seriously infected. In parts of South 
America, the incidence is very high. 
This book quotes the figures. given here. of incidence: 
in some foreign countries in 1959: 


Canada 325 Congo 120 
Western Germany 1,929 Italy 29-4 
Northern Rhodesia 57 Poland 91 
Spain 36 United States IL 


To the individual veterinary surgeon the provision of 
occasional certification may be quite troublesome. alon, 
with the other requirements for the transport of the 
animals. The collection of the necessary information 
in one small book will be a great boon to many engaged 
in breeding and other activities. 

Mr. C. E. Woodrow, on behalf of the British Small 
Animals Veterinary Association, has compiled a small 
book which is certain to receive a great welcome. 

Six chapters deal respectively with regulations of 
Commonwealth and foreign countries; requirements an: 
facilities of shipping and airline companies; effect of 
vaccination on leptospirosis antibodies; United States 
State entry requirements; clubs abroad which have 
reciprocal agreements concerning Kennel Club Export 
Pedigrees; and British quarantine regulations. 

The book will be useful to British consulates and to 
other organizations which deal with traffic in animals. 
As an example of information given there are the details 
concerning more than a hundred countries. this chaptcr 
occupying most of the book. 

There are separate lists for dogs and cats of officially 
approved quarantine kennels in Britain; there are more 
than forty for dogs in 22 counties. Ww. A. Poor 





520 


NATURE 


` May 1, 1963 von 198 


ADMINISTRATION OF RESEARCH 
By Pror. T. T. PATERSON 


Professor of industrial Administration, Royal 


Doa of research, in large firms and in 
universities, are growing rapidly in size of member- 
ship, and much is done by teams which have to be led or 
directed. The ‘heads’ of such large departments, almost 
always originally research men themselves, no longer do 
research but are administrators of research. Yet it is 
doubtful if any one of these heads has ever had any 
education specifically in administration. The same 
happens in industry—technologists who have spent yoars 
on. engineering or accountancy are suddenly promoted to 
posts that call mainly for administrative skill and acumen. 
Whereas, in industry, this has been recognized as a fault 
that must be remedied, there seems to be no such recog- 
nition of the failing in research. Even in the administra- 
tively minded United States this failing has only partially 
been specified, in an advanced article in the Administra- 
tive Science Quarterly five years ago. 

There is good reason for believing that the lack of 
research administrators in the United States may be of 
importance in explaining the increasing lag behind the 
U.S.S.R. in comparable fields of rocket and space research. 
The United States does not lack money, facilities and 
brains compared with the U.S.S.R.; it may lack co- 
ordination and integration (as distinct from aggregation) 
of all these. For a simple example of this, it was believed 
that the mere bringing together of experts at the Institute 
of Behavioural Sciences at Palo Alto would lead to the 
introduction of a given number of new ideas in three 
years; chance stimulation, a ‘seminal’ process, was cal- 
culated to be fruitful to that extent. The point was 
highlighted by Edward Murrow in his television com- 
mentary on the development of the Polaris missile—he 
stressed the value of the work done by the organizers of 
research. In Britain, one might well be justified in raising 
an inquiring eyebrow in considering the difference between 
estimated and final costs of some national defence research 
projects. In a research project of any complexity, 
management is not an adjunct, but a necessity. 

By management is meant the ordering and co-ordinating 
of functions towards the achievement of a common pur- 
pose. This is distinct from administration in the narrow 
sense of that word, limited to the development of policy 
which is then executed by the managers of research teams. 
The following discussion is concerned not with the kind 
of administration carried out by the Ministry for Science 
or the Department of Scientific and Industrial 
Research, but with the management of the departments 
which execute the policy established by that Ministry or 
Department. The forms of decision made in management 
are different from those of policy-making at top level. 

Depending on the kind of project, on the kind of re- 
search to be carried out, and on the size of the team, the 
decisions made in the management of research vary. 
For these same reasons the relations between the research 
workers and the managers of research also vary. One 
need only contrast a university research department and 
one within a large firm to see that this statement holds. 
Even within a university the relations between the 
managers of research and the research workers vary 
according to the subjects in which research is being carried 
out; for example, between, say, a department of chemical 
research and a department of social research. 

-The question is what forms of organization are required 
in which managers can function so as to produce the 
optimum result from a given input of effort acting on a 
given quantity of materials and facilities. In other words, 
how can a department of research be organized to yield 
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its greatest profitability. (I shall not touch on the question 
of costs or an analysis of the various relations among the 
members of a research team. This in itself would demand 
too much space.) 

There is an extensive literature on management, mainly 
concerned with the ordering and co-ordinating of functions 
in industry and in the public services, a literature which 
can provide several guides to management of research. I 
am not concerned with what is known as ‘scientific 
management’, which is in effect the application of plain 
common sense and of statistics to problems which face 
managers; I am concerned with the handling of men in the 
research team, and so the ordering and co-ordinating of 
their functions. 

Sir Frederick Hooper, one of the outstanding examples 
of a good manager, holds that good management is, in 
large part, a matter of personal relations. Therefore he 
would see in a good manager (and this would hold for the 
manager of a research team as well as for the manager of a 
firm) these following qualities: 

Personality. That combination of human virtues and 
frailties which enables a man to establish contact with 
groups of widely different social background and education 
without either condescension or obsequiousness. 

Vitality. An ability to replenish the reserves of energy 
and ideas from sources outside the office and the factory. 
For the research manager I should regard this as absolutely 
essential. 

Lively intelligence. An alert and receptive mind rather 
than the intellectual apparatus of the scholar. This is a 
telling statement, and I think it would be true to say 
that this holds in research as in industry. We know of 
scholars who would be incompetent, and others who have 
proved themselves incompetent in managing research. 
There is many a brilliant scholar of ‘Oxbridge’ who is best 
left alone as a scholar and should not be given even one 
research student to supervise. There is also the complete 
antithesis to this belief. Not so long ago, an American 
consultant stated in London that “there is no room in 
industry for an intelligent manager since intelligence 
hinders co-operation”. This is probably the basis of some 
peculiar conceptions that scientists cannot make managors, 
or are unlikely to make good managers. This belief 
appeared just lately in the Toothill Report on the Indus- ` 
trial Problems of Scotland, and was repeated in an article 
in The Observer. ‘Managers will sometimes confess 
privately that they do not want scientists as colleagues 
because they don’t fit in—they do not easily acquire the 
protective colouring, the complex set of behaviour patterns 
that make British society as stratified as a club sandwich 
(to be fair, scientists are often equally vehement in 
rejecting the society of managers).” There is no question, 
and experience proves this, that all scientists do not 
make good managers, but there is also no question that 
many scientists can make excellent managers; not only 
because they have the appropriate personality, but also 
because they have intelligence. For the management 
of research, intelligence and particularly a knowledge of 
what tho research team is doing, are necessities. A quota- 
tion, referring to a research manager, may well be made 
at this point: 

“However much the director of such a station may 
protest his inability to do much of the work of investiga- 
tion, the way it is done, the way conclusions are checked. 
the interrelation of model makers and the makers of control 
systems for reproducing waves or tides or flood hydro- 
graphs, the providing of suitable measuring and testing 
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instruments, the looking ahead to the next step—all 
these must clearly depend on intelligent control. Intel- 
ligence is to be found in generous measure in... It is 
apparent in his treatment of people as well as of problems, 
in his lack of pomposity, his readiness to laugh at himself 
on occasions, his power of expression and his enjoyment 
of his own articulateness” (New Scientist, January 4, 1962). 

Ability to communicate. This is not simply in issuing 
orders but also in presenting details of a situation in order 
to secure co-operation at all levels; that is to say, being 
able to co-ordinate in such a way that team work, and 
therefore the purpose of the team, is achieved. 

Judgment. An amalgam of intelligence and experience 
which enables a leader to see a problem in perspective, 
to select what is relevant and so to find the right solution. 
This does not tell us what a good manager is; there is no 
significant correlation between personality types (and 
vitality as part of personality) and intelligence, except 
in so far as a minimum level of intelligence is a pre-requi- 
site for ability to communicate and to make judgments. 
Apart from a minimal command of the spoken word, 
even the ability to communicate is not significantly 
correlated with good managers. Managers come in all 
sizes, thin and tall, fat and small, extravertive, introver- 
tive, endomorphic, ectomorphic, cerebrotonic, viscero- 
tonic. Of these two elements of personality, character 
and temperament, temperament among managers varies. 
Some are quiet, some are vociferous, some are peaceful, 
some are bellicose; but yet good managers show the same 
kinds of character qualities, and these qualities are what 
require analysis. This is tantamount to saying that it 
is not the external plumage of the bird, but the internal 
structure which gives us the key to the classification of 
managers. We can take up a taxonomic approach. 

The genus ‘manager’ is divisible into three major 
species, the ‘good’, the ‘bad’, the ‘all right but not much 
good’. A fourth species ‘clever but not much good’ is 
uncommon, though it has been discovered in the ‘jungles’ 
of Imperial Chemical Industries and Unilever. These 
words ‘good’, ‘bad’, ‘right’, and the like, are words which 
are used by subordinates about their managers; and it is 
the opinion of the subordinates with which we are con- 
cerned, for it is this opinion which governs the way in 
which the personal relations are affected and, hence, the 
teamwork. 

By the word ‘bad’, men refer to managers who do 
neither right nor good. The word implies they do not do 
that which is proper to the efficient running of the firm 
or the team, they are not fair or just, or reasonable, that is, 
they are not right; and they do not do good, meaning that 
they do not make things better; they do not develop the 
firm for the good of all. They do neither that which they 
are obliged to do, nor that which they are expected to do. 

By ‘all right but not much good’, men refer to the 
manager who does right for the firm, running it profitably, 
fairly and justly; but he does not do anything to develop 
or better the firm. He does his duty, what he is obliged 
to do being a responsible man, but not what he is expected 
to do, that is to say, to better the firm beyond the bounds 
of duty. 

By ‘good’, men refer to managers who are fair and just, 
and who also develop the firm, doing their duty, doing 
that which they are obliged to do and doing more, doing 
that which they are oxpected to do. 

The species ‘good manager’ is divisible into two sub- 
species which can be called the ‘wholly good’, including 
three varieties, and the ‘good-buts’, also of three varieties. 
Since all these good managers are doing right, that is, 
doing their duty, they are distinct in the ways in which 
they do good, that is to say, the ways in which they go 
about bettering the firm or the team. So the essence of 
the good manager is that he is dynamic, that is to say, 
he goes beyond the bounds of duty as distinct from ‘the 
all right but not much good’ manager, who is static, who 
does his duty and no more. 
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The varieties of good manager are distinguished in the 
way in which they respond to the cycle of bettering of 
things, ‘of goodness’, which is a cycle of progress, in tho 
three stages of innovation, reorganization, stabilization. 
It may well be that one manager who is wholly good in 
the stage of innovation may not be wholly good in tho 
stage of reorganization. He is not adaptable to that 
particular habitat (to continue the zoological analogy). 
It is not nearly enough to appoint a good manager, he 
should be the type of good manager appropriate to the 
stage of development of the firm. The same kind of 
thing happens in research and in teaching at the university. 
We may be at the stage where we want a research man who 
gathers people around him. Later on we talk about getting 
a teacher rather than a research worker for the depart- 
ment, and, further on, when the department is large, wo 
look for an ‘administrator’. 

This cycle of progress in social organisms has strony 
parallels to the learning process in the individual. 
From the introduction of new ideas, innovation, functions 
have to be related in a new fashion, reorganization. which 
is readjustment of the relations of functions. Reorganiza- 
tion necessarily follows innovation, otherwise there can 
be no stabilization, which is necessary for the succeeding 
leap-off towards innovation. Stabilization cannot follow 
innovation without intervening reorganization. It is 
difficult for innovation to follow reorganization, otherwise 
‘rightness’ is lost, and insecurity and frustration raiso 
their ugly heads—a common phenomenon in firms in 
which there is a constant and continuous drive towards 
development and change. (In order to counter-balance 
this kind of insecure situation the members of the firm 
move towards excessive conformity with certain social 
rules, hence the ‘organization man’ frequent in the 
United States.) Again, reorganization cannot follow 
stabilization (unless the reorganization is in itself innova- 
tion), otherwise insecurity and aggression ensue, as iu 
cases of nepotism. 

So we have three varieties of the sub-species, ‘wholly 
good’ manager. 

(1) The innovator, the ideas man who betters by intro- 
ducing new concepts; (2) the reorganizer, who betters by 
utilizing these new ideas and rearranging the firm or the 
team, reorganizing it in terms of relating jobs to adjust 
to these new ideas; (3) the cultivator, the man who provides 
the environment for the development of the innovator 
and the reorganizer. In industry the cultivator may well 
have been an innovator or reorganizer in his younger 
day; he tends to be an older man who, having gone 
through these two stages of the good manager, knows 
what they require and builds for them the environment 
in which they can work. This is the advantage of the 
older man in industry and research. He knows the 
problems of the young, and provides the background 
against which the youth, in his dynamic characteristic 
can better the firm or the team for the good of the firm 
and for the whole. The older man has his part to play in 
the dynamic of events. 

There are three other possible situations, those in which 
the three varieties of the sub-species ‘good-but’ may 
appear. If the innovator is subordinate to the man whose 
duty it is to reorganize, there is no confusion; but if the 
innovator is senior, if the boss himself starts up something 
new, he may become confused in his roles so that instead 
of reorganizing subsequent to innevation he organizes 
before the innovation has been put into practice. That 
is to say, the means can become the end. It is not unusual 
for a firm to fail because the boss has rushed forward with 
a new idea without reorganizing in terms of survival and 
profitability of the firm. This, the ‘good, but a little wild’ 
is the first variety of the sub-species. It is rather close 
to the uncommon fourth species already mentioned. 

The reorganizer is concerned with altering ideas which 
come from innovation to the rightness of proper organiza- 
tion. But he may also become confused. For him, means 
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become the end as well, and rightness becomes his sole 
concern. Here we have the prototype of the man who 
talks of ‘the team’, ‘all in it together’, ete. Accepting the 
good for what it implies in terms of organization and not 
the ultimate end, he is a reorganization man and not an 
organization man. Organization, and his relations with 
other people becomes his sole concern. He is the second 
variety of the ‘good-buts’, ‘good but a little too bureau- 
cratic’. It is very common in the American industrial 
forest, and also shows itself frequently in the phenomenon 
of ‘empire building’ in research departments—the mere 
act of bringing people together in large numbers and 
organizing them (without any reference to an ultimate 
end, for example, of a research project) is in itself the end. 

The cultivator who is concerned with cultivating the 
fallow ground which has been reorganized, so as to 
encourage innovation and hence the beginning of a new 
cycle of progress, may also become confused over what is 
right and good. For example, the manager who says 
‘what was good enough for my father is good enough for 
me’ means that what his predecessor either innovated, or 
reorganized on innovation, has become right, and if right 
(having been good as innovation) is ‘good enough’. It is 
not; it is merely right and not good. We have, then, the 
third. variety of the sub-species, the ‘good, but too vague’. 
The ‘good-buts’ as a sub-species are marked out by the 
failure to distinguish means from ends—they are regressed 
forms of the sub-species ‘wholly good’? 

An administrator need not be only one of the ‘wholly 
good’ types; a cultivator having stabilized, and then 
encouraged innovation, may become a reorganizer. 
Sometimes an innovator becomes a reorganizer and a 
reorganizer becomes a cultivator. Seldom does an 
innovator become a cultivator, or a cultivator an inno- 
vator. Aa 

For example, a firm in which nepotism is practised 
may change its functions (not for bettering) but to produce 
‘jobs for the boys’, when insecurity and aggression are the 
result. This can be contrasted with the Civil Service 
which switches men—not the jobs. Here the switch is 
traditionally recognized as ‘good’ for the personnel. 

- The very first essential for the administration of research 
teams is the definition of the purpose of that team. Re- 
search in its broadest sense can be divided into three 
categories, and the teams may he involved in research 
in one category or on mixtures of these categories. 

(1) Search, a process of fact-finding; all other forms of 
research are based on such. This is the common form of 
research in arts subjects; for example, in history where 
analysis of the facts so compiled provide an explanation 
or, more properly, an interpretation of the events of 
history. It is an interpretation of isolated systems not of 
universal, and is therefore not theoretical. (In this sense, 
the subject history, and its allied subjects like economic 
history, do not form a discipline in terms of the develop- 
ment of theory as is recognized by scientists. It is a 
discipline in a method; the interpretation is individual, as 
over and against the interpretation or explanation that is 
repeatable and predictable in scientific systems. Should 
the historian use theory, it is not historical theory, it is 
economic or social theory.) 

Search ia also common in industry, mainly for the solu- 
tior of immediate problems confronting the firm; and it 
does not involve the development of theory. It may 
use theory, but it does not test theory. This form of 
activity may also be utilized in industry in the develop- 
ment of new products; theory may be used but it is 
neither tested nor sought for. In both cases in industry 
the end-product of search is a decision to be made on 
behalf of the firm, an individual decision which should 
be put in the same category as the individual interpreta- 
tion so common in socio-economic research. Much of 
this research in the socio-economic field is for the purpose 
of policy-making. It is search that ought to be under- 
taken by those who are making the policy, or by those 
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under command of the people making policy, and so 
should be left to commercial enterprises and not to 
academic enterprises in which search should be con- 
cerned mainly with looking for facts on which the theories 
can be based, and should be organized accordingly. 

(2) Research, in the proper sense of the word ‘re-search’. 
This is sometimes called pure research, basic research, or 
academic research. The structure of the name indicates 
the analysis of facts elucidated by search and synthesis of 
theory as stemming from these facts, where theory implies 
either explanation giving understanding of a wide range 
of related phenomena, or establishment of a rule or law, 
in the mathematical sense of the term, whence predictions 
can be made. Within this category must come a sub- 
category, hypothesis-testing, since theory evolves from 
testing of hypotheses—in science, in particular, through 
repetition by others than those who establish the theory. 

(3) Applied research is developmental research. the 
application of theory in order to evolve new extensions 
of the theory, or the use of that theory in industry and 
similar concerns. It is mainly used in industry for develop- 
mental purposes—the introduction of new techniques and. 
new products. In this sense it should be distinguished 
from the development of new products under category I, 
which is carried out on a hit-or-miss principle, whereas in 
applied research, it is the application of theory involving 
prediction. 

Accordingly, as a research team has one or more of these 
research purposes so it has to be organized, there has to be 
a structure of functions in order to achieve the particular 
purpose. It may well be, as is common in universities. 
that a research group is formed for the common purpose 
of ‘research’. That is to say, there is no specified project, 
merely research as an end in itself. There is, therefore, 
no team and it is in such an atmosphere that the isolated 
researcher finds a niche, the scholar par excellence who is 
concerned with the development of his own particular 
ideas in his own particular ways. That is to say, he decides 
for himself the way in which he is going to work. He 
decides his function, what he is searching and re-searching 
for, and he defines his operation, the way in which he 
goes about it. Self-decided research has no place in a 
project, a team project of research, the system being 
considered. here. 

Little or no basic research is carried out in commercial 
enterprises; though in such enterprises it can happen that 
a worker may stumble on some theoretical principle. 
Should it be established in this fashion it must be remem- 
bered that it is not purely for the ends of research but 
for the ends of the enterprise. This is one of the reasons 
why commercial enterprises ask universities to undertake 
basic research and supply funds for the purpose. It is 
in the atmosphere and structure of a university research 
department that basic research can best be carried out, 
wherefore, the administrative structure of a university 
department is different to that in a commercial enter- 
prise. In a university team working on a project, the end 
is research, the means or purpose is the project; in an 
industrial research team, the means or purpose is the 
project, applied research, and the end is the good of the 
enterprise. 

In some university research departments in which there 
are specifie projects on which teams are working—there 
is sometimes a carry-over from the traditional university 
approach in which the pure research worker has complete 
freedom to decide both his function and his operation. 
A man may join the team in order to do research on the 
project, but within that team he is given the chance 
(because it is believed that all research workers have 
‘complete freedom’) to choose his function as well as his 
operations. This is impossible if a man is a member of a 
team. His function has to be decided for him because that 
function is his contribution to the achievement of the 
purpose of the team. His freedom in the team lies only 
in the way in which he carries out that function. Ho 
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decides how he will go about his research, what techniques 
he will uso and the like; but he does not decide what 
the research is to be, his function. The freedom of the 
research worker lies in his operation (a self-responsible 
activity); but his function is decided when he joins, when 
he contracts into the research team. ‘For example, 
the purpose may be broadly put as ‘research into adrenaline 
derivatives’; the function is more specific, as ‘isolation of 
adrenolutin’. How the research worker goes about 
isolating the adrenolutin constitutes his freedom in the 
doing of his duty to the research team into which he 
contracts. A result of confusion of function and operation 
in one case brought to my notice was estimated to have 
cost the project about 100,000 dollars. 

One quite frequently finds the opposite in teams of 
searchers in socio-economic studies, socio-economic search 
of the first category. Not only is the searcher’s function 
decided, but also his operations are decided, the way in 
which he goes about finding out the facts. This stems 
from the nature of the activity, that is to say, search, 
for the controller of the project sees to it that the opera- 
tions are of a kind that will be as near as certain to pro- 
duce the results. It is almost businesslike in its need. 
There having been so many investigations of this kind 
the techniques developed previously are often religiously 
followed, and the indication is given, even the order is 
given, to the worker to follow these techniques. 

This near certainty contrasts with the notorious uncer- 
tainty of basic research (for which reason basic research 
workers require the security of the academic home). It 
would appear that the managers of some research projects 
seek these projects because they will ‘produce results’ in 
the shape of compilations of observations. These mana- 
gers come under the species ‘all right but not much good’. 
Strangely enough, many foundation and other supporters 
of research seem to be attracted and impressed by such 
managers, maybe because of the certainty of ‘results’. 
There is safety in being ‘all right’; it is easy to cost 
search projects of this kind—it is not easy to cost basic 
research. For the professor or research director aspiring 
to public recognition, managing search is the safe way; 
it is a form of bureaucratic Parkinsonism translated into 
the research field. Managers of foundations who tend to 
support this species of project manager belong to the 
samo species-—‘birds of a feather’. It is a common 
phenomenon in the United States, on which matter I 
shall touch later. ` 

It can be said, and this is a very rough statement, that 
in the first category, search, functions and operations 
specific to function are defined by the manager. In the 
second category, in pure research (for the isolate) the 
functions are unspecified and so are the operations there- 
fore; whereas for those members who enter a team which 
is engaged on a project of pure research, the function is 
specified but operations are not. In the third category, 
applied research, the functions are defined by the manager, 
but, on the whole, the operations are not defined; for, by 
very reason of the nature of applied research as so defined, 
the operations always involve something new, and it is 
in this newness that the research worker expresses himself 
as such. 

(A) Administration of university project research has 
to be: (a) right, in the proper co-ordination of functions, 
that is to say, relating of the functions towards the achieve- 
ment of the common purpose, the project goal; (b) good, 
in that it betters the end. For research, which is the goal, 
is goodness since it is a bettering of knowledge and so of 
living. He who runs a university research team properly 
is, in effect, ‘creating creativeness’. 

The university research team is an enterprise for innova- 
tion towards innovation of a general proposition. (The 
commercial research team is an enterprise for the innova- 
tion towards the innovation of profitability.) Hence, as a 
university research team innovates by producing new 
ideas, it has to go through the process of reorganization 
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and stabilization. An outstanding example of this nature 
is the Cavendish Laboratory. A whole series of researches 
led again and again to general propositions, which held 
stable for some time and started off new lines of research 
leading to more advanced propositions. The cycle is 
innovation, reorganization, stabilization and then innova- 
tion again. What is not generally recognized is that, 
after innovation, there has to be a process of reorganiza- 
tion before stabilization from which the next jump-off 
begins. ; 

This reorganization is of two kinds, reorganization of 
process and reorganization of ideas: 

(1) Reorganization of process. The research workers 
provide new ideas, hypotheses that require testing, and 
as these ideas develop they have to be related. This 
process of relating demands the use of sapiental authority, 
not structural authority. (Structural authority is defined 
as the right to command and to expect and to enforco 
obedience. It is vested in a position in the structuro of 
an enterprise, as in the position of manager. Tho impera- 
tives which are used in the system of structural authority 
are the categorical and parenthetical. Sapiental authority 
is defined as the right to be heard by reason of knowledge 
or expertness. It is vested in a person not in the position 
@ person holds. The imperatives which such a person 
may use are the hypothetical and tho injunctive.) In 
general it can be said that, in order to relate, the func- 
tion of the research worker remains the same, but his 
operation changes. For example, we may take a team 
working on tho adrenaline derivative theory for schizo - 
phrenia. The reorganizer, the one who is concerned with 
this process of reorganizing and relating, can say to tho 
research worker regarding his operations, ‘you ought to or 
should do so-and-so’, that is, the injunction. He can say 
no more, for, provided the research worker is working on 
the function, that which he is contributing towards the 
general adrenalin derivative project, then he is free to 
choose his operations. However, if another member of 
the team or someone else in another research team dis- 
covers a method of near isolation of adrenolutin, or a 
method that looks as if it is almost certain to yield results, 
the reorganizer can say ‘you must do so-and-so’, meaning 
or implying, ‘if you are to succeed in your function’, 
that is to say, the hypothetical imperative. The reorgan- 
izer has sapiental authority; he cannot order the research 
worker to change his operations. But since he has know- 
ledge of these other methods and techniques, he is able to 
point out to the research worker, on the basis of his 
knowledge, that, in order to fulfil his function, which ho 
contracts to fulfil in joining the research team, the 
research worker must carry out these operations of this 
kind. 

The research worker is not completely obliged to act 
on this hypothetical imperative; it is an imperfect obliga- 
tion, for if he feels that the operation which he is carrying 
out will yield the result, that is, if he can still fulfil his 
function of isolating adrenolutin, he need not change tho 
operation. But if he does not act on it, and does not reach 
the result required of him, obliged of him since he has 
contracted to do so, then the manager of the project (if 
not the reorganizer) can hold him responsible in that he 
did not pay attention to the advice and act on it. It is 
only the reorganizer who can use the hypothetical impera- 
tive, the man’s colleagues use the injunction alone. It is 
essential, therefore, that in a project of this nature, thero 
must be one person who is capable of using, and entitled 
to use, the hypothetical imperative to this extent. 

This reorganization of process is a major activity in 
research, that is, hypothesis—test—new hypothesis— 
test—and so on. The reorganizer’s function is then idea- 
producing in the light of such organized process; and. 
like the research worker, he has operational freedom 
in the way he goes about it. As an ideas man he sees where 
ideas fit, that is to say, relate in process. (Note that ideas 
relate in terms of imperatives as, for example, ‘It follows 
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that so-and-so must be this or that if, ete., etc.’, or ‘B 
will succeed A since, etc., ete.’). 

(2) Reorganization of ideas (generalization). The 
administrator who is a reorganizer of ideas ‘ordinates’ 
the reorganized research process. He shapes the hypo- 
thesis into a general theory. This process can occur at 
various levels of integration and co-ordination; and a 
generalizer (equivalent of cultivator, see here) need 
not be an ideas man as a research worker. All he needs 
is a knowledge of theory, for his ideas are born of ideas 
already ordinated. Of course, he is a research worker in 
the broadest meaning of that term, but he is to be dis- 
tinguished from the laboratory worker as a manager is 
distinguished from the floor engineer in a factory. This 
senior man sees the whole picture, as a manager does. 
He sees the moral whole (Bradley’s term for the good of 
the enterprise) much more clearly than any other member 
of the enterprise; and so seeing, he is often the boss man, 
but not necessarily so. 

Against this back-drop of the generalized view of the 
moral whole, the individual research worker can perceive 
his function. It is within this framework of generaliza- 
tion that he contracts to fulfil a function, for the functions 
of the enterprise are decided by the form of generalization.: 
That is why the generalizer is the cultivator—to use the 
industrial expression. The generalization is the stabilizing 
part of the cycle of progress. Sometimes in laboratories 
we have process reorganizers who are not capable of 
generalization. Sometimes we have cultivators who are 
not capable of understanding the relations of the 
research workers’ projects, and who depend on their 
organizers of process for the meat of reorganized 
ideas on which to feed. Sometimes these types can be 
in one person—a rare phenomenon—but the aristocrat of 
the scientific world. Rutherford was such a man, a 
person who could go through his laboratory reorganizing 
process and reorganizing ideas, generalizing, cultivating 
and providing that atmosphere in which each member of 
his laboratory could see his function clearly and unequivoe- 
ally. What these men learned in his laboratory was not 
only techniques of research but also the way in which 
to think about research. 

When the research department is large, then the top 
administrator is one who organizes process reorganizers 
and of ideas reorganizers; he is in effect a cultivator of 
cultivators. Himself probably a research worker origin- 
ally, he is no longer concerned mainly with innovation, 
but with innovators--with men; and his whole attitude 
must become top-managerial in the industrial sense— 
towards the ordering and co-ordinating of men and their 
functions within a policy. He provides the atmosphere 
in which the research workers and reorganizers of process 
and of ideas can work at their best, protecting and support- 
ing them. 

In the smaller projects, in terms of numbers engaged, 
the leader of the team may take on himself the functions 
of redrganizer. Occasionally this leader becomes confused 
—he tends to leap off after new ideas, without reorganiz- 
ing. He then becomes one of the variety ‘good, but a 
little wild’. As the team increases in size, the natural 
process of specialization must continue in two ways— 
vertical and horizontal. Functions are grouped first of 
all in the vertical sense in that functions of like process 
are departmentalized. It then follows that there must 
be a reorganizer of process for each of these departmental- 
isms. The top administrator may retain the function of 
reorganizer of ideas as well as of cultivator, but, the pro- 
cess of horizontal specialization proceeding still further, 
there may then be the kind of organization in which not 
only are there organizers of process for each of the depart- 
ments but also there is a reorganizer of ideas integrating 
the ideas coming from these various departments: and up 
on top of him there is the administrator, no longer (as I 
said) concerned with the functions but with the men, and 
providing thet atmosphere in which they can produce the 
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optimum results. In large university departments, especi- 
ally in the United States, this kind of manager sometimes 
shows the characteristies of a ‘good, but a little too bureau- 
cratic’ variety. There is a tendency in such departments 
to avoid horizontal specialization, but willy-nilly there 
must be departmental specialization. The reorganizers 
of ideas tend to appear spontaneously, if not deliberately 
encouraged, but act only in an informal system—a system 
which usually includes the tea-break meeting, or the staff 
meeting organized in purely empirical forms. (This is 
no place to discuss the four types of meeting which are 
necessary for the conclusions and decisions in reorganiza- 
tion and in cultivation.) : 

(B) In the commercial enterprise, as distinct from the 
university, since the purpose is different, the way in which 
the functions are organized is also different. If there-is 
much search, category 1, then both functions and opera- 
tions are quite clearly specified, and the research worker 
in this field has very little freedom. This, that they 
have no freedom, is the constant cry of bright graduates 
who enter industry. 

As already stated, there is little or no room for pure 
research in industry, the main research is applied, cate- 
gory 3. It therefore follows that there is in industry little 
room for the function of reorganizer of ideas, the general- 
izer, though this function may be undertaken by the 
cultivator himself, provided he has sufficient interest in 
the concepts of theoretical premises. There are 
plenty of reorganizers of process, because in reorganizing 
process the purpose of the commercial enterprise is 
achieved. The result is vertical specialization to the extent 
of departmentalization of research, in which the reorgan- 
izers of process are in charge of departments; above them 
is the cultivator (but one who is not a reorganizer of ideas). 
It is for this reason that commercial enterprises depend 
so much on the academic work. (There are exceptions 
to this. One reads of commercial enterprises where there 
has been interest in the mind of the chief in development of 
theory, and the result is some startling innovation, not 
only of commercial value, but also of theoretical con- 
cern.) 

In management of commercial projects there are two 
differences in the use of the imperatives. Where search 
is involved, the categorical imperative, in the complete 
use of structural authority, is widespread. The searcher 
is told what his function is and he is also told what his 
operations are—he has no choice in the way he does his 
search. In category 3, the research worker’s functions 
are completely established for him, but he may have some 
freedom of choice in operations. If the project manager 
is also reorganizer of process, the research worker’s choice 
is usually limited to operations which are regarded as 
‘safe’ by the manager. Seldom is the research worker 
‘allowed his head’. If the reorganizer of process is a team 
leader, group leader, or something of that nature, under 
the project manager, the research worker may still be 
limited to safo operations, but frequently he may be 
allowed freedom to deviate, being held responsible by the 
project manager for failure to produce @ result. This is 
particularly the case when the manager is a ‘good’ inno- 
vator. Such a manager, however, may not be the proper 
kind for a firm which is reorganizing and stabilizing. This 
is sometimes subconsciously recognized in big concerns. 
The appointment of a new managing director or general 
manager may be followed by an inexplicable burst of 
research activity, or a slowing down, usually ascribed to 
his ‘personality’ or ‘personal interest’. It is fundamentally 
a reaction to the firm’s needs. If the firm is reorganizing 
or stabilizing and a research manager goes for ‘wild’ 
ideas, he is then ‘good but a little wild’ or ‘clever, but not 
much good’. If the firm is innovating and the research 
manager does not produce results appropriate to the needs 
(hence profitability) of the firm, he is either ‘good, but a 
little vague’, or ‘all right but not much good’, depending 
on his capacities to reorganize process. 
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On expansion of the academic project, four apparent 
anomalies in organization can be recognized: 

(a) There is delayed vertical specialization, that is to 
say, there is not enough departmentalization. 

(b) There is little or no horizontal specialization, that 
is to say, there is no recognition of the need for the 
functions of reorganization of process and the reorganiza- 
tion of ideas as distinct from pure ‘administration’, which 
is the provision of facilities and the atmosphere in which 
research is carried out. 

(c) There is tendency to use structural authority rather 
than sapiental authority. This, it seems to me, is a carry- 
over from the commercial systems of organizing research 
and also of American academic techniques of controlled 
research. There is less and less freedom of operation for 
the junior research worker. It takes longer nowadays 
for the brilliant man to become recognized, not only 
because subjects are more complicated than they used to 
be but also because this lack of organization does not 
allow of potential genius to exert itself. 

(d) There is little or no clear-cut appreciation of the fact 
that a department, or a team, may be at one of the three 
stages in development, requiring one of the three forms of a 
good manager. A ‘bad’ appointment may well be not the 
fault of the man appointed, but the fault of those who 
appointed him, putting a man into a position in which his 
particular idiosyncratic capacities could have no scope. 

On expansion of the commercial project teams, though 
there is usually adequate departmentalism, that is vertical 
specialization, (a) there is little proper recognition of 
horizontal specialization in the clear-cut appointment of a 
reorganizer of process; (b) there is too much use of struc- 
tural authority, either in the employment of the categori- 
eal or the parenthetical imperatives, and too little use of 
sapiental authority which allows the junior research 
worker freedom to develop; (c) asin the academic projects 
there is no recognition of the need to appoint according 
to the state of development of the project. 

In Britain it would appear to me that there are two 
broad movements. In the universities there is a movement 
towards the commercial attitude to research, of control 
as distinct from direction, and in the commercial projects 
there is a movement towards the American form of control 
which is almost wholly of the categorical imperative. In 
the commercial world of research, the job is no longer seen 
as & vocation, that is to say, research as an end in itself. 
The end is becoming social status (not prestige which 
depends on work well done, and fundamentally on the 
exercise of self-responsibility which stems from freedom in 
operation—-a personal matter). 
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There is also the feeling that if enough money is poured 
into a research project the results are bound to come. 
But this will not necessarily follow if the freedom to use 
ideas is not there. If too much structural control is 
utilized, which stems from the fact that money has become 
of so much importance, there is too much of the attitudo 
‘we've got to get results’, which ends in this ordering of 
the juniors. American research organizations, vast and 
with seemingly unlimited sources of money, do not 
produce the broad theoretical generalizations, but hammer 
away at research of categories 1 and 3. It has become 
very much commercialized. i 

Wo can see this particularly in academic sociological 
research. Social survey succeeds social survey until it 
becomes almost nauseating. Merely having a social 
survey is the end and not the means towards the general 
proposition of a social philosophy. A few more advanced 
academic institutions in the United States working in 
this field have recognized that a more scientific, experi- 
mental, hypothesis-testing attitude towards research 
(Category 2) is necessary. But these hypotheses do not 
stem from general theorizing on the basis of analysis 
of fact, that is, from reorganization of ideas (category 1 to 
2) but merely from reorganization of process (category 1 
to 3 with no intervening 2). There is a tendency to be 
pragmatic, ‘being practical’, when anything abstract is 
rejected as not being theory—principles (as modes of 
action) are the ‘theories’. 

Lastly, with the American accent on conformity, there 
is a tendency to eschew the eccentricity that produces the 
ideas from which, with adequate process and idea reorgan- 
ization, come the generalizations. There is a tendency not 
to seo that a team (about which so much is talked) is, 
in research, a team of men dedicated to the good of the 
moral whole, for which reason the research worker’s 
authority is sapiental, vested in the person. It is not 
vested in.the position which comes from conformity 
imposed by informal structural authority. In Britain the 
research worker is still regarded, in the main, as a unique 
individual co-operating in a personally contracted system 
—there is no need for conformity. The American research 
worker, being impelled by conformity and status structure 
and hence by the need for ‘keeping up with the Jones’s’, 
sees his research no longer as a contribution to the moral 
whole of the research enterprise, but as a means towards 
conforming with conformity. This must be avoided; 
research must remain a vocation, for it is only from the 
dedicated man that there can emerge those strokes of 
genius which are truly and properly the essence of re- 
search. 
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TUDIES of dynamic interfaces in aqueous systems 

show that sustained local alterations of the orienta- 
tions of interfacial components lead to vigorous surface 
and interior circulations’. These findings suggested 
that the impelling of cytoplasmic matrix as a result of 
changes in the orientations and associations of the con- 
stituents of biological membranes might be the basis for 
protoplasmic streaming. 

Taking present-day theories and well-known evidence 
concerning membrane structure as starting points!-1}, 
this thesis has led to a new molecular theory of the 
structure and functions of biological membranes!*. The 
membrane is regarded as a dynamic and highly labile 
entity, shifting between different substructural states with 
different phases of function. Thus, extensions and devia- 


tions of the theory from present concepts result in large 
part from the fact that it does not seek to account only 
for the form and properties of a single structure of rela- 
tively static architecture, but also for the forms and 
properties of several interconvertible structures, and for 
the relationships which make their interconversions 
possible and biologically useful. 

One function of biological membranes is postulated to 
be the impelling of cytoplasmic matrix as the result of a 
reversible, longitudinally propagated substructural trans- 
formation of membrane components. The gross implica- 
tions of this action for protoplasmic streaming and 
amceboid locomotion have been treated elsewhere'?-™, 
When the motive force for streaming is centred within 


.the moving protoplasm itself, conservation of momentum 
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Fig. 1. Cross-sectional diagrammatic representation of gross geometrical 
changes of micellar form in the transformation from the open to the 
closed configuration of a region of a membrane. The heavy dots show 
roughly the regions of the lipid polar head-groups, the zig-zag lines 
the positions of the protein envelopes. Arrows at the left show the 
movement of matrix ‘pumped’ from between the cylindrical micelles 
and force-filtered through the lower envelope (either luminal or cyto- 
plasmic) as the cylinders collapse into ‘bimolecular’ disks. Arrows 
at the right show the direction of flow of the polar lipid head-groups 
of collapsing cylindrical micelles. The moving head groups carry adjacent 
matrix molecules with them, the remaining matrix being impelled 
by viscous traction. Coalescence of the ‘bimolecular’ disks into a con- 
tinuous lamella is shown at the right in e, incomplete coalescence (or 
merely close abutment) with pore formation, at the left ine. Molecular 
components are not to scale and modifications of: the protein envelopes 
and of the spacings of the lipid head-groups during the transformations 
(ref, 12) are not shown. Nor are conditions of, and associations between, 
lipophilic chains and weakly polat lipids within the micellar interiors 
epic 


requires that the phenomenon involves countercurrent 
mass exchanges, rather than merely passive in toto. mass 
transfer, although there can be no doubt that the latter 
action also is involved in cell movements!4, 

According to these views, certain elements of the 
endoplasmic reticulum jet-propel themselves in one 
direction by a pulsatile pumping action in which the 
invisible cytoplasmic matrix from within their lumina 
is ejected in the opposite direction (Fig. 3). The same 
pulsatile pumping action could be the basis for the 
circulation of matrix through the lumina of massive 
bodies composed of double-membrane lamellæ. The 
concomitant recoil of these bodies and of membrane- 
bounded organelles could be responsible for their trans- 
lational and rotational movements". Since the pumping 
of matrix by membranous elements would appear to be an 
accompaniment of metabolic activity at their interfaces, 
the very structures catalysing metabolic reactions appar- 
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ently also provide the channels and motive force for 
partitioning, exposing, circulating and transporting both 
the substrates on which they act and the products of 
their action. ` 

When protoplasmic’ streaming in various forms was 
analysed on the bases outlined here, its many manifes- 
tations appeared to be accountable for as variations on a 
common theme!4, Taking into account the indications 
of these analyses, together with old and now?*.)? findings 
concerning dynamic aspects of elements of the endoplas- 
mic reticulum, the following picture emerges. 

Streaming protoplasm appears to possess moro or less 
open, labile, flexible, substructural networks of ‘hollow’ 
membranous tubules, vesicles and filaments. The latter 
elements interconnect and adhere to one another to varying 
degrees, with the entire system perfused by cytoplasmic 
matrix. The ‘forward’ movement of many membrane- 
encapsulated inclusions with the jet-propelled membran- 
ous networks apparently is passive, depending on their 
adhering strongly and even anastomosing to network 
elements, and on their being embedded in network 
interstices (seo electron micrographs'!+141), 

The flexibility and lability of the networks apply 
not only to the ability of their elements repeatedly to 
form and break anastomoses and adhesions in response 
to varying local demands, but also to their capabilities 
for gross transformations to and from layered systems of 
double-membrane lamelle. Such capabilities are also 
suggested by numerous electron optical and phase con- 
trast findings**-*s, 

The theory presented here also has implications for 
other membrane-associated phenomena, such as mem- 
brane contraction, expansion, growth and ‘degrowth’, 
coalescence and fragmentation of membrane-encapsulated 
organelles, impulse conduction, active transport, and 
facilitated diffusion. A detailed account of the biological 
rationale and the molecular and thermodynamic bases for 
the theory is in preparation’*. However, in view of its 
possible broad applicability and recent supporting 
electron-optical findings*‘-??, some of its basic features 
are reported here. 

The theory visualizes the biological membrane basically 
as a protein-lipoprotein-lipid complex, capable of existing 
in, and readily transforming between, several equilibrium 
states, two of which (Fig. 1) are discussed here. One 
state, the ‘open’ configuration (Fig. la), consists of a 
regular hexagonal arrangement of 80 x 180-200 A cylin- 
drical lipid micelles (‘pillars’), at a centre-to-centre 
spacing of about 150 (Figs. la and 2). Both ends 
(‘pillar bases’) of each cylindrical micelle are bound to the 
external envelopes by relatively stablé bonds, involving 
both polar and non-polar interactions. The former are 

- chiefly ion-ion, ion-dipole, dipole-dipole, and hydrogen- 
bounding interactions; the latter involve the penetration 
of non-polar amino-acid side-chains between the lipid 
head-groups into lipophilic regions, where they participate 
in, transient-dipole induced-dipole interactions (London 
dispersion forces). The basic structures of the external 
envelopes are protein monolayers of 10-15 A thickness. 

Another state, the ‘closed’ configuration (Fig. le), 
consists of the familiar ‘bimolecular’ lipid leaflet, 50-60 A 
thick, sandwiched between the protein monolayers. The 
leaflet is formed from ‘bimolecular’-disk sub-units which 
abut closely on one another in most circumstances (Fig. 2, 
left), but either coalesce completely (Fig. 2, right) or to 
varying degrees in others. The interactions between the 
leaflet and the protein monolayers in the regions of the 
pillar bases are essentially unchanged from the relatively 
stable lipid-protein binding of the open configuration. 
However, in regions between the pillar bases, they con- 
sist of less-stable, predominantly polar binding. 

The lipid micelles and protein envelopes constitute a 
mutually stabilizing system, the conditions of each 
element in each configuration being dependent on the 
presence and state of the other elements. In the open 
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Fig. 2. Surface view of region of membranous element shown in Fig, 1. 
Dashed circles show the same successive positions of edges of ‘bimolecu- 
lar’ disks, The area to the left shows the outlines of pore regions on the 
assumption that ‘bimolecular’ disks abut but do not obliterate these 
regions by compressional and dilational deformations, and do not 
coalesce into a continuous lamella. The area to the right shows a total 
absence of pore regions on the assumption of complete coalescence 


configuration (Fig. la), the head-groups of polar lipid 
components at the walls of the cylindrical micelles are 
spaced in a loose lattice-work. The stabilization of this 
lattice-work involves partial penetration of Stern-layer 
monovalent cations between phospholipid anionic head- 
groups and poor polarization and screening of head-group 
charges. The lipophilic chains of the polar lipids extend 
into the interior in the disordered configuration of a 
paraffin liquid. Non-ionogenic lipids (cholesterol, tri- 
glycerides, etc.) are dissolved in the interior, which pro- 
vides a milieu for reactions favoured by a low dielectric 
environment. 

At the base of the cylindrical micelles, and in other 
regions of the ‘bimolecular’ leaflet in the closed state, 
anionic lipid head-groups are closely packed by divalent- 
cation cross-linking, with their charges highly polarized 
and well screened. Their lipophilic chains are closely 
packed in the liquid-condensed state throughout most of 
their length but grade into the liquid condition in the 
central 10-15 A of the leaflet because their variable lengths 
preclude close packing of ends. The interior compaction is 
maintained both by the close cross-linking of head-groups 
and by the compacting effects of associated cholesterol, 
triglyceride and cholesteryl-ester molecules adlineated 
between the chains. Cholesterol molecules subserve this 
compacting function primarily in the regions between the 
pillar bases, while triglyderide and cholesteryl-ester 
molecules do so primarily at the pillar bases. 

It is proposed that during phases in which transforma- 
tions are not occurring, a given membrane in a given 
specific physiological environment generally exists in a 
stato of either stable or metastable equilibrium in the open 
or closed configuration. The temporary transformation 
to another configuration generally is driven (if the initial 
configuration is stable) or merely triggered (if the initial 
configuration is metastable) by cationic displacements 
accompanying certain functions, the membrane after- 
wards recovering its ‘resting’ configuration (Fig. 3b, 
extreme left). Cationic displacements involve chiefly 
hydrogen, sodium, potassium, megnesium and calcium 
ions. They probably are initiated by local changes in 
interfacial proton concentration accompanying membrane- 
catalysed reactions, by concentration changes of other 
cations, and by other events. 

A number of factors contribute to the ‘collapse’ and 
flow of the cylindrical micelles of the open state into 
‘bimolecular’ disks on, say, increase of the interfacial 
proton concentration’?. An important one is the partial 
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displacement of monovalent cations from the Stern layer 
of lipid anionic head-groups by divalent cations—the 
cylindrical micelles of only 80 A diameter being unstable 
under the consequent conditions of close packing of 
the head groups of the bulky-chained polar lipids?®. In 
the flow of components of the cylindrical micelles into 
‘bimolecular’ disks, high-order phase transitions occur*?, 
by which these components evolve stepwise into the 
molecular associations of the liquid-condensed state of the 
closed configuration. 

Triggering of a transformation in one region of a mem- 
brane leads to a longitudinal propagation of the triggering 
impulse, and thus to the occurrence of the same trans- 
formation in other regions. This action could depend 
solely on the initial state being one of high potential onorgy 
and relatively low stability, such that positive feedback 
predominates during the transformation, or it could 
depend on the conditions driving the transformation 
being sustained by means of energy funnelled in from 
ancillary reactions. 

The thin crust of oriented, immobilized water molecules 
at membrane interfaces tends to act as an insulated proton 
semi-conductor. The structure of water, oriented and 
immobilized about polar and non-polar groups, is moro 
ice-like owing to an increased amount of hydrogen bond- 
ing®31, By facilitating proton charge transfer™, this 
leads to a higher effective mobility of protons than in 
surrounding regions. Additionally, ions have a structure- 
breaking effect®**!, causing a ‘thawing’ of the wator 
structure just outside the region of polarized and electro- 
stricted molecules. Accordingly, the outer regions act 
as a partial insulator, where proton charge transfer is 


` hindered by a lower degree. of hydrogen bonding than 


occurs in ordinary water. The net results of these modifica- 
tions of water structure at membrane interfaces, particu- 
larly in the more highly hydrated open configuration, 
are: (a) to facilitate the propagation to other interfacial 
regions, of effects of changes in interfacial proton con- 
centration in a given region; (b) to reduce short-term 
proton-charge-transfer exchanges occurring by isotropic 
volume conduction to and from the cytoplasmic matrix. 

At least three factors may be contributory to the pump- 
ing of matrix as a result of the open-to-closed transforma- 
tion. The most important of these are: (a) the impelling 
of matrix past the rims of the ‘bimolecular’ disks and 
through the protein envelopes into the lumina or outside 
cytoplasm; this action occurs as a result of the adhesive 
drag of matrix by lipid head-groups as they ‘flow’ from the 
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Fig. 3. Cross-sectional diagrammatic representation of membrane 
transformations and movements accompanying the jet propulsion of two 
idealized, discrete, tubular, membranous elements. Zig-zag lines 
depict the protein envelopes, solid black areas the lipid micelles. Small 
arrows show movement of matrix. (a) Large-diameter tubule lumen = 
550-600 A) being propelled by intramembranous transformations oniy. 
The membrane in regions to the left is in the closed configuration. 
Matrix ‘pumped’ into the lumen from between the envelopes egresses 
through regions between cylindrical micelles of portions of the mem- 
brane not yet transforming to the closed configuration. {b) Small- 
diameter tubule (umen = 180-200 A) being propelled by both intra- 
membranous transformations and the expulsion of luminal matrix on 
lumen obliteration. The region at the far left has begun the recovery 
transformation to the open coni arse beginning the intake phase 
of the next propulsion cycle, while the regions to the right are com- 
pleting the previous cycle 


528 


cylindrical micellar condition into ‘bimolecular’ disks 
(Figs. 1 and 3); (b) the forced egress of matrix from 
between parallel neighbouring membranes: (Fig. 3b) 
drawn together by mutual attraction, by van der Waals— 
London and Kirkwood-Shumeker*®® interactions. These 
attractive forces become more effective on the reduction 
in zeta potential which follows increased interfacial proton 
concentration!®, 

The impelling of matrix by cytoplasmic pumping ele- 
ments would have many consequences", all of which 
cannot be treated here. Two examples of jet propulsion 
involving discrete, idealized, tubular elements of the 
endoplasmic reticulum are readily visualized (Fig. 3). 
As the open-to-closed transformation propagates from 
one end of an element to the other, matrix is force-filtered 
into the lumen and impelled ahead of the transforming 
regions. It exits from the tubules by passing through the 
luminal envelopes, past the as yet uncollapsing cylin- 
drical micelles of regions in the open state, and thence 
through the cytoplasmic envelopes. The change in momen- 
tum occasioned by the net transfer of matrix in one direc- 
tion is offset by an opposite change of momentum on 
movement of the tubular elements themselves in the 
opposite direction (Fig. 3). 

The open-to-closed transformation has been emphasized 
because it may perform most of the work involved in 
protoplasmic streaming. While it cannot be assumed 
that all the events of the closed-to-open transformation 
are merely the reverse of those of the open-to-closed 
transformation?*, for the present, the view is adopted 
that the gross molecular rearrangements do follow approxi- 
mately the reverse course of those shown in stages a—e 
of Fig. 1. 

The regions of pores depicted in Fig. 2—shown much 

larger than the pores themselves could be—occur at 
boundaries at which the enlarging ‘bimolecular’ disks 
fail either to coalesce into a continuous leaflet or to oblit- 
erate interstitial spaces through compressional deforma- 
tions on the termination of the open-to-closed transforma- 
tion. Pores arising in this way could be the basis for 
facilitated diffusion!® 4, Compressional and dilational 
deformations of abutting disks probably are the chief 
factors which greatly reduce the size and total area of 
pores relative to the condition in which disks merely 
touch (Fig. 2). 
_. Compositional differences in the lipids and protein 
envelopes of different membranes could also provide a 
basis for differences in porosity. An important factor 
in this connexion is the orientation of phospholipid end- 
groups, such as choline, serine, and ethanolamine. These 
are postulated to protrude into the matrix in the open 
configuration but to fold back toward and into the 
lipophilic regions of the ester links and hydrocarbon 
chains during the high-order phase transitions of the 
open-to-closed transformation. In the regions of pores, 
however, these residues might protrude; if so, they might 
orient in several different ways", affecting their electro- 
static and dipole interactions. The foregoing factors and 
charge reversal by divalent cations could affect pore size, 
shape, structure, total area, and zeta potential. Combin- 
ing this flexibility with contro] over metabolite penetration 
by the protein envelopes, a high order of specific regulation 
of metabolite penetration can be envisaged. 

Pulsatory partial transformation cycles, say between 
the closed configuration and a state intermediate between 
stages d and e (Fig. 1), combined with selective control 
over particle penetration by the protein envelopes, could 
provide a basis for active transport. For example, on each 
partial transformation of the plasma membrane toward 
stage d, internal or external fluid would be selectively 
force-filtered into the enlarging pore regions. In the 
transformation back to the closed configuration (without 
disk coalescence), this selective filtrate would be pumped 
back out from between the envelopes, being selectively 
force-filtered into either the cytoplasm or external 
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milieu. : Thus, this model provides a foundation for 
a true pumping mechanism, and suggests the import- 
ance of selective forced-filtration of fluids through the 
membrane envelopes. However, the means of the selec- 
tive regulation of the passage or intracellular binding of 
metabolites remain largely in the province of other present 
theorieg!®:11:85,36, 

Concerning impulse conduction, it can be postulated 
that the axonal membrane of the unexcited, non-medul- 
lated nerve fibre, for example, is poised metastably in the 
closed configuration; the event initiating an impulse 
causes it to begin transforming locally to the open state 
(perhaps almost to stage d of Fig. 1). In consequence 
of the partial transformation of the axonal membrane 
in one region, neuroplasm at the interfaces of adjacent 
closed regions becomes ‘flooded’ by entering sodium ions. 
By partially displacing divalent cations stabilizing the 
closed configuration, this flooding could cause adjacent 
closed regions also to. begin the transformation to the open 
configuration. This self-regenerative cycle of events 
could provide the primary positive feedback basis for 
the chain-reaction propagation of the nerve impulse. 

Proton charge transfer from the hydration crust of 
adjacent interior closed regions of the axonal membrane 
into regions already flooded by sodium ions would also 
promote propagation of the transformation. Transfer 
would result because the proton concentration in excited 
regions would decrease as the transformation to the open 
configuration began; this decrease always accompanies 
the closed-to-open transformation, regardless of the 
triggering event!*. Proton charge transfer from unexcited 
to excited regions could also provide the basis for a 
negative feedback action, both limiting the extent of the 
closed-to-open transformation in excited regions and 
promoting their restoration to the closed state. 

According to the proposed theory, the state of mem- 
branes may be highly susceptible to a number of factors, 
principally the degree of hydration, the relative and 
absolute concentrations and specific properties of mono- 
valent and multivalent cations, interfacial pH, tempera- 
ture and pressure. The theory, in fact, provides a substan- 
tial basis for the influence of these factors on sol-gel 
transformations of protoplasm’?. Since preparative 
treatments lead to marked alterations of membrane 
environment, it is not unreasonable to anticipate that 
they often alter radically and even destroy membranes, 
and that certain artefacts may be unavoidable. The 
principal limitations for the electron-optical study of 
membranes appear to be the necessity for dehydration 
and the utilization of multivalent heavy-metal cations. 

Both the removal of water and the exposure to multi- 
valent heavy-metal cations would promote the transforma- 
tion of membranes to the closed configuration’. This 
may account for the apparent great preponderance of this 
configuration in electron micrographs. To stabilize the 
open configuration in dehydrated material, if possible, 
would require the use of preparative conditions favouring 
the closed-to-open transformation, yet at the same time 
non-destructive to the open state. The theory predicts 
that high pH, low temperature and a high monovalent- 
multivalent cation ratio favour the closed-to-open 
transformation. Changes in pressure involve at least 
two opposing actions. The effects of increased pressure, 
mediated through changes in the density, structure and 
extent of the hydration crust at membrane interfaces, 
favour the closed-to-open transformation. Those medi- 
ated through changes in the density and molecular associa- 
tions of the lipid micelles favour the - open-to-closed 
transformation. Since high pressure solates protoplasm?®’, 
the transformation to the open configuration appears to 
be favoured}?, but permanganate fixation of amabe 
at 8,000 Ib./m.? reveals no differences in membrane 
eppearance®’. 

Tn terms of the foregoing theory of membrane structure, 
some suggestions concerning the significance of the ribo- 
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some-associated ‘rough’ membranes can be ventured. 
Since tangential and oblique sections®*, and many cross- 
sections®*.5*, suggest a regular spacing of the ribosomes, it 
appears possible that the proposed mosaic of areas of 
different types of lipid-protein association of the membrane 
envelopes provides the basis for this regularity. 

Several relationships can be suggested: (a) the ribo- 
somes are formed at or between the pillar bases on the 
cytoplasmic side of membranes; (6) already formed 
ribosomes attach to or between the pillar bases; (c) the 
ribosome particle is a fixation and extraction artefact, 
generally formed by the ‘curling up’ of detaching ribo- 
nucleoprotein components of the cytoplasmic envelopes 
of membranes specialized for protein synthesis—the 
resulting condensates often remaining attached at the 
pillar bases because of the stronger bonding there. This 
latter alternative is supported by the fact that prepara- 
tions which show ribosomes attached to the cytoplasmic 
surfaces of membranes (rough membranes) under osmium 
fixation, show no ribosomes (smooth membranes) when 
fixed with permanganate* or by freeze-drying*!-42, 

The fact that ribosomes are found in some cells in 
which the endoplasmic reticulum is sparse is not a telling 
point against the third alternative, for many of the elements 
of the endoplasmic reticulum in these cells may be particu- 
larly susceptible to destruction by preparative treatments 
which give good preservation in other cells. In this 
connexion, early investigations indicated that bacterial 
cytoplasm, while containing numerous small granules, 
lacked membranous components comparable with the 
endoplasmic reticulum of other cells, whereas recent studies 
using improved techniques show extensive systems of 
membranes partially replacing the small granules in 
several bacteriats-45, 

Most electron-optical studies utilizing positive staining 
have given only hints of substructural organization in 
membranes. However, some recent findings utilizing 
both positive and negative staining*‘~?’, reported subse- 
quent to the development of the present theory, lend 
support to it and have helped to fix the dimensions sug- 
gested for the open configuration. A number of plasma 
membranes were damaged by incubation with dilute 
saponin (a mixture of compounds having high surface 
activity) and negatively stained with potassium phospho- 
tungstate**. Electron optical examination disclosed a 
surface pattern consisting of a regular hexagorial array of 
70-90 Eaiametar holes or pits (assumed to correspond 
to the pillar bases) at a centre-to-centre spacing of 
140-160 A (Fig. 4). Surrounding each pit is a light 
circular to hexagonal ring about 30 A broad (assumed to 
correspond to the outer portions of the ‘bimolecular’ 
disks). The interstices between rings show up more 
darkly, particularly in the regions where three rings meet 
(assumed. to correspond to the regions of the pores). 

Recently, hexagonal patterns similar to those of Fig. 4 
have been obtained on saponin treatment of monolayers 
of pure cholesterol**. These findings dictate a cautious 
approach to the interpretation of electron micrographs of 
saponin-damaged membranes. But at the same time 
they provide a physico-chemical basis for the spontaneous 
organization of mixtures of amphiphilic lipids at an 
aqueous interface into heterogeneous hexagonal mosaics 
of the type proposed here for the ‘bimolecular’ leaflet of 
biological membranes. 

That the patterns in saponin-damaged membranes may 
have general significance for the substructure of biological 
membranes tends to bo borne out by other recent findings 
on material untreated with saponin. ~ Thus, electron 
micrographs of the ` `l walls of sonically disrupted 
bacterial cocci’ (Micrococcus radiodurans) negatively 
stained with phosphotungstic acid?> reveal essentially the 
same regular hexagonal pattern of circular areas at a 
centre-to-centre spacing of roughly 150 A found in plasma 
membranes (Fig. 4). This pattern may reflect structural 
differences which either are correlated functionally with 
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Fig. 4. Electron micrograph (ref. 24) of negatively stained, saponin- 


damaged plasma membrane of chick liver cell ( x 955,000) 


substructural features of the plasma membrane or owe 
their origin to the part played by the plasma membrane 
in cell-wall formation. 

Positively stained cytoplasmic membranes of perman- 
ganate-fixed, thin-sectioned, mouse kidney cells soen in 
tangential views, show a mosaic of darkly staining circular 
regions roughly 50 A in diameter, surrounded by abutting 
lightly staining rings roughly 125 A in diameter®*. Theso 
regions show some similarity to those seen in saponin- 
damaged membranes but a regular pattern cannot be 
discerned, for they show up only within limited areas. 
However, there is some suggestion of the possibility that 
the abutting circular rings are linearly arranged and that 
neighbouring linearly arranged regions run in parallel. 

If these patterns were based on differences in the lipid- 
protein binding, which seems likely, the failure to dotect 
them in thick sections and their spotty occurrence in thin 
sections (about 100 A thick) could be accounted for. 
Thus, the depth of the regions of lipid-protein binding 
(from envelopes to leaflets) would be less than 15 A. 
Unless 100 A-thick sections were favourably placed, the 
staining contrast due to differences in these regions would. 
be lost in the background. In addition, the curvature of 
the membranes would tend to prevent the detection of a 
continuous pattern in large adjoining regions. 

Seen in tangential views, positively stained, perman- 
ganate-fixed mitochondrial membranes appear to consist 
of an irregular meshwork of 50 A-wide meshes®*. In cross- 
sections, darkly staining bridging regions, spaced at about 
50 A-intervals, appear between the opaque surfaco layers 
(that is, between the membrane envelopes). Similar cross- 
sectional views in sections negatively stained with 
phosphotungstic acid show the presence of serially 
arranged, regularly spaced 85 A-diameter bodies in close 
association with the inner membranes on the matrix 
side*’. 

This work was supported by grant J7-5001 from the 
National Institute of Mental Health, U.S. Public Health 
Service and grant G-14533 from the National Science 
Foundation. I thank Drs. R. R. Dourmashkin, R. M. 
Dougherty and R. J. C. Harris. and The New Scientict. 
for permission to reproduce Fig. 4. 

Note added in proof. Other pertinent electron-optical 
results have come to my attention since submitting this 
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paper. Closely packed, disk-like sub-units, 150-250 A in 
diameter and 30-40 A thick, have been detected in the 
membranes of Hb-free mammalian erythrocyte ghosts 
treated with osmium tetroxide or PTA: and shadowed 
with chromium‘’, Exposure of PTA-treated material to 
alcohol-ether—chloroform releases individual disks. Carbon 
replicas of chromium-shadowed erythrocyte and epithelial 
cells also show closely packed, 100-200 A-diameter cir- 
cular regions, often seen to be arranged in linear rows'*®. 
In epithelial cells these circular regions are of 150 A 
diameter and possess dark central cores of 30-60 A 
diameter. Glycerol-treated human erythrocytes, quickly 
frozen. at — 196° C and dehydrated and platinum—carbon 
replicated at — 100° C, also show closely packed circular 
regions of about 150-250 A diameter in their surfaces**. 

Closely apposed outer membranes of adjacent mito- 
chondria in cat retinal rod cells seen in PbOH-stained 
transverse sections have a regular, darkly beaded appear- 
ance"? with a periodicity of 160 A. Mitochondria in the 
proximal tubule cells of the kidneys of rats treated with 
‘Phenergan’ undergo structural reorganizations in which 
the christe come together in parallel closely packed 
lamelle®?. As the criste come together they show a 
beaded pattern of 125-150 A periodicity in PbOH-stained 
transverse sections. On close packing, cross-striations 
with a periodicity of 250-300 A appears}. These patterns 
presumably have their basis in a reinforcement of differ- 
ential staining effects on the sub-structural elements of 
individual membranes. Electron micrographs of regular 
associations of small particles with inner mitochondrial 
membranes also have been published’?. 

Beaded patterns with a repeat distance of 85-95 A are 
seen in thin, permanganate-fixed, transverse sections of 
plasma membranes at synaptic disks®*. When these 
membranes and those of synaptic vesicles, myelin and 
retinal rod outer-segments are examined in thin tangential 
sections, hexagonally distributed, darkly staining central 
regions surroundéd by lightly staining facets often are 
evident®*. A pattern of 70 A-diameter darkly staining 
disks with a repeat period of 140 A appears in transverse 
sections of uranyl-acetate stained, closely apposed plasma 
membranes of Cordylophora cells**. The disks are seen 
clearly in both outer envelopes of each membrane. 

In one case membranes have been found which appear 
to be ‘frozen’ in the open configuration by structural 
modifications. The inner surface of the shell wall of the 
protozoan Gromia oviformis is covered with a sheath of 
up to 10 separate membranes**. Hach membrane consists 
... “of minute cylinders, approximately 100 A in diameter 
and up to 200 A in length organized in hexagonal array. 
The axes of the cylinders lie perpendicular to the mem- 
brane with a centre to centre spacing of about 210 A’. 

Thus, the electron-optical evidence from diverse 
material prepared by all techniques converges to indicate 
the existence in biological membranes of regular sub- 
structural differentiations of disk-like or cylindrical 
regions, often in hexagonal array. 
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NEWS and VIEWS 


The Geological Society of London.: Officers 


Tue following have been elected officers of the Geo- 
logical Society of London for the session 1963-64: 
President, Prof. O. M. B. Bulman, Woodwardian professor 
of geology in the University of Cambridge and Fellow of 
Sidney Sussex College; Vice-Presidents, Mr. J. M. 
Edmonds, curator of Geological Collections, University 
Museum, Oxford, Mr. P. Evans, Berkhamsted, Hertford- 
shire, Prof. S. E. Hollingworth, Yates-Goldsmid professor 


of geology in the University of London, University College, 
London, and Prof. L. Hawkes, emeritus professor of 
geology, University of London; Secretaries, Dr. P. A. 
Sabine, chief petrographer, H.M Jeological Survey and 
Museum, and Mr. W. B. Harland, lecturer in geology, 
University of Cambridge and Fellow of Gonville and Caius 
College; Foreign Secretary, Prof. O. T. Jones, emeritus 
professor of geology in the University of Cambridge; 
Treasurer, Dr. W. Bullerwell, chief geophysicist, H.M. 
Geological Survey and Museum. 


no.4sso May 1, 1963 


The American Geophysical Union Awards 


Tuer Awards have recently been announced by the 
American Geophysical Union. 
Dr. M. A. Tuve 


Dr. M.A. Tove, director of Carnegie Institution of 
Washington’s Department of Terrestrial Magnetism, has 
been awarded the twenty-fifth William Bowie Medal “for 
unselfish co-operation in research”. Dr. Tuve has recently 
been concerned with the completion of arrangements for 
the installation of a 30-m radio telescope with multi- 
channel hydrogen-line receiver, high in the Andes near 
La Plata, Argentina. Dr. Tuve is well known for his 
work on the application of electronics to geophysics, and 
his contributions to this field were of the greatest impor- 
tance in the development of the cyclotron, ionosphere 


probes, and radar. 
Prof. J. A. Van Allen 


Pror. J. A. Van ALLEN, head of the Department of 
Physics and Astronomy of the State University of Iowa, 
has ‘been nominated to receive the second annual John 
A. Fleming Award for original research in geomagnetism 
and aeronomy. He played a key part in the development 
of the Aerobee research rocket and was prominent in 
scientific planning for the International Geophysical Year. 
Especially noteworthy are his contributions to rocket and 
satellite techniques, his discovery of the radiation belts 
which bear his name, and his studies of the Earth’s mag- 


netic field. 
Dr. A. J. Dessler 


Dr. A. J. DESSLER, of the Graduate Research Center 
of the Southwest in Dallas, has been awarded the second 
annual James B. Macelwane Award, given in recognition 
of outstanding contributions to the geophysical sciences 
by a young scientist. At the age of thirty-four his work 
on the complex problems of space has made him an 
acknowledged authority in the field, especially concerning 
geomagnetic variations and particle radiations. He was 
recently appointed chairman of the new Department of 
Space Science, Rice University, Houston. 


The 1963 Kimber Genetics Medal of the National 
Academy of Sciences: Dr. Curt Stern 


Dr. Curt STERN, professor of genetics and zoology in 
the University of California, has been awarded the 1963 
Kimber Genotics Medal of the National Academy of 
Sciences, for his contributions to the understanding of the 
mechanism of heredity, and for his part in establishing 
the relevance of genetic studies to the practice of medicine. 
Dr. Stern was born on August 30, 1902, in Hamburg, 
Germany. After receiving a Ph.D. degree from the 
University of Berlin in 1923, he conducted research in 
the Kaiser Wilhelm Institute. Dr. Stern’s early work on 
the problem of the organization of the hereditary materials 
in Drosophila produced the first analysis of the genetic 
nature of the Y-chromosome. In 1931 he published the 
now classic work proving that genetic crossing-over, the 
occasional reassortment of normally grouped hereditary 
characters, actually involves the exchange of segments of 
chromosomes, a process that is observable under a micro- 
scope. His subsequent research has concerned problems 
of the developmental genetics of Drosophila (including 
studies on the localization of patterns of bristle dis- 
tribution and on cell lineages), a field in which he is the 
recognized authority. He has also become increasingly 
interested in problems of human genetics, and in recent 
years has contributed important knowledge on such topics 
as Y-chromosome linkage, colour type in the American 
Negro, and the genetic basis of colour blindness. Dr. 
Stern’s book, Human Genetics, translated into several 
languages, has been a principal factor in making genetics 
familiar to the medical profession and has stimulated 
the'introduction of courses in genetics in the curricula of 
medical schools. 
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The Ciba Foundation 


Tue report for 1962 of the Ciba Foundation for the 
Promotion of International Co-operation in Medical and 
Clinical Research records 481 visitors during the year 
from 33 countries. Two four-day symposia, two one-day 
study groups, two lectures in research on ageing. three 
discussion meetings and one dinner meeting for scientific 
discussion were arranged during the year, in addition to 
the annual lecture given by Sir Julian Huxley on Novem- 
ber 26 on “The Future of Man: Evolutionary Aspocts”. 
This is being published in the symposium on ‘‘The Futuro 
of Man”, and details of all these activities and of pub- 
lications of the Foundation during the year are included 
with the report. 


The Institution of Civil Servants 


Tae annual report of the National Executive Com- 
mittee of the Institution of Civil Servants for 1962, 
published in State Service for April, is marked by sharp 
criticism and veiled hostility to the National Incomes 
Commission and to Government policy as set forth in the 
White Paper, Incomes Policy: the Next Step. There is 
also further criticism of the report of the Zuckerman 
Committee, the Institution disagreeing with tho view 
that pure basic research is best carried out in the environ- 
ment of a university and that it should seldom bo the 
direct concern of Government scientific organizations. 
The Institution strongly opposed the proposal to transfor 
to @ university such established lines of basic research as 
are to be continued. Moreover, while the Institution 
welcomes the admission that objective basic research is 
as intellectually demanding as pure basic research, its 
comments on the recommendations of the report generally 
are disappointingly shortsighted and show little indication 
of a capacity to take wide and unprejudiced views. 


The Windscale Advanced Gas-cooled Reactor 


Atom for April 1963 contains a comprehensive article 
on the Windscale Advanced Gas-cooled Reactor which, 
besides outlining the programme for the reactor and its 
economic potential, predicting that unit cost of 0-4d. or 
even 0-35d. per kWh is achievable, includes technical 
notes on tho reactor. These notes describe briefly the 
reactor and its major design features and design concopts, 
its constructional and experimental features at Wind- 
scale, as well as events during the past year and tho 
utilization of the reactor. Further information on various 
aspects of the work is to be found in papers presented at 
a symposium sponsored by the British Nuclear Energy 
Society in London on March 14 and 15. 


Atomic Energy Review 


THE first issue of Atomic Energy Review was published 
in January by the International Atomic Energy Agency 
at Vienna (1, No. 1. Pp. 152. Vienna: International 
Atomic Energy Agency; London: H.M.S.0. Annual 
subscription (4 issues): 210 Sch.; 60s. stg.; 40 N.F.; 
10 dollars; 35 D.M. Single issues: 63 Sch.; 18s. stg.; 
12 N.F.; 3 dollars; 10.50 D.M.). The foreword states 
that the Review will cover both theoretical and practical 
aspects of the peaceful uses of nuclear energy. It will 
publish papers on subjects that are of urgent intorest or 
are developing rapidly and reviews of developments in 
the various branches of physical science and technology 
of interest to nuclear energy, including the applications 
of radioisotopes in all fields, industrial, scientific and 
medical. There will also be summaries of conferences. 
reports on recent discoveries, notes on meetings, and 
bibliographical material. However, there are indications 
that the journal will concentrate on the publication of 
reviews. The majority of the first issue is devoted to 
three review papers: on the purification of reactor 
moderator-coolants; on special materials for reactor con- 
struction and their methods of fabrication; and on 
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chemistry research based on research reactors. The only 
other article is a report of the international conference at 
Padua, on direct interactions and nuclear reaction mech- 
anism, held in September 1962. The Review is to appear 
irregularly and will apparently replace the series of 
occasional reviews published individually by the Agency 
in the past. One is bound to wonder whether publication 
in the form of separate reviews was not to be preferred. 
Publication in a journal of irregular periodicity is bound 
to cause additional delay; and to have several reviews 
on widely different subjects in a single cover offers no 
obvious advantage. For the other proposed contents 
there is no lack of suitable existing journals. 


Erlanger’s Scientific Papers and Memoribilia 


Dr. JOSEPA ERLANGER, professor emeritus of physiology 
at Washington University School of Medicine, St. Louis, 
Mo., and Nobel prizewinner in physiology (with Dr. 
Herbert Gasser) in 1944, has given his scientific papers 
and memoribilia to the Washington University School of 
Medicine Library, of which he was one of the founders in 
1910. Included in the collection are letters from many 
famous scientists of the first half of the twentieth century, 
both American and others, and documents relating to 
medical education just after the Flexner report. Dr. 
Erlanger recently celebrated his eighty-ninth birthday. 
A ceremony to mark this gift will be held on the after- 
noon of the Washington University School of Medicine’s 
Alumni Day, June 7, 1963. On that occasion Dr. Harvey 
L. White, at present head of the Department of Physio- 
logy, will speak on Dr. Erlanger’s work, and Miss Mar- 
garet Erlanger will formally present the papers to tho 
School on behalf of her father. A reception and a display 
of some of the documents will follow. The papers them- 
selves will be micro-filmed for preservation. 


The U.S. National Museum 


Durie the year 1961-62, covered by the annual report 
of the U.S. National Museum (Pp. viii+ 195. Washington, 
D.C.: Government Printing Office, 1962), it was expedient 
to place two of the largest museum objects in the exhibi- 
tion galleries of the new building for history and tech- 
nology. The large 280-ton steam locomotive and tender 
presented by the Southern Railway System were placed 
on rails in the Transportation Hall and the original 
Revolutionary War gunboat Philadelphia was hoisted 
through a window to the third-floor Military History Hall. 
Both exhibits, especially the former, must have taxed the 
ingenuity and resources of the curatorial staff. The report 
is well illustrated and concludes with a list of publications 
by staff and donors to the National Collections. 


Commonwealth Museums 


Tor Museums Journal for March 1963 (62, No. 4) is 
devoted to a series of papers describing some of the more 
important museums of the British Commonwealth. Con- 
centration on this theme follows naturally on the opening 
by H.M. The Queen of the new Commonwealth Institute 
in London, which is described by the director, Sir Kenneth 
Bradley. Dr. Grace Morley deals with museums in India, 
and other officers describe museums and art galleries in 
Canada, Northern and Southern Rhodesia, New Zealand, 
Ceylon and the Coryndon Museum, Kenya. All the 
papers describe the latest activities end display methods 
in the various museums together with abbreviated historical 
notes concerning their development. 


Units and Standards of Measurements employed at 
the National Physical Laboratory : Electricity 

THe third booklet, Electricity, in the series of four 
entitled Units and Standards of Measurement employed at 
the National Physical Laboratory has been brought up to 
date and the revised edition has recently been published 
(Pp. ii+16. London: H.M.S.0., 1962. 1s. 6d. net). It 
contains a short history of electric units from the London 
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conference in 1908 to the present day, and incorporates 
the various findings of the international committees, 
including those of the eleventh General Conference of 
Weights and Measures, October 1960, on the International 
System of Units. The absolute standards, reference and 
working standards, and the legal standards are dealt with 
in some detail, and a separate section is devoted to the 
standards of frequency. The contents of the booklet 
should be particularly valuable to students and teachers, 
and it is hoped that authors of new toxt-books will take 
note of the most recent definitions and units listed in the 
appendixes. 


Minerals in the Infra-Red 

Minerals in the Infra-red is a critical bibliography em- 
bracing the fields of absorption, reflexion, emission and 
transmission in minerals and related materials (Pp. xii+ 
76. Basle and New York: S. Karger, 1962. 1 dollar). It 
represents a seven-year investigation undertaken by 
R. J. P. Lyon, a mineralogist, and paid for by Stanford 
Research Institute. The infra-red portion of the spectrum 
was discovered by W. Herschel in 1800 and the first 
absorption experiments were made in 1881. W. W. 
Coblentz published the first catalogues of infra-red spectra 
of minerals during 1905-10. With the development of 
automatic-recording instrumentation during the Second 
World War there has been a big expansion in infra-red 
spectrophotometry. The predominant use of the infra- 
red, so the introduction to the bibliography states, has 
been in structural analysis of inorganic materials, and it 
has been used only sparingly in inorganic structural and 
mineralogical studies. Spectral analysis of emitted radia- 
tion within the near infra-red, l-5u wave-length, has 
recently become of interest because of the study of nose 
cone re-entry and the problems of heat dissipation from 
refractory coatings. The bibliography lists 440 references 
together with in most cases the volume and number of 
Chemical Abstracts. The subject index contains 1,200 
items and the author index includes all authors listed in 
the Chemical Abstracts of the original article. Details of 
the five existing bibliographies of the infra-red covering 
a wider field than that applicable to minorals are 
included in the bibliography, in addition to a survey of 
the countries of origin of works cited in the bibliography. 


Carbon Molecular Spectrum 


INFORMATION concerning the C, molecule is of impor- 
tance in many astrophysical problems. Nine electronic 
states of C, have been identified from spectroscopic 
observations. Two recent papers by E. A. Ballik and 
D. A. Ramsay (Astrophys. J., 137, 61, 86; 1963) extend 
and review our knowledge of the C, spectrum. In the 
first paper the infra-red band system A’ Ry — X’ ‘IT, is 
studied. The most interesting result is the detection of 
small perturbations of some rotationel levels in the 
A’ E, state caused by the state v1£,*, and these 
confirm that the latter state is the ground state of the 
C, molecule and not the X’ SII state. The second paper 
contains a new analysis of the Phillips system of C, a 
general summary of the molecular constants for all known 
C, states, and a set of revised Morse potential curves for 
the various states which take into account the value at 
present accepted of the dissociation energy of C,. 


Forest Entomology in the Congo 


Votume 2 of Hétes Entomologiques du Bois has now 
been issued by the Institut National pour PEtude 
Agronomique du Congo two years after the first, which 
was concerned with Yangambi; this one embraces the 
Congo and Ruanda Urundi (Série Scientifique No. 100. 
Distribution au Congo au Rwanda et au Burundi. Observa- 
tions Etologiques. By Prof. R. Mayne with the assistance 
of Prof. C. Donis. Pp. 514. Brussels: Institut National 
pour l’Etude Agronomique du Congo, 1962. 500 NF.). 
The main work is preceded by a list of 208 species of 
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wood-eating insects new to science in tho past few years 
and a classification of the susceptibility of various timbers 
to insect attack. More than 300 pages are devoted to 
wood-eating insects and their vegetative hosts, and in 
another 150 pages these insects are grouped under their 
host plants. There are very good drawings of several 
insocts, and the indexes make for easy reference. It takes 
a little while to find out what this authoritative work 
contains because the pages are uncut. 


pH Electrodes and Accessories 


AN 8-page cataloguo, No. 130-963, issued by W. G. 
Pye and Co., Ltd., gives details of the Pye Ingold pH 
electrodes and accessories now being manufactured at the 
firm’s Cambridge factory. The components are in accord 
with the specification of Dr. Werner Ingold, whose own 
company in Zurich is devoted exclusively to the design 
and production of pH electrodes and assemblies. In the 
descriptions in the catalogue of glass electrodes and 
combined electrodes, emphasis is placed on the physical 
shape of the pH-sensitivo membrane, for example, the 
spherical or bulb-shaped membrane gives a large surface 
area and rapid response; the hemispherical or dome- 
shaped membrano has mechanical strength and resistance 
to abrasion; and the needle membrane is suitable for 
puncture measurements in tough materials. 

The eloctrodes have electrical leads of suitable lengths 
integrally attached and terminated in appropriate coaxial 
and. wander plugs to suit Pye pH meters, but other types 
of terminals can be provided to suit customers’ require- 
ments. The electrical null point, that is, the pH value of 
a solution at which the measuring assembly gives a 
potential of zero mV, is at a nominal value of 2 pH. 
The resistance ranges at 20° C of the glass electrodes are 
quoted in the catalogue in megohms, and. the resistances 
at 20° C of the laboratory and industrial reference elec- 
trodes aro of the order of 2-0 kilo-ohms + 20 per cent 
and 0-5 kilo-ohms + 20 per cent, respectively. The 
measurement range of both the glass and combined elec- 
trodes is 0-13 pH and they can be used continuously 
in temperature conditions up to 70° C, and in special cases 
up to 130° C. There are, in addition, some electrodes 
with spherical membranes made from a special low- 
resistance glass, for use within the temperature range 
— 10° C to 70° ©. 


Biology of the Weed Plants 


THE introduction of new techniques to practical sub- 
jects like agriculture and horticulture frequently calls 
for more knowledge of fundamental biology than we as 
yet possess. This is particularly true of weed control by 
the fascinating possibilities of selective hormono herbi- 
cides. Sir Edward Salisbury, in his Masters Memorial 
Lecture, 1962, to the Royal Horticultural Society, has 
indeed turned his mind to the problem, and brought us 
back to the fundamontals of how weeds become estab- 
lished in our gardens (Reprint from the Journal of the 
Royal Horticultural Society. Vol. 87, Parts 8, 9, 10 and 
11, 1962. By Sir Edward Salisbury. Pp. 50. London: 
The Royal Horticultural Society, 1963. 2s. 6d., postage 
6d.). Weeds have a marked lack of specialization to 
restricted environmental conditions; they are not season- 
ally inhibited by either the cold of winter or the heat of 
summer, have no specialized constraints in relation to 
day-length, have prolonged fruiting and protracted 
periods of seed germination. The booklet has many 
excellent line diagrams to illustrate particularly tho last 
point. One well-grown plant of Chenopodium rubrum 
produced more than 551,000 seeds, with germination 
moro than 98 per cent, yet this and other species can also 
produce minute, depauperate, but fertile plants in large 
mumbers under poorer conditions. Many perennial weeds 
take from the soil inordinate amounts of macro- or micro- 
nutrients and thus diminish the growth of ‘wanted’ plants. 
While annual weeds have remarkably efficient seed propa- 


NATURE 


533 


gation, the perennials are frequently distinguished by 
great facility of vegetative regeneration from parts of 
the root system. Plants that can do this aro ovon more 
persistent as weeds than those with underground steins. 
Altogether, the ‘mauvaises herbes’ of our French collea;nies 
are far from bad; they are highly efficient in survival 
value. Sir Edward has performed a most useful servicc 
in showing the strength of our enemy, and the detailed 
knowledge should help greatly in the application of our 
modern defences. 


The Medical Research Council Laboratory Animals 
Centre 


VotumeE II of the Collected Papers of the Laboratory 
Animals Centre contains the nine papers dealing with 
“The Environment of Laboratory Animals”, the subjoct 
of a symposium held at the Contre in 1962. (Pp. 72. 
Carshalton: Laboratory Animals Centre. Medical Ro- 
search Council Laboratories, 1962. 12s. 6d.). Tho interests 
were wider than those concerning laboratory animals; 
“Occupational Therapy’, by D. Morris, covered zvo 
animals and the need to provide conditions that hevp 
the animals alert and interested. Ho stated that zoo 
animals in general live longer than their wild countcr- 
parts, an indication of advances in study of such creatures 
and lessons learned from the past. An intriguing title 
was “Briefing and Architect”? when animal houses are 
planned. Food, accommodation, density of populations 
and temperature wore matters dealt with. 

The News Letters issued by the Laboratory Animals 
Centre to the organizations concerned with its activitios 
are very informative about the movements designed to 
provide suitable animals for research. News Letter No. 
25 (January, 1963) gives information under thirteen 
headings including mestings, isolation accommodation for 
germ-free mico, ete. 


Teachers’ Problems in Biology and Physics 


Queries in Biology consists of an occasional duplicated 
sheet intended to help teachers of biology to find answers 
to problems which they cannot solve locally. Each issue 
comprises a list of questions, all anonymous, and answers 
to questions previously asked, with acknowledgments and 
references. Persons interested in joining the scheme arc 
invited to send a stamped, addressed, foolscap envelope. 
two loose 3d. stamps, and their current list of probleins 
to Christopher J. Perraton, Marling School, Stroud, Glos. 
A similar schome for physics is being started by John 
Jenkins, Rodway Technical High School, Mangotsfield. 
Bristol. Both schemes have the approval of tho Bristol 
area branch of the Association for Science Education. 
Others who would be willing to provide answers to prob- 
lems are invited to submit their names as honorary 
consultants to the schemes, together with a note as to 
their special fields of knowledge. 


Postgraduate Course in the Science of Materials 


A NEW one-year postgraduate course in the Scicnee 
of Materials has been introduced by the Imperial College 
of Science and Technology, London, based on the 
Departments of Chemical, Electrical and Mechanical 
Engineering, and of Chemistry, Mathematics, Metallurgy 
and Physics. The course, which will lead to the award 
of the diploma of Membership of the Imperial College. is 
aimed at enabling graduate engineers and scientists to 
participate effectively in materials research and develop- 
ment in industry. At the same time, it will provide the 
fundamental knowledge on which engineering decisions 
involved in the application of new materials may be 
based. Applicants, who should possess a degree in 
engineering, science or metallurgy, a diploma in tech- 
nology or equivalent qualification, should write to the 
Registrar, Imperial College of Science and Technology. 
London, 8.W.7, preferably before June 1, from whom 
further information can be obtained. 
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University and College News f Brunel College 


THE prospectus for 1962-63 of ‘the Brunel College, 
established in 1957 and recognized as a college of advanced 
technology from April 1, 1962, gives details of staff and 
of the courses offered in ten departments (Pp. 63. London: 
Brunel College, 1963). Besides sandwich courses leading 
to the diploma of technology, part-time courses for Higher 
National Certificates, and postgraduate courses, the 
College offers facilities for research and applied science 
and engineering, including, for example, a three-year 
course of research in applied chemistry. The facilities 
offered by the research school in chemistry, and for 
research in metallurgy, applied biology, biology, pure and 
applied physics, and electrical engineering indicate the 
potential value of such an institution as a part of Britain’s 
organization for research as well as for higher education 
if properly supported. 


Cambridge 


THe Churchill Foundation of the United States has 
elected the following Churchill Scholars for the academic 
year 1963-64: M. M. Menke (physics), Princeton Univer- 
sity; J. H. McAlpin (mathematics), Columbia University ; 
A. L. Goldberg (physiology), Harvard University. The 
Scholarships are tenable at Churchill College, Cambridge, 
either for research in science or to read for Part 2 of a 
Science Tripos. The Foundation expects to elect further 
Scholars for the academic year 1964-65. 


London 


Pror. J. D. BERNAL, professor of physics at Birkbeck 
College, has beon appointed to the newly instituted chair 
of crystallography at that College. Prof. W. J. H. Butter- 
field, professor of experimental medicine at Guy’s Hos- 
pital Medical School, has been appointed to the newly 
instituted chair of medicine at that School from October 1, 
1963. Dr. J. F. Fowler, reader in physics‘at St. Bartholo- 
mew’s Hospital Medical College, has been appointed to 
the chair of medical physics tenable at the Postgraduate 
Medical School of London. The following titles of pro- 
fessor have been conferred on: Dr. P. L. Pratt (crystal 
physics), in respect of his post at the Imperial College of 
Science and Technology; Dr. I. W. Selman. (agricultural 
botany), in respect of his post at Wye College; Dr. 
H. A. B. Simons (physics as applied to medicine), in 
respect of his post at the Royal Free Hospital School of 
Medicine. The following appointments to readerships have 
been announced: Dr. E. H. Andrews, of the Natural 
Rubber Producers’ Research Association (science of 
materials), tenable at Queen Mary College; Dr. M. F. 
Ansell, lecturer at Queen Mary College (organic chem- 
istry), tenable at that College; Dr. 8. J. Wyard (physics), 
tenable at Guy’s Hospital Medical School. Titles of 
reader have been conferred on: Dr. B. R. Coles (physics), 
in respect of the post held by him at the Imperial College 
of Science and Technology; Dr. J. R. Hodges (pharmaco- 
logy), in respect of the post held by him at the Royal 
Free Hospital School of Medicine; Dr. R. Miledi (bio- 
physics), in respect of the post held by him at University 
College; Dr. R. Niedergerke (biophysics), in respect of the 
post held by him at University College. 


Announcements 


Pror. K. A. BRUECKNER, professor of physics and dean 
of the School of Science and Engineering at the University 
of California, San Diego, has been awarded the Dannie 
Heineman Prize for Mathematical Physics by the American 
Institute of Physies. Prof. Brueckner is distinguished for 
his contributions to the theory of elementary particles, 
nuclei, and condensed matter, and for his work on 
nucleon-nucleon interactions. 


A CONFERENCE on “The Electronic Structure of Alloys” 
will be held in the Department of Physics, University of 
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Sheffield, during September 23-25. Further information 
can be obtained from Dr. K. C. Williams, Department of 
Physics, the University, Sheffield 10. 


An informal symposium on “Solutions of Nonelectro- 
lytes” will be held in the Department of Chemistry of 
the University of Reading on May 27, on the occasion of 
a visit from Prof. J. H. Hildebrand. Further information 
can be obtained from Dr. M. L. McGlashan, the Univer- 
sity, Reading. 


A CONFERENCE on “Education for Creativity in the 
Sciences”, arranged by the Division of General Education 
of the New York University, will be held at the University 
during June 13-15. Further information can be obtained 
from the Office of Information Services, New York 
University, Washington Square Centre, N.Y.3. 


Tur American Mathematical Society summer seminar 
on “Space Mathematics”, held jointly with the summer 
institute in Dynamical Astronomy, will be held in Ithaca, 
New York, during July 1—-August 9. Further information 
can be obtained from Prof. J. Barkley Rosser, chairman 
of the Joint Invitations and Organizing Committee, 
White Hall, Cornell University, Ithaca, New York. 


A CONFERENCE on ““High Magnetic Fields, their Produc- 
tion and their Applications’, arranged by the Institute 
of Physics and the Physical Society, will be held in the 
University of Oxford during July 10-12. Further infor- 
mation can be obtained from the Administration Assistant, 
the Institute of Physics and the Physical Society, 47 
Belgrave Square, London, 8.W.1. 


Tux sixth international symposium on ‘‘Free Radicals” 
will be held in the University Chemical Laboratories, 
Cambridge, during July 2-5. The main subject of this 
meeting will be on the preparation of trapped radicals 
and on their chemical and physical properties. Further 
information can be obtained from the secretary, A. B. 
Callear, Department of Physical Chemistry, University 
of Cambridge. 


A SYMPOSIUM on “The Chemistry and Biochemistry of 
Fungi and Yeasts’, organized by the Irish National 
Committee of Chemistry under the auspices of the Inter- 
national Union of Pure and Applied Chemistry, will be 
held in Dublin during July 18-20. Further information 
can be obtained from the Secretary, Irish National 
Committee of Chemistry, Royal Irish Academy, 19 
Dawson Street, Dublin. 


A. CONFERENCE on “The Generation, Detection and 
Properties of Coherent Radiation of Wave-length Less 
than 1 mm” is being organized by the British Radio- 
frequency Spectroscopy Group at the Signals Research 
and Development Establishment, Christchurch, Hants. 
during September 24-25. Further information can bo 
obtained from G. Phillips, Ministry of Aviation, Signals 
Research and Development Establishment, Christchurch, 
Hants. 


Tue fourth annual summer school in health physics 
(radiation protection), arranged by Dr. H. D. Evans, 
will be held in the Department of Chemical Engineering 
and Chemical Technology, Imperial College, London, 
during July 1-12. The course will be of particular interest 
to radiation protection officers, medical officers of health, 
factory inspectors and inspectors of nuclear installations. 
The fee for the full course will be 25 guineas and applica- 
tions should be made to the Registrar, Imperial College. 
South Kensington, London, S.W.7, from whom further 
information can be obtained. 


Erratum. Due to a typescript error in Mr. S. A. 
Price’s article “Fluoride, Teeth and the Analyst”, which 
appeared on p. 342 of the January 26 issue of Nature, in 
line 25 of paragraph 13, “most soluble” should read 
“least soluble”. 
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PALÆOCLIMATES 


NATO advanced study institute on “Palæoclimates” 

was held in King’s College, Newcestle upon Tyne, 
organized jointly by the Departments of Physics and 
Geology, during January 7-12. 

At the end of the conference, Prof. W. H. Bucher 
(Columbia University) emphasized the importance of this 
subject to the most recent of the major confrontations of 
geology and physics. Geology was first confronted with 
results from physics after Rutherford’s discovery of the 
laws of radioactive decay, when it became possible by 
radiometric age determinations to test the chrono- 
logical sequence of sedimentary strata based on paleon- 
tological and stratigraphical methods. The quantitative 
physical method confirmed this sequence in general and 
provided absolute ages. The second followed the develop- 
ment, by Vening Meinesz, of a method of measuring 
gravity at sea. This time the older geological notion, 
that continental and oceanic structures were similar 
and that oceanic areas might be foundered continents, 
was overturned. Subsequent surveys of the sea-floor 
have confirmed that the oceanic basins are fundamen- 
tally different from continental areas. The third great 
confrontation has occurred through the development of 
paleomagnotism, chiefly in England, over the past 
decade.. These studies have yielded, within any one con- 
tinent, self-consistent sots of data which have been held 
to show that continental displacements have occurred 
over the past 100 or 200 million years, that is, the past 
5 per cent of the life of the Earth. This challenges the 
geologist to re-assess the geological arguments for con- 
tinental drift. : 

One of the most obvious forms of geological evidence as 
to whether or not the continents have always been in 
their present positions comes from the study of ancient 
climates. The properties of a sedimentary rock depend 
partly on the environments of erosion, transport and 
deposition. A chief factor in these environments is the 
climate and climate is clearly related to latitude. As will 
appear later, the exact extent of this relationship is far 
from clear. None the less, if an ancient climatic régime 
can be recognized and its latitudinal extent determined 
it provides an independent test of the latitude given 
by paleomagnetic studies. At the conference, although 
the paleomagnetic evidence was given only secondary 
consideration. the importance of its role underlay the 
whole meeting. 

The more important topics critically reviewed during 
the course of the meeting were: (1) plant distribution in 
Cenozoic times; (2) conditions of formation of the late 
Paleozoic coals; (3) recognition and significance of 
glacial horizons; (4) indications of climate obtainable 
from paleontology; (5) determination of ancient tem- 
peratures by the isotope method; (6) indications of 
climate from chemical deposits; and (7) climates of certain 
geological periods. 

The Newcastle meeting was particularly valuable and 
significant because it was the first time that all the separate 
approaches to the single subject of ancient climates had 
been considered jointly by an assembly of scientists 
working in the different fields of geology, paleontology, 
palxobotany, meteorology, geophysics, pedology, and sedi- 
mentary petrology. As illustrations of the subjects and 
ideas brought forward at the meeting. three unrelated 
topics can be mentioned. 

The first concerns modern views on glacial evidence. It 
seoms from the paper by J. C. Crowell (University of 
California) and the subsequent discussion that a glaciated 
pavement, with a tillite resting on it, is the only safe 
evidence for an ancient glaciation. Of the many morpho- 
logical and sedimentary features so distinctive of the 
Quaternary glaciation few are likely to survive through a 


long geological history. This is evident even from the 
much softer topography of the ‘Older Drift’. Although 
B. C. Heezen (Lamont Geological Observatory) was at 
pains to point out that there should be no confusion 
between turbidites and glacio-marineé deposits, other 
deposits, such as those due to mud flows, can be and have 
been mistaken for tillites. They are sometimes called 
tilloids. Striations not of glacial origin can even occur in 
them, the older the deposit the more chance there is of 
tectonic activity producing striation. 

The difficulties in correctly identifying ancient boulder 
beds as tillites were brought out in two papers both dealing 
with the same formation, the Granville Conglomerate of 
Normandy. The basic facts concerning this boulder bed 
are not in dispute, but their interpretation is vastly 
different. J. Dangeard (University of Caen) claimed that 
the deposits were typical fluvio-glacial beds. Their 
association with flysch deposits was commented on by 
Dangeard, whose explanation was that glaciation. with 
lowered sea-level and increased amounts of mud boing 
carried down into the sea, provided favourable conditions 
for turbidity currents. This point had previously been 
mentioned by Heezen. HE. L. Winteror (University of 
California) agreed that these associated beds were tur- 
bidites, but considered that the so-called glacial horizons 
merely represented sub-aqueous mud-flow deposits due 
to slumping around the sides of the basin in which the 
turbidites were being deposited. None of the associated 
features—strie, shape and other surface features of the 
pebbles, such as bipolar fractures, or the graded varve-like 
beds—was thought by Winterer to be diagnostic. 

A paper by R. Maack (University of Parana). of which 
only the summary was available at the meeting. describod 
Devonian glacial deposits in South America, but a dotailod 
analysis by J. J. Bigarella (University of Parana) of one of 
these beds, the Furnas Sandstone, once again argued con- 
vincingly against a- glacial origin of the included pebbles. 

Thus the conference concluded that detailed petro- 
graphic and field studies of each reported glacial were 
needed, and each must be treated on its merits. Never- 
theless, W. B. Harland (Sedgwick Museum. Cambridge) 
provoked considerable discussion by his suggestion of an 
exceedingly severe glaciation in late Precambrian times - - 
more severe than the Permo-Carboniferous glaciation of 
the southern hemisphere or the Quaternary Ice Age - 
for he claimed that even allowing for mistaken identifiea- 
tion of some beds as glacial. the evidence of late Pre- 
cambrian glaciation is still remarkably widespread. 
This idea even provided M. J. 8. Rudwick (University of 
Cambridge) with a possible explanation for the sudden 
appearance of comparatively advanced Metazoa in the 
Lower Cambrian. The evolutionary advance was made 
possible by the ecological and climatological changes 
at the disappearance of glaciation. 

A second item of considerable interest concerned the 
modern paleontological approach. In tho past, con- 
siderable use has been made of cortain key fossils as 
climatic indicators without sufficient attention being paid 
to the remainder of the associated faunal assemblage. 
At the conference speakers were caroful to distinguish 
between fossil assemblage and fossil community. The 
ecologists pointed out that following death the hard parts 
of some organisms, which can be considered us ‘scdi- 
mentary material’, may be transported and deposited with 
the members of an entirely different community existing 
in an entirely different ecological environment. There is. 
furthermore, a continual addition due to the ‘rain’ of 
remains of pelagic organisms. Thus, in any fossil assem- 


blage, it is necessary to separate the exotic and tial 


thonous elements. Attempts to obtain a quantitati 
measure have led to the idea of a diversity gradic: 
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This is based on the observation that in certain large 
groups of organisms variety increases towards the equator, 
though in cooler latitudes a given species may be very 
abundant. The diversity gradient is not entirely depend- 
ont on temperature so that anomalies can occur, and it is 
important that the diversity need not be a maximum 
at the equator itself. Diversity gradients for Permian 
brachiopods provided F. G. Stehli and C. E. Helsley 
(both of Western Reserve University) with distribution 
lines parallel to the present latitudes and therefore dis- 
agreeing with the paleomagnetic data summarized by 
A. E. M. Nairn (King’s College, Newcastle upon Tyne). 
There is no obvious solution to this disagreement and 
investigation of the various possibilities is needed. It 
may be that certain of the forms had wide limits of toler- 
ance or were not restricted by temperature. H. A. 
Lowenstam (California Institute of Technology) spoke 
of the importance of the geological time-range over which 
data were collected, for he showed by isotope measure- 
ments that very rapid changes in sca-water temperature 
had occurred in Western Australia between Sakmarian 
and Artinskian times. ; 

Faunal distributions also need to bo considored. J. 
Shirley (King’s College, Newcastle upon Tyne) pointed 
out that faunal evidence would be more accurate at times 
when there were greater temperature differences between 
equator and poles, due to the narrowing of the climatic 
zones. He described a pattern of distribution of Lower 
Devonian marine’ faunas and showed its similarity to 
that of some Triassic faunas. At some points this conflicts 
with paleomagnetic evidence and at others with the 
present continental distribution. 

The problem of growth patterns leads to a discussion of 
corals, and of the ideas of T. Y. Ma. Despite the fact that 
growth rhythms can be present in some and absent in 
other members of a given coral colony, the position of an 
equator derived from the distribution of coral localities 
with and without ‘seasonal’ growth is surprisingly similar 
to the appropriate paleomagnetic equator. A. Q. Fischer 
(University of Princeton) considered that the data for 
one type of Silurian coral certainly did not fit the present 
continental positions, but were not sufficiently good to 
distinguish between the polar wandering, and polar 
wandering plus drift models. 

Thirdly, paleo-deserts were discussed. Arid zones 
north and south of the equatorial humid belt are typical 


of our present climate. These nearly coincide with the ` 


zones of the Trade Winds, north-easterly up to about 
20° N. and south-easterly to about 20° 8. The presence 
of the easterly winds in low latitudes in contrast to the 
westerlies in mid-latitudes is a consequence of the tem- 
perature gradient between the equator and the pole and 
of conservation of angular momentum in the atmosphere 
as a whole. In modern deserts two types of dunes are 
found, transverse, or barchan dunes and longitudinal 
dunes. In the former, sand is blown up the windward 


THE CENTRAL AGRICULTURAL RESEARCH STATION (TATE 
LYLE), TRINIDAD 


UE to the commercial implications of their work, 
D industrial research organizations are seldom able to 
publish much of their findings, or even indicate their 
field of work. Such publication as is made is often long 
after the event. 

These criticisms cannot be levelled at the annual report 
for 1961—62 of the Central Agricultural Research Station 
(Tate and Lyle), Trinidad*, published in full detail 
within three months of the final assessment, enabling the 


* Annual Report of the Central Agricultural Research Station (Tate and 
Lyle), Trinidad, 1961-1962. Pp. 288+ 82 appendixes, (Central Agricultural 
Research Station, Carapichaima, Trinidad, 1963). 
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side and over the crest to form lee-side slopes up to 33°, 
which is the angle of repose. Successive layers of sand on 
the lee slopes can be revealed if dunes are wetted and 
then dissected, as E. D. McKee (U.S. Geological Survey, 
Denver) described. Similar cross-stratification is found 
in many sandstone rocks, which were formed by the 
cementation of ancient dunes, but cross-bedding, usually 
on a smaller seale, is also found in beds settled under 
water. From the direction of dip of the lee slopes of the 
former, the xoliah sandstones, the ancient direction of 
the wind can be determined, and diagnostic tests to 
distinguish these from the latter were discussed at the 
Newcastle meeting. Rounding and pitting of the quartz 
grains by impact during transport in a desert is one, 
but this does not exclude the possibility of the final 
deposition of the sand occurring under water. 

S. K. Runcorn (King’s College, Newcastle upon Tyne) 
described the statistical distribution of directions of dip 
obtained from various aeolian sandstones: they are inter- 
esting examples of the circular normal distribution. He 
also doscribed investigations made with N. D. Opdyke 
(University of Rhodesia and Nyasaland) of the Permo- 
Pennsylvanian Tensleop and Casper Sandstones of 
Wyoming and Weber Sandstone of Utah, much of which 
formations show large-scale cross-bedding. The mean 
directions of transport, and those obtained from the 
Permian Coconino Sandstones of North Arizona, are 
consistently from the north-east. This consistency over 
& wide area must reflect planetary circulation. Similarly, 
F. W. Shotton (University of Birmingham) described his 
results on the New Red Sandstone of the Midlands and 
Scotland, which show easterly winds. Neither of theso 
results fits to-day’s genera) circulation, but if Europe and 
N. America are restored to their positions in this period, 
on the basis of paleomagnetic data, the directions become 
those of trade winds. 

J.J. Bigarella also showed similar studies of the Triassic 
Botucatu Sandstone of Uruguay and 8. Brazil. The mean 
wind direction is westerly, again agreeing with paleo- 
magnetic studies, which show the latitude and orientation 
of South America to have changed little since the Triassic. 
Bigarella’s results on the Botucatu Sandstone for north- 
eastern Brazil give results which he interprets in terms 
of the present wind pattern in the South Atlantic, which 
is not that of a trade wind. 

Finally, M. G. Rutten (State University of Utrecht) 
suggested in discussion that the paleomagnetic latitude 
should be adopted as a reference and tested against other 
evidence of ancient climates. This, coupled with a critical 
search for decisive criteria, seems likely to characterize 
developments in this growing research field. - 

The Proceedings of the conference, including the dis- 
cussions, will shortly be published in two volumes by 
J. Wiley and Sons, New York. 

A. E. M. Naren 
S. K. Runcorn 


AND 


findings to be applied in the 1963 season, and the reader 
with specific interest to examine the recorded observa- 
tions. Further, the report illustrates how a small team, 
nine graduates and six assistants, actively led (in this case 
by the director, Dr. A. J. Vlitos), can complete a consider- 
able programme in a restricted season. This is no doubt 
facilitated by concentration on a single crop, sugar cane, 
and spurred by an industry which must apply the results 
of research as rapidly as possible to remain profitable. 
With labour rates continuously on the increase, and the 
sugar price largely stabilized under the Commonwealth 
Sugar Agreement, it is not surprising that the main research 
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projects are directed to increased economical production 
per acre by new varieties or increased use of fertilizers, 
and reduced costs of weed and froghopper control, all 
compared on a cost/performance basis like a series of 
Which? surveys. This work was planned when sugar 
production appeared surplus to world demand and a 
different yardstick may be required to deal with the 
situation where increased production at a higher cost per 
ton may be more profitable. The facts are there for such 
deliberation. In addition, a number of basic, long-term 
research projects are in hand. 

The introduction of benzene hexachloride in 1951 to 
contro] the froghopper brought great economic benefit to 
the industry. This pest is frequently so severe in Trinidad 
that inability to control it could mean the end of profitable 
production of sugar, at 1962 sugar prices, hence tho 
consternation when resistance to chlorinated hydrocarbons 
appeared in 1955. Long-term control must depend on a 
better knowledge of the insect, about which little has been 
published since 1921. 

The fecundity of the female froghopper examined in 
captivity at the Central Agricultural Research Station is 
much greater than estimated. In the 3-4 weeks of her 
life she may be expected to lay from 239 to 318 eggs with 
an incubation period of 14 to more than 210 days. Only 
a negligible percentage of the eggs were infertile or 
parasitized. Froghopper eggs laid in the dry season and 
kept under moist conditions, even when laid by the same 
female on the same day, exhibit wide variation in their 
degree of diapause, with no apparent relationship to 
adverse conditions. Investigations are in progress with 
juvenile hormones, chilling, and dry conditions in relation 
to hatching. With the higher field cost for chemical 
control of froghoppers resistant to chlorinated hydro- 
carbon insecticides, and the constant threat of resistance 
to other groups of insecticides developing, 21 insecticides 
were screened against the froghopper. Ten per cent 
‘Thimet’ granules remains the outstanding product for 
offective and economic control, with “Thiodan’ and methyl- 
parathion the most promising of the newer insecticides 
tested. All, however, are highly toxic. The data illustrate 
the complexity of field evaluation of insecticides on this 
pest, which may produce up to four generations in the 
season. 

The assessment of new cane varieties on a formula 
which converts yield and sugar content to pre-processing 
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cost, shows wide differences between varieties and that 
one variety may be the most economic producer as a 
plant crop but not as a ratoon. Some of the 54 and 55 
series of Barbados varieties look promising on 1962 
performance. The standard fertilizer treatment is 4 cwt. 
of sulphate of ammonia and 2-cwt. muriate of potash. 
Not all soil types responded to potash and few to phos- 
phate, and on these 2 cwt. of superphosphate were as 
effective as 4 cwt. At St. Madeleine an initial phosphate 
application to plants is adequate for subsequent ratoons. 
Additional nitrogen frequently increased cane yield but 
reduced juice quality. The large series of trials confirm 
estate practice but show that small adjustments could bo 
made profitable on certain specific soil types. A number 
of proprietary compounds tested with varying ratios 
showed no improvement over straights and were moro 
expensive. 

Over the past two or three years, the estates have 
adopted the persistent pre-emergence herbicides, diuron’ 
or atrazine, with 2:4 dichlorophenoxyacetic acid, as the 
most effective and economical treatments. About 15 new 
compounds were field tested, four of which are recom- 
mended for more extensive testing. ‘Pesco 18-15" was 
outstanding on a cost/performance basis, 5 months control 
for 50s. per acre. A new approach to reducing harvesting 
costs, which on an. acre basis may exceed cultivation costs. 
is the use of a plant auxin such as ‘Pesco 18-15’ or a 
‘Sucrol’ oil formulation, both of which were shown to givo 
a significant reduction in the tons cane/tons sugar ratio 
when applied four weeks prior to harvest, by helicopter. 

Continuing basic investigations include quantitative 
evaluation of the fluctuation in soil micro-organisms, with 
the ultimate intention of determining their role in cano 
growth and the development of the root system; the 
physiology of froghopper blight, naturally occurring plant 
growth substances, and standards for foliar analysis. 

Half the cane acreage of Trinidad is cultivated by small- 
cane farmers who produce one-third of the sugar. This 
report explains in detail how high yields can be obtained 
economically. The extension of these methods to the cane 
farmers offers a potential increass of 15 million dollars in 
exports, greater than the total exports of all othor 
agricultural produce. This would be a tremendous boost 
to the Island’s economy and particularly the 12,600 small 
growers; can the authorities accept the challenge? 

G. WRIGLEY 


THE CARNEGIE TRUST FOR THE UNIVERSITIES OF SCOTLAND 


HE sixty-first annual report of the Executive Com- 
mittee of the Carnegie Trust for the Universities of 
Scotland for the year 1961-62* records the decision of 
the Trust to add a special allocation of £250,000 to its 
normal allocation of £300,000 to the universities by way 
of capital grants for the new quinquennium. This is 
accompanied by a request that the universities should 
concentrate it on projects unlikely to be supported by 
the University Grants Committee or on projects for 
improving student amenities or recreation and facilities, 
towards the cost of which the University Grants Com- 
mittee would contribute only a relatively small propor- 
tion. The allocations of £53,500 each to the University 
of St. Andrews and the University of Aberdeen and of 
£85,500 each to the University of Glasgow and the 
University of Edinburgh have been allocated in accord- 
ance with this wish. 
Expenditure under the research scheme rose by almost 
25 per cent to more than £74,000; £34,131 of this was 


* The Carnegie Trust for the Universities of Scotland. Sixty-first Annual 
Report for the Year 1961—82. . vil+ (Edinburgh: The Carnegie 
Trust for the Universities of Scotland, 1963). 


on fellowships and scholarships, £10,000 in block grants 
to universities for travelling expenses, £2,945 to tho 
Trust’s own scheme for travel and maintenance abroad, 
and £16,195 to general grants in aid of research: the 
corresponding figures for the previous year are £27,871; 
£7,000; £1,335; and £12,834. A further marked increaso 
in expenditure on scholarships and fellowships is antici- 
pated in 1962-63, partly because of the steep, all-round 
increases in ‘approved fees’ chargeable over and abovo 
the titular value of the award, and partly because tho 
titular values of Carnegie awards have been increased to 
£400 and £500 for scholarships, £650 for senior scholars 
and £1,000 for Fellows. The new regulations for scholar- 
ships and fellowships are appended to the report. 
Expenditure on assistance to students under Clause B 
of the Trust Deed decreased by more than half from the 
comparable figure of £15,575, reflecting the extended 
assistance to students made available by the State as a 
result of the Anderson Report. Moreover, although 
vacation awards increased slightly, it is not expected that 


the expenditure on assistance with fees will appreciably—___ 


exceed the present figure of about £7,500. Vacatio/ 
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awards to 71 meritorious students totalled £2,965, mostly 
in science and medicine; and the second year’s working 
confirmed the promise of this new development. It is 
clear that while under the Welfare State the scope of 
Class B, so far as it is concerned with the payment of 
fees, is greatly diminished, there is still a restricted field 
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within which the intentions of the Trust can be properly 
and effectively implemented. Besides lists of research 
grants, fellowships and scholarships awarded and of 
publications since September 30, 1961, by Fellows, scholars 
and recipients of grants, the report includes a brief report 
on. the work of Fellows and scholars during the year. 


ASSESSMENT OF SITE FACTORS IN FORESTRY 


HIS subject is dealt with in an able manner in Bulletin 

16 of Duke University School of Forestry, under the 
title Parameters of Site for Certain Growth Components 
of Slash Pine—Pinus elliottii Engelm, by Dr. D. S. 
Jackson *., It is a subject which is extremely important 
in forestry because a great amount of planting of exotic 
trees is taking place in many parts of the world. If bad 
mistakes are to be avoided, and mistakes in the choice of 
tree species are not always readily apparent, some practical 
means of assessing site factors within the natural distribu- 
tion of the species and outside it are almost essential. 
Compared. with the agriculturist, the forester has to con- 
tend with many more factors, especially the whole seasonal 
cycle, wind, insect persistence and so on. 

Numerous attempts have been made to produce climatic 
classifications and most of these have been concerned 
essentially with maximum and minimum temperatures, 
duration of drought, number of rainy days, the effective 
amount and time distribution of rainfall, and so on. Dr 
Jackson gives a very good review of some of these classifica- 
tions and he points out their failings from the practical 
point of view. Many of the factors on which the classifica- 
tions were based were often too arbitrarily selected and 
they gave too much consideration to those factors limiting 
natural distribution and not to those controlling growth. 
This is a very important point because it is now well 
known. that an exotic tree may give a better productivity 
in an alien climate where it may have a longer growing 
season and may be more tolerant of its new site. An 
outstanding example is Pinus radiata in New Zealand. 

Dr. Jackson set himself the task to determine the inter- 
relationship of climatic and edaphic factors affecting 


* Duke University: School of Forestry. Bulletin No. 16: Parameters of 
Site for Certain Growth Components of Slash Pine—Pinus elliottii Engelm. 
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productivity. Such a task is now possible because long- 
term data are available on growth and statistical methods 
enable site factors to be quantitatively defined. He used 
slash pine inside and outside its natural distribution and 
his investigations were directed to ascertain whether soil 
variables known to affect production in one climatic 
region were significant elsewhere, to determine the correla- 
tion between climatic factors and productivity, and to 
develop an empirical equation relating productivity to 
the most important factors of the physical environment. 
As a result of statistical analysis, a high correlation was 
found to exist between mean annual height increment 
and mean annual precipitation, average diurnal range of 
temperature through March to the end of June as well 
as the mean temperature of the coldest month, and also 
certain soil conditions. In addition, other significant 
correlations were established. Therefore, Dr. Jackson 
has concluded that “homoclimal comparisons should be 
based on: (a) the continuous quantitative relationships 
between physical factors and specific productivity; as 
well as (b) the discrete factors which limit survival, and 
of their relative incidence and control in both native 
habitat and the area of introduction”. 

Dr. Jackson has carried out a very important piece of 
work. His critical survey of the various methods of 
attempting to correlate site characteristics with growth 
requirements of plants make one realize all the more how 
systematic he has been in trying to establish the relation- 
ship of the physical factors of the environment which 
affect the productivity of a species. The lay-out of the 
publication is excellent but the literary style does not 
always make for easy reading. This Bulletin will be wel- 
comed by the many who are concerned with exotic 
trees and with further introductions. 

C. J. TAYLOR 


X-RAY DIFFRACTION AND MOLECULAR MODEL BUILDING STUDIES OF 
THE INTERACTION OF ACTINOMYCIN WITH NUCLEIC ACIDS 
By L. D. HAMILTON 


Sloan-Kettering Institute, New York 
W. FULLER 
Medical Research Council Biophysics Research Unit, King’s College, London 
AND 


E. REICH 
The Rockefeller Institute, New York 


CTINOMYCIN C, (AMC) inhibits nucleic acid syn- 

theses dependent on deoxyribonucleic acid (DNA)1?; 
ribonucleic acid (RNA) synthesis is especially sensitive. 
RNA-dependent RNA synthesis is unaffected. Elucida- 
tion of this inhibition may lead to a better understanding 
of how genetic information is replicated and how it is 
transmitted from DNA to RNA. Biological activity of 
AMC is correlated with its ability to bind to DNA*, 
probably by complexing specifically to guanine®*; no 
description of the stereochemistry of the interaction has 


been published. The amount of AMC bound to DNA 
increases with the guanine content of the DNA and is 
greatest when the DNA is in the native helical conforma- 
tion. Single-strand DNA from the bacteriophage OX 174 
binds less AMC than 2-stranded DNA having a similar 
guanine content’. 

The formula of AMC is shown in Fig. 1. There is a 
whole family of actinomycins differing in the amino-acid 
composition of the cyclic peptides®. Derivatives of the 
various actinomycins have been prepared in which the 
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Fig. 1. Structure of actinomycin C, sometimes referred to as actinomycin 
D. (refs. 9 and 10). 


amino-group attached to the triple-ring system (chromo- 
phore) has been modified, for example, by replacing the 
amino-group with halogen or hydroxyl or by substituting 
an alkyl group for one of the amino hydrogens**. In 
general, the effectiveness of an actinomycin as an in- 
hibitor of RNA. synthesis is more affected by substitution 
at the amino-group than by modification of the cyclic 
peptides". 

These facts give clues on how AMC may complex with 
DNA; these, together with the X-ray diffraction and 
molecular model building studies described here, suggest 
a model for the binding of AMC to DNA, and so provide 
a hypothesis to be tested by further data. 

We have prepared oriented fibres (birefringence — 0-1) 
from complexes of AMC with the lithium and sodium 
salts of calf thymus DNA. We tried to bind as much 
AMC as possible to the DNA; analyses showed that 
there was ~1 molecule of AMC for every 18 DNA 
nucleotides. The bright orange fibres showed visible 
dichroism which indicated that the planar ring system of 
AMC was more nearly perpendicular than parallel to the 
fibre axis. The sodium and lithium salts of the complex 
at the same relative humidity gave very similar semi- 
crystalline X-ray diffraction patterns which indicated 
considerable molecular orientation in the fibres but little 
regularity in the molecular packing. They were more 
diffuse than patterns from DNA but at 92 per cent 
relative humidity the overall intensity distribution in 
them was very similar to that in patterns from fibres of 
sodium DNA in the B conformation?:1%; the layer line 
spacixg in the pattern from the complex was slightly less 
than that in patterns from native sodium DNA. This 
showed that the conformation of the DNA molecule was 
little affected by binding of AMC. The equatorial spacing 
in the patterns indicated that the intermolecular separa- 
tion of the DNA molecules changed little when they were 
complexed with AMC. At 75 per cent relative humidity 
and. below, very diffuse meridional diffraction was visible 
in the 10 A region. Control experiments with uncom- 
plexed DNA, and with DNA from which AMC had been 
removed, gave normal crystalline DNA patterns. 

Uncertainties in building a stereochemically reasonable 
model which is compatible with the rather limited X-ray 
data and the other data we have already discussed, stem 
chiefly from lack of knowledge about the relative impor- 
tance of the forces which determine molecular conforma- 
tions and molecular interactions. This is particularly 
important for molecules like AMC and DNA, which con- 
tain both hydrophobic and hydrophilic groups. 

In the DNA. double helix, effectively only the edges of 
the base-pairs are exposed, and, from the point of view 
of interaction with other molecules (ignoring the extra 
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methyl group of thymine), the bases differ only in the 
distribution of their hydrogen-bonding groups. We have 
assumed, therefore, that while relatively non-specific 
hydrophobie forces contribute to the stability of the 
complex, it is the extra interaction energy resulting from 
specific hydrogen bonding which favours DNA-AMC 
complex formation at the expense of interaction of tho 
AMC molecules among themselves or with the solvent. 
We used Courtauld space-filling models and skeletal wire 
models of DNA and AMC to study possible interaction 
through hydrogen bonding which would be specific for 
guanine. 

The model we have built is shown in Fig. 2. The 
geometry of the three hydrogen bonds between the AMC 
chromophore and the guanine residue in the DNA is 
good™. Such a hydrogen bonding scheme would not be 
possible for actinomycin derivatives in which one of 
hydrogen atoms of the chromophore amino-group is 
replaced by an alkyl group. This is in accord with the 
reduced biological activity and binding capacity of these 
derivatives'4. The chromophore has its long axis perpen- 
dicular to the helix axis and is rotated about it so that its 
plane is inclined at about 70° to the helix axis. With the 
chromophore in this position most of the volume of 
the cyclic peptide chains can be packed into the small 
groove. This results in other guanine groups, which would 
be sites for AMC, being blocked so that, even with the 
most favourable base sequence, it should not be possible 
to bind more than one AMC for ~ every threo nucleotide- 
pairs. Thus, synthetic d6@C''—a mixture of homopolymers 
of deoxyguanylic and deoxycytidylic acids—need not 
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Fig. 2. Proposed model of AMC binding to deoxyguanosine of DNA in 
the B conformation. Hydrogen bond lengths and angles calculated 
from co-ordinates measured on skeletal wire models. Hydrogen bonds 
between AMC and DNA indicated by — — -~— Hydrogen bonds between 

guanine and cytosine in DNA indicated by - -~-- 
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bind AMC more efficiently than a DNA having only 
17 per cent guanine, provided that every third residue in 
one chain of the DNA were guanine and the dGC were 
50 per cent deoxyguanylic acid. This in part explains 
binding of AMC to dGC reported as anomalous*. Since 
nucleotide pairs in DNA are 3-4 A apart along the length 
of the molecule, the very diffuse 10 A meridional diffrac- 
tion could be produced by AMC molecules spaced along 
the DNA at distances corresponding to three nucleotide 
pairs. 

We have not yet made a systematic study of the 
detailed conformation of the cyclic peptide chains. How- 
ever, we did find a conformation in which the two peptide 
NH groups in each chain were bonded to phosphate 
oxygen atoms of the DNA. All these oxygen atoms were 
in the DNA chain not containing the guanine to which 
the AMC was bound. 

We feel that quite different models from that we 
have described, involving either binding of the AMC in 
the DNA wide groove or intercalation of the chromophore 
between successive base-pairs, are unlikely. We could 
not find an alternative site in either the large or small 
groove of DNA in the B conformation, which allowed a 
hydrogen-bonding scheme of AMC to DNA as stereo- 
chemically satisfactory as the one described. Super- 
ficially, one might expect the guanine N, and O, atoms in 
the DNA wide groove to provide a specific site for two 
hydrogen bonds from the chromophore NH, group. This 
is stereochemically unsound because the angle at the 
amino-N between the two hydrogen bonds would be close 
to 60° instead of the optimal 120°. One of the attractive 
features of the interaction we have described is that the 
positions of the chromophore and cyclic peptides are 
stabilized by tight packing in the small groove and by 
interaction hetween the NH groups of the peptides and 
phosphate oxygen atoms of the polynucleotide chain. If 
it were in the large groove, the AMC molecule would lie 
loosely and interaction between the peptides and phos- 
phate would be less likely. Intercalation of, on the 
average, one chromophore every ten nucleotide-pairs 
would increase the pitch of the DNA helix at least 15 per 
cent. Such an increase would have been detected as a 
difference in the layer line spacing between the patterns 
from the DNA and the complex. 

The hydrogen-bonding in the model we have described 
depends critically on the relative positions of the sugar 
oxygen atom and the guanine hydrogen-bonding groups. 
The decreased binding of AMC to denatured DNA can 
be attributed to irregularity in the denatured DNA 
molecule. The observation that DNA, when complexed 
with AMC, does not change from the B to the A con- 
formation at relative humidities less than 92 per cent might 
be due to the AMC stabilizing that orientation of the 
sugar with respect to the base which is characteristic of 


HIPPOCAMPUS 


Recurrent Inhibition in the Hippocampus with 
Identification of the Inhibitory Cell and its 
Synapses 


r an investigation of cortical functions the simple 
structure of the hippocampus offers great advantages? 
over other cortical regions, particularly as its detailed 
histology is better known?-5. A special feature of the 
hippocampal cortex is that, within a given area, the fibres 
of a certain afferent route make synaptic contact with one 
restricted part of the neurone only. This leads to the 
expectation that, as a result of the activation of one given 
afferent input, inhibition or excitation of the pyramidal 
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the B conformation!?:5. Transfer RNA from yeast has a 
molecular conformation very similar to that of DNA in 
the A conformation’. We attempted to complex AMC 
with this RNA (kindly provided by Dr. G. L. Brown) by 
the same procedure as that used for DNA. As was to be 
expected from our observation that DNA when com- 
plexed with AMC does not undergo the B to A conforma- 
tional transition, the RNA had no orange coloration and 
crystallized in the 4 conformation in the normal way. 

Transfer of information in copying the genetic material ` 
during gene replication and the transfer of information 
from DNA to RNA and from RNA to RNA probably 
depends on specific hydrogen bonding; this model for 
the inhibition by the AMC-DNA complex of the transfer 
of information from DNA to RNA—the first specific 
interference described—also depends on specific hydrogen 
bonding. 

We thank Dr. David Karnofsky for stimulating this 
work; Dr. J. Burchenal, Dr. F. J. Horsfall, jun., Sir John 
Randall and Dr. E. L. Tatum for encouragement; Prof. 
M. H. F. Wilkins for suggestions; and colleagues at the 
Sloan-Kettering Institute, the Medical Research Council 
Biophysics Research Unit and Biophysics Department, 
King’s College, for helpful discussion; Dr. H. Brockman 
and his colleagues of the University of Gottingen, West 
Germany, for providing derivatives of actinomycin; and 
Dr. M. Tishler and his colleagues of Merck Sharp and 
Dohme Research Laboratories, Rahway, New Jersey, for 
liberal supplies of actinomycin C,. We are grateful to 
Mr. R. Lerner and Mr. P. J. Cooper for help with prepara- 
tions and for chemical analysis. 

This work was supported in part by grants from the 
National Cancer Institute of the National Institutes of 
Health, The Rockefeller Foundation, and the Helen Hay 
Whitney Foundation (E.R.). 
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OF THE BRAIN 


cells will be found to occur within a band-like structure 
parallel to the surface of the alveus. 

In cats under pentobarbital or urethane-chloralose 
anæsthesia the neocortex was sucked away to expose the 
dorsal surface of the hippocampal formation. Bipolar 
stimulating electrodes were placed to provide three inputs 
to the area recorded from: the commissural’, septal’ and 
local? pathways. Recordings were made from the fields 
CA1 and CA3 with microelectrodes filled with either 2 M 
potassium citrate, 3 M potassium chloride or 4 M sodium 
chloride. Movement artefacts were reduced by a thin 
‘Perspex’ plate resting on the alvear surface, with a central 
hole for the surface electrode and the microelectrode. 
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Fig. 1. A, B and C, Extra- and intracellular records from a CA3 
hippocampal pyramidal cell in response to commissural (COM), septal 
(SEPT) and local (LOC) stimulation: upper traces are surface records; 
lower traces the intracellular records; middle traces the extracellular 
records taken just outside the cell with the same gain and polarity as 
the inside recording. D shows responses recorded by a microelectrode 
penetrating CA3 following local stimulation. Æ, graph in which the 
sizes of the pomeiye waves of the responses to commissural, septal and 
local stimulation are plotted against depth. The positivities are 
measured at a time indicated by the stippled line in D, and corres- 
pondingly for the other inputs. Same depth scale for D and E. F, CA3 
pyramidal cell, semidiagrammatically drawn to scale to facilitate compari- 
son with E. Arrows indicate the extracellular flow of current generatin; 

the inhibitory postsynaptic potential. @, diagram of a CA3 pyramida. 

cell with some of its connexions. The left half is taken from Lorente 
de Nó? showing the ending of basket cell axons on the soma. Other 
afferents make excitatory synaptic contacts with the apical and basal 
dendrites. The right half of the di m is drawn to illustrate the 
proposed pathway. Axon collaterals from three of the four pyramidal 
colls converge on a basket cell, drawn black. The basket cell axon 
(indicated with an arrow) ramifles and makes synaptic contact on the 
somas of the pyramidal cells, these are the postulated inhibitory 
synapses. Additional synapses on the basket cell and other branches of 
the basket cell axon indicate that the basket cell may receive impulses 
from and deliver impulses to a great number of hippocampal pyramidal 
cells. H-E show the responses of a presumed basket cell to the 
commissural, septal, local and antidromic afferent volleys. ANTI is 
stimulus applied to axons of pyramidal cells in the fimbria, but it also 
evokes impulses that are conducted orthodromically towards the 
hippocampus. This cell fires repetitively during the initial phase of the 
positive wave at a frequency of about 500/ses, and is not antidromically 
invaded. Recording depth 0-2 mm. L, upper trace shows extracellular 
response to antidromic stimulation (ipsilateral fimbria). Middle trace 
shows intracellular record with a prolonged excitatory postsynaptic 
potential giving rise to the repetitive discharge of spikes that are 

truncated. Lower trace is surface record 


In virtually all cells successfully penetrated (76 of 79) 
all three inputs (Fig. 14-—C) produced large inhibitory 


postsynaptic potentials of long duration (200-500 msec). 
In cells with a resting potential of — 50 mV the inhibitory 
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postsynaptic potentials were as large as — 20 to — 30 mV 
Similar inhibitory postsynaptic potentials were seen by 
Kandel, Spencer and Brinley®!* following antidromic 
activation of pyramidal cell axons in the fimbria. 

This communication is concerned with two problems: 
Where on the pyramidal cell is the inhibitory postsynaptic 
potential generated, and What is the pathway for this 
inhibition? 

In Fig. 1D are plotted the extracellular potentials pro- 
duced by local stimulation and recorded at various depths 
along & track that penetrated to approach the terminals 
of the apical dendrites of the CA3 pyramidal cells (cf. 
Fig. 17). There is an initial negativity at superficial 
levels probably due to synaptic excitation of the basal 
dendrites of the pyramidal cells*; but the dominant 
potential down to 0-5 mm is the large positive wave that 
attains a maximum at about 5 msec after the stimulus. 
This wave was measured at the fixed interval shown by 
the broken line, so as to minimize contamination by the 
initial surface negativity, and plotted as filled triangles in 
E. Similarly, measurements for the potentials generated 
by the other stimulations, commissural and septal. are 
also plotted in Æ. Thereisaremarkable similarity in these 
three plots of potential fields, which all have a sharp 
maximum at a depth of 0-4 mm. 

The interpretation of such potential fields is simplified 
by recognizing that because of their length, density and 
orientation, the pyramidal cells are the only neurones 
thet could produce such large extracellular fields. Further- 
more, the cell bodies of these neurones are arranged in a 
sheet at a depth of 0-4 mm below the surface of the 
alveus, and the electrode track is perpendicular to this 
sheet and along the length of the cells from their basal 
to their apical dendrites as shown in F. It can thus be 
concluded that the field potentials of E must be produced 
by a powerful source of potential at or near the somas of 
the pyramidal cells, and that in the extracellular inedium. 
current flows from this source both superficially to the 
basal dendrites and deeply to the apical dendrites, as 
indicated in F. 

This location of a hyperpolarizing focus on the soinas 
of the pyramidal cells corresponds precisely to the tinding 
that very large inhibitory postsynaptic potentials are 
observed with intracellular recording from the somas of 
the nerve cells (Fig. 1A-C). There appears. however, to 
be a discrepancy because the inhibitory postsynaptic 
potentials are so much longer in duration than the extra- 
cellular positive waves. However, the extracellular fields 
are due to synaptic current flow and the membrane hyper- 
polarization would have a longer duration than the gener- 
ating current. It is also evident in Fig. 1D that at depths 
beyond 0-5 mm the extracellular positivity is partly 
curtailed by a later negativity which presumably is 
indicative of excitatory synaptic action on the apical 
dendrites. In some cells a spike or an excitatory post- 
synaptic potential was recorded, and was always found to 
precede the inhibitory potential by 0-8-3-2 msec. Spencer 
and Kandel? reported that stimulation of a de-afferented 
fimbria gave inhibitory postsynaptic potentials of the saine 
type as those described here. 

The wide distribution of the inhibition and the findiny 
that all three inputs produce inhibitory postsynaptic 
potentials in virtually all pyramidal cells suggest that 
there is some mediating cell for this inhibition, an mhibr- 
tory interneurone. This suggestion is strengthened by the 
observation of latency differences between the spike and 
the inhibitory potential when both are recorded from the 
same cell. The requirements for this inhibitory neurone 
based on the physiological findings described would be: 
(1) its axon should have extensive ramifications and should 
be distributed to a large number of pyramidal cells; (2) 
the synaptic terminals of this cell should end on the soma 
of the pyramids; (3) the inhibitory nourone should he 
activated by all three inputs employed, either directly, 
or more likely indirectly, by axon collaterals of the 
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pyramidal cells after these had been excited in the first 
place. The last type of operation would be another 
example of recurrent inhibition. 

These postulated inhibitory neurones can be identified 
anatomically and, physiologically. The detailed histo- 
logical investigations of Cajal? and Lorente de Nó? 
reveal a special type of cell, the basket cell, which exactly 
corresponds to the postulated inhibitory neurone, and 
there is no alternative. The axon of each basket cell 
ramifies profusely and distributes itself to 200-500 
pyramidal cells, making a dense plexus enclosing the cell 
bodies of the pyramidal cells in a basket-like structure 
ending in terminal synapses. 

The physiological evidence of inhibitory cell activity is 
usually given by a brief high frequency (500—1,000/sec) 
ripple resembling that given by Renshaw cells in the spinal 
cord. This ripple appears on the initial phase of the 
positive wave, is largest at a depth of 0-3-0-4 mm and is 
given by all the inputs. Occasionally it was possible 
to record from one of the rhythmically firing cells (Fig. 
1H—L), exhibiting the properties expected for an inhibitory 
cell: (1) activation by all the inputs; (2) discharge often 
just preceding the onset of the positive extracellular wave 
and continuing during its rising phase; (3) not antidromic- 
ally invaded when pyramidal cell axons stimulated; (4) 
when activated (L), it differs from pyramidal cells in 
showing a prolonged excitatory postsynaptic potential 
with superimposed spikes and no IPSP. Furthermore, 
this coll was at a depth of only 0:2 mm, where basket cells 
but not pyramidal cells may be found. 

The proposed inhibitory pathway is shown semi- 
diagrammatically in Fig. 1G, where a basket cell receives 
excitatory synapses from axon collaterals of pyramidal 
cells and itself forms many inhibitory synaptic endings 
on the somas of pyramidal cells. The inputs used in Fig. 1 
would all excite pyramidal cells and so indirectly activate 
the basket cells. 

In conclusion, it seems possible for the first time to give 
an example from the mammalian nervous system of a 
recurrent inhibitory pathway where both the inhibitory 
neurone and its synapses are histologically identifiable. 
Moreover, the location of the inhibitory synapses at a 
restricted portion of the pyramidal cells, and hence in a 
given stratum of the hippocampus, offers obvious possi- 
bilities for further research on inhibitory synaptic action. 
Finally, one should mention the possibility that the 
location of a plexus of inhibitory synapses on the cell 
body of neurones with large extensions may well be a 
general feature. The location of the inhibitory action at 
the soma, close to the initial segment of the axon, the most 
likely generation site for the impulses, is, of course, a 
most strategic place for the control of firing of the cell. 

P. ANDERSEN 
J. ©. Eocizs 
Y. LØYNING 
Department of Physiology, 
Australian National University, Canberra. 
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Ultrastructure of Hippocampal Axo-somatic 
Synapses 
Tur investigation described here was prompted by the 
finding that synapses inhibiting hippocampal pyramidal 
cells are probably located at the neuronal soma (preceding 
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Fig. 1. 
the hippocam; us (regio inforior, or CA 3, in a; regio superior, or C.A 1, 


Diagrams to show ultrastructure of axo-somatic junctions in 


in b). Hach illustration is composed of parts taken from several electron 
micrographs. Explanation of symbols: C, soma of pyramidal cell; g, 
glial process or sheet; ¢, axon swelling (bouton, synaptic bag) with 
synaptic vesicles. Arrows indicate bulbous protrusions from a soma 
into an axon swelling. Asterisks (one in each picture) ate placed at 
similar structures invaginating parts of glial cells. (x 15,000) 


communication). Guinea pigs and rats were examined. 
In our material no difference between these species was 
seen in the stratum pyramidale. Buffered osmium tetrox- 
ide was used for fixation and ‘Araldite’ as the embedding 
medium. High contrast in electron micrographs is essential 
for the investigation of synaptic regions. Gray!-* obtained 
this by impregnating the blocks with 1 per cent phospho- 
tungstic acid in ethanol. We have included this method 
but chiefly have stained sections, with either uranyl 
acetate or lead monoxide. The contrast obtained with 
the latter approached that after phosphotungstic acid 
impregnation. 

For comparison we have examined the layer of mossy 
fibres in CA3. Here, giant boutons establish contact of 
Gray’s! type 1 with dendritic excrescences** but of 
Gray’s! type 2 with the dendritic shaft®. Transitional 
forms between type l and type 2 are infrequent. These 
details were revealed very clearly by the three kinds of 
preparation that we used, indicating their adequacy for 
the demonstration of such contacts in general. 

We have considered the layer of pyramidal cells, and 
parts of neighbouring layers, in CAl as well as in CA3. 
The axo-somatic junctions in CA3 (Fig. la) have, in 
addition to extensive areas of unspecialized contact 
between bouton and soma, sites with thickened mem- 
branes and a little denser substance at the pre- and post- 
synaptic sides, often combined with some accumulation 
of synaptic vesicles. This appearance corresponds rather 
closely to that of Gray’s type 2 contacts. The difference 
from the much more conspicuous type 1 sites elsewhere in 
the sections (in stratum radiatum and stratum oriens) is 
unequivocal. 

The axo-somatic junctions in stratum pyramidale of 
CA1 (Fig. 16) likewise never exhibit type 1 features. 
Specialized sites of contact of type 2 are seen here as well, 
but their number and distinctness are reduced, in our 
material, as compared with CA3. Further investigations 
are needed to prove whether a statistically significant diff- 
erence exists. Outside the specialized sites the axo-somatic 
junctions of CA1 are also unmodified. Thus, there is 
some evidence of a quantitative difference between CAL 
and C43 but as yet not of any qualitative difference. 

A general conclusion is that the mode of contact at 
the axo-somatic synapses along the whole of the hippo- 
campus (CAI and C43) does not differ appreciably from 
axo-somatic synapses as described by Gray? and by 
others. Within the hippocampal region, those in the 
granular layer of the fascia dentata are of the same kind. 
Nothing is revealed by these and earlier investigations of 
the functional significance of the details of the membrane 
specializations. 
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Stratum radiatum overlying the pyramidal cell layer 
was recently described®. A peculiarity seen here was tiny 
processes from postsynaptic structures, mostly from 
spines, invaginating the presynaptic element. Such 
‘spimule complexes’ have never been seen at axo-somatic 
contacts in CA1, CA3 or the fascia dentata. 

One or two larger bulbous processes arising from the 
soma and invaginating an apposed bouton (at the arrows, 
Figs. la and b) was a very frequent phenomenon in 043 
but more rare in CAl. It has also been seen at axo- 
somatic synapses in the fascia dentata®, the inferior 
olive’ and in the corpus striatum®. No specific functional 
significance for impulse transmission can be claimed in 
view of the frequent occurrence in non-nervous tissues. 
The processes vary in size and are about 0-2y high and of 
the same width. The neck is narrower and only occa- 
sionally visible in single micrographs. There is no special- 
ization of the cell membranes of the process and of the 
invagination and no associated post- or pre-synaptic 
dense substance. Similar protrusions arising from somata 
and dendrites invaginate glial cytoplasm. 

The number of synaptic vesicles is low in boutons at 
axo-somatic synapses in CA1, C43 and the fascia dentata. 
Common figures (when mitochondrial profiles are not 
included) are 60-140/u2, in sections about 500 A thick. 
This is roughly one-third to one-half the number seen in 
boutons belonging to the mossy fibre system. 

Stratum oriens has a fine structure similar to that of 
the stratum radiatum. Type 1 specialization is frequent 
here, too, where boutons touch dendritic branches and 
spines. Spinule complexes are abundant. 

Acetylcholinesterase preparations®-"* have had insuffi- 
cient sharpness of localization to show the exact relation of 
the heavy procipitate around hippocampal pyramidal 
cells and granular cells of the fascia dentata to the axo- 
somatic synapses. The relative absence of cholinesterase 
in zones rich in typo 1 contacts (stratum radiatum of 
CA1, the ‘end-bulb’ of the layer of mossy fibres) at least 
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forms no obstacle to the idea that this esterase may be 
associated with the axo-somatic synapses. 

Some information is available on the origin of the axons 
terminating at the axo-somatic synapses in the pyramidal 
layer of the hippocampus. Cajal? and Loronte de N6™ 
concur to see a wealthy plexus hore, arising from basket 
cells largely situated in the underlying stratum orions, but 
partially located in the pyramidal layer itself. Only few 
fibres of a different origin were described. Of the boutons 
discussed here a majority therefore probably belong to 
the axons of basket cells. However, since axo-somatic 
synapses appear rather uniform within each sector of tho 
hippocampus, the morphological description should bo 
applicable to any kind of fibres ending here. 

Many cells of the stratum oriens are rich in acotyl- 
cholinesterase". 

These pilot investigations are to be supplemented by 
quantitative analyses which can be expected to provido 
additional details. 

This work was supported by U.S. Public Hoalth Service 
grant NB 02215-04. 

T. W. BLACESTAD 
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MEASUREMENT OF RENAL SHUNTED BLOOD FLOW IN MAN 
By T. NAKAMURA, T. ISONO and K. ITO 


First Department of Internal Medicine, Tohoku University School of Medicine, 
Sendai, Japan 


HE decrease in the extraction ratio of a substance 
which has been completely removed from the blood 

in the course of its transit through the excretory tissuo 
indicates the rate of shunted blood flow. Para-amino- 
hippuric acid (PAH) is thought to be the substance!, but 
it should be remembered that, under pathological condi- 
tions, the decrease in the extraction ratio of PAH is 
due to reduced excretory function of the tubular cells 
as well as to the presence of shunted blood flow. It follows, 
then, that the indication of the rate of shunted blood 
flow would be inaccurate if the measurement were made 
merely by the decrease of the extraction ratio of PAH. 

We have recently devised a method utilizing nitrous 
oxide for the purpose of a quantitative estimation of 
renal shunted blood flow, which is based on the fact that 
nitrous oxide is completely removed from the blood by 
the renal tissue when the concentration of nitrous oxide 
in the renal tissue is zero; that is, the extraction ratio of 
nitrous oxide at the initiation of the saturation process 
represents the rate of effective blood flow. 

The theoretical basis of this method is as follows. 

Through the diffusion process the nitrous oxide is 
removed from the blood by the renal tissue, As an element 
of blood moves in capillary from l through dl, it takes up 
the quantity of nitrous oxide (dQ) according to the law of 
diffusion in time (4T) across a capillary membrane of area 
(Qxrdl): 


dQ = 2arK( Os ~ Yaar (1) 


where C, represents a variable blood concontration of 
nitrous oxide along a capillary of length L; Ci, concentra- 
tion of nitrous oxide in renal tissue; 7, partition 
coefficient; and K, diffusion constant. 

Moreover, dQ is equal to the decrease in concentration 
in a capillary blood (—dC,) multiplied by the volume of 
blood under consideration (xr*dl): 





dQ = — xr*dldC. (2) 
which when substituted into equation (1) yields: 
ac, 2K Ci 
at = - C) (3) 
But: ae 
aT = F di (4) 


A= (5) 


where n represents numbers of capillaries; F, renal blood 
flow; and A, diffusion area; whence: 


dCs AK, or) 


QnarL 


po ey (6) 
whence: 
Ci CN - AK, 
c= 4 (oa - Do FT (7) 
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Then, mean concentration in capillary is: 
L 
z f Cdl 
Ü. = 2 7 
c F ae Ci 
= Z +agil-e Fo. — 3) (8) 


For the kidney as a whole, a gain of concentration of 
nitrous oxide in renal tissue (dC;) in time dT would be 
described by following solution of Fick’s law of diffusion: 

dc: KA Cr 


an ry er (9) 
where V represents renal volume; and Ov, concentration 
in the renal vein. 

Since nitrous oxide is neither metabolized nor secreted 
by the kidney, according to Fick’s principle, the concen- 
tration of nitrous oxide in renal tissue (C;) at any time 
(T) is given by: 

r 
F 
0 


` 


=F 


From equations (8), (9) and (10) we conclude that the 
extraction ratio of nitrous oxide by the kidney (Z) is: 


_ AK F A 
E=(1 -hQ -e F) {1 - ar | (Ca — Cv)AT} (11) 
0 


where Sh represents the rate of shunted blood flow. When 

the concentration of nitrous oxide in the renal tissue is 
Zero: 

AK 

E=(1-Sh\l—e F) (12) 

A complete equilibrium is reached almost instantane- 

ously between renal tissue and its capillary blood?, which 

shows that diffusion is not a limiting factor in the process 


. . : — AK 
of removation on nitrous oxide and the term e F 


is negligible in equation (12). 

It is assumed that there is no shunted blood flow in 
cases where the extraction ratio of PAH is normal. For 
these cases, equation (12) would be: 

_ AK 
H=l1l-—-e F (13) 


In five cases where the extraction ratio of PAH 
was normal, the extraction ratio of nitrous oxide when 
the concentration in the renal tissue was zero averaged 
97-4 per cent, which shows also that the diffusion capacity 


of nitrous oxide was sufficiently high 'and the e ~ “F 


factor was negligible (Table 1). 
Hence equation (12) becomes: 


E=1-—Sh (14) 


Consequently, at the initiation of the saturation process, 
„the nitrous oxide is almost completely removed from the 
blood which perfuses the capillary bed, and the extraction 
ratio-at the initiation of the saturation process represents 
the rate of effective blood flow. 


Table 1. EXTRACTION BATIO OF NITROUS OXIDE WHEN CONCENTRATION 
IN RENAL TISSUE WAS ZERO IN CASES WHERE THE EXTRACTION RATIO OF 
PAH was NORMAL 


Case GER OPAN EPAH Ex,o* 
(cemin) —(c.¢./min) (%) (R) 

i \122 414 88-4 98 

2 92 458 91°+4 100 

3 135 536 90-2 96 

4 167 837 89-7 99 

5 53 341 90-2 94 
Average 113-8 5172 89-98 97-4 


*Ewno, extraction ratio of nitrous oxide at the initiation of saturation 
process. GFR, glomerular filtration rate. 
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Concentration of nitrous oxide (vol. %) 





2 T 4 6 8 
Time (min) 


Fig. 1. Typical concentration curves of nitrous oxide for arterial and 

renal venous blood plotted against the time. The integral of the arterio- 

venous difference from time zero to a given time (7) is obtained as an 
area (S) between the arterial and venous curves 


In our experiments a modification of the nitrous oxide 
method of Kety and Schmidt has been utilized. Subjects 
were administered a mixture which consisted of 15 per 
cent nitrous oxide, 20 per cent oxygen and 65 per cent 
nitrogen. From the onset of inhalation accurately timed 
serial blood samples were taken. Arterial blood was 
sampled from the femoral artery, and renal venous blood 


H a 
o a 


2 
x 


Ratio of integral of arterio-venous difference to arterial concentration 


20 40 60 80 100 


Extraction ratio of nitrous oxide (%) 


Tig. 2. Relation between the ratio of integral of renal arterio-venous 

difference to arterial concentration of nitrous oxide and the extraction 

ratio. A linear relationship exists between the two. The junction of the 

straight line and the X-axis gives the extraction ratio of nitrous oxide 
at the initiation of saturation process 
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Table 2. RATE OF RENAL SHUNTED BLOOD FLOW IN VARIOUS RENAL DISEASES 
z 2 
Age GFR Crean TRBF A-Re,* Eran Ex, Shit 
Diagnosis (yrs.) (c.c./min) (c.c./min) (c.c./min) (Vol. %) (%) (%) (%) 
Normal subject 20 135 536 1,080 1-94 90-2 96 4 
x ws 22 187 837 1,635 1-34 89-7 99 1 
Giomerulonephritis i 
Acute a 16 119 803 1,528 1:20 78-2 98 2 
14 98 557 1,030 1-83 85:7 98 2 
ER rnar TE EE GE | oR | Be | mf 
‘otic 8 ome . ‘ _ 
R i 17 92 458 934 2:74 91-4 100 0 
Chronic 26 112 414 765 0-47 884 98 2 
30 116 573 1,100 2:08 91-3 102 -= 
30 74 473 1,190 1:94 73-5 108 — 
32 58 125 787 1-23 28-4 83 17 
21 53 341 641 1-20 90-2 94 6 
27 21 116 426 1:69 44-1 87 13 
17 5 16 208 1-08 12:9 92 x 
Nephrosclerosis 46 31 140 319 1-94 66-9 93 7 
Chronic pyelonephritis 37 106 713 = 1:19 84-0 104 Pi 
31 74 256 — 0-94 53-0 95 5 
34 58 395 — 1:43 56-8 65 85 




















* 4-RoOg, renal arterio-venous oxygen difference. 


was obtained through catheterization. The arterial and 
venous concentrations of nitrous oxide were plotted against 
the time, the midpoint of the sampling period being taken 
ag the time. Smooth curves are then drawn through the 
arterial and venous points respectively (Fig. 1). 

The integral of the arterio-venous difference from time 
zero to a given T is obtained as an area between the 
arterial and venous curves. The extraction ratios are 
calculated from the arterial and venous concentrations. 

The ratios of integrals of arterio-venous difference to 
arterial concentration are plotted against the extraction 
ratios (Fig. 2). Equation (11) shows a linear relationship 
between the ratio of integral of the arterio-venous differ- 
ence to arterial concentration and the extraction ratio. 
Through the plotted points, a straight line is then drawn. 
The line is extended to a point intersected by the axis of 


} Sk, rate of renal shunted blood fiow. 


the extraction ratio, and the point of intersection repro- 
sents the extraction ratio at the initiation of the saturation 
process. ` 

The results obtained by this method in various renal 
diseases are shown in Table 2. In normal subjects and in 
moderate cases with glomerular nephritis, the extraction 
ratio of nitrous oxide at the initiation of the saturation 
process is 108-94 per cent, no shunted blood flow being 
observed. In the terminal stage of chronic glomerular 
nephritis, nephrosclerosis, and chronic pyelonephritis, 
8-17 per cent, 7 per cent and 35 per cent shunted blood 
flow are observed respectively. 


‘Smith, H. W., The Kidney, Structure and Function in Health and Disease 
(Oxford University Press, New York, 1951). 

* Kety, S. S., Pharmacol. Rev., 3, 1 (1951). 

* Kety, S. S., and Schmidt, C. F., Amer. J. Phystol., 148, 58 (1945). 


UNFRACTIONATED PREPARATIONS OF HISTONES FROM NORMAL 
MAMMALIAN TISSUES AS AGENTS INHIBITING GROWTH 
OF TRANSPLANTING TUMOURS 


By V. I. VOROBYEV and V. M. BRESLER 
Institute of Cytology, Academy of Sciences of the U.S.S.R., Leningrad 


REAT achievements has been attained during the 

past decades in the investigation of the structure 
and biological function of nucleic acids. However, our 
knowledge concerning the molecular structure of a protein 
component of cellular nucleoprotein complexes is still 
incomplete. Among them histones, the protein part of 
deoxyribonucleoprotein particles, are most interesting. 
This is a group of proteins not homogeneous in their chemi- 
cal composition and, probably, in their structure}. 
Although some progress has been made in the examina- 
tion of histones during recent years, their biological role 
is still not understood. In the available literature we 
could not find any information regarding the biological 
activity of histones. It is to be noted that cellular 
specificity of histones has not been detected by chemical 
methods!. However, it seems that tumour cells contain 
less histones than normal ones‘:5. Furthermore, histones 
of tumour cells differ in their properties from those of 
the normal tissue®’. 

When approaching questions concerned with investiga- 
tions of the possible biological activity of histones, it is 
necessary to find a suitable experimental model system. 
In the work recorded here an attempt was made to apply 
a model used by us earlier for examining biological action 
of ribonucleic acid (RNA) on tumour®® to determine the 
biological activity of histones. 


At the first stage of the investigation we used unfraction- 
ated preparations of histone fromnormalmammalian tissues. 

Histones were isolated from rat liver, rat thymus and 
calf thymus. All operations were carried out in the cold. 
The fresh tissue (or frozen in solid carbon dioxide in the 
case of calf thymus) was immediately homogenized in a 
Waring blender with the ice-cold 0-14 M sodium chloride 
solution. The homogenate was centrifuged at 1,500g and 
the sediment was repeatedly washed with 0-14 M sodium 
chloride solution by homogenization in a Waring blender 
followed by centrifuging until no protein was left in the 
supernatant solution (7-8 washings). The sediment of 
the nuclear material was extracted by 30-min intensivo 
mixing with ice-cold solution of hydrochloric acid. Tho 
final value of pH was maintained in the limits of 1-6-1-8, 
for there is evidence that a destruction of histones occurs 
under lower values of pH. The suspension was centrifuged 
and the sediment again was extracted under similar 
conditions. Both the hydrochloric acid extracts were 
combined and pH adjusted up to 10-5. Two volumes 
ethyl alcohol were added to a rather turbulent solution. 
In a few hours the precipitate was collected by means of 
centrifugation, washed several times with alcohol and 
dried at a room temperature. 

The obtained preparations of unfractionated histones 
contained no more than 0-1 per cent of phosphorus. A 
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negative orcinol reaction indicates the absence of RNA 
admixture in the preparations. The ultra-violet spectrum of 
the preparation has a small maximum at 276 my. Histone 
did not precipitate on addition of an equal volume of 0-34 
M mercuric sulphate in 1-88 M sulphuric acid and heating 
up 60° C, the phenomenon characteristic of histones. 

Histone was dissolved in Hanks’s solution (without 
indicator) and by means of a biuret reaction the protein 
concentration was estimated. Nitrogen content was 
determined in the same solution according to semi-micro 
Kjeldahl method. 

A fresh solution of histone was mixed with a suspension 
of tumour tissue (mucous cancer of the liver—Malyugina’s 
strain) so as to obtain 10 per cent suspension of tumour 
cells. Incubation was carried out for 16 h at 4° C and 
0-5 ml.. of suspension was inoculated in the rats sub- 
cutaneously. The suspension of tumour cells incubated 
under similar conditions without histone was used as a 
control. After 25 days the rats were killed and the weights of 
the tumours and the animals were determined in the 
control and experimental series. 

A degree of growth inhibition of tumour was calculated 
from the formula Me les x 100, where Mexp and 
M, represent the mean weight of tumours in the experiment 
and control respectively. 

About 360 outbred mice were used for these experiments. 
The incubation of cells of mucous cancer of the liver with 
histone preparations under described conditions did not 
produce a significant effect on the morphology of the cell- 
determined both on living cells and on fixed and coloured 
smears. Luminescence of cells in the dark field and a 
microscopic pattern of vital dye sorption (neutral red) was 
identical in experiments and controls. 

However, inoculation reveals a great difference between 
tumour cells treated and untreated by histones. Thus 
incubation of cells of the mucous cancer of the liver with 
rat liver histone results in a strong inhibition of tumour 
growth (up to 95-5 per cent). This effect was disclosed in 
all series of experiments; but fluctuations in its intensity 
were observed in some experiments. These fluctuations 
might be dependent on slight differences in the composi- 
tion of histone preparations applied and on variations 
in the competence of tumour cells in different series of 
experiments. However, in a variety of experiments 
specially set under maximally standard conditions an 
apparent dependence of the intensity of inhibition of 
growth of the tumour on histone concentration in the 
incubation medium has been observed (Fig. 1). Unlike 
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Fig. 1. Dependence of the degree of growth of the mucous cancer of the 
liver on concentration of rat liver histone in incubation medium 
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Fig. 2. Influence of preliminary incubation of implanted cells per- 


formed with rat liver histone treated with trypsin and chymotrypsin 

on the growth of mucous cancer of the liver. 1, Standard control 

(incubation of tumour cells without histone); 2, Control of proteases 

(incubation of tumour cells with trypsin 0-01 mg/ml, and chymotrypsin 

0-01 mg/ml.); 3, eriment I (incubation of tumour cells with histone 

1 me/ml.); 4, Experiment I (incubation of tumour cells with enzymatic 

hydrolysate of rat liver histone), Proteolysis: 2 mg/ml. of histone was 

incubated with 0-02 mg/ml. of rypsin and 0-02 mg/ml. chymotrypsin at 
37° C for Lh 

the action of RNA from a normal liver®? apparently 
there is some optimal concentration of histones, the 
overrating of which results in a decrease of the effect. 
As a matter of fact, this observation can be regarded as 
evidence for a non-toxic mode of action of histone on the 
tumour cells. 

The treatment of histone preparations with trypsin 
and chymotrypsin diminished the offect. Preliminary 
incubation of implanted tumour cells with enzymatic 
hydrolysates of histones does not inhibit tumour growth 
(Fig. 2). So as the mixture of trypsin and chymotrypsin 
itself inhibits the growth of a tumour, the results are to be 
compared with those received from control experiments 
with proteases (see Fig. 2, cols. 2 and 4). 

In another series of experiments the action of histones 
isolated from rat thymus and calf thymus were studied. 
These preparations also showed growth inhibition of the 
raucous cancer of the liver (Fig. 3). Although these results 
have been obtained from a different series of experiments 
and therefore their quantitative comparison must be 
made with care, it can be concluded that in the action of 
histones the cell or a species specificity is not revealed. 
But some probability remains that in experiments with 
fractionated histone preparations, that is, with individual 
histones, it will be possible to reveal a certain specificity 
in the effect of histones on tumour cells. 

The effect of growth inhibition of mucous cancer of the 
liver is expressed in two forms: (1) formation of peculiar 
small flat glassy nodules visually resembling those we 
observed at the action of RNA from a normal liver®.’; 
(2) decrease in the size and weight of tumour nodules 
without changing their appearance as compared with 
control tumour. The frequency of detection of one of 
these forms depends on the concentration of histone in 
incubation medium. | a 

. Microscopic examination has shown that the small glassy 
nodules mostly consist of mucus, dead ceils and cells in 
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the state of necrobiosis. The number of cells which look 
morphologically uninjured are always insignificant. On 
the other hand, microscopic examination of tumours which 
differ from the control only in size and weight show no 
notable deviations from the control tumours. A decrease 
in frequency of mitoses and amitoses is the only difference 
in microscopic pattern. 

The absence of distinctions between tumour cells in 
controls ard experiments in morphology, luminescence 
in a dark field and vital staining with neutral red? 
testify to the fact that preparations of histones do not 
damage tumour cells. 

Thus the experiments recorded here show that incuba- 
tion of tumour cells with histones produce a strong 
inhibitory effect on the growth of the transplantable 
tumour. 

In our opinion at the present time attempts to interpret 
an exact molecular mechanism of this phenomenon seem 
premature. However, it is necessary to recall the hypo- 
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thesis of Stedman, according ‘to which the function of 
histones of the cell nucleus inhibit the activity of 
genes, 

Therefore, it may be supposed that in our exporiments 
the action of histones is connected with repression of the 
DNA activity of tumour cells which results in a consider- 
able decrease of protein synthesis. Although different 
interpretations of our results are quite possible this 
suggestion is in agreement with the evidence obtained by 
Allfrey and Mirsky. They showed that histonos aro able 
to decrease the incorporation of amino-acids into proteins 
of isolated calf thymus nucleii. In this connexion wo 
may mention recent work by Huang and Bonnor?® 
showing that the histone decreases RNA synthesis tn vitro 
in the RNA-polymerase system from pea embryos where 
DNA serves as a template. 

In future analysis of the molecular mechanism of 
action of histone on the tumour cells obviously it would be 
reasonable to compare the data on the biological activity 
of histones with our results on inhibitory effect of RNA 
from normal tissues on the tumour growth®-*® because both 
investigations have been performed on the same model 
system. 

First, ib is to be shown whether RNA and histone 
influence different points of one mechanism or whether 
their activity results from quite differont processes. 

On the basis of the aforesaid, it can bo probably con- 
cluded that the molecular mechanism of action of histones 
on tumour cells differs from that of RNA of normal 
tissues. 

We thank Miss L. S. Lysenko and Miss E. N. Tolstaya 
for their aid with the biochemical part of this work. 
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RELATION BETWEEN THE CESTROUS CYCLE AND THE BINDING OF 
CATECHOLAMINES IN THE RAT UTERUS 


By Dr. RICHARD J. WURTMAN, Dr. ELIZABETH W. CHU and Dr. JULIUS AXELROD 


Laboratory of Clinical Science, National Institute of Mental Health and Department 
of Pathologic Anatomy, Clinical Centre, National Institutes 
of Health, Bethesda, Maryland 


ATECHOLAMINES have been shown to affect the 
motility of the rat uterus. In the non-pregnant 
animal, epinephrine inhibits spontaneous uterine motility, 
measured im vitrot; norepinephrine has an inhibitory 
effect, but it is only 1/150 as effective. Epinephrine also 
inhibits the motility of uterine strips taken from pregnant 
rats, but under these conditions, norepinephrine stimu- 
lates contraction?. An elevated epinephrine content 
in the rat uterus has been shown to be associated with an 
increased. uterine sensitivity to the ovarian hormone, 
relaxin’. 
Several investigators have attempted to correlate the 
catecholamine content of the uterus with stages of the 


cestrous cycle, or to demonstrate changes in its content of 
epinephrine or norepinephrine after gonadal hormone 
therapy or deprivation. Oskarsson‘ found the content of 
epinephrine in the rat uterus too low to measure accu- 
rately (5-15 mug). The total catecholamine content 
was not changed between cestrus and dicestrus; however, 
because of an increase in uterine weight the concentration 
decreased during estrus. Uterine denervation decreased 
the catecholamine content, as did spaying; the effect of 
the latter was attributed to accidental trauma to tho 
uterine nerves. Rudzik and Miller’, on the other hand, 
reported measurable differences between uterine endo- 
genous epinephrine in diestrus (5-8 mug) and cestrus 
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(25 mug). During this short interval, uterine woight was 
found to have increased more than twofold and thus the 
concentration of epinephrine per gram of uterus was 
doubled. Oskarsson reported no change in uterine 
catecholamines with cestrogen administration, while 
Rudzik and Miller found that stilbcesterol caused a 
parallel increase in uterine weight and epinephrine con- 
tent. 

The availability of tritiated catecholamines of high 
specific activity has enabled us to study the relation be- 
tween the cestrous cycle and the ability of the rat uterus 
to bind epinephrine and norepinephrine. It will be shown 
that within the four-day cestrous cycle of the rat there is a 
marked variation in the fraction of circulating tritiated 
epinephrine bound by the uterus. 

In each of two separate experiments, 35 adult female 
Sprague-Dawley rats weighing 150-200 g were each given 
15 we. (2 x 10% cp.m.) of dl-7-tritiated-epinephrine 
(13-5 ue./ug, New England Nuclear Corp., Boston, Mass.) 
by injection in the tail vein. In a third experiment, 
35 similar animals received dl-7-tritiated-norepinephrine 
of the same specific activity. All rats were killed by 
neck fracture 1 h after receiving the catecholamine. 
The entire heart and one uterine horn were removed, 
blotted, weighed, homogenized in 0:4 N perchloric acid, 
and assayed for tritiated-catecholamine as described 
previously*. The remainder of the uterus was blotted, 
weighed, homogenized in Q:3 ml. of 0-1 N hydrochloric 
acid and assayed for endogenous epinephrine’. One h 
before the tritiated-catecholamine was administered, a 
vaginal smear was taken from each animal and pre- 
pared according +o Papanicolaou’s method’. After all 
assays were completed, the animals were grouped accord- 
ing to vaginal cytology by the following criteria: (a) 
procestrus—absence of leucocytes but presence of a great 
number of uniform, small round and nucleated cells and a 
few squamous cells; (b) cestrus—smear consisted entirely 
of keratinized squamous cells; (c) metacestrus—emergence 
of leucocytes with cornified squamous cells gradually 
disappearing; (d) diwstrus—absence of cornified cells 
but abundance of leucocytes and round nucleated cells; 
(e) late dicestrus—decreasing number of leucocytes and 
round cells and emergence of a few squamous cells. The 
duration of each phase of the cestrous cycle was assumed 
to be approximately the same as those reported by Long 
and Evans’. 

Uterine weight increased 20-30 per cent between di- 
cestrus and cestrus (Fig. 1). There was a continuous increase 
in the capacity of the whole uterus to bind and retain 
tritiated-epinephrine as the animal approached cestrus 
(Fig. 1). Uteri of animals in dicestrus contained 0:019 
per cent of the administered dose (380 c.p.m. of tritiated- 
epinephrine); in late dicestrus and procestrus this fraction 
was elevated. During estrus, there was a four- to five-fold 
increase in uterine tritiated-epinephrine; in metacestrus, 
the fraction fell but was still three times higher than 
dicestrus. These differences were highly significant whether 
expressed in terms of total uterus or per unit weight 
(P < 0-01). 

In confirmation of the findings of Rudzik and Miller, 
the endogenous content of uterine epinephrine rose signifi- 
cantly (P < 0-05) between dicestrus and cestrus (Fig. 1). 

When rats were given tritiated-norepinephrine, their 
uteri in dicestrus contained 0-078 per cent of the adminis- 
tered dose (1,560 c.p.m.); uteri of animals in cestrus con- 
tained 0-058 per cent. This difference was not statistically 
significant. However, when data were expressed as 
c.p.m./g of uterus, there was a statistically significant 
decrease (P < 0-05) between dicestrus and cestrus in the 
capacity of a unit weight of uterus to bind and retain 
tritiated-norepinephrine (Fig. 1). In dicestrus, the uterus 
bound four times as much circulating tritiated-norepine- 
phrine as tritiated-epinephrine. In cestrus, the uterus 
bound and retained more tritiated-epinephrine than 
tritiated-norepinephrine. 
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Fig. 1. Uterine epinephrine and tritiated-catecholamine at different stages 


of the œstrous cycle 


The stage of the cestrous cycle bore no relationship to 
the weight of the hearts or to their content of tritiated- 
eatecholamine. One hour after the administration of the 
radioactive material, the hearts contained 2-15 per cent 
of the dose of tritiated-norepinephrine or 0-86 per cent 
of the dose of tritiated-epinephrine. 

Previous work in our laboratory has shown that circu- 
lating epinephrine and norepinephrine are taken up and 
stored in sympathetic nerve endings’**. From the 
results described here, it would appear that in the uterus 
the capacity to bind and retain epinephrine, but not 
norepinephrine, is profoundly affected by the stage of 
cestrus. It has been shown that the morphology of the 
autonomic nerves to the uterus varies with the endocrine 
milieu!®:14, These morphological changes could be related 
to the altered capacity of the uterus to store epinephrine. 
However, since the binding of norepinephrine is not 
increased concomitantly to epinephrine during cestrus, 
it is possible that there is a separate site of epinephrine 
storage in the uterus which is endocrine-sensitive 
and may or may not be associated with sympathetic 
nerves. 
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IN VITRO TRANSFER OF MACROPHAGE RNA TO LYMPH NODE CELLS 
By Dr. M. FISHMAN*, Dr. R. A. HAMMERSTROM and Da. V. P. BOND 


Medical Research Center, Brookhaven National Laboratory, Upton, New York 


T has been reported in a previous paper! that antibody 
formation can be initiated in vitro. This was possible 
if the antigen was first exposed to macrophages and the 
resulting filtrates added to lymph node cells maintained in 
tissue culture medium. It was also observed that the 
addition of RNase or streptomycin to the tissue culture 
medium prevented antibody formation. These results 
imply that an RNA or RNA-antigen complex? from 
stimulated macrophages had to be transferred to antibody- 
producing cells. Structural units in lymph nodes of 
immunized animals consisting of phagocytic cells sur- 
rounded by lymphocytic cells have been observed by 
several workers‘. If these ‘clones’ could be related to 
antibody synthesis, it would suggest the physical means 
for such a transfer. 

Experiments reported here, using labelled RNA 
(tritiated cytidine) indicates such a transfer can take 
place. 

Methods for obtaining both the macrophages and lymph 
node cells from rats or rabbits have been given in detail 
in a previous reporti. 

The macrophages obtained were incubated with triti- 
ated cytidine (specific activity 1 o./m.mole) so that 5 pc./ml. 
were added to Trowell’s medium’, containing approxim- 
ately 1 x 10’ cells. They were incubated in tissue culture 
plates for 1-3 h at 37° C under a 5 per cent carbon dioxide— 
air atmosphere after which time the cells were removed 
by the addition of 1 ml. of a 0:02 per cent disodium 
versenate solution. The cells were washed with 0-02 M 
phosphate buffer, pH 7-3, centrifuged at 200g for 10 min 
and then treated with phenol. The method of Gierer 
and Schraram® was used to extract the RNA. To 1 x 10° 
macrophages suspended in 10 ml. of a 0-02 M phosphate 
buffer pH 7-3, was added an equal volume of water-satur- 
ated phenol. This mixture was stirred for 10 min and 
then centrifuged at 200g for 5 min. The aqueous layer 
was removed and extracted again with an equal volume 
of phenol for 2 min. The resulting aqueous layer was freed 
of phenol by ether extraction and the latter removed by 
bubbling nitrogen through the mixture for 15-20 min. 
All operational procedures were conducted at 5° C. The 
ultra-violet adsorption spectrum of rabbit RNA (Fig. 1) 
shows a typical curve with a 260/280 ratio of 2-2. 
Approximately 60-70 ug of RNA, caleulated by the 
factor of 50 ug/ml. per unit of optical density at 260 my’, 
were then added to 5 ml. of Trowell’s medium con- 
taining 6 x 108 lymph node cells. The lymph node 
cells were incubated under a 5 per cent carbon dioxide 
atmosphere and removed 1, 2, 3 and 5 days later. At 
the designated periods, the cells were washed several 
times and smears prepared. The smears were fixed 
with 95 per cent ethanol for 10 min and covered with 
stripping film (Kodak ‘4R10’) as described by Doniach 
and Pele’. The films were exposed for 4-5 weeks, and 
autoradiographs prepared with Giemsa stain’. The 
results revealed incorporation in lymph node cells of RNA 
within 24 h as evidenced by the appearance of grains 
(Fig. 2). These observations were similar to those reported 
by Schwarz and Rieke! with mouse RNA which was taken 
up by mouse lymphocytes within 2 h. It also confirms 
their other findings, in which increasing amounts of label 
appeared with time as demonstrated with our cultured 
lymph node cells five days after incubation with tritiated 
cytidine (Fig. 3). 

To determine whether this was intercellular incorpora- 
tion rather than surface adsorption, cells were treated 


* Non-resident research collaborator, New York Public Health Research 
Institute, New York. 


with perchloric acid to remove the RNA? before being 
covered with film. Fig. 4 shows the absence of label in 
those treated cells as compared with the one-day results 
(Fig. 2). Another test for incorporation was to treat tho 
cells in culture with 50 pg of RNase (heated 80° C/15 min) 
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after incubation with tritiated cytidine. This treatment 
did not appreciably affect the grain count. The isolated , 
RNA preparation showed a hyperchromic effect on 
RNase treatment. 
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Fig. 5. Ultra-violet adsorption (260 wm) on the 5-20 per cent sucrose 
gradient fractions of rabbit RNA 


RNA fractions based on relative molecular weight were 
prepared with sucrose gradients. Two-ml. amounts of 
the RNA were added to 4-4 ml. of a 5-20 per cent sucrose 
gradient, prepared as described by Britten and Roberts". 
Drops were collected after centrifuging the gradients at 
35,000 r.p.m. in a SW-39 swinging bucket rotor for 3 h. 
Drops (0-01 ml.) were distributed among each of 18 tubes 
and the tubes were later pooled to divide the original 
gradient into three equal parts (Fig. 5). The radioactive 
counts were determined for each fraction with an auto- 
matic scintillation spectrophotometer as described by 
Feinendegen eż al.®. Each fraction was placed into tissue- 
culture medium containing 6 x 10° lymph node cells and 
autoradiographs were prepared at various periods after 
incubation. The results revealed that only the top one- 
third (Fraction III) layer was incorporated within one 
day whereas no incorporation occurred with the other two 
fractions even after 8 days of incubation. Because of the 
lack of uniformity of 260/280 ratios of these three fractions, 
indicating a possible difference in base ratios, it is difficult 
to express RNA concentrations. However, on the basis 
of c.p.m./O.D. (260) Fraction I was 372, Fraction II was 
456, and Fraction III was 1,938. In the experiment, 
Fraction TII was diluted four-fold in an attempt to equalizo 
the radioactivity added to the lymph node cultures. 

On the basis of paper chromatography and/or radio- 
active counts, the original RNA preparations were found 
to be in the most part phosphorylated (butanol-ammon- 
ium hydroxide) and non-dialysable. The RNA precipitate 
which formed on addition of one volume ethanol and 





ae . ; .' oe 
r a * : 
= . 
| +. 
š a 

o. 

s o eA 
tS a 
CO J a 


S. ee. 
Fig. 6. Rabbit lymph node cell culture in which macrophages were 
present, incubated one day with tritium-labelled RNA 


No. 4880 May l, 1963 


which contained 25 per cent of the original radioactivity 
was also incorporated into the lymph node cells within 
24 h. 

In preliminary experiments it was noted that when 
RNA from macrophages was added to a lymph node cell 
culture in which macrophages were present two observa- 
tions were made. As can be seen in Fig. 6, ‘clones’ were 
observed in which lymphocytic cells surrounded a macro- 
phage and the RNA incorporation occurred in both cell 
types. It is of interest that those lymphocytes surround- 
ing the macrophages were labelled to a greater degree 
than were lymphocytes not surrounding a macrophage. 
The possible biological significance of these observations 
is now being investigated. 

These experiments illustrate that only a relatively low 
molecular weight RNA molecule from macrophages is 
incorporated by lymph node cells. Information on the 
biological activity of this RNA incorporation is lacking. 
However, preliminary experiments indicate that this 
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fraction (Fraction II) may be correlated with antibody 
synthesis. Niu et al. have reported a successful transfer 
of biochemical activity with liver RNA to ascites tumour 
cells as measured by the synthesis of serum—albumin"™. 

This work was supported by the U.S. Atomic Energy 
Commission. 


1 Fishman, M., J. Exp. Med., 114, 837 (1961). 
2 Garvey, J. S., and Campbell, D. H., J. Exp. Med.,105, 361 (1957). 
3 Thiery, J. P., Ciba Found. Symp. Cellular Aspects of Immunity, 69 (Little, 
Brown and Co., Boston, 1959). 
‘Sharp, I. A., and Bursell, R. G., Nature, 188, 474 (1960). 
5 Trowell, O. A., Exp. Cell Res., 9, 258 (1955). 
s Gierer, A., and Schramm, G., Nature, 177, 702 (1956). 
? Rosenbaum, M., and Brown, R. A., Anal. Biochem., 2, 15 (1961). 
ë Doniach, I., and Pele, S. R., Brit. J. Radiol., 28, 184 (1958). 
* Peinendegen, L. B., Bond, V. P., Shreeve, W. W., and Painter, R. B., 
Exp. Gell Res.,19, 448 (1960). 
3° Schwarz, M. R., and Rieke, O., Science, 186. 152 (1962). 
11 Britten, R. J., and Roberts, R. B., Science, 181, 32 (1960). 
32 Niu, M. C., Cordova, C. C., and Niu, L. C., Proc. U.S. Nat. Acad, Sci., 
47, 1689 (1961). 


DETERMINATION OF THE BIMOLECULAR RATE CONSTANT FOR THE 
REACTION BETWEEN ORGANOPHOSPHOROUS INHIBITORS 
AND ESTERASES IN THE PRESENCE OF SUBSTRATE 


By A. R. MAIN and W. C. DAUTERMAN 


Pesticide Residues Laboratories, North Carolina State College, 
Raleigh, North Carolina 
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HE bimolecular rate constant (k:) for the reaction 

between an organophosphorous inhibitor (Z) and an 
esterase (E) is usually determined by Aldridge’s method?! 
or by some variation of it. Essentially the method con- 
sists of incubating a solution containing (E) and an excess 
of (I) for a measured time t). The reaction is given by 
the equation: 


E IBI 

er a q (1) 
where (e), (îi) and (gq) are the concentration of enzyme, 
inhibitor and inhibited complex (EI) respectively. After 
time (t), substrate is added to the inhibiting solution. 
The substrate is assumed to protect tho esterase remaining 
from further inhibition by formation of enzyme-substrate 
complex. The degree of inhibition is measured by com- 
paring the velocity (v:) of the reaction catalysed by the 
esterase remaining with the velocity (v,) obtained with a 
comparable, but uninhibited, esterase preparation. The 
bimolecular constant is then given by the equation: 

2-303 vo 


ky = hi log z; (2) 





Equation (2) is based on the assumption that (i) remains 
constant over the course of the reaction. 

While this procedure has been used successfully to 
determine the bimolecular rate constants of a number of 
inhibitors and esterases, the assumptions on which it is 
based have tended to limit its applicability. 

Difficulties have arisen where the inhibitor concentra- 
tion has not remained approximately constant, as, for 
example, with tetraethyl pyrophosphate and fly head 
acetylcholinesterase?. 

For (i) to remain approximately constant it must, of 
course, he several times (e), since it is lost by combining 
with the esterase. When (k;) is high, the rate of inhibition 
under these conditions may be so great that adequate 
incubation times cannot be realized. In many experi- 
mental systems, particularly those using crude tissue 
preparations, much more inhibitor may be lost in side- 


reactions with proteins and enzymes other than the 
esterase of interest than is used to combine with the 
esterase. In such cases it is possible to have (2) still 
much greater than (e), but not constant. The concen- 
tration of inhibitor must then be sufficiently high to 
remain approximately constant despite these side reac- 
tions. But, of course, the difficulty of realizing adequate 
incubation times is then even greater. 

Difficulties have also arisen where conditions have 
prevented the substrate from protecting the esterase 
from further inhibition. 

This procedure always involves measuring a reaction 
velocity (v) in the presence of excess inhibitor. It would 
be desirable, therefore, to have a measure of the rate of 
inhibition in the presence of substrate. This information 
would give greater confidence to the (v:) values obtained 
and would also permit greater flexibility in experimental 
design. 

In the work reported here an attempt has been made to 
overcome some of these limitations by considering the rato 
of inhibition in the presence of substrate. Tho rate of 
inhibition is proportional to the product of the concontra- 
tions of inhibitor and free enzyme. In the presence of 
substrate, the concentration of free enzyme at timo {t) is 
reduced by the formation of enzyme substrate (p’) whore: 


P= ya eA (3) 


(Km) is the Michaelis constant and (s) is the substrate 
concentration. 

At substrate and inhibitor concentrations of sufficient 
strength that both remain approximately constant ovor 
the course of the reaction, the rate of inhibition is then 
given by: 


dg/dt = kife — q — p'ji i+) 


The fraction of uninhibited esterase available for 
inhibition under steady-state conditions at any timo 
during the inhibition reaction is constant and is given by 
{1 — a) where: 
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ees e Fs (5) 
and (p) is the concentration of the enzyme-substrate 
complex before inhibition occurs. 

_ Substituting (3) and (5) for (p’) in (4) and re-arranging 
gives: 
dpjdt = ki(e — g){1 — a)i (6) 
Integration between the limits (f,) and (t,) and (¢g,) and 
(qa) gives: 


2-303 I te — q) 





= a See he gh w 
Since e t) = : (7) becomes: 
2-303 v 
B= aD of Ea (8 


where (v,) is the velocity after inhibition for time (ż) and 
(v2) is the velocity after inhibition for time t). 

When. (t) is (0), v, is v, and is the velocity before inhibi- 
tion occurs. 

A procedure has been developed to evaluate (ki) 
directly by using equation (8) and the general description 
follows. 

The use of a continuous recording instrument such as 
a radiometer pH-stat has proved to be convenient. 

A suitable substrate for the esterase in question is 
selected and its (Km) value is determined under the condi- 
tions to be used for determining the (ki). Steady-state 
conditions for the esterase and substrate are first estab- 
lished by mixing convenient concentrations of substrate 
and enzyme. A progress curve, which should approximate 
a straight line, is allowed to develop for a period of about 
§ min. This is (v,) as shown in Fig. 1. Inhibitor is then 
added. Preliminary runs are made at various concentra- 
tions of inhibitor until an inhibitor concentration giving 
a suitable curve is obtained. Tangents are then drawn at 
points on the curve corresponding to various inhibition 
times. The slopes of these tangents give (vı), (v2), eto., as 
shown in Fig. 1. Non-enzymatic hydrolysis rates are 
subtracted from (vo), (vı), (v2) values to obtain the true 
enzymatic rate of hydrolysis. The preliminary runs 
narrow the limits of possible (k;) values considerably 
before a more precise value is obtained by drawing 
tangents. It is convenient to calculate (1 — «) using (Km) 

* m 
and (s) values as given by (1 — «) = (Em +8)" Sub- 
stituting appropriate values of (to), (41), (t2) and (vo), 
(v1), (ve) into (8) gives (k:). 

The constancy of the (k:) values obtained may be tested 
over a wide range of inhibitor concentrations by manipula- 
tion of (x) through (s) and if necessary (Km), by changing 
substrates. This is possible since the rate of inhibition 
decreases with increasing values of («) while it increases 
with increasing inhibitor concentration. Experimentally 
the most precise results are obtainable when (v,/v,) ratios 
lie between 1-2 and 8 and the inhibition times are betweon 
2 and 15 min. 

This procedure is potentially more flexible than that 
described earlier by Aldridge’. If there is doubt con- 
cerning the constancy of (i), it is possible to increase 
(i) to much higher values in the presence of substrate and 
still maintain experimentally useful rate: of inhibition. 
Similarly if (4:) happens to be very high it is possible to 
reduce the rate of inhibition to convenient levels in the 
presence of substrate and still maintain a suitable excess of 
inhibitor. 

Finally, the difficulty which arises when the substrate 
does not adequately protect the esterase from further 
inhibition does not occur with tho present method. 

The present theory assumes that the inhibition reaction 
is purely bimolecular and that intermediate reactions are 
insignificant. Subsequent work has extended the present 
theory to include intermediate reactions. A full account 
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Fig. 1. Reproduction of a progress curve showing inhibition in the 
presence of substrate and tangents drawn to the curve from which (4) 
the bimolecular rate constant may be calculated. The figure was drawn 
from an original obtained on a radiometer pH-stat. The enzyme was 
purified bovine erythrocyte acetylcholinesterase, the substrate was 
5 mM phenyl acetate and the inhibitor was 1x10-° M DFP. The k; at 
t=§ min was 1:58 x 10% and até = 10 min 1-63 x 10° moles 1. min- 


will be published shortly. Until the present procedure is 
more widely tested, it should be checked against the older 
method which may be preferred for many routine purposes. 

However, the equation developed in the present work. 
which includes the effect of substrate on the rate of 
inhibition, should add a necessary element of confidence 
to determinations made by the earlier method of Aldridge!. 

The present procedure was compared experimentally 
with Aldridge’s method using di-isopropyl phosphor- 
fluoridate (DFP) as inhibitor and purified bovine erythro- 
cyte acetylcholinesterase. For convenience the method 
of Aldridge! will be called ‘procedure A’ and that de- 
scribed in the present work will be called ‘procedure B’. 
This comparison served to test the validity of equation (8) 
and gave some idea of the comparative precision of tho 
two methods. 

Activities were measured on a radiometer pH-stat at 
37°, pH 7-6, in an essentially salt-free medium. On the 
radiometer pH-stat, the time scale was 1 min = 1 cm 
and the hydrolysis scale was 1 umole = 2:5 cem. Enzyme 
substrate concentrations were selected to give initial 
velocities of about 0-4 umoles/min. 

With procedure A, the DFP and esterase were incubated 
together at 37°, pH 7-6, in a 2-5 mM sodium phosphate 
buffer before being added to 3 mM acetylcholine substrate. 
The Km of acetylcholine was 1:05 + 0:18 x 195 M and 
(1 — a) was 3-6 x 10-3. The DFP was diluted fifty-fold 
when added to the acetylcholine to a concentration of 
3-3 x 10-8 M. Inhibition under these conditions was 
calculated and found to be negligible. 

With procedure B, phenylacetate was used as substrate, 
and its Km was 6-67 + 0-10 x 10-4 M. The F max values 
for acetylcholine and phenyl acetate were comparable 
(80 and 77 respectively in arbitrary units). The results 


Table 1. COMPARISON OF THE BIMOLEOULAR RATE CONSTANT OBTAINED BY 

‘Two METHODS FOR THE REACTION OF DFP AND ACETYLOHOLINESTHRASE. 

THE RATE CONSTANTS WERE DETERMINED BY INHIBITION IN THE PRESENCE 

OF SUBSTRATE BY ONE METHOD AND BY INHIBITION WITHOUT SUBSTRATE 
BY THE OTHER (pH 7-6, 37°) 


Phenyl acetate DFP ki 
(mM) M) (moles-! I. min?) < 108 
k; (inhibition in the presence of phenyl acetate substrate, procedure B) 
5 2x10 1-66 
5 1x10“ 1:61 
5 1x10- 1-55 
2 6x10- 1-68 
2 2x10-° 1-50 
2 1x10- 1-44 
1 6-6 x10-* 1-37 
1 2-66 x10-* 1:37 
K 1 1 10-* 1-58 
k; Guhibition with no substrate present, procedure A} 
1°66 x10-* 1-49 
8:3 x10~? 1-39 
8:3 x10-7 1-57 
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are given in Table 1, and the two procedures gave (1) 
values which were considered to be in good agreement. 

Acetylcholine was also used with procedure B and gave 
comparable results. The acetylcholine substrate concen- 
trations then used were 1 and 3 mM and the DFP con- 
centrations were between 0-1 and 0-02 mM. 
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LETHAL EFFECT OF INDOLYL-3-ACETIC ACID ETHYL ESTER AND PROTECTIVE 
EFFECT OF INDOLYL-3-ACETIC ACID ON FREE CELLS OF 
THE EHRLICH ASCITES CARCINOMA 


By Dr. R. D. SCHULTZ and Dr. D. NORMAN 


North American Aviation, Inc., Space and Information Systems Division, Downey, California 


AUTHERET? has suggested that the induction of 
tumours in plant tissue is attributable to an intensi- 
fication of the ability of the cells to synthesize the auxins 
that are essential factors in cell multiplication. Thus, 
the activated cells become capable of multiplying in 
normal plant tissues, even when these tissues are normally 
poor in auxin. Gautheret’s point of view may apply to 
animal as well as plant cancer. Accordingly, we ara 
investigating the effect of the plant growth regulator, 
indolyl-3-acetic acid (LAA) and its ethyl ester IAAEE) 
on, the Ehrlich ascites carcinoma in vivo and in vitro. In 
this article, some of our in vitro results are summarized. 
Free ascites tumour cells were collected from male 
Webster white Swiss mice, 18-22 g initial body-weight, 
at 6-10 days post-transplantation, by drainage of the 
ascitic fluid from the abdominal cavity. One ml. of this 
fluid, which contained about 3 x 108 free tumour cells/ml., 
was diluted with 10 ml. Krebs-Ringer phosphate solution, 
pH 6-8, containing glucose (1 mg/ml.). A 3-5 ml. aliquot 
of this intermediate mixture was diluted with an equal 
volume of the Krebs-Ringer phosphate-glucose solution 
in which the relatively insoluble IAAEKE (1 mg/ml.) was 
suspended with gum arabic (1 mg/ml.). Each ascites 
tumour was used as its own control in that the tumour 
fluid was diluted to the same final cell suspension mixture, 
including gum arabic, but without IAAEE or IAA. 
Incubations were carried out in glass-stoppered 50 ml. 
Erlenmeyer flasks for a maximum of 6 h at 36° C or 20h 
at 22° C without shaking. The cell suspensions were 
sampled at various time intervals, and free tumour cell 
counts were made in triplicate immediately following 
appropriate dilution in Tyrode-eosin solution. Total cell 
counts and stained cell counts were made. The stained 
colls wero considered to represent dead cells*.?. 

he results show a rather impressive lethal effect of 
IAAEE on the free ascites carcinoma cells, such that 
100 per cent mortality was observed at various time 
intervals depending on the sensitivity of the tumour to 
this agent, whereas the controls exhibited little or no 
death during tho same period of incubation (Fig. 1). In 
contrast to this, when incubation periods were extended 
such that death of control cells occurred up to levels of 
38 per cent, the same cell populations exposed to IAA 
show mortality of only 10-15 per cent (Fig. 2). In this 
manner a protective effect of IAA on the survival of free 
Ehrlich ascites carcinoma cells could be repeatedly 
demonstrated at both incubation temperatures. 

The variation from mouse to mouse in the sensitivity 
of tumour cell population to IAAEE is shown in Fig. 3. 
Curves W, X, Y and Z represent the response of tumour 
cells from each of four animals. At an incubation time 
of 1-5 h, a variation in initial kill from 10 to 74 per cent 
was obtained, whereas cell survival values for the in- 
dividual controls were identical at all time periods. In 
contrast, the absence of any lethal effect from TAA can 
be seen from Fig. 3, up to a 4-h period. Beyond this time, 
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Fig. 1. Lethal effect of a suspension of indoly)-3-acetic acid ethy] estor 
on free cells of an Ehrlich ascites carcinoma in vitro at 22° C 


death of untreated tumour cells progresses to a point 
where at 6 h some 64 per cent mortality has occurred 
compared. with only 12 per cent of the IAA-treated cells. 
This marked increase in surviving cells in the presence of 
TAA as compared with the same untreated cell population 
is readily observable on microscopic examination. 

A dose-response curve is plotted in Fig. 4, which shows 
the effect of concentration of gum-suspended IAAEE on 
tumour cell survival at 22° ©. A reduction in TAAEE 
concentration to one-fifth of that routinely used decreases 
the percentage kill in one of the tumours from a value of 
about 98 per cent in 20 h to a value of 60 per cont. 

We aro attempting to obtain sufficient data to relate 
these in vitro observations to the results of Apficl* and 
Apffel, Tregier and Homburger®, who reported an in vivo 
carcinostatic action of methyl esters of certain synthetic 
auxins such as 2,5-dichlorophenoxyacetic acid and 
2,3,4,5-tetrachlorophenoxyacetic acid. Originally. how- 
ever, our research was prompted by a hypothesis® that 
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Fig. 2. Differential effects of 0-5 mg/ml. suspensions of indolyl-3-acetic 


nok and indolyl-8-acetic acid ethyl ester on the survival of free cells of an 
Ehrlich ascites carcinoma in vitre at 22° C 
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Fig. 3. Variation in the sensitivity of free Ehrlich ascites carcinoma 

cells from different mice (W, X, Y, Z) to 05 mg/ml. suspensions of 

indolyl-3-acetic acid ethyl ester in vitro at 36° C. Protective effect of 

indolyl-3-acetic acid, under similar conditions, for tumour cells from 
mouse 


considers mammalian cancer to be a manifestation of a 
deranged tryptophan metabolism, by which the cancer 
cell produces an endogenous primary carcinogen (that is, 
a pyrido [3,2-a] phenazoxonium dye or proximate com- 
pound) via the condensation of 3-hydroxykynurenine and 
o-aminophenol. The primary carcinogen is postulated to 
attach itself to a flavoprotein enzyme (possibly in the 
mitochondrial respiratory chain) and, there, to serve as a 
semiconducting, unnatural, active site for the decarboxyl- 
ation of tryptophan to tryptamine. Subsequent oxidation 
of the tryptamine would maintain carcinogenic levels of 
IAA within the cancer cell. 
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Fig. 4. Lethal effect, as a function of dose, of suspensions of indolyl-3- 
acetic acid ethyl ester acting on free cells of an Ehrlich ascites carcinoma, 
after incubation at 22° C for 20 h 


We thank Dr. H. C. Bergman for advice and assistance 
in setting up the procedures for preparation and counting 
of the tumour cell suspensions. We also thank Dr. E. R. 
van Driest, Toby Freedman, and Dr. M. D. Schwartz for 
their encouragement of this research. 
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ANTICOMPLEMENT (ANTI-C') ANTI-GLOBULIN REAGENTS 
By Dr. F. STRATTON and Dr. H. H. GUNSON 


National Blood Transfusion Service, Roby Street, Manchester, | 


A directed specifically against complement 

components have been known since the work of 
McKee and Jeter!, who prepared them by injecting into 
animals specific precipitates which had been exposed to 
complement, and the experiments of Ellis and Gell?, who 
used an antigen comprising potato protein and its corre- 
sponding antibody coated with human complement. 
The latter workers found that two anti-8-globulins (one 
in high titre), an anti-«,-glycoprotein and anti-y-globulin 
were produced. Anticomplement antiglobulin sera were 
prepared by Orjasaeter® by injecting rabbits with human 
red cells coated with human antibodies (anti-Le* or Leb) 
which had been allowed to fix complement. These latter 
sere, however, have a very high titre of antibodies against 
normal human red cells, making it difficult to use them for 
testing sensitized human erythrocytes, although they are 
suitable for analysis by gel diffusion. 

Three groups of workers‘-®, using slightly different 
methods, investigated the nature of the reaction between 
anticomplement antiglobulin sera and sensitized cells 
(HAC’)* and all concluded that the anticomplement 
antiglobulin sera reacted with the fourth component of 
complement (0'4). However, Klein and Burkholder’ 
pointed out that an additional agglutinogen was involved 
which they found to be distinct from C’4 and it exhibited 
properties most like those characteristic of C’3. In 
this regard, it is interesting to direct attention to the 
protein Bic described by Miiller-Eberhard and Nilsson’, 
which possesses certain properties of the third com- 
ponent of complement. B ,c-globulin can be demonstrated 


* E, erythrocyte; Hu#, human erythrocyte; RabE, rabbit erythrocyte; 
A, antibody In human serum; C’, complement of human origin. 


immuno-electrophoretically in freshly taken serum. 
Storage of the serum, particularly at 37° C, or absorp- 
tion with zymosen or antigen-antibody aggregates, 
leads to a conversion of this globulin to one which 
migrates more rapidly and the latter is called Ba. Müller- 
Eberhard! has isolated pure B,c-globulin and has shown 
that it is the active, and 8,4 the inactive, form of a C’3 
factor. Moreover, he demonstrated that a certain amount 
of O’3 is fixed when serum reacts immune aggregates. 
Immuno-electrophoresis of human serum against anti-8,c¢ 
showed a close similarity with the major precipitin line 
obtained with the anticomplement antiglobulin serum of 
Ellis and Gell?. 

The purpose of this article is to describe the preparation 
of anticomplement antiglobulin reagents using sensitized 
red cells as the antigen and to examine the antibodies 
present in the antisera so produced. The antiglobulin 
sera, were prepared by two methods, namely: (1) A modi- 
fication of the method of Milgrom and Dubiski®. The 
rabbit’s own red cells were coated with human antibody 
present in normal human serum and human complement, 
that is, Rab#AC’, and then re-injected into the same 
rabbit. (2) Rabbits were injected with human erythro- 
cytes sensitized with anti-Le% in the presence of comple- 
ment, that is, HuHAC’, according to the method of 
Örjasaeter?. 

The antisera produced during the early stages of im- 
munization by both method 1 and method 2 contain one 
major component by immuno-electrophoresis against 
freshly taken human serum (Fig. 1). It can be seen that 
the pattern given by these antisera is identical. Three 
antisera prepared by method 1, and two by method 2 (one 
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Fig. 1. Immuno-electrophoresis of fresh normal human serum against 
anti-C’ prepared by method 1 (upper trough) and anti-C’ prepared by 
method 2 (lower trough) 


of these kindly presented by Dr. Orjasaeter) were com- 
pared with anti-6,¢ (kindly provided by Dr. Müller- 
Eberhard) by gel diffusion against freshly taken human 
serum (Fig. 2). It is evident that the band produced by 
anti-8,c joins with the bands produced by the other 
antisera although it should be noted that some antisera 
have produced more than one band (vide infra). 

Using method 1, prolonged immunization resulted in the 
production of five antibodies—anti-y,, anti-y., two anti-B, 
antibodies and an anti-«, antibody—although these were 
not present in all antisera after the same degree of im- 
munization. Fig. 3 shows the immuno-electrophoretic 
pattern obtained with an antiserum prepared by method 1 
after early and late immunization, against undiluted 
freshly taken human serum. Jt can be seen that in early 
immunization the band representing B,c-G,4 is the only 
one present, whereas after more prolonged immunization,. 
in addition to this band there is an are representing 
another B, -globulin and ares representing ys and y- 
globulins. Using this antiglobulin serum against undiluted 
freshly collected serum it can be seen that a band repre- 
senting 8,4-globulin was found. When the human serum 
was diluted 1 in 2 with physiological saline the band 
representing Bic was formed but not the band repre- 
senting 6,4. This may indicate that freshly collected 
serum contains small quantities of 8,4-globulin or it may 
be that a conversion of part of the Bc to Bia occurs during 
the electrophoresis in agar since it is known that agar 
reacts like zymosan in producing this change’. 

-~The components of a second antiserum, prepared by 
method 1 after a short course of injections, are shown in 
Fig. 4, after testing against freshly taken serum and the 





Fig. 2. Comparison of the precipitation lines produced in agar gel by 

anti-C’ prepared by method 1 after early immunization (4), antl-Sic. 

provided by Dr, Mailler-Eberhard {B}, anti-C’ prepared by method 2 (C), 

anti-C’ provided by Dr. Orjasaeter (D), and anti-C’ prepared by method 

1 after prolonged Immunization (E and F} against freshly taken normal 
human serum (FS) 
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same serum stored at 4° C for approximately one month. 
It is evident that in addition to the Byc-14 bands and the 
faint arc representing a second 6,-globulin, a band repre- 
senting an «y-globulin is present on the pattern developed 
against stored serum but not against fresh serum. At 
this stage of immunization with this antiserum no y-globu- 
lin bands were present. Tho band in the a, region was 
also found when freshly taken serum, which had been 
absorbed with zymosan at 37° C or with antigen-antibody 
aggregates, was used as the antigen. Therefore, using 
this particular antiserum, it is possible to show that 
ageing of serum or absorption of fresh serum with the 
above substances not only leads to the change of Bic to 
Bia (ref. 7) but also to the appearance of an «,-globulin. 
It is interesting to note that all the sera in which the 
&-globulin is detectable have anticomplementary proper- 
ties. Pensky et al." have shown that O'l inhibitor is a 
labile «,-globulin and investigations are proceeding to 
try to determine the relationship between this protein 
and the anti-x, band referred to here. This second 
antiserum, produced by method 1, differed from others 
by reason of its strong anti-«, component and the reason 
for this is being sought. 





Fig. 3. Immuno-electrophoresis of freshly taken normal human serum 

against anti-C’ prepared by method 1 after early immunization of the 

rabbit (upper trough) and anti-C’ prepared by method 1 after prolonged 
immunization of the rabbit (lower trough) 


The antisera, produced by the methods we have 
described, were prepared in order to find out whether they 
would be useful in detecting the fixation of complement 
by blood group antibodies. It should be remembered that 
a system involving the agglutination of Hu#AC’ by anti- 
globulin reagents is more sensitive than immuno-electro- 
phoretic techniques, so that antibodies may bo present 
in these antisera, other than those demonstrated by 
immuno-electrophoresis. Such unknown components 
may be involved in the agglutination of HAC’ by these 
anticomplement antiglobulin sera. In view of this, even 
though a pure anti-6,c (provided by Dr. Miiller-Eberhard) 
will agglutinate certain examples of EAC’, it would be 
unwise in the present state of our knowledge to use 
anti-B,c alone as an anticomplement antiglobulin reagent 
for practical work. It is clear, however, that anti-B,c is 
a principal component of the anticomplement antiglobulin 
sera which we have prepared, all of which react strongly 
with Hu#AC’ prepared using blood group antibodies of 
many specificities. 





Fig. 4. Immuno-electrophoresis of freshly taken normal human serum 
(FS) and stored human serum (SS) against anti-C’ prepared by method 1 


Attention is directed to method 1 as a good means of 
producing anticomplement antiglobulin serum. In the 
early stage of immunization of the animal a serum is 
produced which is, to all intents and purposes, active 
only as an anti-8,¢ antiserum, as judged by its activities 
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in agar-gel diffusion studies. If immunization is con- 
tinued the serum may be used as an anticomplement 
antiglobulin serum, and if immunization is continued 
longer still, then the titres of anti-y, and anti-y, may rise 
to such an extent as to permit the serum to be used as a 
routine antiglobulin reagent. Preliminary experiments 
with method 1 have suggested that if the rabbit’s own 
cells are coated with human antibody alone (RabEA) 
production of anti-y, and anti-y, antibodies is not so rapid 
as when RabE AC” are injected, and this is of some interest 
from the known ability of complement to ‘cement’ or fix 
the antibody to the cell. Prolonged immunization of 
animals using method 2 was not done since hemagglutina- 
tion investigations using these antisera are difficult owing 
to the high titre of anti-human antibodies produced. 
Method 1 is the method of choice. 

Anticomplement components should be present in all 
routine antiglobulin sera used in laboratories as reagents 
for the detection of sensitized human red cells or blood 
group antibodies. Many antiglobulin sera, depending on 
their method of preparation, differ in their components. 
Using method 1, it is possible to produce high-titre anti- 
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complement antiglobulin sera which can be rendered 
specific and used alone, or may be used to fortify other 
routine antiglobulin sera of the same species which may 
lack this particular component. 

Note added in proof. Since this article was submitted, 
further analysis of anti-C’ components of certain anti- 
sera, prepared by method 1, has revealed an additional 
anti-B, antibody, making, in all, two anti-B, anti-6;> and 
anti-x, antibodies. 
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LEWISI-LIKE TRYPANOSOMES IN THE SHORT-TAILED SHREW, 
BLARINA BREVICAUDA 


By Pror. JULIAN J. JAFFE and HENRY M. DOREMUS 


University of Vermont College of Medicine, Burlington 


CCORDING to Davis'!, trypanosomes that closely 
resemble T. lewisi of the rat have been found in 
80-90 species of small mammals, representing more than 
12 different families, having world-wide distribution. Most 
of these forms have been named as distinct species because 
they differ from T. lewisi in certain structural details and, 
more important, because they exhibit apparent host 
specificity. We wish to report the occurrence of T. 
lewist-like trypanosomes in the blood of a species of 
shrews, Blarina brevicauda, not previously shown to 
harbour such parasites, and to describe the structure of 
these forms. 

Fifty-two shrews were live-trapped between July and 
October, 1962. The predominant species found in the 
woodlands of the north-eastern part of the United States, 
including the State of Vermont, is B. brevicauda?. This 
fact was reflected in our census of captured quarry, since 
96 per cent of the shrews trapped were of this type. The 
remaining 4 per cent belonged to the genus Sorex. 
Captured animals were brought into the laboratory within 
24 h and were housed individually in large plastic cages 
containing corn-cob litter (‘San-I-Cel’) and an artificial 
burrow in the shape of a hollow opaque plastic cylinder. 
The room in which the cages were kept was air-conditioned, 
with a constant temperature of 17° C. Lighting was time- 
controlled to approximate natural conditions. Animals 
were fed a basic diet of ‘Ken-L-Ration’ (a commercial 
dog food) which was supplemented occasionally with bits 
of raw beef. Water was available ad libitum. 

Fifty shrews of the species B. brevicauda were examined 
‘for blood parasites. Of these, 30 were males, 20 females. 
All were presumably young adults, weighing 18-25 g. 

The following technique was used for obtaining samples 
of blood for examination: Shrews were anesthetized 
with pentobarbitone sodium, the dose being 1-2 mg per 
20 g of body-weight injected intramuscularly (using a 
27-gauge needle) in a volume of 0:2 mi. Complete 
anesthesia was effected within 3-5 min, and at that time 
a small amount of bleeding was induced by amputating 
the tip of the tail with a scalpel blade. Cover-slip blood 
smears were made which were air-dried, fixed in methyl 


alcohol, stained with Wright’s stain, cleared in xylol and 
mounted in clarite. 

Slides were scored using a Zeiss microscope (model 
GFL) with phase attachment. For each blood samplo, 
approximately 2,000 high-power fields (magnification 500 
times) were scanned to detect the presence of trypano- 
somes. Eight parameters of trypanosomal morphology 
were measured, following the formula described by Davis!: 
the distance from the posterior end to the centre of 
the kinetoplast (P-K); the distance from the centre of the 
kinetoplast to the centre of the nucleus (K-MN); tho 
distance from the centre of the nucleus to the anterior 
end (MN-A); the distance from the anterior end of the 
body to the end of the free flagellum (FLAG); the total 
length—sum of the preceding measurements; body 
width—midway between nucleus and kinetoplast, exclud- 
ing undulating membrane; length and width of the 
nucleus; and length and width of the kinetoplast. It 
should be emphasized here that such measurements can 
only be approximate. First of all, only stained material 
was analysed, and it is known that a certain amount 
of shrinkage occurs in such preparations. Second, 
Romanowsky-type stains yield an enlarged picture of the 
nucleus and kinetoplast. Third, the curvature of the 
trypanosomal body makes precise measurements extremely 
difficult. Measurements were made by means of an ocular 
micrometer using phase contrast, since the images were 
sharper and clearer than was found to be the case using 
ordinary light. To ensure random sampling, 50 trypano- 
somes were measured in sequence as they were encountered 
on the various slides. ` 

Fifty shrews of the species B. brevicauda were trapped 
during July 10-October 5, 1962. AIl were examined for 
evidence of trypanosomes in the blood, and 16 were found 
to be infected. Data concerning the number examined. 
each month, the number and sex of infected shrews, and 
the approximate monthly percentage of infection appear 
in Table 1. It would seem that there were no significant 
differences in either the incidence of infection or the 
susceptibility of the sexes to infection during the period 
of examination. However, it is recognized that this 
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Table 1. NUMBER AND SEX OF Blarina brevicauda FOUND TO BE INFECTED 


WITH TRYPANOSOMES DURING THE PERIOD JULY 10-OCTOBER 5, 1962 

Total No. No. and sex of infected Infected 

Month examined shrews (per cent) 
July 11 3 (2 males, 1 female) 27 
August 17 7 (4 males, 3 females) 41 
September 19 5 (3 males, 2 females) 26 

October 1 (1 male) 

50 16 (10 males, 6 females) 32 


conclusion must necessarily be tentative, since the 
sampled population was small. 

The first 50 trypanosomes encountered were examined 
under oil immersion (magnified 1,125 times). These 
trypanosomes had the following characteristics: (1) The 
total length (from the posterior end to the tip of the 
flagellum) ranged from 23-5 to 34-04, with a moan value 
of 27-94. (2) The bodies were curved, and their width 
(excluding the undulating membrane) ranged from 2-0 to 
3-0u, with a mean value of 2-4u. (3) The membranes were 
distinct, relatively narrow, and usually not deeply 
convoluted. (4) The posterior ends were pointed. (5) The 
kinetoplasts were prominent and were situated, on the 
average, 5-7 from the posterior end. Although their 
shapes varied to include some which appeared spherical, 
the majority were oval or rod-shaped, with an average 
dimension of 1-1 x O8u. (6) Most of the nuclei were 
situated slightly posterior to the middle of the body, but 
in several trypanosomes the nuclei were slightly anterior 
to the midpoint. In general the nuclei were oval, with 
average dimensions of 2:8 x 1-5u. (7) The flagella were free 
and ranged in length from 2-0 to 7-0u, with a mean value 
of 3-74. Photomicrographs of several representative 
trypanosomes appear in Fig. 1, while the mean values of 
8 morphological parameters of 50 trypanosomes, together 
with their standard errors, are listed in Table 2. The 
standard errors of the means were included to give a more 
precise indication of the spread of values in each category, 
assuming normal distribution. 

tly, the natural infection is mild and transient. 

The number of trypanosomes found in the blood of almost 
all the shrews was quite low. However, in two shrews, one 
trapped in late ber, the other in early October, the 
number of blood-forms was dramatically higher. Con- 
sequently, the course of parasitw@mia was followed in these 
by weekly hematological examination. In both 

cases, trypanosome numbers dropped sharply from the 
original values of 20 and 15 per 1,000 high-power fields, 
respectively, to 5 per 1,000 high-power fields one week 
later, and to undetectable levels by the end of a fortnight. 
All infected shrews appeared healthy, and did not develop 
any pathological sequel traceable to the trypanosomes. 

Several attempts were made in the laboratory to infect 
mice with s isolated from B. brevicauda, but 
these attempts were unsuccessful. 

Except for the position of the nucleus, the general 
morphology of the trypanosomes found in B. brevicauda 
resembles that of 7'. lewisi. Both forms share the following 
features: (1) over-all length of 25-30u; (2) a curved body 
with a pointed posterior end and a rather prominent froe 
flagellum; (3) a kinetoplast which is not terminal; (4) an 
undulating mombrane which is usually not deeply 
convoluted. So far as the position of the nucleus is 
concerned, the trypanosome of B. brevicauda more closely 
resembles the lewisi-like mes found in a number 
of wild mammals'“, in that generally the nucleus is more 
centrally located than the nucleus of T. lewisi, which is 
situated in the anterior third of the body. 
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Fig. 1. 
From 


Typical posomes found in the blood of B. 
Mioa py stainod with Wright's stain (x e, 885) 


In addition to morphological similarities, the trypano- 
somo of B. brevicauda appears to resemble lewisi-liko 
trypanosomes of other wild mammals in that they most 
often occur in small numbers in the hosts’ blood, produce 
mild and transient infections, and apparently (although 
this fact must be more thoroughly established) show host 
specificity. These characteristics provide justification, in 
our opinion, to categorizo the trypanosome of B. brevicauda 
as lewisi-like. 


Table 2. MEAN VALUES (MICRONS) AND STANDARD ERRORS OF EIGHT PARAMETERS OF TRYPANOSOMAL MORPHOLOGY: BASED ON MEAS REMWENTS op 
FIFTY INDIVIDUALS 


K-MN 
63 + 0-2 


Total length 
27-9 + 03 


P-K 
57 + 0-2 


MN-A 
12:2 + 02 


P-K, distance from 
centre of nucleus to 
excluding undulating membrane. 


jor end to centre of kinetoplast; K-MN, 


Length and width 
Ki 


FLAG Width Nucleus 
87 + O1 24 + 0-03 28 + 01 1-1 + 002 
15 + 004 0:8 + OOF 


from centre of kinetoplast to centre of nucleus; MN-A, rinos fom 
nucleus and 


distance 
rend; FLAG, distance from anterior end to tip of flagellum, Width, width of body midway between 
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Finally, agrecing pith Davis’ 8 strictures agaiat prens 


ture naming of new species based on few measurements 
and experiments, we wish to limit our report to the 


statement that trypanosomes, apparently belonging to 
tholewisi group, have been found in the short-tailed shrew, 
Blarina brevicauda. Further work must be done to 
establish the degree of host specificity and to determine 
the mode of transmission and other details of the life- 
history before the final status of this protozoan can be 
ascribed with certainty. 
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POTASSIUM AVAILABILITY TO PLANTS 
By D. J. EAGLE 


Ministry of Agriculture, Fisheries and Food, National Agricultural Advisory Service, 
West Midland Region, Wolverhampton 


HE ‘exchangeable potassium’ content of soils, by 
| which is meant the amount readily extracted by a con- 
~ contrated solution of a salt such as ammonium acetate and 

‘assumed to be adsorbed in the form of potassium ions, 

has for some years been recognized as a useful index of 
availability of potassium to plants although anomalies do 
oecur. It has been shown by numerous workers’~* that 
“on continuous cropping perennial plants ean extract from 
-most soils much more potassium than is in the ‘exchange- 
able form’. It has also been shown that soils tend towards 
an equilibrium"? level of exchangeable potassium by plant 
uptake, by fixation of potassium by the soil minerals or 
by release of non-exchangeable potassium from the soil 
iene but the nature of the equilibrium is not under- 

sto l 

In this article ‘exchangeable potassium’ refers to the 
amount, removed by complete extraction with normal 
ammonium acetate. The term ‘non-exchangeable potas- 
sium’ refers to potassium held or fixed by the soil minerals 
and not extractable by normal ammonium acetate solution. 


Current Views on Availability of Potassium 


It appears to be generally accepted that there is an 
. equilibrium between water-soluble potassium, exchange- 
able potassium and non-exchangeable potassium: non- 
exchangeable potassium = exchangeable potassium = 
water-soluble potassium. When plants absorb water- 
soluble potassium it is believed that the water-soluble 
pool is rapidly replenished from the exchangeable fraction 
which is in turn much more slowly replenished from the 
non-exchangeable formst, The exchangeable fraction. 
then, is generally regarded as the primary source of 
potassium to plants®, although evidence was recently 
advanced suggesting that a considerable amount of non- 
exchangeable potassium is taken up, even by annual 
crops’. 

It-has been found in experiments on sandy soils in the 
West Midlands, carried out by the National Agricultural 
Advisory Service of England and Wales, that potatoes 
do not respond to potassium fertilizor when the exchange- 
able potassium in the top-soil is more than about 600 Ib./ 
acre: A erop of potatoes will require around 170 Ib./acre 
of potassium, so if the exchangeable potassium is the 

available source to plants it must be assumed. either that 
a potato. roots forage for and extract all the exchangeable 
-potassium from about 30 per cent of the surface soil or, 
if the rooting is not sufficiently extensive to do this, that 
potassium i is sufficiontly mobile in the soil for 30 per cent 
of it to be extracted by potato roots. Another possibility 
is that appreciable amounts of potassium are absorbed 
from the sub-soil, but this seems unlikely in a shallow 
rooting crop. 

The first assumption, that all the exchangeable potas- 
sium is extracted from 30 per cent of the soil. is at variance 


“ with the findings of Wiersum’ based on the investigations: 


of several workers. Most. estimates of the fraction of the 
soil fully utilized by roots, by which is meant the fraction 
of the soil from which all adsorbed nutrients could be 
absorbed, were less or considerably less than 6 per cent, 


The second assumption, that rooting is not very extensive __ : : 
and exchangeable potassium is sufficiently mobile in the — 


soil for 30 per cent of it to be extracted by potato roots, 
would require exchangeable potassium to be nearly as 
mobile as the completely water-soluble nitrate. Since 
most evidence suggests** that potassium is an immobile 
nutrient this assumption is untenable. 

It was shown by Matthews and Smith’ that the rate of- 
release of non-exchangeable potassium to percolating 
water from the majority of soils studied was as much as 
one-quarter of the rate of release of exchangeable potas- 
sium to percolating water. Hence there appears to be no 
reason to believe that the rate of release of non-exchange- 
able potassium to plants is very much less than that of 


exchangeable potassium. So if plant roots can only reach a = o. a 


small proportion of the exchangeable potassium in. the 
soil, which follows from Wiersum’s’ conclusions, it is 
reasonable to suppose that a considerable part of the 
plant’s requirements could be extracted from the non- 
exchangeable form. 


A Theory on Availability of Soil Potassium 


On the basis of these considerations it is suggested that 
under normal conditions plant roots extract potassium via 
the soil solution from both exchangeable and non-ex- 
changeable forms. Only a small fraction of the total 
volume of surface soil is fully utilized by roots and the 
non-exchangeable form is at least as important as the 
exchangeable. When the water-soluble fraction of potas- 
sium is depleted, through uptake by plants, it will be 
directly replenished from both the exchangeable and the 
non-exchangeable forms. So the water-soluble fraction is 
in direct equilibrium with both the exchangeable and the 
non-exchangeable forms of potassium: 


non-exchangeable potassium = water-soluble potassium 
= exchangeable potassium 


Henee the concentration of potassium in the soil 
solution at equilibrium will be controlled by the potassium- 
releasing potential of the soil minerals which in turn will 
be affected by the history of cropping and fertilization, 
It also follows that the level of exchangeable potassium 
will be determined by the equilibrium concentration. of 
potassium. in the soil solution and the capacity.of the 


soil to adsorb potassium ions, that is, the cation exchange 


eapacity. The exchangeable potassium-level could become 
higher than that determined by the equilibrium concentra- 
tion of the sailsolution if, due to heavy fertilization. the 
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Fig. 1. pene between organic matter content and exchangeable 
potassi um of ty Bromyard silt loam soi , Exchangeable pot- 
un ii at-water treatment? O, sidianorabte potassiwnt 
i poat- water treatment; ~e-, exchangeable potassium 

lecreased by peat- -water treatment 


cing aperit of the soil minerals became 
Under such conditions of high exchangeable 
otassium- level the exchangeable form is likely to be more 
aportant that the non-exchangeable. 
“Phe most important potassium-releasing mineral in 
= aois is illitic clay*.. It is common experience that in 
general the higher the clay content of a soil the higher is 
its potassium status, as judged by response of the plant, 
“and the higher is the level of exchangeable potassium. 
_ This is consistent with the proposed thoory since the level 
of exchangeable potassium will depend partly on the 
-cation exchange capacity of the soil, which is mainly due 
_ to the clay content, as well as the potassium-releasing 
potential ofthe clay. | 
According to the proposed theory both the exchange- 
ble and non-exchangeable forms are in direct equilibrium 
the wator-soluble fraction so there should be a relation 
between exchangeable potassium and potential release of 
non-exchangeable potassium. However, the relation 
between potassium-releasing potential of the clay and 
cation exchange capacity is unlikely to be similar for all 
-> Boils, particularly since cation-exchange capacity is 
affected by the soil organic matter content. The fraction 
-of the total volume of soil utilized by plant roots is likely 
to vary considerably with texture, aggregation and hence 
> organic matter content. It follows that if the fraction of 
- the soil utilized varies from soil to soil the fraction of the 
exchangeable potassium accessible to roots will vary from 
> soil to-soil and hence the relative importance of exchange- 
able and non-exchangeable forms may also vary. Also, 
the exchangeable form is likely to become more important 
on soils heavily fertilized with potassium. The fact that 
the: exchangeable potassium-level in the soil is not a 
completely reliable measure of potassium status can thus 
be readily explained. 
-o Tt was suggested by Woodruff" that the change in free 
energy when “exchangeable potassium is replaced by 
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calcium might be a more satiafacto: 
sium status than the exchangeah! 
This suggestion presupposes. howev 
most of the potassium they require fr 
able form. If the plant roots only ob 
potassium required from the exchangeab. 
only part of it is accessible, and havc 
remainder from the non-exchangeable ; forn 
free energy when potassium is removed - 
should also be taken into account. 
It follows from the arguments. pr 
exchangeable potassium content of soils is 
the best available measure of soil pote 2 
it is possible to assess the relative impo 
exchangeable and non-exchangeable 1o 
determine whether this relative importance vari 
soils’. Also, information is needed on the: 
between soils of the volume of soil fully utilized 


oF 


Relation Between Exchangeable Potassium and Organic 
Matter Content of Uniform Soils 


According to the second part of the theory propose: 
this article the level of exchangeable potassium i 
depends on the potassium-releasing potential of th 
minerals and the cation exchange capacity of 
Organic matter contributes to the cation exchan, 
of soils, so on similar soils of similar texture 
origin the cation exchange capacity will be 
lated with the organic matter content. 
theory were correct the level of exchan 
should be correlated with the organic matte 
such soils providing fertilizer usage has not been e 
This was found to be true for two. soil types i 
samples of which were collected, in a survey cs 
by the National Agricultural Advisory Servi 
pare the productivity of the two soils. For 
soil samples of Bromyard silt loam taken from ff 
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fields the coefficient of correlation between exchangeable 
potassium content and organie matter content was 0-733 
(significant at the 0-01 level) and for thirty-one topsoil 
amples of Munslow silt loam taken. from sixteen fields 
the coefficient of correlation was 0-605 (significant at the 
0-01 level). Each field was under different management 
and fertilizer usage varied from very little on some 
fields to moderate amounts on others. This quite high 
correlation is consistent with the proposed theory. 


Effect on Exchangeable Potassium Levels of Addition 
of Peat 


5. per cont by weight of finely ground peat was 
thoroughly mixed with a number of topsoil and subsoil 
samples of Bromyard silt loam and Munslow silt loam. 
Sufficient distilled water was added to just saturate each 
mixture which was then allowed to stand at room tempera- 
ture for two days. Before grinding the peat was limed to 
pH 7-0. leached free of exchangeable potassium with 
calcium nitrate solution and then leached free of nitrate 
with distilled water. 

After standing for two days each mixture of soil and 
peat was dried, ground and tested for exchangeable 
potassium. It was found that the exchangeable potas- 
sium content of sixteen soils increased, the increases 
ranging from 20 to 100 per cont. The exchangeable 
potassium content of eight soils was unchanged. The 
exchangeable potassium content of one soil decreased. 
presumably by fixation. 








The original organic matter contents and original ox- 
changeable potassium contents of the soils are. shown in 
Figs. 1 and 2 together with the effects on exchangeable 
potassium content of the peat treatment. described here. 
The soils the exchangeable potassium contents of which 
increased tended to have a lower exchangeable potassium : 
organic matter ratio than those the exchangeable potas- 
sium contents of which were unchanged. The soil which 
fixed potassium had the highest exchangeable potassium : 
organic matter ratio. 

These results strongly support the proposed theory 
since the exchangeable potassium contents of most soils 
were increased by addition of peat which merely increased 
the cation exchange capacity of the soils. Moreover, 
since the changes took place in as short a time as two days 
the release of non-exchangeable potassium must be quite 
rapid. The soils the exchangeable potassium contents of 
which did not increase all had high initial levels, relative 
to organic matter, presumably due to recent potassium 
additions which had not yet reached equilibrium with the 
clay. 
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EXPERIMENTAL INVESTIGATIONS OF FLORAL MORPHOGENESIS IN 
PETASITES HYBRIDUS 


By Pror. C. W. WARDLAW 


Department of Botany, University of Manchester 


URING recent years, in an investigation of the 
perennial species Petasites hybridus (L.) Gaertn., 
Mey. and Sherb., throughout its annual cycle, I have 
observed the normal course of development in both the 
vegetative and reproductive phases as an essential pre- 
liminary to experimental investigations of floral morpho- 
genesis. In such investigations one must use shoot apices 
which are about to enter, or have just entered, on the 
phase of transition to flowering. With experience, early 
transition apices can readily be distinguished from vegeta- 
tive apices. In the latter, very young leaf primordia 
occupy large sectors of the periphery of the apical meristem 
and, by tangential growth, soon encircle it entirely. 
With the onset of flowering, that is, during early transition, 
the apical meristem enlarges and the leaf primordia which 
originate near its periphery are conspicuously smaller 
both in relative and actual size and thus occupy progres- 
sively smaller sectors of the meristem. These primordia 
develop into the various small scale-like bracts of the 
compound inflorescence. In brief, there is a transition 
from the large, hirsute, clasping foliage leaves of the 
“vegetative phase to the small, glabrous, non-laminate 
“bracts of the reproductive phase. 
_ In preliminary experiments with P. hybridus and other 
` species of Compositae, it was found that if an early transi- 
tion apex. was bisected, or injured by tho removal of the 
developing involucral bracts, it reverted to the vegetative 
state. This phenomenon was more fully explored in 
considerable series of experiments in 1961 and 1962. 
Early transition apices begin to be available in Cheshire 
and Lancashire from about mid-June. From this time 
onwards, batches of suitable plants were collected at 


frequent intervals, potted in soil, defoliated and their 
apices laid bare. This was continued until late transition, 
when the primordia of numerous bracts and nascent 
capitula were present round. the base of the now con- 
siderably enlarged apex. These batches of apices were 
consistently treated as follows: (1) the meristem was laid 
bare, all bracts and larger bract primordia round the 
apical meristem being excised (controls); (2) apices pre- 
pared as in (1) were either (a) bisected by a vertical 
incision, or (b) punctured at the centre, or (c) isolated from 
adjacent sub-apical tissues by four vertical incisions. 
Each apex was borne on a substantial piece of rhizome 
and rapid growth was usually obtained. In all, nine 
series of apices, with 2-5 apices per treatment, were 
examined between June 31 (when apices were in early 
transition) and July 21 (when apices were in late transi- 
tion), 1961. A further six series were examined in 1962, 
the results being deseribed and exhibited at the meeting 
of the British Association for the Advancement of Science. 
Although the several treatments yielded many interest- 
ing morphogenetic observations, only one major result 
will be considered here. This was that, in all the treat- 
ments and in the several batches, there was an evident 
and conspicuous return to the vegetative condition. 
Primordia which would normally have become small 
glabrous bracts with simple venation, developed as hirsute, 
petiolate, norma] laminate leaves up to 10 em in width. 
Fig. 1 shows the foliar development in the two shoots 
formed from a bisected late transition apex after two 
months. In the earlier series all the apices reverted 
completely to the vegetative state. In later transition 
apices, the outermost bract primordia also developed 
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Fig. 1 


into conspicuous vegetative leaves as in Fig. 1, with 
vegetative buds in their axils; but in many specimens 
a small inflorescence, surrounded by typical small in- 
florescence bracts, was present. Fig. 2 illustrates diagram- 
matically a cross-section of a bisected late transition apex 
with outer, encircling, foliage leaves, central capitula 
primordia and small bracts. In many specimens, including 
later transition apices which had been defoliated but not 
incised in any way, a fragmentation of the large apical 
meristem, with formation of a group of terminal vegetative 
buds or inflorescences, was observed. 

Since the biochemical factors which basically determine 
the transition to flowering are still unknown, no definitive 
interpretation of these reversals of the trend to flowering 
can yet be advanced, although the results obtained could 
be discussed in terms of (a) interruption of the photo- 
periodic induction of the inflorescence by the removal of 
the large foliage leaves; (b) elimination of regulatory 
effects exercised by older foliar organs on younger ones 
and on their axillary buds; (c) modifications in the supply 
of general and moro specifie metabolic substances to the 
apical growing point; (d) growth stimuli proceeding from 
the numerous wounds in the apical region and consequent 
redirection and different utilization of nutrients in that 
region, 

The 1962 experiments were largely concerned with 
possible effects of treatments with gibberellin. A con- 
siderable body of evidence indicates that gibberellins, 
when applied to the still vegetative shoots of many species, 
may promote, or perhaps even induce!, the onset of 
flowering. It was therefore a matter of some interest to 
see if the experimentally induced return of transition 
apices to the vegetative phase, described here, could be 
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Fig. 3 


prevented by applications of gibberellic acid. Accordingly, 
groups of early and of successively later transition apices 
were (a) defoliated, and (b) defoliated and bisected, as 
already described. Of these, some received no further 
treatment (controls), but others in each group were treated 
with 0-01 and 0-001 per cent gibberellic acid solution, 
applied directly to the exposed apex at the rate of one 
drop twice per week for about four weeks. 

The control plants confirmed the findings of the previous 
year. In the plants treated with gibberellic acid the 
following observations were recorded. (1) Some early 
transition apices formed large vegetative leaves only; 
others had leaves with conspicuously broad petioles and 
more or less well-developed inflorescences; these were 
evident externally as conspicuous swellings in the rosette 
of foliage leaf-bases, and were surrounded by large, 
broad, strap-like, glabrous scales. (2) Somewhat more 
advanced transition apices formed fewer vegetative leaves ; 
glabrous, fleshy scale-leaves were conspicuous in many 
specimens and more or less well-developed, sometimes 
fasciated, inflorescences had been formed. (3) Late 
transition apices formed few or no foliage loaves; they 
showed sustained development of the inflorescence and 
elongation of the inflorescence axis (from 4-22 em in 
different specimens), and flowering occurred precociously 
during September instead of the following spring. Fig. 3 
shows the record made on October 9, 1962, of a bisected 
late transition apex, treated with 0-01 per cent gibberellic 
acid. However the effects of gibberellic acid on the induc- 
tion and/or promotion of flowering may eventually be 
interpreted, these observations indicate that this substance 
has important regulative offects on the development of 
both foliar and floral organs of Petasites hybridus if it ia 
applied during tho transition from the vegetative to the 
reproductive phase. 


‘Lang, A., and Reinhard, E., Advances in Chemistry Series, 28, TI (1061). 
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UPTAKE BY THE ROOT AND SUBSEQUENT DISTRIBUTION WITHIN 
THE POTATO PLANT OF STRONTIUM-89 LEACHED FROM 
THE FOLIAGE 


By R. A. MECKLENBURG and Pror. H. B. TUKEY, jun. 


Department of Floriculture and Ornamental Horticulture, Cornell University, Ithaca, New York 


ETABOLITES, including sugars, organie acids 

and amino-acids, aro leached from the leaves of 

plants by rain and mistt?. Metabolites have been leached 

from every plant investigated, which now total more than 
115 diverse species’. 

Materials leached from foliage fall on the soil, and may 

be absorbed by the roots and translocated to aerial 

t. This nutrient recycling is significant in tho redis- 
tribution of fall-out products as the following facts illus- 
trate. Strontium and calcium absorbed by foliage were 
not translocated basipetally from the leaves’. Thus, 
underground plant parts seemingly would be less liable to 
fall-out contamination than would above-ground parts. 
A survey, however, revealed that the strontium-90/ 
calcium ratio in potato tubers (23-3 uyug/g) was higher 
than in tho foliage of leafy spocies of Brassica (14-3 pug/g) 
(ref. 6) ; and when the foliage of potato plants was sprayed 
with strontium-89, the tubers of plants grown out-of-doors 
contained 20 times the amount of this isotope as did the 
tubers of plants grown in the greenhouse. It was suggested 
that foliar leaching influenced this redistribution’. 

Rooted potato sprouts (Solanum tuberosum cv. Katah- 
din) were planted March 10 in polyethylene-lined clay 
pots containing a peat—perlite medium. Nutrients were 

lied regularly. When numerous tuber initials were 
observed (June 28), plants were treated with strontium-89 
as illustrated in Table 1. 

Treatment 1, no radioisotopes applied (controls). 

Treatment 2, 35 ue. of strontium-89 in 7 ml. of water 
sprayed uniformly on the foliage. The roots, root medium, 
and clay pots were protected from contamination by a 
sealed polyethylene bag. After spraying, the polyethylene 
was removed and the root medium was protected by 
absorbent paper. 

Treatment 3, strontium-89 sprayed on the foliage. 
2 h after spraying. the plants with roots still protected 
were misted with atomized distilled water for two 4-h 
periods. Two gallons of radioactive leachate were col- 
lected from each plant and afterwards applied to the roots 
of the same plant. 

Treatment 4, strontium-89 sprayed on the foliage and 
the plants misted. Two gallons of radioactive leachate 
were collected per plant and used in treatment 5. 

Treatment 5, no strontium-89 applied to the foliage. 
Radioactive leachates collected in treatment 4 were used 
to water each plant. Prior to treatment, at least three 
tuber initials per plant were isolated from the surrounding 
medium in a sealed polyethylene bag. Those developing 
tubers were not in direct contact with the radioactive 
leachate used for watering the plants. 

Treatment 6, strontium-89 applied directly to the root 
medium of each plant. 

Treatments 1, 2, 3 and 6 were replicated six times and 
treatments 4 and 5 were replicated 12 times. 

Three weeks after treatment. the plants were gathered 
and separated into foliage, above-ground shoots, and 
tubers of three sizes (>5 cm, 3-5 em, <3 cm diameter). 
The plant tissue was dried. weighed, ashed and analysed 
for radioactivity. 

The results of these experiments are presented in Table 
1. Treatment | established natural radioactivity in the 
tissues. Treatment 2 demonstrated no measurable 


i 
= = 


basipetal movement of the strontium-89 from the foliage 
to the tubers. This is in agreement with the behaviour 
of this isotope in other crops’. Under similar conditions, 
an accumulation of fall-out strontium-90 in tubers 
cannot be attributed to the basipetal movement of 
strontium-90 from the foliage. 

A comparison of treatment 2 with 3 and 4 showed that 
when potato plants with radioactive foliage were misted 
with water for two 4-h periods, approximately one-half 
of the content of strontium-89 in the foliage was removed. 
This illustrated the magnitude of foliar leaching. Leaching 
did not stimulate a basipetal movement of strontium-89 
as there was no accumulation of this isotope in protected 
tubers (treatment 4). 

When radioactive leachate was used for watering the 
plante (treatments 3 and 5) considerable strontium-89 
accumulated both in the tubers and in the above-ground 
stems and foliage. ‘Treatment 5 yielded convincing 
evidence as the only source of radioactive strontium-89 
to the non-radioactive plants was in the leachate from 
treatment 4. 


Table 1. DISTRIBUTION OF STRONTIUM-89 SPRAYED ON THE FOLIAGE OF 
Potato PLANTS (Solanum tuberosum), LEACHED FROM THE FOLIAGE, 
AND THE LEACHATE APPLIED TO THE MEDIUM 


Stems and foliage 
(c.p.m./g dry wt.) 


Treatment Tubers 


82 


4, 786 908 


Darkened areas indicate sites of strontium-89 appia. 

Treatments: Q control; 2) strontium-89 sprayed on follage; (3) stroutium- 
89 searen on fo! i with water mist, and the leachate applied to 
the root medium of the same plant; (4) strontium-89 sprayed on foliage, 
leached with water mist, and a ba Eos medium of 
plants in treatment 5; (6) strontium-89 applied to root medium. 
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Treatment 6 verified that strontium-89 applied directly 
to the root medium was accumulated in both tubers and 
foliage. 

The results indicate that the foliar-leached strontium-89 
was absorbed by the roots and translocated into the 
tubers. In treatment 5, tubers which were isolated from 
the root medium contained 632 c.p.m./g dry weight as 
compared with 498 ¢.p.m./g dry weight in non-isolated 
tubers. Apparently, the amount of strontium-89 absorbed 
ctly by the tubers or the amount of strontium-89 on 
surface of the tubers were of little significance. 
Accumulation of strontium-89 was related directly to 
tuber size, being greatest (per gram dry wt.) in the 
small tubers and smallest (per gram dry wt.) in the large 
tubers. It may be that the smaller tubers were making 
more rapid growth at the time the strontium-89 leachates 
a wore applied than were the larger tubers. However, 
‘dless of the tuber size, the results were identical 
. qualitatively to those in Table 1. 

These experiments demonstrate that strontium-89 
which is deposited on potato foliage is accumulated in 
underground tubers from foliar leaching and root absorp- 
_ tion rather than via basipetal transport from the foliage. 
Tho results with tubers would seem to be applicable to 

other underground storage organs of plants such as beota 
(Beta vulgaris), carrota (Daucus carota), ratabagas (Brassica 
_napobrassica), sweet potatoes (Ipomoea batatas), and 
“turnips (Brassica rapa). It emphasizes that underground 
‘tissues are not immune from fall-out contamination of 
‘strontium-89. 
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The above-ground portions of non-radioactive 
may be contaminated indirectly via Tol 
(treatment 5). Plants and parts of plants 
fall-out (for example, inner and lower k 
beneath the canopy of taller plants, und 
may become contaminated by absor 
radioactive materials. Foliar leac 
opportunity for contamination and reco 
new growth which develops subsequent 
foliar contamination. This would be 
in the case of relatively immobile contamina 
radiostrontium; it would not be so important 
of mobile contaminants such as iodine-131 : 
137. 

Leaching is apparently an offective othoi 
contamination of above-ground plant parts 
decontaminated foliage can become reco 
by absorption of the leached contaminants from 
soil. 

This work was supported by U.S. 
Commission contract AT (30-17-2598. 
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FLUORSPAR MINERALIZATION RELATED TO DECCAN BASALT VOLCANISM. ‘ 
AT AMBA DONGAR, BARODA DISTRICT, INDIA 


By Dr. A. P. SUBRAMANIAM and M. L. PARIMOO 


Geological Survey of India, Poona 


¿N occurrence of fluorspar in the Amba Dongar 
(21° 59’ : 74° 4’; Survey of India Topo sheet 46K/1) 
reserve forest area came to light in the year 1935 during 
road construction in the jungle tract. One of us (A. P. 8.) 
initiated detailed investigations of this area by large-scale 
mapping by plane table late in 1960; diamond drilling 
in the mineralized zones to determine the depths and 
- persistence of fluorspar mineralization is in progress. 
‘Amba Dongar village forms almost the southern limit 
of the Baroda district in Gujarat, bordered to the north 
by the Narmada River. The area under description is 
50 km south of Chhota Udepur and approximately 120 
sir km east-south-east of Baroda. The mineralized tract is 
>xtremely rugged, comprising ridges with steep escarp- 
ments, Handev Dongar A2089 being. the al point 
Shown in the Survey of India Map sheet 46 K/1. The 
_ drainage pattern is closely related to the faults, ‘shears 
and joints of the rock units. The geological column in 
the area is shown in Table 1. 

In the Amba Dongar area Cretaceous sediments com- 
prising arkosic sandstones, caleareous sandstones with 
shale partings, and limestones have been flooded over 
by the Deccan basalts and their pyroclastic facies. Later 
dykes of the same period of voleanism have cut the entire 

“sequence. 
W. T. Blanford', in notable observations on this rather 
|» inaccessible region, considered the Amba Dongar area to be 
-w focus of volcanic eruption. He states: “The porphyry 
and the basalt with quartz fragmonts are, in all probability, 
intrusive; the sandstones are much disturbed, and the 
spot may very possibly have been the site of a volcanic 
- -outburet. The very large proportion of ash beds in the 
“neighbourhood, and the frequent oceurrences of masses of 














Table 1 


Dykes and sills of basic and intermediate. com» 
position; basalt flows of varying textures and 
compositions; pyroclastic rocks, varying from 
ashes to coarse breccias; voleaniclastic breccias 
and tuffs; dykes of crystal tuff, felsite por- 
phyry, dolerite, and miero-gabbro; thin. 
interbasaltic voleaniclastic beds. 


~- unconformipy mererien peat 
Upper Cretachot 


unconformity mm 


Granites and older metasediments of the Cham- Archean 
paner Series carne 





Deccan basalt voles w 
episode (Fa 





Bagh limestones 
Nimar sandstones 





intrusive trap, seem clearly to indicato a contre o 
action, perhaps part of the great volcanic foc 
Rajpeepla hills”. Our detailed mapping reveals an 
circular disposition of the pyroclastic and volean 
rocks, with a central valley, supporting Blanfo: 
ence. The abundance of pyroclastic, voleaniclaat: wd 
flow breccias, agglomerates, ete., the mineralization of 
fluorspar on a large scale in the "sediments beneath the 
voleanies, and the presence of fluorite veins in the upper 
vesicular flows are all features suggestive of an eruptive 
phase of Deccan volcanism at Amba Dongar. 

Fluorspar mineralization is more or less confined to 
those facies of Cretaceous sandstone which were bresciatad 
and sheared prior to and during mineralization. A large 
dyke of felsite porphyry is ‘exposed at the surface. 
Ramifying veins of the same rock are encountered in the 
drill cores in mineralized zones, and they appear 
genetically related to the fluorspar mineralizati 
mineralized rocks are at places silicified wit 
cavities lined by crystalline quartz and 
silica. 
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Fluorite occurs as widespread: disseminations, replace- 
ments in brecciated host rocks, vughs of varying dimen- 
sions, and fracture fillings, which at places are more than 
3m wide. Preferentially intense mineralization is noted 
in the porous facies of calcareous sediments, The vughs 
and veins are composed of cubes of the fluorite of varying 
shades of amber, yellow, blue, green and violet colours 
with translucent and clear varieties occurring in some 
vughs and fracture fillings. Massive milky white fluorite 
and clear, colourless cubes of the mineral are also found 
in some zones. These vughs vary in size from a few cm 
up to 2/3 m and are lined by spectacular aggregates of 
cubes of fluorite set in a fine-grained matrix of the 
mineral, 

‘Many zones of mineralization are brecciated and carry 
relict fragmonts of host rocks. In places massive fluorspar 
veins. are themselves intensively breeciated perhaps due 
to volume. changes or movement during mineralization. 
The fluorspar rocks display colour banding, crustification, 
nodular structures, ete., which aro attributable to factors 
auch as rhythmic variation of concentration of mineraliz- 
ing solutions, variation in host-rock composition and 
changes in physico-chemical conditions during mineral- 
ization, 

These structural characters, as well as the pre- 
dominance of the cube as the crystal form and the 
abundance of secondary silica as vugh fillings and druses 
of quartz, are features consistent with the mineralization 
being due to low-temperature replacement. The geological 
environment and the structural features indicate the 
deposit as a bedded replacement type with concomitant 
fracture fillings of pure fluorspar. The source of the 
fluorine is believed to be the magmatic fluids emanating 
from the magma chamber which supplied the large volume 
of Deccan basalts. The possibility of basaltic magma of 
the character of Deccan basalts containing mineralizing 
solutions which would be deposited in a suitable host rock 

during their eruptive emplacement had not been given 
serious. thought in the past. It would appear that at 
Amba Dongar these conditions have been fulfilled and 
that the minoralizers released during the fumarolic stage 
reacted with the host rocks, forming fluorspar.. Mineral- 
ization has been effected at many loci by volcanic emana- 
tions released along faults and fractures. 

The Amba Dongar fluorspar deposits thus represent the 
first recorded occurrence of a large mineral deposit the gen- 
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esis of which is directly attributable to Deccan volcanism 
in India. Though a few small occurrences of native copper 
have been recorded in Deccan Trap terrain, this discovery 
would point to the necessity of examining the Deccan 
Trav, hitherto believed. to be barren of mineral occur- 
rences of commercial value, for mineral deposits of Jow- 
temperature origin. This does not moan that there would 
be mineralization wherever the Deccan lavas come into 
contact with sediments of appropriate composition. 
Mineralization will probably be confined to zones where 
there has been explosive and fumarolic activity and not 
occur in areas where the lavas were emplaced under 
quiescent conditions. Hence, careful studies will have 
to be made of areas where there are manifestations of 
eruptive voleanism to ascertain the presence of host rock 
environment susceptible to mineralization. According 
to Dr. U. Aswathanarayana of Andhra. University 
(personal communication) lead isotope analysis of a speci- 
men of galena from the Amba Dongar fluorspar rocks gave 
the composition: **Pb, 1; Pb, 19-06; 2°7Pb, 14-563 
208Pb, 38-75. 

He has estimated the upper age limit of mineralization 
based on lead-208/lead-204 ratio to be 150 million years. 
Though there may be a significant maximum error of 
70 million years in a computation using this ratio, Dr. 
Aswathanarayana considers this galena to be unequivoe: | 
ally of a young age. Assuming the Deccan voleanism to 
have been initiated between 80 and 90 million years back, 
the approximate ages of 80 million years (150-70) indicated 
by Dr. Aswathanarayana, definitely places Amba Dongar 
fluorspar mineralization in the Deccan voleanic episode. 

Detailed studies on the petrography of the volcanic 
and voleaniclastic rocks, their interrelationships, the 
mineralogy and paragenesis and geochemistry of the 
fluorspar rocks, and the structural controls of mineraliza- 
tion will be presented in due course on completion of the 
exploration programme. The exploration carried out so 
far indicates that the Amba Dongar deposit will prove a 
good workable deposit of high-grade fluorspar. 

We thank Prof. M. S. Krishnan, director, National 
Geophysical Research Institute, Hyderabad, and Dr. 
James Phemister of H.M. Geological Survey of Great 
Britain for reading the raanuseript. We. also thank 
Dr. U. Aswathanarayana, Andhra University, for data 
on the age based on the lead isotope determinations. 

* Blanford, W. T., Geol. Surv. Ind., Mem., 6 (3), 161 (1869). 


LEAKAGE OF RADIOGENIC ARGON AND STRONTIUM FROM MINERALS 
IN PROTEROZOIC DOLERITES FROM BRITISH GUIANA 


By Dr. I. MCDOUGALL and Da. W. COMPSTON 


Department of Geophysics, Australian National University, Canberra 


AND 


D. D. HAWKES 
Department of Geology, University of Birmingham 


We report: here age measurements by the potassium- 
; argon: and rubidium-strontium methods on six 
“specimens of dolerite from British Guiana. These dolerites 
erop out extensively in northern South America. and were 
emplaced in the folded and metamorphosed basement 
rocks and the overlying. essentially horizontal sediments 
of the Roraima Formation’. This work was undertaken 
to determine the age of intrusion of the dolerite, and to 
place a younger limit on the age of the Roraima Forma- 
tion. Martin-Kaye stated!: “The age of the Roraima 


Formation presents one of the outstanding problems of 
the regional stratigraphy of Northern South America”, 
Estimates as to the age of this formation range from 
Precambrian to Cretaceous’-*; however, the correlation 
of the Roraima Formation with the La Quinta—Giron 
beds of Venezuela and Colombia has been widely accepted’. 
McConnell* recently suggested that the formation is most 
likely Lower Paleozoic to Precambrian. 

The Roraima Formation crops out in British Guiana, 
Venezuela, Brazil and Surinam, and probably covers an 
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area exceeding half a million square miles'*. In British 
Guiana it occurs over an area of about 15,000 square 
‘miles, and is up to 3,000 ft. thick. The formation consists 
of medium to coarse grained, well-indurated sandstone, 
with minor shale, tuff and jasper’. Generally it is hori- 
zontally bedded, although locally it is gently folded. 
~The presence of well-developed eross-bedding and other 
“features are thought to indicate continental deposition? *. 
<The. Roraima Formation unconformably overlies the 
folded Barama and Mazaruni Groups, which consist of 
- metasediments and metavoleanics that have been invaded 
pranite®. 
io dolorites of British Guiana invade the basement 
-and the Roraima Formation and form thick sills, inclined 
_ sheets and major dykes, which crop out over more than 
4,000 squaro miles. Investigations now in progress show 
vat the post-Roraima dolerites (younger basic intrusives*) 
y be divided into two distinct groups known as ‘the 
minor dyke suite’ and the ‘Roraima intrusive suite’. The 
ork recorded here was carried out on rocks from the 
Roraima intrusive suite’ and all discussion refers to these 
dolerites. The British Guiana dolerites form part of a 
- much wider region extending into Venezuela, Brazil, 
_ Surinam and French Guiana, and has been called the 
“Roraima magmatic province’ by Guiamaraes*. Most 
workers. have regarded the dolerites as part of a single 
intrusive suite of probable Mesozoic age’. In Brazil 
< (Pare and Amazonas States) dolerites that intrude Upper 
- Carboniferous sediments were correlated by Guiamaraes 
- with the intrusions in the Roraima Formation. The age 
data. given here show that the “Roraima magmatic prov- 
ince” includes dolerites of more than one age. 
The British Guiana dolerites are typical tholeiites and 
are similar to the Mesozoic dolerites of South Africa, 
Antaretica and Tasmania. The dolerites are unaltered 
ad, except for minor faulting, show no evidence of any 
i rbance or: metamorphism subsequent to their 
emplacement. The specimens used in this investigation 
are from four intrusions froni widely separated localities 
(see appendix). The samples were collected from the 
Lower Kopinang and Kamarang sills, which intrude the 
Roraima Formation, the Tumatumari~Eagle Mountain 
body which oceurs as a dyke in the basement passing up 
into a sill along the unconformity beneath the Roraima 
Formation, and the North-East. Ridge sheet which intrudes 
the basement. The specimens consist essentially of 
plagioclase (mainly Ans An) and pyroxene (ortho- 
pyroxene, pigeonite and augite), and in the more silicic 
differentiates quartz and potassium-feldspar are also 
important constituents. The rocks dated were free of 
‘alteration from weathering and showed virtually no 
deuteric alteration, except for the potassium-feldspar 
“which was commonly slightly turbid. Plagioclase was 
separated from six specimens, pyroxene from five speci- 
mens and potassium-feldspar from two specimens. In 
1 all eases the purity of the mineral concentrates was better 
= than 98 per cent. The pyroxene concentrates consist of 
| varying proportions of the several varieties. 
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For the potassium-argon measurements. Srg was 
determined by isotope dilution and potassium bree 
photometry; a detailed description of the # ; 
given elsewhere??. Both the argon and potassit 
urements are reproducible to better thani 
(Table 1); the aceuracy of the determinations 
to be better than + 2 per cent. Results 
Table 1. The measured ages range from 
m.y, a spread of more than 500 muy. 
strongly suggest that the Roraima Formati 
2,085 + 40 m.y. old, and hence of. Proear 
According to the Precambrian time-scale of the 
Survey of Canada™ this age is Lower Proterozoic 
fore, the underlying Barama and Mazaruni Gr 
be Lower Proterozoic or Archaean. 

On geological grounds it seems unlikely that eny 
ment of dolerite occurred over the long time- 
500 m.y. suggested by the measured potassit 
ages; it is probable that the large spread in age 
least in part, the result of loss of radiogenic argon 
diffusion. The age data clearly show that somo loss 
argon has occurred. Ages measured on plagioclase a 
pyroxene from the same rock differ by from 4 te T} 
cent (Table 1); these differences are greater than the 
experimental error. In two cases the measured pyroxene, 
age is higher than the plagioclase age, and in the o 
three cases it is lower. For the two pyroxenes v 
give the older age it could be argued that ex 
genic argon is present. as was reported in s 
morphic pyroxenes; but it was shown! thay 
emplaced at relatively shallow depths in the | 
ently do not possess excess argon. The pattern 
ages may be related to different rates of argor 
pyroxene relative to plagioclase because of differe: 
degree of exsolution in the pyroxenes. Alterr 






























tiv 
several varieties of pyroxene may have different « 
constants for argon. Further evidence for a pattern g 
of argon is given by the marked difference in measured 
ages from samples 687 and 688, which are from the 
Kamarang sill. Similarly, samples 691 and 692, which 
are from the Tumatumari-Eagle Mountain intrusion, 
yield significantly different ages. As the dolerites are 
extremely fresh and have not been metamorphose) it 
seems likely that the loss of radiogenic argon has occurred 
at low temperatures. probably below 200° C. 

If it is assumed that the dolerites of British Gui 
are consanguineous then these results give a min 
age for their intrusion of 2,085 + 40 m.y. H 
although an argon loss pattern has been demonst 
the potassium-argon data alone do not allow us to doc 
whether emplacement occurred at one time or exter 
over several hundred million years. It may be-sig 
that the oldest measured age of minerals from 
690, 691 and 692 agree at 1,665 + 10 mya per 
indicating that the emplacement of these. part 
dolerites occurred much later than the others. 

Rubidium-strontium measurements were also únder- 
taken on several of the rocks, since the great age of These 











































Table 1. POTASSIUM-ARGON AGE MEASUREMENTS ON BRITISH GUIANA DOLERITES 

= Ses Tab op See T NNE NET E EAEE aes renee Sap toe a ee e 
| Specimen No. Mineral Potassium analyses Average potassium SOAP K Air correction | Calculated age 
| | (wt. %) (wt. %) (%) | 
i a aes a ug : a EE 
| GA 687 (1) | Plagioclase | 0-460, 0-482 0-461 0-1810 23 | 
i (2) | Plagioclase | 0-460, ©4862 | 0-461 0-1834 3-3 i 
| Ga 687 Pyroxene | 0-0569, 0-0578 | 0-0573 01641 56 i 
| GA 688 | Plagioclase 0-443, 0445 | 0-444 0-1705 28 | 
| GA 688 | Pyroxene 0-0707, 00709 0-0708 01604 | 47 | 
| G4 689 (D) | Plagioe O-411, O-414 0:4123 02237 | 1-4 | 
i (2) | Plagioclase 0-411, 0-414 0-4123 0-2216 3-5 | 
| GA 690 Plagioclase 0741, 0741 0741 0-1476 21 | 
| GA G90 | Pyroxene | 0-164, 0-164 0-164 01568 57 l 

GA 691 p> Plagioclase | O418, 0-420 0-419 0-1553 13 H 

GA 891 : Pytoxene | G110, O11 0-110 0:1397 i 3-8 H & 
| GA 692 Plagioclase | 0-659, 0-661 0-660 0-1486 10 | 1,810 
| GA 692 Pyroxene l 0-139. 6-140 i 6-139 0-1567 32 i 1,870 
i 2 L l 





Ar®, Radiogenie component; 2, 5°30 x 10° yr; de, 0-584 x 10 yrè, 
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0. 2 4 6 8 
7Rb/*Sr 
Fig. 1. Rubidium-strontium data on. isochrone 


apparent leakage of radiogenic strontium from. the po 
TR refers to -whole-rock; F refers to potassium-feldspars 


lot. illustrating 
jum-leldspars, 


dolerites suggested that accurately measurable amounts 
of radiogenic strontium may have formed in the potassium- 
feldspars and the moro silicic whole-rock samples. This 
was confirmed by preliminary measurements of the ratio 
rubidium/strontium in a number of samples, using X-ray 
fluorescence. Table 2 lists the samples and the analytical 
data, the latter being plotted in Figs. 1 and 2 as *7Sr/**Sr— 
“"Rb/*Sr co-ordinate points. In this mode of expression 
the points for cooval and cogenotic samples will define a 
straight line (an isochrone") the gradient of which is pro- 
_ portional to the age of the samples and the intercept of 
which on tho strontium-87/strontium-86 axis gives their 
‘Joint initial value for strontium-87/strontium-86. Rubid- 
-lum-87, strontium-87 and strontium-88 were determined 
_ directly by isotope dilution, and strontium-86 by assuming 
. that the value for strontium-88/strontium-86 in the 
samples is 8-340, which is the cumulative mean value for 
the ratio measured on natural strontium in this laboratory. 
For most samples, the value for strontium-87/strontium-86 
was found both by calculation from the isotopic ratios 
of the mixtures of sample and. tracer strontium, and by 
direct. measurement on the sample strontium alone. The 
results of the latter were normalized to the value 8-340 
for strontium-88/strontium-86, which eliminates variable 
mass discrimination and isotopic fractionation. The 
use of a double tracer (strontium-86 and strontium-84) 
likewise permitted correction for mass-spectrometer 
effects so that the average agreement between. the calcul- 
ated and measured values for strontium-87/strontium-86 
was about. 0-2 per cent (Table 2). However, it has been 
our experience that the measured values are the more 
reproducible, and these only are used in the following 
estimates of age. 


Table 2. Rugipium-Srrontiem ANALYTICAL DATA 





Sample Bp.m, ppm SRp/ Sr  *Sr/Br  8Sr/"g 
Rp ee Rb T cale. meas. 
= GA O87 whole-rock 39-6 284-5 486 0-7135 07163 
: : lagigelase 16-9 390 01246 07068 0-7053 
k feldspar 340-6 2573 3-809 0:7950 07936 
(G4 O88 whole-rock -105:4 15£3 1964 0-7552 07538 
<O GA 688 plagioclase: 187 430 0-125 0-7171 0-7056 
< GA 688 pyroxene BOB 24-0 0-369 0-7106 0-7135 

= GA 685 K-feldapar 881-9 145-2 6-575 08577 — 
` GAT680. whole-rock = 17:4 209-5 0-239 OF1IS 07087 


Referring to Fig. 1, the age of the dolerites as defined 
by the whole-rock samples 687 and 688 (both from a 
single intrusion) is about 1,850 m.y., taking the half-life 
of rubidium-87 as 5-0 x 10! years. (Comparisons of 
rubidium-strontium with potassiim-caleium ages for 





very old lepidolites*® are closely consistent with this value: 
for the rubidium half-life. rather than the lower value of 
4:7 x 10! ‘years which is -frequently adopted.) The 
co-ordinate points for plagioclase from sample 687, 
and pyroxene and plagioclase from sample 688 fall very 
close to this isochrone, as does the point for sample 689 
from another body. The value indicated for the initial 
strontium-87/strontium-86 by these points is 0-703, which 
is quite consistent with the data of Faure and Hurley" for 
relatively young basaltic rocks, although a slightly lower. 
value would be possible in these ancient dolerites if the 
presumed common source of basic igneous rocks has 
sufficient rubidium to change its average value for 
strontium-87/strontium-86 over 2,000 m.y. The uncer- 
tainty in the rubidium-strontium age based on the six 
points is about + 110 m.y. at the 95 per cent confidence 
level. In contrast to these samples, the co-ordinate 
points for the two potassium-feldspars lie significantly 
below the 1,850 m.y. isochrone, having ‘ages’ of 1,720 
and 1,680 m.y. We interpret this pattern as the result 


of leakage of radiogenic strontium from the potassium: ony 
feldspars.. This was a wholly unexpected effect in view > 


of the complete lack of petrographic (or other) evidence 
for metamorphism in these and associated rocks, and in 
view of the apparently complete retention of radiogenic 


argon in the plagioclase of sample 689. It calls for a- - 





strong quilification of the previous estimate of 1,850 m. 
as the rubidium-strontium age for the dolerites, since — 
this figure is based on the assumption that the whole-rock 
and particular mineral samples utilized have remained — 
closed systems with respect to rubidium and strontium 
since the emplacement of the dolerites. 

Sample 688 contains a relatively large amount of. 
potassium-feldspar. Since this mineral has apparently | 
leaked some of its radiogenic strontium, it seems reason- 
able to suspect that the whole-rock sample also may have 
lost a small fraction of the total radiogenic strontium, 
especially in view of its small size (a few cubic inches). 


Sample 687 is much less likely to be affected in this way. au 
since its potassium-feldspar content is relatively low, 


and sample 689 contains virtually no potassium-feldspar, 


Tt is also reasonable to suspect that 688 pyroxene and __ 


plagioclase and 687 plagioclase may have absorbed radio- 
genic strontium, although there is no suggestion of this in 
the data. Both these possibilities would produce a pattern 
of points the gradient of which is lower than that of the. 
true isochrone. Thus, the value of 1,850 + 110 Mye. 


must bo regarded as the minimum rubidium-strontium 


age. We plan to secure larger samples of the granophyric 
specimen 688 later, in order to make an inventory of the’ 
radiogenic strontium between different minerals, following 
a careful modal analysis. It is essential for this interprets- 
tion of the present data that there should be more than 
enough radiogenic strontium missing from the potassium- 
feldspar to account quantitatively for an excess which 
must be present in some as yet unidentified mineral phase. 
We suspect that.a better estimate of the true age is 
obtained by excluding the point for 688 whole-rock from 
consideration. The least-squares fit to the points for 687 
whole-rock, 687 plagioclase, 688 pyroxene and plagio- 
clase and 689 whole-rock gives an age of 2,170 m.y., with 
a 95 per cent confidence interval of +280 m.y. (Fig. 2). 
This value is much more consistent with the maximum 
potassium—argon result. Note that the apparent age for 


688 whole-rock is significantly below this value at the — 


90 per cent confidence level. In addition, a lower value 
for the initial strontium-87/strontium-86 is obtained, 
0:7017, which is more in accordance with our expectations 
for this ancient rock. More detailed work will be neces- 
sary to provide a thoroughly convincing account of the 
proposed leakage of radiogenic argon and strontium from. 
these minerals. The demonstration of strontium loss from 
the potassium-feldspar in the absence of any detectable 
metamorphic event is particularly important for the inter- 
pretation of rubidium-—strontium dating in general. 











~no.aseo May IL, 1963 





to 


15 
p ar Rb/**Sr 
a Tig. 2. Tsochrones £ for whole-tock and mineral data on an expanded scale. 


:erosses defining the data points are equal to the 95 per cent confidence intervals for strontium- 
: Si /strontinny-36 and, ai as Measured from previous replicate analyses 


_ In summary, the TAE -argon and rubidium- 
strontium data on the British Guiana dolerites are broadly 
consistent, and show that the Lower Kopinang and 
arang sills are at least 2,090 m.y. old. This date is 
a younger limit for the age of the Roraima Formation. 
ssibility that the Tumatumari-Eagle Mountain 
m and the North-East sheet. are coeval with the 
opinang and Kamarang sills, but have lost much 
‘gon, cannot be excluded, and must await 
work. The results clearly show that 
aviable loss of radiogenic argon and stron- 
occurred at relatively low temperatures from 
some minerals. Furthermore, the results demonstrate the 
necessity of making measurements on a number of speci- 
< mens from a given province in order to evaluate the mean- 
ing of any particular age determination. 
_ The potassium determinations were carried out by J. A. 
Cooper, the rubidium-strontium chemistry by M. J. 
: Vermon, and the mineral separations by R. Rudowski 
under the supervision of H. Berry... The Kamarang 
specimens were collected by J. Carter and the Kopinang 
specimen by H. Bateson. One of us (D. D. H.) has the 
‘permission of Dr. P. Martin-Kaye, director of the 
a British Guiana Geological Survey, to publish this article. 
















Appendix 


687: Quartz dolerite from a horizontal sill greater 
800 ft. thick, which intrudes the Roraima Formation. 
Kamarang Airstrip at confluence of Kamarang 
d Mazaruni Rivers, 5° 53’ N., 60° 36’ W. Subophitic 
erite consisting of plagioclase, pigeonite and augite, 

quartz, potassium-feldspar and minor hornblende, biotite 
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same sill as GA 687, and 
Similar to GA 687 ox 
grain size averages abo 
quartz and potassi 
more abundant. Pot 
is colourless to turbid, 

GA 689: Quartz doleri 
zone of the 1,200-ft.. t 
Kopinang. sill, which is ho: 
intrudes the Roraima. F 
Near the Muribang River; 4°. 
59° 41° W. Subophitic | Tekerin 
sisting of labradorite, orthopy 
with minor augite, and small arm vie 
of quartz, iron oxide and biotite. 
Grain size averages 1 mm. 

GA 690: Quartz. dolerite from: a 
sheet about 1,000 ft. thick which 
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dips 15° SE, and intrudes — 
basement North-east Ni 
The lengths of the eat ont rocks, 99° oh £ Coie 


of plagioclase, clinopyroxene, 
sortal quartz and potassium 
and minor hornblende and iron oxide. Grain siz 

GA 691: Quartz dolerite from the cont 
Tumatumari intrusion, which is a vertical dyke | 
ft. wide. This dyke is connected to, and represen 
lower structural level of the Eagle: Mountain 
GA 692). 5° 22’ N., 59° 00’ W. Petrographicall, 
to GA 690. 

GA 692: Quartz dolerite from Eagle Mount 
which is about 800 ft. thick and intrudes the 
unconformity between the Roraima Formation a a 
basement. Eagle Mountain, 5° 13’ N., 59° 07° W, Bub- 
ophitic dolerite composed of plagioclase, clinopyroxene; 
quartz, potassium-feldspar and lesser amounts of horn- 
blende, fayalite, biotite and iron oxide. 
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ROCK GROUPS OF THE MALVERN HILLS 


By Dr. M. 


BROOKS 


Geological Survey and Museum, London 


--Remanence Measurements on Samples of 
Malvernian and Warren House Series 


AHE Malvern Hills comprise two distinct. rock-groups 
o of assumed Precambrian age, namely, the Malvernian 
and the Warren House Series. The former is a complex 





assemblage of igneous and metamorphic rocks, oceupying....; 
the larger part of the Hills. The latter, occurring 
restricted area east of Herefordshire Beacon, is a v 
and pyroclastic series somewhat similar to the U 

Series of Shropshire. To facilitate the inte 
magnetic survey of the Malvern ni 
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oriented specimens of both groups was collected for the 
determination of the intensity and direction of remanent 
magnetization. Results from these measurements have 
proved to be of wider geological interest. 

Determinations were carried out using a Blackett 
astatic magnetometer. Sixteen specimens of Malvernian 
and seven of the Warren House Series, from a total of 
nine sampling sites, were investigated after storage for 
about two months with random orientation. Malvernian 
intensity values ranged from 1-6 to 3-0 x 10-4 e.m.u.fem? 
with a mean of 22 x 10-4 e.m.u./em?. Warren House 
Series. values ranged from 2-4 x 10-4 e.m.u./em? to 
8-0 x 107 6.m.u./em?. Mean values of inclination (T) 
and declination (9) from true north, are: 


Bae — 96 per cent 

I ọ confidence angle 
Malvernian 7° 127° 10° 
Warren House Series 77° 233° 25° 


Using a method described by Irving’, the ancient pole 
positions were caleulated from the remanence data on the 
assumption that the two rock-groups have their original 
field orientation. For the Malvernian, the ancient geo- 
magnetic pole position lies west of Crete at 35° N., 21° E.; 
for the. Warren House Series, the position lies south of the 
Azores at 35° N., 26° W, These pole positions lie within 
the latitude-range, but far to the east, of earlier geo- 
magnetic pole calculations for British Precambrian rocks?. 

After correction for continental drift of 65° E., the 
earlier British Precambrian pole positions fall on the 
trend line for Late Precambrian pole positions calculated 
from North American results*. A similar correction to the 
Warren House Series and Malvernian poles leaves them 
respectively 10° and 60° east of, and incompatible with, 
the foregoing trend line. 

Tt has recently been suggested’ that the Malvern Hills 
represent the vertical limb of a north-south monoclinal 
fold involving Lower Paleozoic and Precambrian strata. 
Assuming such a tectonic phase did not affect an estab- 
lished magnetization, the folding should be reflected in 
the remanenco vector data. Correcting the results for a 
90° westerly dip, and introducing a continental drift 
correction of 65° W., the following geomagnetic pole 
positions are obtained: 


Lat. Long. 
Malvernian rs. 148° W. 
Warren House Series 9° 8. 161° W. 


Though east of the North American trend line, the 
Warren House Series pole position is such that there is an 8° 
overlap of its 95 per cent oval of confidence with that of 
the Longmyndian pole position?. Comparison with the 
North American results, some of which are for dated rocks, 
indicates that both groups have ages near to 1,100 m.y. 
The Malvernian pole position lies on the trend line inter- 
mediate between the Belt Series and Sibley Series poles 
indicating an age of at least 1,200 m.y., and probably 
considerably more’. . 

The general consistency of the 90° dip-corrected Mal- 
vernian and Warren House Series results with all earlier 
North American and British Precambrian results lends 
support to the monoclinal fold hypothesis of Malvern 
tectonics. 


DISSOLVED GASES IN 


FT “HE deep waters of Lake Kivu have long been known 
Kk to contain dissolved gasi. Schmitz and Kufferath 
showed that this gas contains exploitable quantities of 
methane and concluded that it had. originated from 
decaying organisms’. 
Lakes Tanganyika and Nyasa, which are in many 
respects similar to Lake Kivu, might be expected to contain 
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Density of the Malvernian Rock Group 

~- DURING recent geophysical work in the Malvern Hills 
the density of the Malvernian rock group was measured 
in situ, using a gravity meter. The problems involved 
were to overcome the anomalous gravity effects associated 
with the nearby eastern and western boundaries of the 
Precambrian outcrop and with the sharp relief of the Hills. 

Gravity meter readings were taken along the length of 
the railway tunne] at Colwall and across the Hills directly 
over the line of the tunnel. In each case asurveying party 
was in attendance. Each set of gravity readings was ċor- 
rected for free-air and latitude effects and a profile was 
plotted of the differences in gravity value between tunnel 
and hill surface positions lying in the same vertical plane. 
This difference profile represents twice the gravity effect 
of the intervening rock plus the difference in the gravity 


effect, along the two profiles, of rock structure below the 


tunnel-level. The small gravity effect over the junction 

between the Malvernian and the Lower Paleozoic to the 

west becomes negligible in the difference profile. Calcula- 

tions showed that the size of the difference in the anomaly 

of the Eastern Boundary Fault, which throws Precam- 
brian against New Red Sandstone, between the surface 

and tunnel profiles, would be small compared with the 

total anomaly due to the structure, and that it would not. 

vary significantly for a wide range of Eastern Boundary 

Fault configurations. Using a reasonable configuration 

and a pre-selected Malvernian density, it was therefore 

possible to calculate the difference in the effect of the fault 

between the surface and tunnel profiles and to correct the 

difference profile accordingly. After this correction for 

the gravity effect of rock structure below the tunnel, 

the remaining gravity anomaly is due solely to the mass of 
rock between the hill surface and tunnel profiles, unless 

the density used above was in error. 

Tho gravity effect of the rock between the hill surface 
and a horizontal plane through the tunnel was calculated, 
using a number of density values, at positions along the 
surface and tunnel profile lines. The calculated anomalies 
are not very sensitive to small changes in density, but a 
least-squares fit to the gravity difference profile was 
obtained using a rock density of 2-66 g/cm*. This value 
is very little different from that used in removing the 
effect of the Eastern Boundary Fault from the observed 
difference between tunnel and surface profiles. Had the 
wrong density been used, the effect would have been re- 
calculated and the density redetermined using the new 
value, the true density being approached by successive 
approximation. 

Laboratory measurements on samples of the most com- 
mon Malvernian roeck-type gave a mean density of 2-63 
g/em®; the difference between the laboratory and field 
values may be accounted for in part by the presence 
within the Malvernian of basic rocks of high density. 

This work was carried out in the Department of Geology. 
University of Birmingham, during the tenure of a Depart- 
ment of Scientific and Industrial Research research. 
studentship. 

i Irving, E., Geofisica pura e app., 38, 23 (1956). 

? Creer, K. M., Irving, E., and Runcorn, 8. K., Phil. Trans. Roy, Soe. A, 
250, 144 (1957). 

* Du Bois, P, M., Bull. Geol. Surv. Canada, No. 71 (1962). 

* Butcher, N. E., Proc. Geol. Assoc.. 73, 108 (1962). 


EAST AFRICAN LAKES 


similar dissolved gases and it has been suggested (for 
example, ref. 3) that commercially useful gas might. be 
obtained from the two larger lakes. I have collected 
samples of dissolved gas from Lake Nyasa (seven miles. 
east of Nkata Bay, 34° 15’ E.. 11° 30’ 8.) and Lake 
Tanganyika (four miles west of Kigoma, 29°. 40° E., 
4° 40’ S) and these contain no commercially useful 
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material, Analyses of the samples with data for com- 
parable samples from Lake Kivu quoted from Schmitz 
and Kufferath® are listed in Table 1. 


Table 1, COMPOSITION oF DISSOLVED GASES IN VOLUME PER CENT 


Kivu* 










Tanganyika t Nyasa t 
e. 450 e. 400 
400 average of average of 
3 samples 6 samples 
5 1 2-000 
21:7 02 0-2 
nd. 89 94 
nd. trace trace 
ni. 1 1-0 
Og 773 10 5 
TRER ni, trace trace 
oo ee 1 a = 





Ca d. not determined. 

D epr of Lake Kivu, ete, Treatise on Limnology by G. E. Hutchinson 
<ford Univ. Press). : 

t Ann. Rep, Geol Surveys Nyasaland and Tanganyika for 1960. 














' The composition of the gas from Lakes Nyasa and 
“Tanganyika is closé to that of air from which oxygen has 
been removed... Organisms in the lakes could remove the 
oxygen from dissolved. air and generate the methane and 
most of the carbon dioxide found in the samples. It was 
found that the proportion of nitrogen rises and that of 
earbon dioxide falls with inereasing depth in Lake Nyasa. 
The average volume of gas recovered per litre of water 
» from Lake Nyasa was 5 ml. and that from Lake Tangan- 
yika limi. This difference may result from the stagnation 
of the lower waters of Lake Tanganyika and the occasional 
circulation of Lake Nyasa‘. Circulation brings air-rich 
water to the deeper parts of the latter, while only small 
amounts of air reach the depths of the former. By 
“contrast: there are more than 2 1. of gas dissolved in every 
water from a depth of 400 m in Lake Kivu. 
Lake Kivu is so different from that in the 
kes and there is so much more of it that it is 
-reasonable to suspect that it originated in a different way. 
The three lakes are similar in climate and depth and could 
be expected to provide biologically similar environments. 
Only Lake Kivu is in an active volcanic area, and its gas 
content might be attributed to a voleanic origin. Schmitz 
and Kufferath rejected a purely volcanic origin for the 
Kivu gas, because gas from the neighbouring Virunga 
volcanoes contained no methane. They concluded that 
the dissolved gas originated through anaerobic fermenta- 
tion of planktonic material with possible addition of 
carbon dioxide from voleanic sources. However, the 
difference between the volcanic and dissolved gases is not 
-- great if the absence of methane from the former results 
from atmospheric oxidation in the volcanoes. Had the 
gas originated through anaerobic fermentation some gas 
eould have been expected in Lake Tanganyika. For 
these reasons it is suggested that the Lake Kivu dissolved 
gasis of voleanic origin. 

This work was done while I was a member of the staff 
of the Atomic Energy Division at the Geological Survey 
of Great Britain. The assistance and co-operation of the 
directors-and staffs of the Geological Surveys of Nyasaland 
and Tanganyika in collecting samples are gratefully 
acknowledged. The gas samples were analysed by N. J. D. 
Prosser of the Mass Spectrometry Group, Atomic Energy 
Research Establishment, Harwell. 










Kevin BURKE 
Department of Geology, 
University of the West Indies, 
Mona, 
Kingston. 
Jamaica. 


1 Damas, H., Exploration du pare national Albert, 1, 38 (1937). 


$ Schmitz, D, M., and Kufferath, J., Bull. seances de P Acad. Royale des Set. 
Coloniales, N. 8., 326 (1955). 


3 Martin-Leake, H., New Seientist, 12, 816 (1961). 
+ Beauchamp, R. S. A., J. Ecol., 41, 226 (1953). 
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In my opinion the suggestion that, the carbon dioxide 
in Lake Kivu is of juvenile origin, whereas the methane te 
biogenic, is unacceptable on the ground that the con 
tration of the latter within the neighbouring Lakes 
Tanganyika and Nyasa is some 5-6 orders of magnitude 
lower (see Table 1 of previous cornmunication). The: 
three following hypotheses of origin of the gases feel 
more serious consideration. a 













(1) The carbon dioxide is juvenile, but the weet hie 
an igneous contact distillation product of un 
carbonaceous sediments. 


(2) All the gases originate from contact metamorphism oes 
of a bituminous limestone. 


(3) The gases are juvenile, magmatic, as suggested ly 
the author of the preceding communication. 


The plausibility of hypotheses (1) and (2) could be 
tested through the examination of geological se a 
beneath the lake and tho surrounding voleanoes, so lar 
this is practicable. A possible juvenile magmatic © 
of the gases gains some support through a Į 
unpublished compilation of data of standard ralo 
regarding the H/C, O/H and H/C : O/H ranges of org 
mineraloids. The very high H/C : O/H range o 
presumably juvenile magmatic tucholites and 
substances is most significant (Table 1), being fa 
those of the substances of known or inferred bi 
origin. 

































Table 1. H/C, O/H and O/H:H/C RANGES oF THE Most DMORTANT. 
MINERALOIDS pos ea 





Organic mineraloid, or gas H/C QH oY ; EN 
Petrol 1-4-2-0 6-005-0-07  O-0-0-08 Biogenic? 
Natural gas 3-6-40 6-01 -04 Wi Hoge! 
Fossil resins 12-17 0-01-02 00-015 Hioyinie 
Asphalts 12-18 0-01-02 00-046 Glogow? 
Asphaltites 0-9-1-4 0005-02 00-02 Hlogenie? 
Anthracites 02-06 0-05 -015 01-08 Himpens 
Coals 0-6-17 0-08 -5 Obed Higgenit 
Tucholite and allied substances 0:1-08 0-2 -20 @ Juvenile? 
Gas from Lake Kivu 4-10 1-42 
€-containing molecules in : 

fumarola gas 0-0-0-1? >10? 


Tt is seen from Table 1 that the elemental comp: 
of the gas mixture from Kivu has O/H and O/H: i 
well within the range of the tucholites (coinciden: 
in italics) and even the H/C value is not too fi 
This means that the gas mixture in question ma) 
distillate of a tucholite-typo juvenile magmatic phi 
more likely, it may be the original gas mixture from v 
the latter organic mineraloid may condense under | 
able conditions, such as the presence of radionet 
stances, etc. The scanty data from the up-to-date i 
ture indicates that the gases from fumarcles 
springs are as a rule much richer in carbon dio 
poorer in methane than those from Lake Kivu, I 
leads to a brief discussion of the Hypothesis by 
Kevin Burke to the effect that the absence or # 
scarcity of methane in the gases of the fumarolas o 
neighbouring Virugna volcanoes in particular, and oi 
volcanoes in general, could be explained through oxidatie 
of it in the atmosphere. Some fumarolas produce mainly 
SO, whereas others produce SH,, indicating in the lstter 
case most reducing conditions right up to the land suriace. 
It would be interesting to learn what redox potential is 
present in the gases of the Kivu volcanoes and, farther- 
more, how these data relate to the CH, percentage in 
fumarolic gases in general. 








G. Mornin” 






Department of Geology, 
University of Concepcion, 
Chile. 


* Nuffield Visiting Professor, Birkbeck College, Univers! 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


A Step-Frequency Pulse Experiment with 
High-frequency Antipodal and Circulating Signals 


Numerous experiments have been conducted during 
the past four decades to determine the characteristics of 
round-the-world short-wave radio signals and their 
relationship to world-wide ionospheric conditions. Such 
echoes have been received over transmitter-receiver paths 
of up to 10,000 kilometres in length, the radio pulses 
presumably passing on about the world to arrive at the 
receiving site approximately 138 milliseconds (ms) later 
than the direct signal. Closely linked to the round-the- 
world investigations is the question of antipodal effects; 
that is, the geometric focusing of short-wave radio signals 
by the ionosphere at a point diametrically opposite to a 
transmitter on the Earth’s surface. First postulated by 
Marconi’, antipodal transmissions have been investigated 
at certain discrete frequencies by several investigators*-*. 
However, to our knowledge, synchronized step frequency 
soundings previously have not been conducted between 
antipodal transmitter and receiver sites. 

This communication describes such an experiment which 
was conducted during October 15—-November 10, 1962, 
between a transmission site at Corpus Christi, Texas 
(29-7° N., 97:3° W.), and a receiving station at the antipode 
(30-9°S., 77-1°E.). The experiment used a 120-channel 
step-frequency sounder with a peak pulse power of 45 
kW (115 W average) radiating from a vertically polarized 
broadband, omnidirectional antenna over the frequency 
range of 8-64 Me/s. A similar antenna was used on the 
receiving site. Standard-time-signal stations JJY and 
WWV furnished accurate timing and step-pulse syn- 
chronization, thus permitting the determination of 
propagation time, the change in delay time with frequency, 
and the time-dispersion of the pulses. Due to equipment 
malfunction, data were collected in the range 32-64 Me/s 
for only 3 days. This, however, did not affect observations 
of signals in the 8-32 Me/s spectrum. 

Initial analysis of the results on the films indicates that 
antipodal signals are readily obtained over wide frequency 
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Fig. 1. Typical step frequency receiver records. 
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Equipment characteristics. Transmitter: 45-kW peak pulse power; 50y/s 
th, 6 ke/s; linear gain 
Mo/s), 400 ke/s (16-32 Mc/s); receiver sensitivity (tangential) < 0-5 pV 


ranges for a major portion of the day. The highest 
frequency of antipodal-mode signals observed during the 
3-day period for which data were available in the range 
8-64 Mc/s was 45 Mc/s. However, it appeared that the 
average maximum observed frequency was 26-30 Mejs 
over the 22-day period. In almost all cases the minimum 
propagating frequency for this mode was 8 Mc/s or less. 
Signal-amplitude measurements were not taken, but exam- 
ination of records shows that the antipodal signals were 
stronger than most of the sky-wave interference present. 

In addition to the direct pulses from the transmitter 
it was often possible to receive a second signal which has 
been identified as a round-the-world, or circulating, signal 
that travelled 1-5 times around the Earth before being 
intercepted at the receiving site. For convenience, the 
direct antipodal signal is referred to as the 1/2 round-the- 
world mode and the first round-the-world signal as the 
3/2 round-the-world mode. 

The 3/2 round-the-world mode displayed several 
characteristics which were of considerable interest. The 
frequency range of the 3/2 round-the-world mode was 
considerably reduced in comparison to the 1/2 round-the- 
world mode. At no time was a 3/2 round-the-world signal 
seen with a frequency greater than 22 Mejs. In addition, 
while the 1/2 round-the-world mode showed little change 
in delay time with frequency, this effect was quite 
pronounced on the 3/2 round-the-world mode with a 
variation of 1-5 ms over the range from 8-16 Me/s being 
not uncommon. Although the 1/2 round-the-world signal 
was prosent a good portion of the day, the 3/2 mode 
showed a more complex behaviour. Fig. 1 shows several 
of the records taken during periods when both the 1/2 
and 3/2 modes were propagating. Fig. 2 is a histogram 
demonstrating the diurnal variations, as measured over 
all frequencies, for both modes. 

During the course of this experiment, the receiving 
site was moved from the precise antipodes to points 
approximately 300 km distant. There was no indication 
that any defocusing action was taking place within this 
region. Both modes appeared with no noticeable change 
in diurnal variations and signal amplitudes thoughout 
these movements. 
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From Fig. 2, it appears that quite different mechanisms 
may be of importance in the propagation of the two signals. 
Variations in the diurnal pattern of the 3/2 mode demon- 
strate clearly the double minima which have been 
previously described by many authors®-"!. These times 
correspond to timos of maximum D-layer absorption at 
the transmitter and receiver sites. This mode seems to 
propagate best over a minimum absorption path which is 
intimately related to the twilight zone encircling the 
Earth and the avoidance of the sub-solar point. 

Diurnal variations of the 1/2 round-the-world mode do 
not exhibit a similar pattern since the main minimum 
occurrence period is centred at 1500Z (0900 L.m.T. at the 
transmitter, 2100 L.M.T. at the receiver). The period of 
minimum signal reception starts approximately at ground 
sunset at the receiver (sunrise at the transmitter) and 
continues through ground sunrise (sunset at the trans- 
mitter). The applicability of the twilight zone theory is 
not evident, and it may be possible that direct-sub-solar- 
point propagation is present by means of E F layer duct 
(‘M’ or trapped) moding with appropriate downward 
scattering of energy due to ionospheric inhomogeneities. 
Many of the paths which appear to discriminate against 
the 3/2 mode because of excessive absorption, lack of 
supporting ionization, or seattering due to field aligned 
ionization (auroral zones) tend to support the 1/2 mode. 
This is to say that the basic asymmetry of the day and 
night ionosphere may permit propagation through one 
particular hemisphere giving rise to the 1/2 round-the- 
world mode and yet not permit continuation of the propa- 
gation path to the transmitter because of a significant 
change of ionospheric parameters in the opposite hemi- 
sphere. The lack of any excessive delay-time-spreading in 
the 1/2 mode indicates that only a few paths support the 
transmission at any one time and that they are of 

roximately the same length. It is felt that the most 
likely explanations for this behaviour are the tilt mode of 
Isted™, the sliding mode of Von Schmidt'*, or the 
previously-mentioned duct mode mechanism where many 
D region passages are eliminated. Because of the lack of 
multiplicity of paths over all azimuths, the postulated 
antipodal focusing is not so intense as has been suspected 
and tends to be spread over areas of at least 15,000 km’. 
Analysis of this experiment is continuing and it is planned 
to publish more detailed reports which will include the 
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correlation of round-the-world results with ionosonde and 
riometer measurements made at the receiving terminal. 
PETER M. Barks 
Office of Naval Research, 
Washington, D.C. 
Harry F. Busca 
Electro-Physies Laboratories, 
ACF Industries, 
Hyattsville, Maryland. 
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PHYSICS 


Kepler’s Laws and Newton’s Hypothesis 


In four papers'-*, I have presented my conviction that 
it might be possible to describe the phenomena of physics 
by generalizing the laws of opties to spaco-time. Instead 
of looking immediately for a field theory which comprises 
quantum physics, I suggested that it might be possible to 
proceed in three stages corresponding to three mathe- 
matical disciplines. 

The first, utilizing the calculus of variations, might 
realize the dreams of the physicists of the nineteenth cen- 
tury of constructing a model for physics in a space-time 
continuum. In optics a knowledge of the refractive index 
determines all possible light rays. Similarly, in physics a 
knowledge of the Lagrangian function would give all 
possible paths of motion in space-time. 

The second stage of the development would be concerned 
with the transmission of radiation, with the velocity c, 
along some of these paths in space-time. This 
would involve an investigation of the solution 
of the wave equation with boundary condi- 
tions. 

The third stage would deal with resonance 
phenomena, and a mathematical investiga- 
tion of the stationary solutions (in space- 
time) of second-order differential equations 
with eigenvalues. 

Part of the theory will be given in greater 
detail in a forthcoming book by me, in which 
Hamilton’s ideas are reduced to their simplest 
geometrical form and applied to problems of 
optics, physics and selected mathematical 
problems. 

I should like to set forth here some ideas 
about gravitation, which does not, either in 
the form given by Newton or in that given by 
Einstein, seem to fit the plan of development 
outlined. A slight modification of the New- 
tonian law is suggested. Since neither Einstein 
nor his successors have been able to combine 
electromagnetic and gravitational fields in a 
satisfactory theory, it might be worthwhile 
to investigate this suggestion. 

Newton’s object was to find a physical 
explanation for Kepler’s laws for the motions 
of the planets of the solar system. How- 
ever, Newton’s law enables Kepler's laws to 
be derived only for two mass-points but 
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not for more. It was shown by Lagrange that in this case, 
that is, for two mass-points, Newton's law can be replaced 
by an equivalent statement whereby the centre of gravity 
of the two points is at rest and the motion of the two points 
is described by assuming a potential field with a force 
inversely proportional to the square of the distance from 
the centre of gravity. Had Newton enunciated his law 
in this form, it would, if generalized, have given the Kepler 
laws for n points in the form in which Kepler expressed 
them, and this theory would have then become the basis of 
astronomical investigations, to be refined as observational 
data demanded. The basic difference from the Newtonian 
concept lies in the fact that the problems could then be 
treated in space-time to give a potential field which, in first 
order, is in accordance with Kepler's laws. Since I 
can show that a general field given by a Lagrangian 
function is always the sum of a symmetric (potential) and 
an anti-symmetric (electromagnetic) field, this concept 
could be used as the basis for the formulation of a unified 
field theory. : 

The difference between such a theory and Einstein's 
unified theory lies in two points. First, I do not assume 
that the fields of physics are Riemannian fields, but go 
back to Hamilton’s idea that the only restrietion of the 
Lagrangian function is that it is homogeneous of the first 
order in the direction cosines. This means, basically, 
giving up the idea that measurements are independent of 
the motion of the observer. The very persuasive idea of 
Einstein, namely, that two light sourees in motion with 
respect to each other can be replaced by a single light 
source at the instantaneous centre, can scarcely be 
verified by experiment since two separate sources aro not 
mutually coherent. If the Lagrangian cannot be given by 
by (gpaiuaty)i”, then the introduction of non-Euclidean 
geometry does not serve any purpose. Since the Euler- 
Lagrango equations in space-time are not only indepen- 
dent of a motion of the chosen origin but are also indepen- 
dent of the choice of variables, it seems to me that experi- 
mental evidence cannot enable us to decide between 

“Euclidean and non-Euclidean geometry and that wə are 

. therefore free to use the Lagrangian function in Euclidean 
space-time. The fact that a simple problem like that of a 
mass-point moving in a potential field cannot be brought 
into the Riemannian form scems to confirm this deviation 
from Einstein’s ideas. 

Tho second deviation is the idea that, as geomotrical 
opties only forms the skeleton of optical theory along 
which radiation proceeds until hampered by boundary 
conditions, T assume that the world lines given by the 
Lagrangian form only the skeleton for describing the 
phenomena usually obtained by quantum mechanics. 

The great contributions of Einstein, namely, that 
physics should be considered in a space-time continuum 
and that the physical laws should be put in a form which is 
independent. of the motion of the observer, are only 
strengthened by the preceding suggestions. However, the 
idea that all measurements are independent of the observer 
is reluctantly abandoned. 

M. HERZBERGER 

Research Laboratories, 

Eastman Kodak Co., 

Rochester 4, New York. 
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Integral Equation Methods in Elasticity 


A NEW method for solving two-dimensional elasticity 
problems has recently been suggested. by N. Louat!. 
It is perhaps worth pointing out that his method falls 
within the scope of a very general approach to elasticity, 
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which can be briefly described as follows. Regard the 
body D (assumed homogeneous) as embedded. within an 
infinite elastic medium of the same material, and intro- 
duce a distribution of point-forces over its boundary. S; 
since these are acting in an infinite medium, they produce 
a known displacement field throughout the medium, 
including D and S; if sc, any prescribed boundary dis- 
placements (or, more indirectly, prescribed boundary 
tractions) can be achieved by a suitable boundary distri- 
bution of point-forces, which hence qualify to. generate the 
relevant elastic fields within D. Mathematically expressed, 
we formulate the system of three linear functional rela- 
tions: 


3 
Sf ova) Kulp) dy = UP); j = 1,23 


i=l 


(Z) 


where q,p are vector variables defining points on S, and 
where dq denotes the surface differential at q; the oq} 
are the three independent point-force components per 
unit area at q, and the U;(p) are the three independent 


displacement components at P; Ki;(q-p) stands for the. 
jt? displacement component at p produced by o;=1 at q. 7 


Given U; on S, relations (1) become three coupled Fred- 
holm integral equations for the o.(q), which can then ba 
utilized to generate U; at. any point P of D simply by 
writing P for p in Ki. By appropriate difforentiations © 
and linear combinations of these equations, the problem 
of given boundary tractions can also be formulated. 
These considerations hold for bodies of any shape or form, 
isotropic and anisotropic. Generally speaking, however, 
not even approximate analytic solutions would be 
available. Digital computing techniques offer the prospect 
of achieving effective numerical solutions to problems 
of technological interest, though the difficulties associated. 
with singular kernels such as Ky and its derivatives 
should not be underrated. 

A close connexion exists between point-forees and dis- 
locations in two-dimensional clastic systems. Thus, the 
biharmonie equation yty=0 exhibits two independent 
dislocation solutions x log r, y log r which involve displace- ~ 
ment fields having the same character as those associated. 
with the independent point-force solutions: 
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where all the symbols have their usual significance. These 
two formulations are mathematically equivalent when 
applied to simply-connected domains, but point-force 
distributions would be required on the internal boun- 
daries of multiply-connected bodies to prevent unwanted 
dislocations from appearing in the medium. As might 
be expected, the simplifications afforded by two-dimen-. 
sional analysis enable several different types of integral 
equation approach to be developed, some of which prove 
to be more advantageous than oither of those mentioned. 
In particular, we can write y=r?9 +, where 9, } are 
harmonie functions in D, and utilize the boundary data. 
to determine the boundary values of » and , thus re- 
ducing the problem to one of potential theory*. 

The idea of a continuous distribution of point-forces 
over a curved surface seems first to have been exploited 
by J. D. Eshelby* in connexion with elastic inclusion. 
problems. For such problems, however, the: distribution 
is known ab initio, thus obviating the necessity of an 
integral equation formulation. 


M. A. Jaswow 


Department of Mathematics, 
Imperial College of Science and Technology, 
* London, 8.W.7. 
1 Louat, N., Nature, 196, 1081 (1962). 
t Jaswon, M. A., Report on Integral Equation Methods in Potential Theory 
and Elasticity (to be published). 
* shelby. J. D., Proe. Roy. Soe., A, 241, 376 (1957). 
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CRYSTALLOGRAPHY 
Non-basal Glide Bands in Ice Crystals 


Ix the course of observations on etch channels appearing 
on the (0001) plane of plastically deformed ice crystals, a 
photomicrograph reproduced as Fig. 1 was obtained. 
This shows a pattern of chemical etch pits produced by an 
etching substance of ethylendichloride at the smooth basal 
plane of the bottom of a large thermal etch pit. As was 
reported previously’:*, individual minute etch pits in the 
figure correspond in the ice crystal to a dislocation which is 
emerging to the plane of observation perpendicular or at 
an angle near perpendicular. Examinations? of etch 
channels made it clear that channels running in crystallo- 
graphic orientation < 1010> or <1120> are, in both cases, 
trails left behind by dislocations moved as a part of 
non-basal glide systems in ice crystals. Since all the eteh 
pits in Fig. 1 are aligned in orientations of either < 1010 > 
or <1120>, they must correspond to dislocations on the 
same non-basal glide planes as were considered in the case 
of etch channels (Fig. 2). 

The majority of lines of etch pits in Fig. 1 are directed to 
<1010>, which is the direction of etch channels caused 
by motion of screw dislocations 4<1123> on the {1122} 
planes. Hence the lines of etch pits should be considered 
as emergences of glide bands which have resulted from 
expansion and multiplication of dislocation loops on the 
{1122} planes. This idea is based on the works of 
Johnston and Gilman‘, who observed similar lining up of 
dislocation etch pits on the {100} planes of LiF crystals. 
Since shear stress was applied on the sides of a specimen 
of slab form which was so cut that its surface would 
coincide with basal plane of ice crystal, it did not cause 
basal glides but had its component on the {1122} planes 
as shown in Fig. 2. Therefore, operation of a cross-glides 
multiplication mechanism on the {1122} planes can be the 
same as that on {110} planes of LiF crystal. Double lines 
of etch pits as shown by A, B and C at the top of Fig. 1 
may be considered as results of cross-glides which occurred 
on the non-basal glide planes of {1122}. 

It can be seen in Fig. 1 that some rows of etch pits are 
oriented to the direction of <1120>. Likewise to the 
preceding case, multiplicetion mechanism of cross-glides 
can have occurred on the non-basal glide planes of {1010}. 
On some of the rows of etch pits, discontinuities between 
pits are connected by short segments of etch channels. 





Glide bands which consist of linin; 
(0001) plane of ice crystals. (x 


Fig. 1. up of dislocation pits on the 
200, 
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Fig. 2. Schematic representation of non-basal glide planes in lee erystal= 


This fact indicates that there must be a strong relationship 
between etch channels and glide bands observed here. It 
is still not clear what is the real cause of production of rows 
of etch pits in a particular local area instead of production 
of etch channels which are predominant in other areas on 
the same specimen. However, such features of etch pits 
supply additional evidence of the occurrence of non-basal 
glides on the {1122} and {1010} planes of ice crystals. The 
cross-glides mechanism of multiplication of dislocations 
given as an interpretation of the features would be of 
much use for understanding plastic deformation of ive 
crystals when more information is obtained. 
J. MUGURUMA 
A. Hicasnt 
Department of Physics, 
Hokkaido University, Sapporo, Japan. 
! Muguruma, J., Nature, 190, 37 (1961). 
*Muguruma, J., J. Electronmicroscopy, 10, 246 (1961). 


* Muguruma, J., and Higashi, A., J. Phys. Soc. (Japan) (to be published) 
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Stacking Faults in Cadmium Sulphide 


SINGLE crystals of cadmium sulphide less than 1000 A 
thick have been studied in transmission in the electron 
microscope. Stacking faults similar to those observed in 
zine sulphide have been discovered'. The crystals were 
grown from the vapour—the powder was heated at 900° C 
in a stream of argon at atmospheric pressure. Electron 
diffraction patterns showed the crystals to be of the 
wurtzite phase, plate-like parallel to (21-0) as in the case 
of zine sulphide crystals grown by the same technique. 

The stacking faults fall into two categories. The first 
are stacking faults on (00-1) planes (Fig. 1). These are 
attributed to thin intergrowths of varying width of the 
zinc blende phase, or possibly of wurtzite 4H or 6H phases. 
if the latter two modifications of cadmium sulphide exist 
Evidence from electron diffraction patterns of thin inter 
growths of all these polymorphs has been found for th: 
ease of zine sulphide (unpublished work). It seems 
reasonable, therefore, that similar intergrowths should 
exist in cadmium sulphide, since the stacking fault array 
is identical with that found in zinc sulphide. The second 
series of stacking faults observed are characterized by 
systems of fringes which lie parallel to the ¢ direction. 








Fig. 2 


The fringes are due to electron diffraction contrast at 
stacking faults which are probably on prismatic planes at 
60° to the crystal growth plane ((11-0) and (12-0) planes) 
as in zine sulphide (Fig. 2). 

It is probable that similar stacking fault systems will 
occur in zine telluride and cadmium selenide as both 
wurtzite and sphalerito phases are known to exist in these 
substances. Stacking faults may also be observed in zinc 
oxide though probably to a lesser extent as only the 
wurtzite type exists at atmospheric pressure. 

The possibility of intergrowths of sphalerite, and of 
wurtzite 4H and 6H, and of phase transformations at high 
pressure and temperature, in wurtzite crystals of these 
substances is being investigated. 

L. T. CHADDERTON 
A. G. FITZGERALD 
A. D. YOFFE 
Physics and Chemistry of Solids, 
Cavendish Laboratory, 
Free School Lane, Cambridge. 


t Chadderton, L. T., Fitzgerald, A. G., and Yoffe, A. D.. Phil. Mag., 8, 
85, 167 (1963). 
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X-ray Diffractions of Ground Graphites 


Bacon's? and Boehm and Hofmann? have examined 
ground graphite and discussed the broadening of diffrac- 
tion lines and the enhancement of lines attributed to the 
rhombohedral modification. Though it would be desir- 
able to examine the powders having homogeneous crystal- 
line state, generally the sizes of particles and their sub- 
domains are distributed over rather wide ranges and the 
X-ray methods measure averaged quantities. I have 
carried out investigations with a similar objective, but by 
treating the ground graphite with a wet oxidizing reagent 
which selectively attacks the particles, thereby achieving 
partial sorting out. Tho oxidizing reagent was prepared 
by mixing 100 c.c. water, 50 c.c. sulphuric acid and 14 g of 
potassium bichromate. 

Sample A was Madagascar graphite ground for one 
month with a little water in a porcelain 1-5-1. ball-mill. 
The value of probability p determined from the broadening 
of the (1122) line was 0-13, which is usually utilized 
as a measure of the misorientation of layer planes. 
Sample B was ground for three months with excess 
water and p-value was 0-22. In both samples the (1120) 
line was still fairly sharp. 
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Fig. 1 


In Fig. 1 a marked effect is shown of the oxidation on 
the diffractions, where the intensities are reduced from the 
densities of photographie films to linear scales and 1010 
lines are represented with the same height and the rhombo- 
hedral lines are indicated with fractional | indices. The 
top curve of the sample A is of ground powder purified 
with hydrofluoric and hydrochloric acids. The middle 
curve is the powder boiled with the oxidizing reagent for 
8 min and 22 per cent loss of weight. The bottom curve is 
also of an oxidized powder boiled for 14 h and 56 per cent 
loss of weight. By the treatment the ratios of integrated 
intensities of (101%) to (1011) reflexion increased from 18 to 
60 per cent. Again the top curve of the sample B is of 
ground graphite; the middle curve of oxidized powder 
boiled for 8 min and 37 per cent loss in weight; the 
bottom curve also oxidized powder boiled for 14 h and 
82 per cent loss in weight. In the last case the ratios of 
intensities increased up to 73 per cent. The enhance- 
ment of the rhombohedral line is remarkable, compared 
with the largest percentages obtained by Bacon and 
Boehm and Hofmann, which are respectively 24 and 32 
per cent. 

Presumably the proper action of the reagent is to 
destroy the rhombohedral modification as shown by 
Boehm and Hofmann by use of graphite of coarser grains 
and prolonged boiling. Apparent enhancement as 
observed here seems to be due to partial dissolution of 
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more active ingredients in the powder without signifi- 
cantly affecting the internal structure. 

The rhombohedral modification completely transforms 
to common hexagonal after it has been reacted with 
bromine or potassium and produces lamellar compounds. 

ocr ae involves periodie slip of hexagonal 
layers by a/3. Accompanied by the rearrangement, it is 
likely that a slight miksao the rotational misorientation 
of layers may occur and result in the narrowing of (1122) 
line. Boehm and Hofmann observed that on treatment 
with bromine partial recovery of the distortion, that is, 
the extent in the sample obtained by 72 h grinding, 
decreased to that of 20 h of grinding. 

Using the oxidized graphite, I have carried out a series 
of experiments with this objective: but the results have 
not been conclusive. Sometimes definite narrowing was 
observed in the case of ground powders, but this is con- 
sidered to be due to the removal of the less-stable com- 
ponents in the powder by some causes, which has been sug- 
gested by a rapid decrease in the breadth of the (1122) line 
at the beginning of the boiling with the reagent attaining 
an ultimate breadth of about 90 per cent of the starting 
powder. The treatments with bromine and potassium 
were performed as follows: (1) the powder was exposed to 
bromine vapour for 2 weeks at room temperature and then 
evaporated at 150° ©; (2) the powder was immersed in a 
mixture of 1 part of bromine and 3 parts of carbon tetra- 
chloride for 2 weeks at room temperature and then 
evaporated at 150° C; (3) amalgamated with ium 
metal at 150° C and then evaporated at 500° C for 3 days; 
(4) amalgamated with potassium metal at 150° C and then 
partially evaporated at 450° C for 10 h. The procedure 
was repeated ten times and finally evaporated at 500° C 


ahaa Erraro Maruyama 


3 Bacon, G. E., Acta Cryst., 3, 320 (1950). 
* Bacon, G. E., Proe. Third Carbon Conf., 475 (Pergamon Press, 1959). 
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Crystal Structure of Imidazol 


WE have undortaken an analysis of the crystal structure 
of imidazol (C,N,H,). Tho space group is P2,/c instead of 
P2/m as reported by Greenwood", with the c-axis doubled. 
The cell dimensions are a = 7-70 A, b = 5-43 A, c = 
9-73 A, 8 = 117° 20’, with four molecules per unit cell. 

The structure was solved in three projections, decon- 
voluting the sharpened Patterson projections by convolu- 
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tion molecule methods*. This ap led to an initial 
parameter set, which could be with least squares 
calculations in the combined projections with 
Fourier projections. The electron density of the structure 
in projection on (100) is shown in Fig. 1. The K-factor 
at present is 19-3 per cent in the combined projections 
with co-ordinates, as listed in Table 1. Accuracy is 
limited by the crystals, which could only be wn as 
fibrous needles of poor quality. Further, due to > 
scopicity of imidazol it was necessary that the crysts for 
diffraction investigations be sealed in glass capillaries. 


Table 1, ATOMIC CO-ORDINATES 


sje Element 
€ 
o 
N 
N 
The molecules are found with the molecular pie 
nearly perpendicular to (001), forming an angle + 
with [010]. The Fourier maps indicate hydrogen bridges 
along the c-axis, connecting two molecules over the imine 
hydrogen, with an N—H . N distance between two 


molecules of 2-7 A, All the other intermolecular distances 
are groater than 3-1 A. 

The molecules connected by hydrogen bridges are 
twisted against each other by 64°, forming chains along 
the c-axis. Tho fibrous appearance of the crystals, with 
the fibre axis parallel to the c-axis, can be explained by 


Grorc Winn 
U.S. Army Electronics Research and Development 
Laboratory, Fort Monmouth, New Jersey. 


1 Greenwood, G., Min. Mag.,21, 1 (1926). 
* Will, G., Z. Krist. (in the press). 


METALLURGY 


Incidence of Grain Boundary Cracking in 
Creep Fracture 


In a recent investigation of void nucleation? the inci- 
dence of cavitation was determined metallographically by 
an examination of longitudinal sections of fractured 
specimens. Lines were drawn parallel and at right angles 
to the direction of the applied stress, and all grain bound- 
aries intersected by these lines were separated into three 
groups depending on the angle made on the polished 
section of the specimen by the grain boun with the 
tensile axis. For each angle interval (0°-30°, 30°-60°, 
60°—-90°), a count was made of the number of boundaries 
with and without cavities located on them. The work was 
carried out on a dilute nickel alloy (containing 0-1 atomic 
per cent gold) and the incidence of cavitation measured 
over a limited range of tensile creep stresses. Over this 
narrow range, the crack incidence appeared to be inde- 
pendent of the applied tensile stress. It was therefore 
decided to apply the same method of assessing crack 
incidence over a wider stress range. 

The present work was carried out at 500° C using pure 
nickel (99-97 per cent). Details of the material, specimen 
preparation and creep testing procedure havo been given 
elsewhere*. The tensile creep stresses used were 8, 6 and 
3-5 tons/in.*? which gave rupture lives of 109, 320 and 
16,500 min respectively. Longitudinal sections of the 
fractured test-pieces were lightly etched and the incidence 
of cavitation determined. More than 500 grain boundaries 
were examined in each specimen. The results are given in 
Table 1. It would appear that in each angle interval the 
Table 1. No. OF CRACKED BOUNDARIES IN ANY ANGLE INTERVAL EXPRESSI 
AS A PERCENTAGE OF THE TOTAL NO. OF BOUNDARIES IN THAT INTERVAL 

Stress (tons/in.*) 30°)" 
8 
35 


60°--30° 


29 
$1 
30 
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Table 2. AVERAGE PERCENTAGE LENGTH OF EACH CRACKED BOUNDARY, 
IN ANY ANGLE INTERVAL OCCUPIED BY CAVITIES OR CRACKS 


Stress (tons/in.*) 90°60" 60°-30° 30°-0" 
8 51 32 16 
6 50 31 16 
35 57 41 10 


percentage of the boundaries on which cavities have 
developed is independent of the applied stress. 

However, this method of measuring crack incidence 
does not take into consideration the extent of cracking on 
each boundary. Therefore, the percentage of each grain 
boundary length which was occupied by cavities was 
also determined. This enables the average percentage 
length occupied by cavities or cracks to be found for those 
boundaries on which voids had developed. The results 
for each angle interval are given in Table 2. This suggests 
that the extent of cracking on each boundary is also 
unaffected by the applied stress. 

These results therefore indicate that under the present 
conditions of testing, where failure occurs by cavitation 
and where no grain growth takes place during creep, 
the cracks develop to a similar extent at all stresses. 


P. W. Davres 
B. WILSHIRE 
Department of Metallurgy, 
University College, 
Swansea. 
1 Davies, P. W., and Wilshire, B., J. Inst, Metals, 90, 470 (1961-62). 
2 Dennison, J. P., and Wilshire, B., J. Inst. Metals (in the press). 


RADIATION CHEMISTRY 


Activation Analysis of Paper Chromatograms 
for lodine (lodine-127—-lodine-128) 


We wish to supplement our recent publication describing 
a radio-chemical purification procedure for this analysis! 
with-this report of our further experience with the method, 
which has both estimated the need for such purification, 
and also confirmed the adequacy of the purification 
attained when an activation period of 0-5 h was used and a 
pulse-height analyser set for the 455-keV photopeak of 
iodine-128 was incorporated in the counter. 

The mean sensitivity achieved with these conditions was 
4 x 10” g iodine; that is, of the same order as we 
achieved after irradiation for 1 h?. It is of interest that the 
sensitivity achieved in a series of thirteen separate batches 
irradiated at different times over two days showed a 
satisfactory consistency (co-efficiont of variation 24 per 
cent (Fig. 2) ); however, for the estimations we have used 
the concurrently activated standard for calculating the 
iodine-127 content of this sample. 

Fig. la shows the counts recorded with some of the 
samples from a recent day’s activation of several batches, 
each of which comprised two samples and one standard. 
On:this day, with all iodine-containing samples the initial 
counts decayed exponentially for at least 0:5-1 h, and 
indeed usually (16 of 20 samples) until reaching the back- 
ground counts (Fig. la). Occasionally (in the other 4) 
after this initial rapid decay at a half-life of 25 min, the 
decline in the counting rate then slowed, indicating the 
presence of some contaminating long-lived isotope as well 
as the iodine-128. This contaminant was later identified 
by y-spectroscopy as sodium-24 (half-life = 15 h), and these 
curves could be resolved into two components corre- 
sponding to iodine-128 and sodium-24 (Fig. 1b). For these 
samples at 120 min after their removal from the pile, 
about 10 per cent of the counting rate (5-13 per cent) was 
due to this sodium-24. Clearly the proportion of the 
count rate contributed by this contaminant would be much 
less at earlier times. We found that a high proportion of 
the radioactivity induced in the paper was sodium-24, by 
examining the distillation residues, and presume, there- 
fore, that the distillation procedure normally eliminated 
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Fig. 1. a, Series of results of activation analysis of paper chromato- 

grams using 05 h activation and a purification procedure already 

described (ref. 1). Note adequacy of the definition of the half-life 

by the initial counts in all samples. 6, Activation analysis of paper 

chromatograms; resolution of the occasional samples, the later count- 

rates of which show a contaminant, = sodium-24 and fodine-128 
componen: 


this contaminant, but that occasionally some spray 
particles may have reached the trap. 

In one irradiation batch we includod two standards, 
and so were able to assess the need for the post-irradiation 
purification by counting one standard without purifica- 
tion, and comparing its count rate with that of the iodine- 
128 radioactivity separated from the other by the purifica- 
tion procedure described!. Using the count rates recorded 
at 40 min from the pile, and expressing them as a per- 
centage of that recorded for the untreated paper counted 
for the whole spectrum, we found: the use of the pulse- 
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height analyser reduced this whole count rate to 14 
per cent, and the addition of the purification pro- 
cedure reduced this to 3 per cent for the standard; that is, 
with the standard the iodine-128 contributed 3 per cent of 
the induced radioactivity at 40 min after the pile. There- 
fore, in the samples which usually contained about 10 
per cent of the iodine of this standard, the iodine-128- 
radioactivity induced contributed at this time about 0:3 
per cent of the total radioactivity induced in the paper or 
about 0-03 per cent of that at 120 min when most of our 
counting was done. Clearly the purification was needed, 
and Fig. la indicates that the purity achieved was usually 
very satisfactory. 
Auice DIMITRIADOU ¥ 
P. C. R. TORNER 

, RUSSELL FRASER 

Department of Medicine, ` 

Postgraduate Medical School and the 
Medical Research Council Cyclotron Unit, 
London. 
* Senior Wellcome Research Fellow, 

1 Dimitriadou, A., Turner, P. C. R., and Fraser, R., Nature, 197, 446 (1963) 


Rapid Determination of Rubidium in Cæsium 
Nitrate by Neutron Activation 


DerEecrion and determination of rubidium in cæsium 
nitrate by use of neutron irradiation followed by y-scintil- 
lation spectrometry have been attempted. It is known 
that when natural rubidium is irradiated with neutrons, 
rubidium-86m (61 sec), rubidium-86 (18-7 days), and 
rubidium-88 (18 min) are formed. When any one of 
them is used for detecting rubidium, it is preferable that 
irradiation is continued for a period comparable with the 
half-life. Therefore, it was thought that the use of 
rubidium-86m offered a method for the rapid analysis for 
rubidium: this method has so far not been reported. 

In this work, a sample of cesium nitrate and a rubidium 
standard (rubidium nitrate) were irradiated at the same 
time at a neutron flux of 3 x 10?! n/em?/sec. After 9-5-sec 
irradiation they were counted by turns repeatedly at the 
bottom of the well of a 2-in.-thick, well-type sodium iodide 
crystal which was connected to a 256-channel pulse-height 
analyser. In every counting operation, counting was 
continued for 15 sec. The resultant y-spectra shown on 
the monitor (Braun tube) were photographed every two 
counting operations. A typical spectrogram and decay 
curves obtained are shown in Figs. 1 and 2, respectively. 
Rubidium was identified from both y-ray energy and half- 
life. Its amount can be determined by the comparative 
method using decay curves as usual. 

If rubidium content in a cæsium nitrate sample is small, 
l-min irradiation would be preferable, as well as a large 
sample-amount, to increase sensitivity. 
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Fig. 1. Typical spectrogram. Count-scale on the vertical axis is 800 

counts/division. The left half of this spectrogram is the y-ray spectrum 

obtained from an activated sample (8-80 mg cæsium nitrate) and the 

right half is that from an activated standard (0-64 mg rubidium nitrate). 

The counting operation for the sample was begun 12 sec after irradiation, 

and that for the standard was begun 35 sec after irradiation. Counting 
times used were 15 sec each 
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Fig, 2. Decay curves for the sample and the standard which were used to 
get y-ray spectra in Fig. 1. From these curves the rubidium concentra- 
tion of the sample was found to be 10-9 per cent 


I thank Prof. Shoji Makishima for advice, Dr. Fumio 
Aoki for his interest, and Dr. Toshio Nakai, Dr. Yuichiro 
Kamemoto and Mr. Shigeru Yamagishi for help with y-ray 
spectrometry. 

Minoru OKADA 
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Stabilities of Some Alkaline Earth Chelates 
of Tetracycline 


SEVERAL authors!? have reported that the antibiotic 
tetracycline enhances the removal of radiostrontium from 
mice. Theoretical work®4^ has indicated that a suitable 
reagent for the removal of radiostrontium from the 
mammalian skeleton should have a greater affinity ‘for 
strontium than for calcium. We have, therefore, exam- 
ined the chelation with tetracycline of calcium and stron- 
tium and also, for comparison, magnesium. The only 
reported stability constants for tetracycline chelates aro 
those determined by Albert’ for the chelates of aluminium 
and some transition metals. The acid dissociation 
constants for the hydrochloride derivative have, however, 
been determined by Albert® and by Stephens et al.*. 

A potentiometric titration method was used to determ- 
ine the acid dissociation constants of tetracyclino and tho 
stability constants of its magnesium, calcium and stron- 
tium chelates in an aqueous system at an ionic strength 
of 0-11 (potassium chloride) and temperature 30°. All 
titrations were carried out at 30°+0-1° in an inert atmo- 
sphere using carbonate-free potassium hydroxide. Measure- 
ments of pH were made to +0-005 pH unit with a 
‘Vibron’ pH meter (Electronic Instruments, Ltd., model 
39.4) and were corrected to give hydrogen ion concentra- 
tions by a Debye-Hiickel approximation’. The following 
titration curves were plotted: (a) ligand alone; (b) ligand 
and excess metal ion (1 : 10); (c) ligand and equivalent 
metal ion; (d) excess ligand and metal ion (2:1). Procipi- 
tation was observed at pH ~ 7-5 in all the titrations with 
magnesium ion present, and also, at about the same pH, 
with excess strontium and with the excess ligand : calcium 
system. Since precipitation affects the equilibria on 
which the calculations are based, constants were determ- 


Table 1 
Acid dissoclation constants pK, PKa 2E, 
3-39 745 9-09 
Chelate stability constants log Kye, log Kyy 108 Ki, 
Magnesium 3-53 4:85 Not ob- 
tainablo 
Calcium 3-06 5-52 3-3-3-9 
Strontium ~ 2-2 4:35 35-33 
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ined by using the unaffected parts only of the titration 
curves. 

The various constants, which are valid only under the 
conditions used here, were calculated, using the relevant 
titration curves, by the method of Schwarzenbach and 
Ackermann’ and by a modified method of Irving and 
Rossotti®. The results are shown in Table 1. 

The acid dissociation constants obtained are in good 
agreement with those previously reported. The order of 
chelation for the MHL chelates is Mg > Ca > Sr and for the 
ML chelates Ca>Mg>Sr. One would expect, therefore, 
that this compound, would be of little value for the removal 
of radiostrontium from the mammalian skeleton, and 
recent investigations'*#! with rats support this view. 

Ibsen and Urist!? have reported M,L chelates of calcium 
and magnesium with oxytetracycline. Although tetracy- 
cline and oxytetracycline have similar structures, our cal- 
culations showed that, with the former, chelates of the 
type M,L are not formed. 

We thank Messrs. K. T. B. Scott and J. H. Grimes for 
their interest and encouragement and Mr. P. Goodacre for 
assistance with the experimental work. We also thank the 
Lederle Laboratories Division, Cyanamid of Great Britain, 
Ltd., for the gift of chemically pure tetracycline hydro- 
chloride. 

D. C. MAXWELL 
P. J. A. SMTH 
S. P. Witrorp 
Chemistry Division, 
Atomic Weapons Research Establishment, 
Aldermaston. 
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Electron Spin Resonance Spectra of 
Unsaturated Radicals in Irradiated Tetra-alkyl 
Ammonium Halides 


SEVERAL workers have reported on the electron spin 
resonance spectra of allyl radicals in various glassy 
matrices'-*. The observed spectra are poorly resolved 
because of large anisotropic interactions’. Recently I 
have observed well-resolved electron spin resonance 
spectra of ‘allyl-type’ radicals in irradiated polyerystal- 
line tetra-alkyl ammonium halides at room temperature. 
The spectra were recorded on a Varian electron spin 
resonance spectrometer with 100 ke/s field modulation. 
The experimental details are similar to those published 
previously‘. 

The spectrum obtained from irradiated tetrapropyl 
ammonium chloride (Pr,NCl) is shown in Fig. 1 and 
consists of five pairs of doublets. The splitting constants 
are 13-4+ 0-2 gauss and 4-00 + 0-05 gauss with the spectro- 
scopic splitting constant g=2-0026+0-0002. The small 
line-width of 2:5 gauss indicates very little contribution 
from anisotropic interactions. (All line-widths quoted 
correspond to the distance between the points of maximum 
slope of the absorption curve.) 

The radical observed is assumed to result from the 
cation; a chloro-substituted radical is ruled out on the 
ground that the spectra of such radicals are usually poorly 
resolved with g values considerably removed from 2-0023 
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Fig. 1. First derivative electron spin resonance spectra of irradiated 


polycrystalline samples of tetrapropyl ammonium chloride. The 
calculated iine positions are given 


(refs. 2 and 5). Of the atoms in the cation, only hydrogen 
nuclear spin 1/2 and nitrogen nuclear spin 1 will give rise 
to hyperfine splitting. The nitrogen nucleus is normally 
considered to interact with an unpaired electron to give 
a triplet, but for polycrystalline samples the outer two 
lines of the triplet may be broadened by anisotropic 
coupling and in some cases only the central line is clearly 


seen®. Thus a species such as Pr,N might give rise to as 
few as seven equally spaced lines. Such lines are not 
observed in the spectrum of irradiated Pr,NCl. 

Other possible species aro (a) ‘CH,CH,CH,;; (b) 
Pr,N-CH,CH-CH,; (c) Pr,N-ĊH,CH,. The propyl 
radical would give rise to five lines but the splitting 
constants which have been observed previously are at 
least 19 gauss or higher depending on the matrix*§, 
Radical b would give at least seven equally spaced lines 
and so can be disregarded, and no spectra from radical 
c could be synthesized to match the observed data. 
However, in the latter caso it is possible that a de- 


+ 
localization of the unpaired electron by the PrN- group 
would give the larger of the two observed proton-splitting 
constants. None of these spocies can account for the 
splitting constant of 4-00 gauss. 

Splitting constants very similar to those observed here 
have been reported by Heller and Cole’ for an orientated 
allyl-type radical produced by X-irradiation of glutaconie 
acid. They find values of 12-7 and 428 gauss for the 
isotropic splitting constants. Fessenden and Schuler® have 
determined similar splitting constants for the allyl radical 
in solution. The narrow line-width observed in solution 
allows two different large proton coupling constants to be 
resolved. The small coupling constant is the same as 
observed in this work and the mean of the two large 
coupling constants is about 1 gauss larger than the value 
found here. It seems very probable, therefore, that the 
spectrum observed in irradiated Pr,NCl is that of the allyl 
radical. The observed line-width of 2:5 gauss indicates 
that the radical as a whole has probably considerable 
freedom to rotate. 

The tetrapropyl bromide and iodide yield the same 
spectrum as Pr,NCl, but the lines are not so well resolved 
and the radicals are very unstable at room temperature. 
A sample of the bromide stored until no radical signal 
could be observed decolorized a solution of tribromide 
ion, supporting the possibility of unsaturated radiation 
products. 

The spectra of tetrabutyl bromide (Bu,NBr) and iodide 
were observed at room temperature. The spectra are not 
very well resolved with a line-width of 6 gauss and are 
each of seven lines with a binomial intensity distribution. 
The room temperature spectra from these compounds 
have previously been attributed to the radical Bu,N— 
CH,CH,CH-CH, (ref. 9). This species may give rise to a 
seven-line spectrum but the splitting constants are expected 
to be similar to the 21-27 gauss normally observed for 
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alkyl radicals™’, and not 13-3 gauss as found in this case. 
(A seven-line spectrum is observed at low temperature 
with a proton splitting constant of 23-5 gauss.) By 
analogy with the Pr,NX salts the radical stable at room 
temperature in irradiated Bu,NBr is probably a methyl 
allyl radical (1) CH,—(2) CH=(3) CH—(4) CH, in which 
the protons on carbons (1), (3) and (4) have similar 
splitting constants. The unpaired electron density ou 
carbon (2) is opposite in sign to that on carbons (1) and 
(3) and will give rise to the observed slight doubling of 
some of the lines observed in the Bu,NBr spectrum. 

The mechanism of the production of these olefinic 
radicals on irradiation of tetra-alkyl ammonium halides 
is not known, but the elimination of olefines when the 
hydroxides of such tetra-alkyl ammonium compounds are 
heated is well known!*. Work on these and similar com- 
pounds is being continued and further details will be 
published shertly. 

I thank Dr. N. Sutin for advice. 
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A Nitric Oxide Induced Electron Spin 
Resonance Signal in Polymethacrylates 


DURING investigations into the effect of nitric oxide on 
various polymers it was discovered that a strong electron 
spin resonance signal could be induced in a number of 
them. This effect was initially mentioned earlier’. 

The signal (first differential) shown in Fig. 1 is that 
obtained when granules of the polymers polyethylmetha- 
crylate, polymethlymethacrylate and poly (n-butyl) 
methacrylate are left in the presence of nitric oxide for a 
number of days; no change was obsorved in the signal 
when the nitric oxide was removed with a vacuum pump. 
Further electron spin resonance and ultra-violet observa- 
tions suggest that this signal results from the nitric 
oxide reacting with the ester side-groups of the polymer. 
The reaction, which is influenced by the alkyl group, is 
considered to oceur at the double bond of the ester 
(C=O). 

Analysis of the electron spin resonance signal has 
indicated that it is a mixture of three separate signals, 
two of these being strong singlets with g values of 2-0047 
and 2-0170, and the third being a weak triplet the centre 
peak of which has a g value elose to 2-0047. Shown in 
Fig. 2 are the two molecular configurations considered 
responsible for the signal. The configuration of Fig. 2a 
would provide the strong singlet with g=2-0047 whereas 
that of Fig. 2b would provide the other singlet and the 
weak triplet which are the result of the different orienta- 
tions which the nitric oxide group can have about the 
C’O’ bond. Some of these orientations allow an interaction 
between nitrogen nucleus and the unpaired electron, which 
gives rise to the triplet, while others, which do not allow 
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the interaction, give rise to the singlet. The singlot would 
be larger than the triplet since the number of orientations 
which allow this interaction is small. 
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N 
(NO)—C—O—CnHon +1 


N a3 
-C’-—O— Cp Hon+1 


| 
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Fig. 2 


Effects of Electron Irradiation. Irradiation of the nitric 
oxide treated polymethacrylates with electrons from an 
8-MV linear accelerator has shown that the main chain 
degradation which normally occurs in these polymers is 
reduced. The amount of internal protection has been 
established by viscosity measurements to be 27 per cent 
for an electron dose of 10’ rads with lower degrees of 
protection for higher doses. 

A complete account of this work will be published later. 


P. D. Cook 
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Promethium Oxide Structure 


From the results of radiochemical distribution experi- 
ments, M. Bruno and U. Croatto! coneluded that over a 
large range of temperatures promethium sesquioxide has 
a fluorite-type structure. We have examined a sample of 
promethium sesquioxide powder by means of X-ray 
diffraction and have found reflexions which are consistent 
with a fluorite-type structure. 
oxide was about 99 per cent pure with the remaining 
impurity being the daughter, samarium-147. This oxide 
was prepared by heating promethium oxalate in air for 
3 h at 750° ©. About 15 mg of the oxide were 
placed in a lead sample holder, one end of which was 
closed by a film of ‘Cellophane’ tape through which the 
X-ray diffraction pattern was obtained by the use of a 
General Electric XRD-5 diffractometer. 

Because of the poor crystalline nature of the oxide only 
four reflexions were observed and these are listed in 
Table 1. 

Table 1., OBSERVED REFLEXIONS 


Line No. d (A) Relative intensity 
1 3-16 10 
2 2-78 . 4 
3 1-94 6 
4 1-68 6 


The observed reflexions correspond to the (1,1,0), 
(2,0,0), (2,2,0) and (3,1,1) reflexions of a fluorite lattice 
with an average cell constant of 5-48 A with an average 
deviation of 0:02 A. The cubic form of the rare earth 
sesquioxides is a defect fluorite structure with two of the 
eight oxygens systematically removed? so that the unit 
cell is twice that of the fluorite cell or, in the case of 
promethium oxide, 10-96 A. The lattice constants tor the 


cubic form of the sesquioxides of samarium and neodymium. . 


are respectively 10-85 A and 11-05 A. Thus the lattice 
constant for the oxide of promethium, as expected, falls 
between samarium and neodymium. 

We wish to thank Mr. M. C. Lambert for his assistance 
in obtaining the diffraction pattern. This work was 
performed under contract No. At(45-1)-1350 for the U.S. 
Atomic Energy Commission. 


ARCHE S. WILSON 
F. P. ROBERTS 
E. J. WHEELWRIGHT 


Hanford Laboratories, 
General Electric Co., 
Richland, 
Washington. 
1 Bruno, M., and Croatto, U., Nature, 183, 601 (1959). 
2 Strukturberichte, 2, 38 (1939). 


Splitting of Energy-levels in Non-cubic 
Cobalt (HI) Complexes 


THe two absorption bands of octahedral cobalt (ITI) 
complexes, with On symmetry, are assigned as 17',,<—14,, 
for the lower frequency band (which may be called band 
T, following a recent paper?) and +7',,<«~14,, for the higher 
frequency band (band IT). Evidence for the splitting of 
these bands when the symmetry is lowered to D, has 
been given by Mason*. 
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In considering the bis-chelate systems, such as the 
dihalogenobisethylenediaminecobalt (IIT) cations, the 
tans-isomer approximates to Dy, symmetry and the 
cis-isomer has Cw symmetry. Bands I and II are both 
expected? to split, in either isomer. In band I, both 
components are magnetic-dipole-allowed‘ in the trans 
case (D,a), and in the cis case (Cs). The circular 
dichroism associated with these transitions may thus 
provide evidence on the splitting of the energy-levels 
which is often inaccessible from other sources. This is 
illustrated for two classes of compound in Tables 1 and 2. 


Table 1. Spirrrinas OF BAND I FOR DICHLOROTETRAMMINECOBALT (III) IONS 


Compound Band Ia Band Ib Method * 
[CotrienCl,]* trans 16,100+ 22,500 Se 
cis 16,400 18,700 Sa 
[Coen,Cl,]*+ trans 120 22,490 Sb 
cis 18,230 18,700 ope 
(+) [Co(+pn)sCly}* trans 16,400 22,200 Så 
cis 16,400 18,700 oDe 


* S, Spectrophotometry in solution; CD, ciroular dichroism in solution. 


| Frequencies in om~, «Gillard and Wilkinson, J. Chem. Soc. (in the 
press); © Linhard and Weigel, Z. anorg. Chem., 271, 101 (1968); ° Mathieu, 
O.R. Acad. Sci., Paris, 199, 279 (1934); ¢ Basolo, J. Amer. Chem, Soc., 72, 
4393 (1950); ë Mathieu, Ann. Phys., 19, 835 (1944). 


Table 2. Srirprincs or BAND p FOR bisAQUOTETRAMMINECOBALT (ITI) 
ONS 


Band Ib Method 


Compound Band Ig 
(+) [Co(+pn)(H,0)a]**+ trans 18,200 22,800 Sa 
cis 18,300 20,700 cD 


a This work; 5 Mathieu, Bull. Soc, Chim., 4, 687 (1936). 


A further class of compound where measurements of 
circular dichroism give more detailed insight than spectro- 
photometry into the splitting of bands I and II comprises 
the complexes of diaminotetracarboxylate anions with 
cobalt (III), which have approximately C,» symmetry. 
The electronic spectrum in solution of the ethylenediamine 
tetra-acetatocobaltate (III) anion, [Co(EDTA)]-, shows’ 
a very broad band I (Ymax 18°65, emax 90) and a narrower 
band II (vmax 26:3, emax 62). The spectrum of 
propylenediamine tetra-acetatocobaltate (III) anion, 
[Co(PDTA)]-,, is virtually identical. The electronic spectra 
of both [Co(+PDTA)]- and [Co(+PDTA)]-, which are 
identical, obey the Beer—Lambert law, so that only 
monomeric species are present in both cases. 

The circular dichroisms of (— )s4.,{Co(EDTA)]- and 
(—)s4-:[Co(+ PDTA)]-, given in Table 3, show the splitting 
of both bands I and II into two. A previous attempt’ 
to locate the components was made by analysing the 
rotatory dispersion curve of [Co(EDTA)]-; the results 
obtained agree well with ours for band I, but only one 
Cotton effect was found in the region of band II. These 
compounds are seen to have the same configuration; that 
of (—)sac-1{Co(+PDTA)]- is known’ from geometrical 
considerations to be of opposite helicity to that of 
(+)sso-3 ¢rtsothylenediaminecobalt (III) cation, determ- 
ined® by X-rays. 

PDTA, (+)PDTA, and their complexes with cobalt 
(III) were prepared by the methods described by Dwyer 
and Garvan’; analyses, melting points and specific 
rotations agreed well. (—)s4s-14K[Co(EDTA)] was prepared 
by the method of Dwyer, Gyarfas and Mellor; its optical 
rotatory dispersion curve was identical with that previ- 
ously described. 


Table 3. CIRCULAR DICHROISMS OF DIAMINOTETRACARBOXYLATOCOBALTATES (ITI) 











Compound Band I Band II 
ie Ymax Sign Pmax Sign Ymax Sign Ymax Sign 
{— Juel COBEDTA) ]- 17,010 + ve 19,420 — ve 23,810 + ve 27,470 + ve 
(—)saealCo( + PDA) F 17,040 + ve 19,420 ~ ve 23,870 + ve 27,550 + ve 
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obtaining the circular dichroism curves, and Prof. W. 
Klyne for the rotatory dispersion curve. 
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Cross-linked Polythiocarbamate Polymers 


THERE is widespread interest in sulphur-containing 
polymers especially in the higher molecular weight 
elastomers. We have endeavoured to produce cross-linked 
materials which would be expected to have enhanced 
physical properties. 

The reactions between the thiol group and an isocyanate, 
using simple mercaptans, was reported by Petersen!. The 
reaction proceeded in a manner similar to that between 
an isocyanate and either an alcohol or a phenol, but more 
slowly. This has been the basis of the method described 
here, using diisocyanates to give chain extension, cross- 
linking centres being introduced by the use of polyols. 

Similar work on the synthesis of linear polythiocarb- 
amates has been discussed recently by Dyer and Osborne?, 
who used diisocyanates and low molecular weight dithiols. 
These were obtained as white powders. 

Schonfeld’ has reported on a sulphur-containing polymer 
having urethane groups in the chain, prepared by the 
action of diisocyanates on hydroxy-terminated thiopoly- 
acetals. Thiopolyacetals were prepared with number 
average molecular weights up to 2,270, and these 
were reacted with a diisocyanate to give isocyanate 
terminal groups. Elastomers were then produced by 
further reaction with mixtures of triols and diols to cross- 
link and extend the chains. 

For the present work a liquid long-chain sulphur- 
containing polymer, of molecular weight approximately 
1,000, having a terminal thiol group at each end of the 
chain, has been used. This was prepared from the reaction 
between sodium polysulphide and 62s(2-chloroethyl) 
formal. A small percentage of trichloropropane may be 
added to give thiol groups at intervals along the chain. 
The number of free ‘SH groups present was determined 
by titration of a benzene solution against standard KI, 
(ref. 4). The polymer was reacted with tolylene-2,4,-diiso- 
cyanate in a molar ratio of 2 moles diisocyanate/1 mole 
thiol, using the results obtained from the titration. 
If the reaction proceeds to completion, each end of the 
polymer molecule should contain a free isocyanate group 
available for chain extension or cross-linking. The 
reaction was carried out at 80°C under dry conditions, 
and the thiol polymer was slowly added to the diisocyanate 
over @ period of 2h. Heating was continued for a further 
3h by which time the viscosity of the system had incr eased 
considerably. Analysis for free isocyanate, by addition 
of éxcess amine and titration of the excess with standard 
acid, showed that only half the expected extent of reaction 
had taken place. 

If the mixture was cast into a tray at this stage and 
heated in an oven at 70° C for 24 h, an amber-coloured 
rubbery solid was obtained, which, however, had little 
strength. 
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In an attempt to obtain a cross-linked product, hoxane- 
1,2,6-triol (1 mole to 3 mole thiol polymer) was added 
to the mixture after time had been allowed for the initial 
thiol-isocyanate reaction to proceed. After thorough 
mixing, în vacuo to remove bubbles, castings were again 
made and heated at 60° C for 24 h. Very hard, flexible, 
clear rubbers were obtained by this method. 

Solubility in a range of fifteen common solvents was 
tested at room temperature, and the samples were found 
to be unaffected by the majority of these. The samples 
swelled in dimethyl formamide, and were slightly swollen 
by chloroform, and isophorone. After immersion in many 
solvents the rubber changed colour to a very deep yellow, 
or in some cases a yellow-brown. 

Further work is procseding to examine the reaction 
process, and the physical properties of the rubber. 

G. W. Hasrines 

Department of Polymer Science, 

School of Chemical Technology, 

University of New South Wales, 

Kensington, Australia. 
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Radiometric Titration of the Hexachloro- 
platinate (IV) Ion 


THE most accurate methods of estimating platinum in 
the formof PtCl,= or PtCl,= inaqueoussolutions containing 
no other platinum metals or gold appear to be precipitation 
as the metal either by formic acid or by oxalic acid in the 
presence of mercuric sulphate and sulphuric acid. But 
if one wishes to estimate PtCl,= in the presence of PtCl,= 
recourse must be made to precipitating the former as 
(NH,),PtCl, or Cs,PtCl,, and measures required to avoid 
co-precipitation make such procedures tedious. Compar- 
able accuracy may be obtained in much less time by 
labelling the cæsium with cesium-137, and using the 
radioactivity of this isotope as an ‘indicator’ in a volu- 
metric technique. 

The general procedure is to add a fixed volume of 
standard active CsCl solution to portions of the PtCl,= 
solution of increasing volume, remove the fine precipitate 
by centrifuging or filtering, and assay aliquots of each 
solution by stendard counting techniques. The activity 
of the solution is plotted against the volume of the PtC)],= 
solution, and the end-point taken where the break in the 
curve occurs. Theoretically, for a salt of the low solu- 
bility of Cs,PtCl, the plot of activity v. volume should 
be linear. However, since the distinct curvature made an 
accurate estimation of the end-point difficult in the esti- 
mations reported here, a volume of water was added to 
each sample in a series such that the total volume after 
the addition of the PtCl,= was constant. Good straight 
lines and accurate end points were then obtained. Typical 
examples are shown in Fig. 1. The presence of the PtCl,= 
ion in the solution is seen to have no effect on the accuracy 
of estimating PtCl,=. 

The platinum content of all the solutions was estimated 
by precipitating the metal with formic acid. Table 1 
shows a comparison of the values obtained gravimetrically 
with those from a typical series of volumetric determina- 
tions. These latter values all lie within 2 per cent of the 
gravimetric values. Hydrochloric acid or sodium chloride 
up to a concentration of 2 M had no significant effect on 
the accuracy of the end-point. The lower limit of reactant 
concentration is set by errors arising from fine particles 
of precipitate not being removed from the supernatant 
liquid. For this system, our experience indicates that the 
lowest concentrations allowed (before mixing) are about 
4x 10M. In 5m. this yields about 13 mg of precipitate. 

Radiometric titration data may be used? to evaluate 
the solubility product of the salt in question. Using the 





40 


Counts/min/ml. x 107 
iJ) 
© 


8 


10 





MI. PECL 
Fig. 1. Radiometric titration of 0:0200 M PtCL= with 004824 M Cst. 


O, PtCl= alone; @, PtCL= + PtCh=; @, PtCh= alone 


Table 1 
Cong, ‘Gil Conc. PtCl,* Conc. PtCl,= 
i (gravimetric) (radiometric) 
~ 04824 01988 0-2009 01986 01980 0-2000 
z 0-2021 0-1993 0:2006 
0:04824 0-01987 0:02000 001986 002022 002019 
0-01994 001979 001987 0-01991 
0:00482 000197 0-00199 0-00198 000199 0-00201 
000202 0-00201 000202 000202 0-00199 


ratio of count rate at the equivalence point to the initial 
count rate in the CsCl solution, the solubility product for 
Cs,PtCl, was calculated as (3-51 + 1-09) x 10-1? mole? 1.-3, 
the error quoted being the standard deviation from six 
. values. Solubility data? for Cs,PtCl, in water at 20°C 
give a solubility product of 84x 10-1? mole? 1%. In 
chloride-free solutions active Agt or Tlt may be used as 
precipitants, but are probably not so satisfactory as it is 
reported that their chloroplatinates are somewhat 
unstable. 
A. T. CASEY 
W. ROBB 
Department of Inorganic Chemistry, 
i University of Melbourne, 
Parkville, N.2, Victoria, Australia. 
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Behaviour of Bismuth Oxychloride at High 
Temperature 


Ix connexion with special developments in the field of 
thermo-electricity it is particularly desirable to obtain a 
supply of very pure bismuth, which above all should be 
free from lead, copper, silver and other metals. A chemical 
method of purification that has been developed, consisting 
of a number of stages, has proved that the reduction of 
the bismuth oxychloride is the most important step. In 
order to discover the reason for this somewhat unexpected 
purifying effect, the behaviour of bismuth oxychloride at 
elevated temperature was investigated in the presence of a 
current of hydrogen and a current of nitrogen. 
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According to Ruge', Jacquolain® and others bismuth 
oxychloride may be heated to over 800°C without 
volatilizing or decomposing. Other authors?-?, however, 
found that it volatilizes to a certain extent when heated, 
or that a change occurs in the composition of the residue. 
These findings apply to an inert atmosphere. In the 
presence of hydrogen a reduction should take place and the 
formation of volatile bismuth(III)-chloride is discussed®. 

A thorough investigation carried out showed that 
bismuth oxychloride does volatilize in an inert’ gas 
atmosphere and that the extent is dependent on the 
temperature (Fig. 1). Contrary to expectations, however, 
is the fact that not more than about 40 per cent of the 
original bismuth oxychloride weight can be made to 
volatilize. An analysis of the final reaction products at 
900°C showed that the residue consisted of bismuth 
trioxide with bismuth oxychloride and the condensate 
was bismuth chloride. This obviously rules out a simple 


Palace There must therefore be a reaction of the | 
orm: 


heat 
3 BiOCI-—Bi,0, + BiCl, u) 


The progress of this reaction may probably be explained 
by an equilibrium BiOCl=Bi:O,+BiCl, which, owing 
to the high vapour pressure of bismuth chloride, is 
displaced completely to the right. The loss in weight which 
can be expected from this amounts to 40:3 per cent of the 
original bismuth oxychloride, because there is no likeli- 
hood of the bismuth trioxide evaporating, as its oxygen 
pressure merely amounts to about 10-5 mm mercury at 
900° C (ref. 9). 

The reduction of bismuth oxychloride by hydrogen 
would at first sight appear to follow an equation of the 


form: 
BiOOl + 1-5 H,——>Bi+H,0+ HCl (2) 


This, however, disagrees with the results found by Rose’, 
according to which, and taking the reaction given by 


equation (1) into account, the reduction probably takes 
the form: 


3 BiOCl+3 H,—>2 Bi+BiCl,+3 H,O (3) 
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Fig. 1. Variation of the loss in weight with temperature. Abscissa: 


reciprocal of absolute temperature (° K). Ordinates: logarithm: of 
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Fig. 2. Variation of the rate constant k with temperature. Absoissæ: 
reciprocal of absolute temporaire ae Ordinates: logarithm of 
‘sec 


If we now plot the logarithm of the hourly loss in weight 
against the reciprocal of the temperature for the reaction 
of the bismuth oxychloride in atmospheres of nitrogen 
and hydrogen (Fig. 1), the two straight lines so obtained 
are not parallel, as would be expected if the reaction 
mechanism were in accordance with equation (1) in both 
cases. The observed deviation leads to the supposition 
that the direct reduction of the bismuth oxychloride as 
given by equation (2) must also be regarded as describing 
the overall process. Thisis favoured by the discovery that 
the quantity of bismuth obtained after complete reduction 
varies with the temperature. It therefore appears to be 
truer to formulate the reduction by a superposition of 
equations (2) and (3), as follows: 


BiOCl + (2—2)/2 H,—>(2+-)/3 Bi+H,0+ 
(1—2)/3 BiCl,+a HCl (4) 


The value of v in equation (4) takes into account the 
extent of the direct reduction of the bismuth oxychloride 
(equation (2)). : 
Investigations carried out at 400°, 500° and 600° C 
‘yielded «-values of —0-78, —0-58, — 0-35, respectively, 
and confirmed the view that, with rising temperature, 
the reaction given by equation (1) governs the reduction. 
Above about 700° C it is almost entirely responsible. 
Kinetic considerations showed that the reduction 
according to equation (4) may be described as a first-order 
reaction. The reaction rate constants for the various 
‘temperatures worked out to k=3-61 x 10-5 sec! at 400° C, 
k= 2-37 x 10-4 sec at 500° C and k=7-98 x 10-4 sec"? at 
‘600° C. The variation with temperature (Fig. 2) which, 
as might be expected from log k=log A— AH/4-575 T, 
‘is linear, and the previous statement that reduction is 
brought about by the superposition of two reactions, 
‘permit the following conclusions: The mono-molecular 
‘reaction according to equation (1) and bi-molecular 
‘reaction according to equation (2) obey a law of the first 
order. That is also understandable for the reaction 
BiOCl+1-5 H,—~Bi+H,0+ HCl, considering that on 
account of the high concentration of hydrogen it may be 
taken as constant. Furthermore, for the reaction according 


NATURE 


583 


to equation (3) the transfer reaction 3 BiOCI——Bi,0,+ 
BiCl, must govern the rate of reaction and, finally, the 
two reactions considered have similar rate constants in 
the temperature range between 400° and 600° C. 

As regards the original question as to the reason for 
the purifying effect of the reduction of bismuth oxy- 
chloride, this can be largely explained by the formation 
of chlorides by the impurities in the course of the reaction 
according to equation (1), which are then entrained in the 
current of hydrogen, either alone or together with the 
BiCl, as complex volatile chlorides. Therefore, the best 
conditions to choose for the reduction of bismuth are such 
that the value of g is as near zero as possible (700°-900° C). 
In the bismuth remaining as residue under these conditions 
it is impossible to detect any impurities by spectral 


analysis, whereas the original bismuth oxychloride 
contains lead, boron, copper, silver, titanium and 
aluminium. 
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Urea Cation in the Mechanism of 
Denaturation of Proteins 


Mvuons is known about the action of urea on proteins; the 
mechanism, however, is not understood. The long- 
accepted hydrogen-bond mechanism, once deemed quanti- 
tatively unsatisfactory! but never tried seriously, is shown 
here to be erroneous on various theoretical and experi- 
mental grounds?*, The alternatives in terms of the hydro- 
phobic bond theories‘ are stimulating but not fully con- 
sistent with the evidence: they are too arbitrary in that 
they do not take into account some important properties 
of urea and ignore the significant facts!:7* which are 
known about the action of urea and which cannot bo in 
the domain of the hydrophobic forces alone. In all the 
previous studies no attention was paid to urea itself and to 
the polar properties which are obvious in the structure of 
the urea molecule and presumably fundamental to its 
mode of action. This communication aims at postulating 
and describing the urea cation, a zwitterion with a 
positive head charge. - 

It is generally known that guanidinium chloride is twice 
to three times as effective as urea in protein denaturation. 
The suggestion was made that guanidinium chloride and 
urea. must attack ovalbumin by the same mechanism’. 
However, neither the differences nor the relevant simi- 
larities between urea and guanidinium have ever been 
discussed, and very many results!:?.8 cannot really be 
explained as long as the structure of urea is ignored. 

Guanidinium obviously is a cation. Its positive charge 
is distributed over the three nitrogen atoms; the large size 
contributes the ion a low charge density and therefore a 
certain surface and ion binding activity, which indeed is 
borne out by the observation that urea! and guanidinium 
chloride? are adsorbed on the protein and guanidinium 
sulphate is ineffective in protein denaturation®°, In 
Freundlich’s and Hofmeister series a large surface and 
ion-binding activity is attributed to sulphate, which must 
inevitably block guanidinium. Furthermore, sulphate 
inhibits the denaturation of proteins by urea’:*. It is 
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therefore conceivable, and can be shown, that a positive 
charge may be the common denominator in the mechanism 
of action of urea and guanidinium in the denaturation of 
proteins. 

Spectroscopic evidence!! confirms the expected reson- 
ance structures II and III. The two CN bonds have a 
double-bond character, and a positive charge is distributed 
over the two nitrogen atoms. The resulting asymmetric 
molecule is an effective dipole—IV in a gross definition— 
consisting of an intensive negative charge on the oxygen 
and a voluminous positive head charge on the nitrogen. 
The amphipathic urea, molecule is therefore a zwitterion 
or salt linkage, which I called urea cation because of the 
conspicuous positive head charge (IV). The same argu- 
ment is valid in the case of the tautomeric isourea forms 
V and VI proposed by Werner’. 
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The physical properties of urea and its analogues further 
support the assumption of a salt linkage in urea. Melting 
point and dissociation constant Ks indicate that the salt 
linkage is obliterated in the O-isoureas, in which the 
oxygen is no longer available for protonation. O-methyl- 
isourea (Kz=6-4 x 10-5) is as strong a base as ammonia, 
whereas in urea (Kg = 1-5 x 10-14) nitrogen is practically 
unavailable to external protonation. Both nitrogen 
atoms are needed to make the salt linkage of urea strongest 
and its polar properties more pronounced: urea melts at 
132° C, O-methylisourea, at 45° C and urethane at 50° C; 
formamide is liquid; acetamide melts at 80° C and has a 
smaller dipole moment than urea. 

In the more likely structures IT, ITI, V and VI, urea is 
expected to be a surface active cation, an ion exchanger 
and a poorest hydrogen bonding species. The general 
assumption that urea and guanidinium chloride are 
hydrogen bonding agents? is unfounded. If the correct 
structure of urea were I and the mechanism of denatura- 
tion were hydrogen bonding, urea should be more effective 
than guanidinium chloride; but that is not the case. In 
structure I, in which it is ordinarily written, urea would be 
an excellent hydrogen donor from the nitrogen sides and a 
hydrogen acceptor from both the oxygen and the nitrogen 
sides. Structure I, however, the bifunctional!’ and the 
monofunctional hydrogen bondings may be irrelevant in 
the mechanism of action of urea and protein denaturation ; 
irrelevant and contradictory may also be the comparison? 
between urea and guanidinium on the basis of hydrogen 
bonding ability. Guanidinium could scarcely be con- 
sidered a proton donor or proton acceptor at the pH’s 
(4-10) at which denaturation is ordinarily studied; it is 
rather a bulky, surface active cation, more effective than 
urea in ion binding and thus also in denaturation. The 
intermolecular interaction of the amphoteric dipoles is 
expected to affect the activity of urea. Finally, urea and 
guanidinium chloride must work by the same—ion 
exchange*—and not by a different mechanism. 

The novel concept of the urea zwitterion is a suitable 
model which explains the known! effect of polyvalent 
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anions and cations on the rate of denaturation of proteins 
by urea. The surface-active sulphate blocks the positive 
charge of urea and lowers the rate of denaturation; the 
polyvalent cation blocks the negative charge of urea and 
increases the action of the positive charge and thus the 
rate of denaturation. The assumption of a urea plus 
enables us to explain the observed adsorption of urea on 
proteins and ion binding and ion exchange activity of 
urea; the urea cation, moreover, is the crucial species in 
the proposed ion exchange mechanism of denaturation of 
proteins’. The terms urea cation and zwitterion are 
arbitrary, but most effective in rendering the physical 
meaning of the interaction of urea, with ions. 

There is now abundant theory which suggests the 
existence of a urea cation, and prompts a host of experi- 
ments to characterize it. The effect of the electrolyte on 
the pH of aqueous urea and extensive work on the electrical 
potential of oil/water interfaces’ in contact with ureas 
support the suggestion of the urea zwitterion with a 
positive head charge. Work now in progress concerning 
some spectroscopic and electrical effects of the interactions 
of ureas with water, electrolytes and organic molecules in 
bulk and at interfaces is expected to shed light on the 
structure and mode of action of urea in the mechanism of 
denaturation of proteins. 
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Post-mortem Changes in the Colour of Pig 
Longissimus Dorsi Muscle 


Many reports have appeared in the literature during 
the past decade describing soft, pale and exudative muscu- 
lature in pig carcases. The condition is called ‘muscle 
degeneration’® > and ‘watery pork’? in Denmark, ‘la 
myopathie exsudative depigmentaire du porc’? in France 
and ‘white muscle disease’ in Britain’ *. Recently, pale 
and exudative longissimus dorsi muscle was found in 
pig carcases in Ireland’. Pathological changes of the 
type associated with degeneration of muscle in the living 
animal were not detected in exudative muscles which 
were examined histologically. Changes in the water- 
holding properties and in the colour of such muscle be- 
came manifest only after the muscle had passed into rigor 
and were apparently caused by rapid fall in pH post 
mortem, observations in accord with the findings of 
Wismer-Pedersen and Briskey® and of Bendall and 
‘Wismer-Pedersen*. 

The reasons for the change in colour of exudative 
muscle are not clear. Lawrie? and Henry et al.? reported 
a virtual absence of pigment in certain types of exudative 
muscle. Wismer-Pedersen® observed that the colour of 
post-rigor muscle was largely independent of the pigment 
content and was related to differences in the texture of 
the muscle, produced by different rates of pH fall after 
death. 
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Fig. 1. x, Incubated at 2°; W, incubated at 20°; O, incubated at 35° 


In the present work, it was observed that the colour of 
extracts of sarcoplasmic proteins changed as the pH 
was lowered and resembled very closely the greyish- 
pink colour of exudative muscle. To examine this 
phenomenon further, a solution of soluble sarcoplasmic 
proteins was prepared by the homogenization, immediately 
after dedéth, of longissimus dorsi muscle in an equal 
weight of ice-cold distilled water. The solution was 
clarified by centrifugation and filtration through glass 
wool. Aliquots (5 ml.) were mixed with a series of McIl- 
vaine buffer solutions (3 ml.) and were incubated at 
different temperatures (2°, 20°, 35° C) for 1 h. The 
turbidities of the solutions at 20° were then read in a 
photoelectric colorimeter using a red filter and the total 
soluble pigment content of the solutions was assayed 
as acid hematin after clarification of the solutions by 
centrifugation and filtration through a Seitz filter. The 
results (Fig. 1) showed that at 35° turbidity due to 
precipitation of protein developed at a higher pH than 
it did at the lower temperatures. A very sharp increase 
in turbidity occurred in the pH-range 5-4-5:6 at 35°, 
while at 20° C a pH of 5-1-5-2 was reached before turbidity 
increased rapidly. Between pH 5:1 and 5-5 a rise in 
temperature from 20° to 35° caused a considerable 
increase in turbidity, for example, an eight-fold increase 
occurred at pH 5:2. On the other hand, lowering the 
temperature from 20° to 2° had little effect on the pre- 
cipitation of protein until pH values below 4:9 were 
reached. Where a marked increase in turbidity occurred, 
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a fall in the amount of pigment in free solution was also 
observed (Fig. 2), due most probably to an adsorption 
of soluble myoglobin on to precipitated protein. 

From these observations it was concluded that the pale 
colour of the exudative longissimus dorsi muscles examined 
was an effect due to rapid glycolysis post mortem and was 
not due to degenerative changes in the muscle of the live 
animal. Muscle examined shortly after death was normal 
in appearance and became pale only after onset of rigor. 
Loss of colour was associated with a rapid fall in pH 
after death so that low pH values (between 5:6 and 5-0 
in this investigation) were attained in the muscle at a 
time when the temperature of the muscle was still high. 
Rapid post-mortem glycolysis was associated with 
elevated muscle temperature, and temperatures of 40°-41° 
C were recorded 45 min after death where very rapid pH 
fall occurred. The combined effects of low pH and high 
temperature caused precipitation of previously soluble 
sarcoplasmic protein. The colour of the muscle myo- 
globin was presumably masked by the heavy protein 
precipitate. Myoglobin was also apparently adsorbed on 
to the precipitated material and removed from free 
solution. 

The effects of pH and temperature on the solubility of 
pig muscle sarcoplasmic proteins are being investigated 
and a full account of the work will be published elsewhere. 

We thank Prof. J. N. R. Grainger for his interest in 
the work. The work of one of us (G. Goldspink) was 
assisted financially by the Agricultural Institute. 
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Influence of Niacin on the Growth-stimulating 
Effect of Inositol on Saccharomyces 
carlsbergensis 


In preliminary investigations to establish the most 
suitable method for the estimation of inositol, we also 
tried the method described by Atkin et al? utilizing 
Saccharomyces carlsbergensis (A.T.C.C. 9080). Their 
method utilizes a medium without niacin. Hopkins and 
Pennington? and Rabinowitz and Snell? have pointed out 
that the addition of niacin to the medium for the determ- 
ination of vitamin B, by the same test organism 
prevented accidental high assay values. As our samples 
would contain appreciable amounts of niacin, we found 
it of importance to establish if niacin had any effect on 
the growth response in the inositol assay of Atkin et al.}. 
We found a marked depression of the growth-stimulating 
effect of inositol when niacin was added to the medium 
(Fig. 1). In order to establish the relation of this growth- 
depressing effect, experiments were carried out by adding 
graded amounts of niacin to tubes containing sub-optimal 
iositol contents (1-5 ug/tube). The assays were carried out 
with a total volume of 5 ml. and incubation for 18 h at 
30° C in a shaking incubator. The growth-depressing 
effect increased with increased niacin concentration up to 
about 10 ug/tube (Fig. 2). 

Rogosa‘ has examined the niacin requirement of yeast 
and claimed that yeasts which do not ferment lactose do 
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Fig. 1. Growth-depressing effect of niacin on Saccharomyces carls- 
Teronen in the assay of inositol 


not require an exogenous source of this growth factor. 
For the lactose-fermenting yeast a requirement was 
established. Thus Saccharomyces carlsbergensis should not 
need an addition of niacin to the medium for optimal 
growth. Inositols are isomeric with the common 6-carbon 
sugar, and it is now established that they may, at least 
partly, be metabolized like carbohydrate®*. Our know- 
ledge of the pathway of metabolism of inositol in bacteria 
is still in a relatively primitive state. Myoinositol can be 
utilized as the major source of energy for the growth of 
Acetobacter suboxydans’:*®. Aerobacter aerogenes may be 
grown under aerobic conditions with myoinositol as the 
sole source of carbon. Magasanik® has suggested that this 
catabolism goes via the intermediate formation of 2-keto- 
and 1,2-diketo-myoinositol to carbon dioxide, acetate and 
pyruvate. The present finding of the depression of the 
growth-stimulating effect of inositol on yeast by niacin 
most likely gives a further example of inositol catabolism 
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in @ micro-organism. The ‘response’ of this catabolism to 
increased addition of niacin to the medium is to our 
knowledge the first example of a linking of the inositol 
catabolism to a vitamin that is part of the enzyme systems 
involved in carbohydrate metabolism. Saccharomyces 
carlsbergensis thus may be a suitable organism for further 
investigations of the pathway by which the inositol mole- 
cule is metabolized. 

In the inositol assay, addition of niacin to the medium 
is essential. We have found that assays on samples con- 
taining niacin, which most natural extracts do, may result 
in values about 30 per cent too low if niacin is not included 
in the medium. 

Orar R. BREEKAN 
GJERMUND BocE 
Government Vitamin Laboratory, 
Norwegian Fisheries Research Institute, 
Bergen. 
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Phosphatides in Myelin Sheaths and 
Repartition of Sphingomyelin in the Brain 


Our work on the phospholipids of the brain of the 
adult rat during post-natal development led us to examine 
their distribution in the various sub-cellular fractions. 
Tyrrell and Richter’, as well as Debuch and Stammler®, 
have noted the distribution of phospholipids in the brain 
nuclei; Biran and Bartley’, August, Davison and 
Williams‘ their distribution in mitochondria and micro- 
somes; Harth, Borkowski, Mardell and Mandel® their 
distribution in nuclei, mitochondria, microsomes and 
myelin sheaths; finally, Patterson and Fineau® their 
distribution in the various sub-cellular fractions of the 
optic nerve. In the work recorded here, we present 
results obtained from the examination of the distribution 
of sphingomyelin in the various sub-cellular fractions of 
rat brain. 

Fractionation was carried out through ultracentrifuga- 
tion in sucrose solutions, a technique inspired by that of 
Aldridge and Johnson’? and described by Harth, Borkow- 
ski, Mardell and Mandel’! which enables us to obtain 
pure fractions, particularly myelin sheath fractions. 
After decapitation, the brains of the animals are rapidly 
removed, then ground in a solution of 0-3 M sucrose, 
at the rate of 4:3 ml./g tissue and maintained at 0°. 
By centrifugation at 4,100 r.p.m. for 10 min, the pellets 
are separated from supernatant I. The pollets transferred 
and placed in suspension in a sucrose solution are re- 
centrifuged at 4,600 r.p.m. for 10 min; we then collect 
supernatant IT which is mixed with I. The remaining 
pellet presents a stratified aspect: its lower part, which 
consists of cellular fragments, is eliminated; the upper 
part is placed in suspension in 20 vol. of a 1-5-M sucrose 
solution and centrifuged at 30,000 r.p.m: for 90 min, to 
allow the sedimentation of the nuclei. The supernatant 
fraction placed in suspension into 1-15 M sucrose is re- 
centrifuged at 30,000 r.p.m. for 90 min. Three layers are 
thus obtained: a pellet of mitochondria, an intermediary 
liquid phase and a layer of myelin sheaths floating on top. 
The mixture of supernatants I and II obtained leaves 
a second deposit of mitochondria after centrifugation at 
10,500 r.p.m. for 15 min. We mixed the two fractions of 
mitochondria. As regards the supernatant, a final centri- 
fugation at 30,000 r.p.m. for 80 min allows the separation 
of the microsomes, which settle, from the cytoplasmic 
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DISTRIBUTION OF LIPID PHOSPHORUS AND OF SPHINGOMYELIN PHOSPHORUS IN THE SUBORLLULAR FRACTIONS OF RAT BRAINS 


(Phosphorus in amol, per brain) 


Table 1. 
Mitochondria Microsomes 
Lipid Sphingomyelin Lipid Sphingomyelin 
P P P P 

pmol, umol. pmol. umol. 

20-0 12 10-9 0-8 

22-3 1:1 12-5 0-7 

22-86 12 11-9 0-7 


: Nuclei Cytoplasmic liquid 
Lipid Sphingomyelin, Lipid Sphingomyelin 
P P P P 
pmol, umol. gmol. amol. 
1-8 07 2-1 0:32 
2-0 0-6 1-8 0°35 
2-0 0-6 20 0:38 


Table 2. DISTRIBUTION OF PHOSPHOLIPIDS AND OF CHOLESTEROL IN THE MYELIN SREATH FRACTION OF RAT BRAINS 





{Constituents per brain) 
Total Phosphatidyl Phosphatidyl and 
amount and phosphatidal 
of Lipid phosphatidal ethanolamine Sphingomyelin 
lipids P choline P and serine P P Lipid P Cholesterol 
mg pmol pmol. amol. pmol. Protein P mg 
71-8 38-0 9-9 21-5 2-15 0°38 11-0 
63-1 35-0 9-1 20°1 2°60 0°33 12-4 
73:9 38-7 9-1 18-6 2-50 0:85 115 


liquid. All centrifuging was performed in a preparative 
‘Spinco’ centrifuge L at 0° using the rotor No. 30; the 
purity of the fractions was checked by electron micro- 
scopy. 

The extraction, the chromatographic fractionation and 
the determination of the lipids of each fraction thus 
obtained are carried out according to a technique described 
elsewhere’. The repartition of lipid P in the various sub- 
cellular particles is recorded in Tables 1 and 2. The 
greater amount of phosphatides is to be found in the 
myelin sheaths (50 per cent); then come, in decreasing 
order, the mitochondria (29-1 per cent), the microsomes 
{15-9 per cent), the nuclei (2-5 per cent) and the cyto- 
plasmic liquid (2:5 per cent). Examination of the re- 
partition of sphingomyelin shows that the myelin sheaths 
have the greatest content of sphingomyelin (38 per cent). 
But the other fractions also contain notable quantities 
of it. 

As regards the distribution of phospholipids in myelin 
sheaths (Table 2), we should point out that the amount 
of cephalin is approximately twice as high as that of- 
lecithins: lecithin phosphorus represents 29:3 per cent 
of lipid phosphorus, cephalins 63-0 per cent and sphingo- 
myelin 7-6 per cent. The lipid phosphorus/protein 
nitrogen ratio, which indicates the degree of lipidic 
incrustations of protein, approximates 0-35. Also to be 
noted is the richness in cholesterol which constitutes 16-7 
per cent of all the lipids of the myelin. 

Thus the myelin sheaths prepared according to our 
technique prove to hold the major part of sphingomyelin 
of rat brain but not all of it. Since sphingomyelin, accord- 
ing to previous tests’, seems to represent an important 
constituent of intracellular membranes the significance 
attributed to the evolution of this phospholipid during 
growth should be revised. The neuro-physiological 
phenomena which appear simultaneously with the in- 
crease of sphingomyelin during growth and which were 
attributed to the myelination may, in part at least, be 
connected with the formation of mitochondrial mem- 
branes and of the endoplasmic reticulum, systems which 
ensure the production of energy and the protein synthesis. 
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Methods for Determining the Degree of 
Polymerization of Flavans 


Freudenberg!, Hergert*? and Hathway® have each 
suggested several ways in which catechins and related 
compounds might polymerize to yield condensed tannins. 
Of these, oxidative condensation’, either with or without 
enzyme catalysis, appears to be the most likely way in 
which polymerization occurs in vivo; for example, in plum 
leaves during the course of the growing season‘, or in 
fruits on ripening’. Leuco-cyanidin (3,4,5,7,3’.4’-hexa- 
hydroxy-flavan) which is present in plum leaves and 
certain fruits and is the most widely occurring flavan in 
plant tissues‘ should, on Hathway’s hypothesis®, polymerize 
by a series of ‘head to tail’ condensations forming C-C 
bonds between Cy of one molecule and C,” (or C,) of 
another. As the size of such a polymer increases it is 
obvious that the total number of phenolic hydroxyl 
groups will remain the same, and therefore their reactivity 
with analytical reagents should be roughly constant. 
Since, however, the most reactive positions of the phloro- 
glucinol (A) ring of the flavan is involved, tho reactivity 
of the polymers to analytical reagents which only substitute 
in this ring should be much reduced. The samo reasoning 
of course applies to acid-catalysed polymerizations. 


Table 1. MOLECULAR EXTINCTION COEFFICIENTS OF VARIOTS MODEL ('OM- 
POUNDS ANALYSED BY THE FOLIN-DENIS AND VANILLIN METHODS 


Compound 8 x 10% a 
Folin—Denis Vanillin 

Catechol 20-2, 0-04 
Resorcinol 158 45-7 
Pyrogallol 10:9 446 
Phloroglucinol T7 35-0 
fs }-Catechin 30-7 32:9 
—)-Epicatechin 26-7 24-7 
t -Gallocatechin 30-1 230 
—) Epigallocatechin 26-7 24:0 
(—) Epigallocatechin gallate 43-5 32-1 
Theoflavin gallate 49:8 30-0* 


* Per ‘phloroglucinol’ ring. 


A series of model compounds have been studied using the 
Folin—Denis reagent to measure total phenolic hydroxyl 
groups, and vanillin-sulphurie acid to measure phloro- 
glucinol groups? and the results are shown in Table 1. It 
can be seen that when expressed on a molar basis the 
colour obtained with the vanillin reagent is remarkably 
constant for the series of compounds containing phloro- 
glucinol nuclei from phloroglucinol itself to theoflavin 
gallate (average «= 29-5x 10%). It will be noted that 
epimers of catechins have lower e values than the average, 
and that resorcinol and pyrogallol (which contain mota 
oriented hydroxyl groups) also react with vanillin. 
However, as epigallocatechin has the same s value as 
epicatechin, the pyrogallol (B) ring in the former com- 
pound does not react perhaps due to steric reasons. The 
Folin—Denis reagent does not show the same stoichiometry 
as the vanillin reagent although the e values for the more 
complex molecules are approximately equal to the sum 
of the £ values of the individual nuclei it contains (for 
example, epigallocatechin gallate, which contains resor- 
cinol, pyrogallol and gallic acid groupings). 
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1 
Table 2. E a VALUES FOR VARIOUS TANNINS AND CATECHIN POLYMERS 
1% 


Tannin E tem * 10-3 Batio* 

Folin-Denis (F.D.) Vanilin (V.) V./F.D. 
(+)-Catechin 10-6 11-4 100 
Acid catalysed polymer +t 11:3 10-3 85 
Autoxidation polymer 49 16 30 
(+)-Gallocatechin 9-9 9-1 86 
Acid catalysed polymer t+ 9-9 82 77 
Autoxidation polymer 22 0-9 38 
Grape leaf 46 13 36 
Persimmon 56 3-4 57 
Quebrancho Bark 65 2'5 36 
Wattle bark 6-1 1 48 


* Catechin = 100. 
+ Plus unreacted monomer. 


Application of these methods to a number of natural 
condensed tannins, and to polymers produced from both 
(+)-catechin and (+ )-gallocatechin by acid catalysed and 
autoxidative polymerization is shown in Table 2. It can 
be seen that on polymerization of catechin there is a much 
larger reduction in the groups that react with vanillin 
than those which react with the Folin—Denis reagent, thus 
causing a fallin the vanillin/Folin—Denis ratio. This ratio 
has been found to fall more or less linearly with time during 
the early stage of autoxidation. The ratio found for the 
catechin autoxidation polymer is approximately the same 
as that given by the natural tannins, and the value of 


Ee for the Folin—-Denis reagent is also similar for 


this polymer and the tannins. The observed fall in 
the H}% value of Folin—Denis from that of (+)- 
catechin itself is probably due to the formation of stabil- 
ized quinones. The changes when (+)-gallocatechin is 
polymerized are similar, and suggest that this compound 
also polymerizes, at least in part, by the formation of 
‘head to tail’ links, since exclusive ‘tail to tail’ poly- 
merization as postulated by Hathway® would not lead to 
any marked reduction in vanillin-reacting groups. 

It would appear from these results that measurement 
of the vanillin/Folin—Denis ratio can be used to follow the 
polymerization of flavans. The use of the vanillin reagent, 
which is easy to use on a micro scale and does not react 
with the B ring of the flavans, offers advantages over 
formaldehyde~hydrochloric acid used by Hillis and 
Urbach?” to investigate tannins. Application of the 
methods described to a study of the changes in tannins 
in ripening fruits will be reported elsewhere. 

We wish to thank the late Dr. E. A. H. Roberts for gifts 
of several catechins, and Dr. W. L. Porter, Dr. H. W. 
Siegelman, and the Forestal Land Timber and Railways 
Co. for gifts of tannins. 
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Isolation and Analysis of the Deoxyribonucleic 
Acid of Mycoplasma mycoides var. capri 


Lrrtte information about the nucleic acids of the 
Mycoplasmatales is available!, and nowhere has it been 
reported that un-degraded nucleic acid has been obtained 
from these organisms. In the investigation reported here, 
a method was developed for the isolation of highly 
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polymerized, pure deoxyribonucleic acid from Mycoplasma 
mycoides var. capri. 

The organisms (strain P.G. 3) were obtained from Dr. 
D. G. ff. Edward {Wellcome Research Laboratories), and 
could be grown in either of the following two media: (1) 
‘normal medium’, containing ‘Oxoid’ brain heart infusion, 
3-7 per cent; Burroughs Wellcome horse serum, 1 per cent; 
penicillin, 100 units per ml., and thallous acetate, 0-01 per 
cent; (2) ‘dilute’ medium, containing ‘Oxoid’ brain heart 
infusion, 0-45 per cent; ‘Oxoid’ peptone 1 per cent; 
sodium. chloride, 0-5 per cent; sodium dihydrogen phos- 
phate, 0-25 per cent; Burroughs Wellcome horse serum, 
l per cent; glucose, 0-2 per cent, with penicillin and 
thallous acetate as before. 

The medium (300 ml.) was added to a 1-litre bottle and 
inoculated with a 48-h culture (2 ml.) and incubated at 
37° for 48 h. In the ‘normal’ medium, maximum growth 
was reached after 18h; but 48 h was needed for maximum 
growth in the ‘dilute’ medium. The cells were collected 
at 11,600 r.p.m. in a continuous-flow refrigerated centri- 
fuge (Measuring and Scientific Equipment, Ltd.) at a 
flow rate of 100 ml./min. When collecting the organisms 
from the ‘dilute’ medium, the culture had to be precooled 
to 0° to prevent enzymatic degradation of the nucleic 
acid. This degradation did not occur when the organism 
was grown in the ‘normal’ medium. The final yield of 
organisms from a given volume of the two media was the 
same. 

The amount of DNA in the cells was estimated by the 
Schmidt and Thannhauser procedure? to be 1-9 per cent, 
which agrees with the amounts found in other strains’. 

In order to isolate un-degraded DNA, the organisms 
were grown in 201. of medium (20 per cent of the bottles 
taken at random were checked for purity) and the cells, 
when collected, added to a phenol solution saturated with 
water (100 ml.) and sodium p-amino salicylate solution 
(6 per cent w/v, 100 ml.) and the mixture shaken for 1 h. 
The nucleic acids were precipitated by adding ethanol to 
the aqueous layer and then separated from neutral poly- 
saccharides, ete., by precipitation as their cetavlon salts. 
Microsomal RNA was removed from the DNA by precipi- 
tation of the former with 1 M sodium chloride at 0° and 
the DNA was separated from sRNA by fractionation of the 
cetytrimethylammonium bromide salts at 20°. The DNA 
was finally isolated as the sodium salt. Yield 16-5 mg: 
P, 8-9 per cont; N/P 1-69; protein <1 percent; RNA <1 
per cent; e(P) 7,500. This method has been described in 
greater detail elsewhere’. 





Table 1. BASE CONTENT (MOLES/100 NUCLEOTIDES) OF DNA ISOLATED 
FROM M. mycoides VAR. capri 
I Ir IT IV Average 
Guanine (G) 13-1 11-3 12:5 12:5 123 + 0-6 
Adenine (4) 38-5 37-8 38-0 38-0 38-0 + 0-3 
osine (C) 12-1 13-0 11-6 13-3 125 + 07 
T ymine (7) 36-3 37:8 37:9 36-1 37:0 + 0-8 
ome 315 SM 287 283 800 + O15 


I DNA isolated during Schmidt and Thannhauser procedure. 

II and IN. DNA isolated from organisms grown on ‘normal’ medium. 

IV. DNA isolated from organisms grown on ‘dilute’ medium. 

Base analyses of the DNA were performed according to 
Wyatt‘, and the purines and pyrimidines estimated 
spectrophotometrically. The percentage base recovery 
per phosphorus atom for the analyses was 98-0+0-5 per 
cent. The presence of traces of other bases, particularly 
5-methylcytosine and 6-methylaminopurine, could not be 
detected. 

A+T 


The results show that Gana value for this DNA is very 





high and also that the bases are paired in a manner which 
is characteristic of a double-stranded DNAS. 

Theories have been advanced that some Mycoplas- 
matales are E forms of bacteria‘; although this is now 
rather discounted’. It seems unlikely that M. mycoides 
var. capri. is an L form of a bacteria, the composition of 
whose DNA is known, because of the extreme AT type 


wo.aseo May 11, 1963 


DNA which the organism contains (the most extreme AT 
type DNA (4 +5720) found so far in bacteria is that 
occurring in Clostridium perfringens var. Fred®), because it 
would be expected that the DNA from a bacteria and its L 
form would have an almost identical composition. 

_ We thank Prof. M. Stacey for his interest, Dr. D. G. ff 
Edward for discussions, Mr. E. T. J. Chelton for assistance 
and the Salters’ Institute of Industrial Chemistry for a 
research fellowship (to R. T. W.). 
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A New Transferrin in New Guinea 


In 1957 Smithies', using the technique of starch-gel 
electrophoresis, described inherited variants of human 
8-globulins. Smithies and Hiller? established the identity 
of these 8-globulins with the iron-binding protein, trans- 
ferrin, and this was afterwards confirmed with iron-59 and 
autoradiography*. During the past few years widespread 
sampling of human populations has demonstrated the 
existence so far of 14 transferrins. In order of decreasing 
mobility in starch-gel electrophoresis these aret: Bg, 
Ber By, Ba By, Bs, C, Do, Dy (Do-1), Datontreat, Deni, 
D,, D} D;. The present communication reports another 
transferrin of the B series. 

The new protein was readily detected in one-dimensional 
vertical starch-gel electrophoresis with borate buffer using 
conditions described previously’. Comparative investi- 
gations with different transferrin types showed that it 
migrated faster than B, (Fig. 1), and is thus the most 
rapidly migrating transferrin thus far described. From 
the intensity of staining with naphthalene black the protein 
appeared to have a concentration slightly higher than 
that of transferrin C. Autoradiographs of gels made after 
adding iron-59 to the serum before electrophoresis 
revealed two bands corresponding in position to the two 
protein bands. The faster-migrating band can thus be 
regarded as a transferrin. Since this new transferrin was 
first discovered in the serum of a native from a village 
near Lae in New Guinea it is proposed that this variant 
be called Brae. 

The example of Bras already referred to was the only 
one in a series of 136 samples of serum from inhabitants 





DC co CD, Braet B,C B,C B,C 


Fig. 1. The -globulin are of a vertical starch-gel comparing Brae with 
asp Ay in mo ES a, Transferrin B; 8, wansiecrin O 
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Table 1. TRANSFERRIN FREQUENCIES IN SOME POPULATIONS ix New 
GUINEA 





in various places in New Guinea investigated in the present 
survey. Transferrin D, was observed in all population 
samples except that from Megier (Table 1). Careful 
comparison of the mobility of the D, in New Guinea 
failed to discriminate it from the D, of African Negroes 
or the D, of Australian Aborigines. Since the population 
samples were small no attempt has been made to caleulate 
the gene frequencies of the transferrin alleles; but it is 
obvious that D, is relatively common in New Guinea. 
This result is in agreement with other investigations of 
transferrins in New Guinea’. 

Although only one example of Brae was found in the 
survey reported here we have been successful in obtaining 
fresh samples of serum from the propositus and members 
of his family. This has confirmed the presence of Brae in 
the person originally sampled and has shown his brother 
and sister both to be heterozygous BLaeO and mother to 
be homozygous ByacBise. Further investigations on the 
distribution of Brae in New Guinea are at present in 
progress. 

This work was supported by the University of Western 
Australia Research Grants Committee and by the Common- 
wealth Scholarship and Fellowship Scheme under the 
Colombo Plan, I thank Dr. W. R. Pitney for supplying 
the original New Guinea samples, and Dr. J. L. Jameson 
and Dr. J. C. Muirden for collecting the samples from 
family members, Dr. E. Ezekiel and Mr. J. Firman for 
carrying out the autoradiography and Dr. R. L. Kirk for 
his interest in the work. I also thank Dr. A. G. Bearn and 
his colleagues at the Rockefeller Institute for confirming 
the observations on Brae- 
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Structure and Plant pratt, e 
Activity of some 2-Benzothiazolyloxyacetic 
Acids and 2-Oxobenzothiazolin-3-ylacetic 
Acids 

THE preparation? and plant growth activity of n 
compound stated to be 2-benzothiazolyloxyacetic acid (1) 
have been described in the patent literature. It became 
apparent, during the course of work on this and related 
compounds, that this structure was incorrect and that the 


compound is actually 2-oxobenzothiazolin-3-ylacetic acid 
(II). 





N—CH,.COOH 


N A 
| l 
0.CH,.COOH V\p/No 


(I) (m.p. 161°-162°) (II) (m.p. 176°=177°) 


a 2-Benzothiazolylonvaceto acid 0 0 





The ne noted by Lines between the length” 


of the molecule of this compound and the lengths of the 


molecules of several other compounds with plant growth - 


regulating activity is thus resolved; since the length of 
the molecule of (IT) is approximately the same as that of 
a-naphthylacetic acid (using Catalin models). 

Compound (I) was synthesized unambiguously from 
2-chlorobenzothiazole and the sodio-derivative of ethyl 
glycollate in boiling toluene. The resulting ethyl ester 
was hydrolysed by dilute aqueous alkali to (I), which was 
readily cleaved by hot 8 N hydrochloric acid to 2-hydroxy- 
benzothiazole. 

The isomeric compound (IT) was also prepared un- 
ambiguously by the following route: 


N 
1 MeSO. | i BrCH,COOH | 
i SH NaOH aes e 
ss 
Kd aa 
| | KOH 
cr” (H) 


AI 


It was unaffected by treatment with hot, concentrated 
hydrochloric acid, and did not depress the ‘melting point 
of material prepared by the method described in the 
patent. 

The close resemblance between the ultra-violet spectra 
of (I) and 2-methoxybenzothiazole on one hand, and 
between those of (I1) and 2-oxo-3-methylbenzothiazoline 
on the other, supported these structures. 


zeg 
N 
—N/ Š 


sponsible for plant growth regulating activity in this series 
is, therefore, untenable. In fact, the structure of these 
compounds more closely resembles that of indolylacetic 


The suggestion that the grouping —-O-- is re- 


i 7 acid, and of the N-phenylglycines (some of which also 


HR possess plent growth regulating activity*). The interesting 
activity of (II) led to the preparation of many related 
` compounds, of which the 4-chloro derivative was the most 


“oo aetives, 


Table 1. WHEAT COLEOPTILE STRAIGHT GROWTH TEST COLEOPTILE LENGTH 
: (MM) (MEAN OF 20) 


Concentration (mg/l.) (p.p.m.) 


0 0-1 10 100 100-0 
ZrBonzothiazolyloxyacetio acid 15-00 15-60 1626 1583 15-76 
2-Oxobenzothiazolin-3-ylacetic acid 15-19 1654 2034** 21-30*%* 
sa -2-benzothiazolyloxyacetic 
1640 16-64 15-95 14-52 
a Ghioro-2oxobenzothiazolin- 3- 
ylacetic acid 15-95. 1646 21-03** 20-40** 
The acids were used as their sodium salts, 
** Significantly different from water control. P = 0-01. 


Table 1 shows the activity in the wheat coleoptile 
straight growth test of the two isomeric compounds and 
their 4-chloro derivatives. Clearly 2-benzothiazolyloxy- 
acetic acid and its 4-chloro derivative are without activity 
whereas 2-oxobenzothiazolin-3-ylacetic acid and its 
4-chloro derivative are highly active. 


Table 2, HERBICIDAL ACTIVITY 


All. compounds were applied at a Cheno-} 
“tate of 4 Ib./acre in if gallons Galium Polygonum podium Stellaria 
: of water per acre aparine persicaria bum media 


En 0 0 
os 2~Oxobenzothiazolin-' ryme acid 6 5 9 4 
|: 4-Chloro-2-benzothiazolyloxy- 
| aeetie acid 0 o 3 o 
oS “sGhloro-2-oxobenzothiazolin-3- 
ent ic acid 6 7 5 6 


Assessed four weeks after sp 
Visual assessment: 0, no effect; 6, ges fete kill, 

These compounds have been evaluated as herbicides. 
Table 2 shows the result of testing against four important 
weed species, Galium: aparine (cleavers or goosegrass), 
Polygonum persicaria (redshank), Chenopodium album 
(fat hen) and Stellaria media (chickweed). Asin the straight 








growth test, 2-benzothiazolyloxvacetie acid and its 
4-chloro derivative are devoid of activity whereas the _ 


corresponding 2-oxobenzothiazolin-3-ylacetic acids are 
highly active at the application rate shown. 
We thank Dr. PG. Dodsworth for determining the 
ultra-violet spectra. 
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PHYSIOLOGY 


Effect of Histamine on Arterial Blood 
Ammonia in Man 


Ir is well known that histamine stimulates gastric acid 


secretion and there is some evidence to suggest that 


gastric ammonia production may be stimulated concom- 
itantly’, It seemed possible, therefore, that subjects 
with an impairment of ammonia clearance might show 
changes in the blood ammonia level after histamine. Tho 
opportunity was taken to measure arterial ammonia 
levels in subjects with liver disease receiving histamine 
with an antihistamine as part of a maximal histamine 
test of gastric function’. 

After an overnight fast a fine nasal gastric tube was 
passed and resting juice obtained. The antihistamine, 
promethazine 100 mg. was given intramuscularly and 


followed in 30 min by intramuscular histamine 0-04 mg/kg oe 


body-weight. Arterial blood samples and samples of i 
gastric juice were taken before the histamine injection and 
at 20- or 30-min intervals. for the next 2 or 25 h. The 


blood ammonia was estimated by a modification of | 


Seligson’s method and the gastric juice titrated using 
Tépfer’s solution and phenolphthalein as the indicators: 


In eight tests on seven of the subjects the arterial blood. p 
ammonia showed a definite elevation from 0-5 to 1h after = 


the histamine (Fig. 1). Of these seven, five had portal 
cirrhosis, one primary biliary cirrhosis, and one an extra- 
hepatic obstruction of the portal venous system. All seven. 
had suffered previous episodes of hepatic precoma and 


five were receiving daily ‘Neomycin’ for this. Eight tests 
were done in eight other subjects who had never shown... 
Four of these had portal =: 


any evidence of precoma. 
cirrhosis, two had recovered from hepatitis, one had a 
hepatic granuloma and one a demyelinating nervous 
disease. None of these showed any appreciable rise in 


arterial ammonia after promethazine and histamine 


(Fig. 1). 


No rise in the arterial ammonia was observed when. 


promethazine alone was given on three occasions to two : 
of the subjects who showed a considerable rise in ammonia: o0: 


Table 1. ARTERIAL BLOOD AMMONIA NITROGEN (G/ML.) 


Time (min) 0 30 60 90 120 
Subject 1H+P 1-32 1-68 2-36 2:60 238 
Subject 1 H + P 0-47 1-26 200 1-68 1-08. 
Subject 2 H + P 10 1:48 2°32 224 222° 
ais bed 1 Promethazine 1-44 1-16 0-85 0-91 LIL 
Subject 1 Promethazine r 26 — 85 O71 O77 
Subject 2 Promethazine 2-20 1-70 1-53 1-46 143 
Subject 3 Histamine only 1-20 1°60 240 213 210 


Subjects 1 and 2, who show a rise in arterial ammonia after histamine 


promethazine (H + FP), show no rise in ammonis after promethazine 
alone P Prometh.). Subject 3 produces a rise in ammonia when 
his! e alone is given in a dosage of 0-5 mg. 


., 141 (Butterworth’s Scientific 
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‘ig. 1. Changes in arterial blood ammonia after promethazine and 






istamine, Solid lines represent response in subjects with previous 
hepatic precoma. Interrupted lines are changes observed in subjects 
aithout previous -precoma. Histamine 0-04 mg/kg was given at time 
nett i zero and promethazine 30 min before this 


“after promethazine and histamine (Table 1). Moreover, 
cowhen only histamine was given to another subject a 
‘considerable elevation. of blood ammonia was observed. 
-No clinical effects were observed to accompany the eleva- 
- tions in arterial ammonia. 
Titration of the gastric acidity was-carried out success- 
_ fully in 12 of the 15 subjects examined and all showed a 
rise in acid in response to the histamine. Satisfactory 
samples could not be obtained in one subject showing a 
n ammonia after histamine and in 2 subjects who 
d no change in ammonia. 
It seems clear that histamine causes a rise in blood 
ammonia in some human subjects with liver disease. 
 Deamination of the histamine could not possibly have 
_ boen responsible for the rises observed since the dose was 
` minute in comparison with the response. The origin of 
| this rise has not so far been elucidated but it may possibly 
i be related to gastric secretion, one of the few responses to 
histamine which is not blocked by promethazine. 
- These results suggest that some of the rise in blood 
“-ammonia-levels observed in cirrhotic subjects after food 
may result from gastric activity rather than from deamina- 
“tion of the food itself. 
Supported by grant A.M .—042867-03 from the U.S. 
< Public Health Service. 
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Influence of Calcium lons « 
Contracture in an Insect 

A NUMBER of recent investigations have 
presence of calcium ions in the physich 
necessary for the production of potassiu 
in vertebrate skeletal’, heart? and sr 
As a result of these and other observ: 
probable that movement of caleium ions 
the process coupling excitation. to contr 
brate muscle’-?. In the case of vertebr 
fibres, however, some doubt has beon throw 
view by the observations? that depolariz 
produce contraction in the absence of calcium 
tain other divalent cations are present. Inv 
of this nature on insect muscles have previous! 
restricted to the spiracular muscle of the locust, w 
was found that maximal potassium. contractu 
developed in calcium-free salines*. The aim af the 
present study was to elucidate the role of calcium in the 
potassium contracture of an insect leg musclo. 

The muscle used was the mesothoracic oxtensor tibialis 
of the locust Schistocerca gregaria. The locust wae ft 
in a ‘Perspex’ preparation dish so that the moesothe 
leg was contained in an isolated cell through which 
circulated, with the base of the femur and coxa 
embedded in dental cement. Isometric tension deve! 
ment was recorded by attaching the apodeme of | 
muscle to an ROA 5734 transducer valve, the out 
of which was displayed on an oscilloscope st 
recorded visually or photographically, The basi 
solution used contained the following ionic concen 
sodium 153, potassium 2, calcium 4, magne 
chloride 157, HCO, 4, and H,PO, 6 mM, plus 
100 mM. Contractures were produced by perfusing tho 
muscle with a solution containing 164 mM potassium: 
chloride and 100 mM glucose. 

After equilibration with normal Ringer, perfusion of 
the muscle with the solution of potassium ch e: 
resulted in a maximal tonic contracture of approxi shy 
the same tension as in maximal isometric totanus (Fig. 2a) 
On perfusion with a calcium-free Ringer the contracture: 
tension fell progressively over a number of hovers, but 
could be restored by perfusing with normal (4mM ealcinm) 
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Fig. 1. Successive values of maximum contracture tension Ih & 
with calcium-free Ringer. Before the first and 
application of potassium chloride solution the musele | 
normal Ringer 








10gm. 





Smin 


“Big. 2. Records of tension development during perfusion with potassium 
`  ehioride solution (indicated by thick black line under record). a, Previous 
“perfusion with normal Ringer: 2 min after the start.of the record an 
isometric tetanus (of which the rise and fall have not been recorded) can 
‘be seen; b, After 40 min in EDTA-Ringer; ¢, After a further 60 min in 

f : normal Ringer 


+ 





Pig. 3. Effect of strontium ions on contracture after previous treatment 


‘with EDTA-Ringer. a, Control contracture, preceded by an isometric 


tetanus, after perfusion with normal Ringer; 6, After 35 min in EDTA- 

Ringer followed by 60. min in calcium-free strontium chloride-Ringer; 

¢, After a further 35 min in EDTA~Ringer followed by 60 min in normal 

Ringer. Thick lines under records indicate duration of perfusion of 
potassium chloride 


Ringer (Fig. 1). This fall in contracture tension could 
not be prevented by the presence of magnesium or 
strontium ions. 

When the muscle was treated with a calcium-free 
Ringer containing 4 mM disodium ethylenediamine 
tetraacetic acid (EDTA), contracture was rapidly abol- 
ished, but was restored by treatment with calcium ions. 
Fig. 2 is an example of an experiment demonstrating this 
‘effect; after treatment with EDTA-—Ringer, no contracture 
ensued on treatment with potassium chloride, but addition 
of 10 mM calcium chloride to the solution after 5 min 
resulted in a slow contraction; after further treatment 
with normal Ringer the normal response to potassium 
_ chloride was fully restored. That this abolition of con- 
_tracture by the use of EDTA is not a non-specific effect 
of the chelating agent, but is dependent solely on the 
removal of calcium ions from the muscle, is further shown 
the following experiment. A muscle perfused with a 
inger containing the calcium chelate of EDTA (4 mM) 
Jus calcium chloride (1 mM) produced a full contracture 
od atassium chloride whereas later treatment with a 
‘ ealeium-free|Ringer containing the same amounts of the 
magnesium chelate and magnesium chloride reversibly 
abolished the contracture. Since the affinity of EDTA 
for calcium ions is about 100 times that for magnesium 
ions’*, the magnesium chelate may be expected to be 
effective in the removal of calcium ions from the muscle. 














“Tt was ‘of interest to see whether any other divalent 


„catione would substitute for calcium in the production 


of the contractile response. In experiments of the type 
shown in Fig. 2, where the metal chloride was added to 
the potassium chloride solution bathing a muscle which 
had been previously treated with EDTA-—Ringer, magne- _ 
sium, barium and manganese ions had no effect, whereas. 
strontium, cobalt and nickel ions produced small con- 
tractures. In the case of strontium the investigations 
were carried further (Fig. 3). After treatment with EDTA= 
Ringer the musele was perfused with a calcium-free Ringer 
containing 4 mM strontium chloride and then treated.” 
with potassium chloride solution; a small, usually phasic 


contracture ensued, reaching an average maximum ten- o) 
sion of 12 per cent (range 0-25 per cent in seven experi 
ments) of that of the control contracture produced after- 


perfusion with norma] Ringer. 

It is clear from these experiments that the presence of 
calcium ions is uniquely important in the production 
of potassium contractures. The slowness of the fallin 
contracture tension in calcium-free Ringer may reflect. 
the difficulty of removing calcium from the extracellular 
fluid. The mechanism of the production of the submaxi- 
mal responses with strontium, cobalt and nickel ions is 
not yet clear (it may be that they release bound calcium 
for contractile purposes, as has been suggested for their 
action on frog skeletal muscle); but it is evident that 
in this muscle none of them is an adequate substitute 
for caleium. 

T thank Prof. A. L. Hodgkin for his interest in this 
work, and the Department of Scientific and Industrial 
Research for financial support. 
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Antidromic Activation of Neurones of 
the Reticular Formation of the Brain Stem 


ALTHOUGH much evidence has accumulated concerning 
the part played by the reticular formation of the brain 
stem in the regulation of spinal and cerebral activities 
(see ref. 1), there are still many gaps in our knowledge ` 
of the detailed mechanisms involved. For example, it is 
not yet possible to say with certainty whether particular 
afferent pathways to the reticular formation exert their 
effects predominantly on neurones having ascending, 
descending or short axons. The work reported here shows 
that reticular neurones can be identified, through the use 
of intracellular recording techniques, by antidromic 
activation. It is hoped that in future work the details of 
the pathways to and from the reticular formation can be | 
worked out, using this method, in greater detail than 
hitherto possible. 

Adult cats were used, either decerebrated at a just: pre- 
collicular level or anzsthetized lightly with pentobarbital 
sodium. The cerebellum was removed by suction. Axons 
projecting rostrally from neurones of the reticular forma- 
tion in the brain stem were stimulated antidromically by 
means of a concentric electrode placed stereotaxically at- 
either the mesencephalic or diencephalic level in the region’ 
of the central tegmental tract. Fine adjustment of the — 
stimulating electrode was aided by recording from the 
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floor of the fourth ventricle the field potential produced in 
part by the antidromically activated nourones. Reticulo- 

inal axons were stimulated in the spinal cord, usually 
at the first lumbar level. This was done either by section- 
ing the spinal cord and splitting it into halves, the dorsal 
columns having been stripped back, or by placing elec- 
trodes beneath the intact spinal cord. In the latter event, 
the electrodes were shielded from the back of the cat by a 
thin plastic sheet. The spinal roots and denticulate liga- 
ments at, above and below the sito of stimulation were cut. 
allowing sufficient mobility of the spinal cord for it to be 
lifted gently by the electrodes. The fifth lumbar roots 
and the sciatic, hamstring and femoral nerves were cut to 
minimize hindlimb movements. Reticular formation 
neurones were impaled by glass microelectrodes inserted 
by means of a micromanipulator into the bulbar reticular 
formation through the exposed floor of the fourth ventricle. 
Themicroelectrodes were filled with 3 M potassium chloride 
and initially had resistances of 5-20 megohms. Intra- 
cellular recording techniques were standard®. 

The impalement of a reticular formation unit was sig- 
nalled by the sudden appearance of a resting membrane 
potential. Identifiable units were cells antidromically 
invaded in response to stimuli applied either to. the 
ascending or to the descending axons. A unit was con- 
sidered to be a nerve cell if the spike potential had an 
inflection on the rising phase comparable to the delay in 
conduction of the antidromic action potential between the 
initial segment and the soma-dendritic membrane in 
motoneurones*. However, many reticular neurones had 
spike potentials which failed to display such an inflection 
immediately after impalement (Fig. 1), although the 
inflection appeared as the condition of the cell deteriorated. 
This may be interpreted to mean that the safety factor for 
antidromic invasion is higher in many reticular neurones 
than in motoneurones, so that a delay in antidromic 
invasion is seen in these reticular neurones only when the 
safety factor is diminished by a lower membrane potential. 
With units of this type, the presence of a post-synaptic 
potential was regarded as proof that the unit was a nerve 
cell. Antidromic invasion was evidenced by the abrupt 
onset of a spike potential at constant latency and by the 
absence of an excitatory post-synaptic potential anteced- 
ent to the spike potential. The latter point was checked 
not only at high gain, but also using a stimulus strength 
just threshold for the action potential. Distortion due to 
field potentials was allowed for by comparing the intra- 
cellularly recorded potentials with field potentials which 
were routinely recorded when the microelectrode was with- 
drawn from impaled units. Recognition of antidromic 
invasion was assisted by measurement of the latency of the 
action potentials. Ascending reticular formation cells were 
usually invaded antidromically from axonal stimulation at 
either mesencephalic or diencephalic levels within 0-5 
msec. The latency of antidromic invasion of reticulo- 
spina] cells depended on the length of spinal cord 
traversed by the impulse; conduction velocities were 
routinely determined by measuring post mortem the 
distance from the recording electrode placed on the spinal 
cord to the entry point of the microelectrode and ranged 
from 40 to 130 m/sec. 

Identification of reticular neurones has not been limited 
to those with axons projecting either rostrally to mesence- 
phalic levels or higher or caudally as far as the first lumbar 
segment of the spinal cord. With the experimental 
arrangement described, it has also been possible to identify 
a few neurones with axons projecting in both directions. 
The last-mentioned cell type has been described histo- 
logically* and is illustrated by the records of Fig. 1. The 
action potentials shown in Fig. 14-C were recorded in 
response to stimulation of the intact spinal cord at upper 
Li. No excitatory postsynaptic potential preceded the 
spike potential, although a small one was detected at a 
latency of about 2-5 msee (Fig. 1C). The spike potential 


was therefore antidromic, and its latency was 1-5 msec. 
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Fig. 1. Intracellularly recorded potentials from a reticular formation 
neurone with axons projecting both caudally and rostrally, The cell 
was located in the reticular formation of the caudal pons at the level 
of the nucleus of the sixth nerve about 1 mm from the midline and at a 
depth of 2 mm from the floor of the fourth ventricle. A-O are the 
responses to stimulation of the spinal cord at the £1 segmental level 
D-F are the responses to stimulation through a concentric electrode 
(10 V in D, 0-1 msec) placed in the region of the central tegmental 
tract in the contralateral mesencephalon. All records are fre -16 
superimposed sweeps at 5/sec, he upper traces are intracellularly 

recorded potentials, while the lower traces in A, B and D, E and the 
second traces in C, F are potentials recorded from the dorsal surface 
of the spinal cord ‘at the lower T11 level, using a ball-tipped contact 
electrode, The third traces in C and F are the field potentials recorded 
extracellularly when the microclectrode was withdrawn from = s cell 
The 50-mV potential scale applies to A, B and D, E, while the 2an\ 
scale applies to C and F. o time-scale (msec) is for all the record 





The cell was also invaded antidromically following 
stimulus applied in the region of the central tegmental 
tract in the contralateral mesencephalon at the level of 
the red nucleus (Fig. 1D,Z). The electrode placement was 
identified histologically by the location of a lesion made 
electrolytically through the electrode. When the stimulus 
was at threshold for the axon (Fig. 1E) or below threshold 
(F), an orthodromically evoked action potential or an 
excitatory post-synaptic potential could be seen. The 
excitatory post-synaptic potential was distorted by the 
shock artefact and the field potential produced by the 
mesencephalic stimulus, but its time course may be 
determined approximately by subtracting the field poten- 
tial recorded extracellularly (third trace in Fig. 1F) from 
the intracellular record taken at the same gain (upper 
trace of F). The latency of the antidromic action potential 
from the ascending axon was 0-2 msec, while the latency of 
the excitatory post-synaptic potential was about 1-0 
msec. 

The use of intracellular recording techniques for classify 
ing cells of the reticular formation is therefore feasible. 
Experiments are now being performed to determine the 
afferent connexions characteristic of the different types 
of identifiable neurones. The confirmation of histological 
evidence that some cells, at least, of the reticular formations 
send axons both rostrally and caudally for long distances 
is of some interest, since it might be expected that such 
cells would convey similar information simultaneously 
both to higher levels and to the spinal cord. Such a 
function could be of importance in such generalized 
activities as arousal and sleep. The small number of such 
cells which have so far been identified should not be taken 
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to indicate that they are rare, for the technique used would 
necessarily result in many such cells being missed, since 
ascending axons were stimulated only unilaterally and 
since some descending axons might terminate at spinal 
cord levels rostral to that stimulated. 
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Occurrence of Intrafusal Muscle Fibres 
Innervation by Branches of Slow « Motor 
Fibres in the Cat 


THe deep lumbrical muscles of the cat’s hind foot are 
very small ones situated between the tendons of the 
flexor digitorum longus muscle. The first of these is 
supplied by only 4-10 « motor fibres, which we found 
to differ in rate of conduction and in the characteristics 
of the motor units they innervate. As in the caput 
mediale of triceps brachii of the cat? and the inter- 
transversarius muscles of the rat’s tail*, the fast « fibres 
innervate motor units with short contraction time and 
the slow « fibres motor units with long contraction time. 

In 7 of 12 adults cats, we have observed slow « fibres 
of the first deep lumbrical muscle which innervated both 
extra and intrafusal muscle fibres. The evidence for 
spindle innervation by these fibres is as follows: 

(1) When the muscle is under low resting tension 
repetitive stimulation of such single slow « fibre produces 
at low frequency (20-50/sec) a pause and at higher fre- 
quencies an acceleration of spindle primary ending dis- 
charges (Fig. 1). The acceleration is not proportional 
to the tension developed by extrafusal muscle fibres. The 
tension is maximal for a frequency of stimulation as low 
as 30-66/sec, whereas the spindle discharge acceleration 


26/sec 


3 


18S/sec 





Fig. 1, Effects of repetitive stimulation at various frequencies of a 
single motor fibre on a spindle discharge. First deep lumbrical muscle 
of the cat. A, Action potential of a single motor fibre recorded in the 
motor nerve of the lumbrical muscle. The fibre is stimulated in an 51 
ventral root filament. Conduction velocity, 61:1 m/sec. B, Group I 
afferent fibre action potential, recorded in an ZL7 dorsal root filament. 
Conduction velocity, 87:5 m/sec. 1, 2, 3, 4, Upper trace, tension dò- 
veloped by the motor unit innervated by this fibre; lower trace, spindle 
discharge. The beginning and the end of a 1-see period of stimulation 
are represented 
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Lack of proportionality between the tension developed by a 
single motor unit innervated by a slow motor fibre (O) and spindle 
discharge (@). Same fibres as in Fig. 1, Motor fibre stimulated during 
a period of 1 sec, at various frequencies. Tension recorded with an 
isometric myograph. Frequency of the spindle discharge measured 
during the last two-tenths of a sec of the stimulation period 





Fig. 3. Persistence of a spindle discharge accel ration produced by 
repetitive stimulation of a single slow a motor fibre in a lumbrical 
musele curarized by intravenous injection of ‘Flaxedil’. 1 and 2, Before 
curarization; stimulation of this fibre at 20/sec; 2 stimula- 
tion of this fibre at 150/sec. The beginning and end of a 1-sec stimulation 
period are represented. 3, After injecti “‘Flaxedil’ (1-5 mg/kg). 
Repetitive stimulation during 1-2 Continuous records 




















sec, 


continuos to increase at stimulation frequencies above 
the tetanic fusion frequency, and reaches a maximum for 
values close to 120—200/sec (Fig. 2). 

(2) In most cases it was possible to reach a stage of 
critical curarization by intravenous injection of ‘Flaxedil’ 
(gallamine triethiodide) during which repetitive prolonged 
stimulation of a single slow 2 fibre did not result in extra- 
fusal contraction but still produced an acceleration of 
spindle discharge (Fig. 3). 

We interpret these observations in the following way. 
In some cats a few slow « fibres innervate both extra- 
fusal muscle fibres having a low tetanic fusion frequency, 
and intrafusal fibres known to bo maximally activated at 
much higher frequencies***. When such a single slow 
x fibre is repetitively stimulated at low frequency, the 
contraction of the extrafusal muscle fibres it innervates 
unloads the spindles, but the tension developed by intra- 
fusal muscle fibres is too weak to overcome the effects 
of this unloading. Thus a decrease or a pause in the 
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spindle discharge is observed. On the other hand, when 
: tho frequency of stimulation is high, the tension developed 
by intrafusal muselo fibres is sufficient to stretch them 
in the equatorial region and produce an acceleration of 
the primary ending discharge, in spite of the opposite 
: action of the extrafusal muscle fibres. 
©. The persistence of the acceleration of primary ending 
- discharge after repetitive stimulation of slow « fibres in a 
- @titically curarized muscle is due to the difference in 
-sensitivity to “Flaxedil’ between extrafusal and intrafusal 
-o neuromuscular junctions’. During the stimulation, a com- 
. plete block of transmission develops rapidly at the extra- 
< fusal junctions while the transmission is only partially 
` depressed at the intrafusal junctions. 
_ Te is important to note that the innervation of both 
 oxtra- and intrafusal muscle fibres by single slow « motor 
fibres was not constant. Two first deep lumbrical muscles 
were observed in which none of the « motor fibres in- 
- nervated spindle muscle fibres. We have some confidence 
in the value of these negative results because it was pos- 
“gible in these two experiments to test the effects of all the 
ooa motor fibres on all the group I fibres of spindle origin. 
Our observations on the occurrence in some animals of 
æ innervation of spindles which was already suggested by 
histological description" are in agreement with the con- 
clusions of Granit, Pompeiano and Waltman’ and of 
Rutledge and Haase’. 
On the other hand, it must be emphasized that by 
“petitive stimulation of fast « fibres and occasionally 
w « fibres we have found it possible to produce 
dle discharge accelerations which were directly 
a ndent on the contraction of extrafusal musele. 
fibres. These were proportional to the tension developed 
“by those fibres, and disappeared when the muscle was 
tically curarized. This particular variety of accelera- 
often seen only with muscles under high resting 
most probably due to mechanical actions 
xtrafusal fibres on the primary endings (such 
secular pressure) and not to the contraction of 
fusal muscle fibres?®. | 
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<- Sulphydryl Groups and Histamine Release 
in vivo 


Previous work has indicated that the initial increase 
cin vascular permeability occurring in the pleura after 
_intrapleural injection of turpentine is due to local release 
-of histamine, the vascular changes being afterwards 
“Maintained by other mechanisms’. A similar sequence of 
-évente appears to oceur after thermal and irradiation 
-injury?*. The evidence on which these conclusions are 
based. consists of pharmacological assays of exudates and 
_ tissues, the effect of small doses of antihistamine drags 
- and the effect of depletion of bodily stores of histamine. 
=c Fhe mechanism of release of histamine from damaged 
tissues has received a good deal of attention, and the 
evidence now favours enzymatic action as the immediate 
-cause of the release, at least from mast cells. It has been 
_ Suggested that these enzymes may be sited on the mast 
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cell membrane and exert a lytic action on- 
when activated. The enzymes in question a! 
thought of as esterases or proteases, and on th 
inhibitor experiments in vitro it has been su 
they contain obligatory NH, groups*®. Other : 
investigations on the release of histamine 
in vitro indicate, however, that SH gr 
involved’, ; 
To obtain information about the possible 
of sulphydryl groups in release of histamine dı 
in the intact animal, the effect of agents whic 
groups was investigated. Female albino rats. 
Wistar strain were injected intrapleurally with ti 
having been injected intraperitoneally one hour o 
alloxan monohydrate (20 mg/100 g), a subat: 
inactivates sulphydryl groups’. As. can be 
Fig. 1, administration of alloxan led to a di 
accumulation of pleural exudate due to a supp 
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ppeadod 
by 2 h after injection of turpentine. A further dose af 
alloxan (10 mg/100 g), intraperitoneaily, at t 
injury failed to prevent an accumulation of è 
2 h similar in nature to that found in rats untreated wi 
alloxan. These results are very similar to those otal 
after administration of small amounts of anti-hist 
drugs or after depletion of tissue histamine by re 
injections of compound 48/80 (ref. 1). They indie 
administration of alloxan inhibits only that p 
inereased vascular permeability associated with the rele 
of histamine. " 
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Volume of pleural exudate (ml.) 
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Fig. 1. Effect of various treatments on the vohime of pleut 
obtained at different times after pa inten sient injection o! 
n rats 


To implicate sulphydry] groups further, rata we 
cysteinamine (b-mercaptoethylamine hydrochloric 
100 g) intraperitoneally 30 min before. the dose of 
Cysteinamine is a source of SH groups and, ag can D 
from the figure, such treatment led to a complete: 
of the effect of alloxan. Considered in the li 
in vitro investigations discussed here and of et 
on turpentine pleurisy, these results sugg 
release of histamine after injury depends on the in 
of SH groups, perhaps part of an enzyme molecule. 
of an SH blocking agent other than alloxan, that is. 
n-ethyl maleimide (2-3 mg/100 g). failed to diminish 
exudate formation. Conversely. the administration of 
another protector of SH groups, cysteine (20 y 
instead of cysteinamine, failed to reverse the 2 
alloxan; if anything its effect was potentiated 

These diserepanciss may be due to di 
penetration in the various compounds. T 



















also that the SH groups in question are more susceptible a 


to some types of inactivation than to others. The degree 


to which the radicles are disrupted may also be important, — 


as suggested by the in viro findings of Edman and 
Mongar", 

Experiments are in progress to investigate the action 
of other reagents which block SH groups or S—S bonds. 
The effect of compounds which inactivate NH, groups is 
also being explored. 
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; HÆMATOLOGY 
-0 A Human ‘D-like’ Antibody 


Tippett and Sanger’, in their investigation of 18 anti-D 
sera produced by D-positive individuals, commented as 
follows with respect to the sera of two white CDe/cde (R'r) 
patients: “Two ‘anti-D’ stand apart for they do not react 
by the anti-globulin method, and more strange, they can 
be absorbed by dd cells. This latter peculiarity is some- 
what reminiscent of the ‘anti-D’ made by guinea pigs 
‘injected with heat extracts of dd cells”. No elution 
investigations were reported. 
In. view of the investigations of the “D-like’ antigen?-*, 
-it was important to examine these sera and red blood cells 
and attempt to elucidate their relationship, if any, to the 
‘D-like’ system; With the one exception of the unique 
blood, - - + / - - -, of an Australian Aborigine, all Rh-positive 
and Rh-negative, as well as rhesus and other monkey red 
~ plood cells tested, carried the ‘D-like’ antigen. Should the 
antibody in these two ‘anti-D’ human sera resemble the 
‘D-like’ antibody produced in guinea pigs and should 
these CDe/cde red cells lack the “D-like’ antigen, the 
conclusion that this antigen is associated with all human 
bloods bearing any one or more of the antigenic determ- 
inant groups of the Rh-Hr system would require revision. 
One of the two CDejede individuals, Mrs. G. (aged 
seventy-one) was still available. This woman had 
delivered thirteen normal, healthy children. In 1955, one 
month after uneventful transfusion of three units of 
‘Rh-positive blood, difficulties arose in attempts to cross- 
match this patient. Compatible blood could not be found 
among 300 donors including five relatives. At this time, 
hor serum reacted strongly with D+ cells but only weakly 
“with D— cells. At a dilution of 1 in 4, Mrs. G.’s. serum 
behaved like a specific anti-D, however, Rh-negative red 
cells absorbed the antibody. 
“ Fortunately, a frozen serum specimen from 1955 was 
‘available and on re-testing it, the earlier observations of 
‘anti-D’ specificity were confirmed. In investigations of 


S eluates. six other anti-D sera produced by Rh-positive 








the behaviour of sera produced by guinea pigs that had ~ 
been injected with monkey or human Rh-negative or Rh- 


positive red cells or their heat extracts? In parallel tests: 


with rhesus monkey red cells, using three of the six 
anti-D sera mentioned above as controls, again only Mrs. 
G.’s serum gave eluates showing ‘anti-D-like’ specificity. 
Tests of a freshly drawn specimen. of Mrs. G.’s blood » 
confirmed her probable genotype to be CDejede (Rir). 


These red cells reacted with 17 saline anti-D, 37 incom: we 
plete anti-D, 18 anti-D produced: by D+ individualist, 
but failed to react. with the serum containing ‘anti-D’ ofo 


the second unusual CDe/ede individual (Miss B.) mentioned 
in the report by Tippett and Sanger. Positive reactions 

were obtained with 5 anti-C, 3 anti-c, 3 anti-e, 3 anti-G 
and 3 anti-f; negative reactions were obtained with anti-E, 
anti-CW¥, anti-C*, anti-V and anti-VS. . 


Mrs. G.’s red blood cells behaved like a normal CDejede 
as indi¢ated by scoring values obtained in titration with a. 


saline anti-D, and components Rh4, RhB, Rh and RhP 
were demonstrated in tests with appropriate antibodies. 
The available members of the family of Mrs. G. were 
tested. Two brothers also lack the ‘D-like’ antigen; the 
probable genotype of one, J. M., is CDe/ede and. of the 
other, G. M., is cde/ede; a third brother, W: M., is cde/ede 


but has the ‘D-like’ antigen. Samples from eight of the. ae 


13 children of Mrs. G. reacted positively to their mother’s 


1955 serum; from a first marriage two are cde/ede and < 


one is CDelede; from a second marriage two are CDe/CDe, 
two CDe/cDE and one cDE/ede. 

Table 1 shows the agglutination reactions of three 
differant ‘anti-D-like’ guinea pig reagents and Mrs. G.’s 
serum. This latter serum defined the specificity more. 
clearly than the experimental sera which were routinely 
absorbed with random Rh-negative bloods that are known 
to carry the ‘D-like’ antigen. It is of interest to note that 
if the red cells of Mrs. G..and J. M. had been tested only 
with guinea. pig reagents they would have been mis- 
classified as Rh-negative. os 


Elution investigations of a guinea pig anti-baboon red ae 
cell immune serum provided evidence that the red cella of 


Mrs. G., her two compatible sibs and + - - / ~- -lacked the 
‘D-like’ antigen because they failed to elute the ‘D-like’ 
antibody while control eluates from cdejede samples 
yielded ‘D-like’ antibodies. 

After absorbing a native guinea pig anti-baboon red 
cell immune serum with the red cells of Mrs. G., - --/- > + 
and cde/ede, the strongest ‘enti-D-like’ reagents were left 
by Mrs. G.’s and the - - - / - - - cells of the Australian 
Aborigine. This observation is another indication that 
the ‘D-like’ antigen, already known to be lacking on the _ 
---] - - - red cell, is not present on the red cells of Mrs. G. 


As expected, the injection of Mrs. G.’s red cells into 12 n 


guinea pigs failed to stimulate production of ‘D-like’ 


antibodies, although random Rh-positive or Rh-negative — 


bloods regularly proved to be antigenic in about 50 per 
cent of the animals. eS 

Blood from the second of the two CDejede people, Miss » 
B., investigated by Tippett and Sanger was not available. 
However, Miss Patricia Tippett showed:that eluates from- 
ede/ede cells sensitized with a surviving sample of Miss B.'s 


Table 1. DIRECT AGGLUTINATION TESTS 















Tested with red blood 








r TR 











ine A : RY vr rie af ae, 
"Guinea pig anti-rhest as tbe PL EEH | +++ 0 F 
> Guinea pig anti-baboon rbp: o7 oe + ++ 9 6. 
Guinea pig anti-rr rpt : EEE + 0 0 
Mrs. G: (1955) serum aoe a bbe + + 
$ 


a ; 





nt, Not tested. R? eDE: RY, CDe; friede. 


Mrs. G. is the propositus: J: 


i 
| 
| 
i 
M., G.M. and W. M. are her sibs. 
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-- 1956 serum contained the “D-like’ antibody. Dr. Allyn B. 
Ley and Miss Jean Harris of the Memorial Hospital for 

‘Cancer and Allied Diseases informed us that the ‘anti-D’ 
- in Miss B's serum did not react with the cells of her two 
_ Rh-positive sisters, one of whom was CDe/ede. We have 
; been unable to locate this family for further investigation. 
3 work. and previous observations®* reveal the 
quacy ofthe name ‘D-like’. The notations Rh(LW) 
Rh(LW) had been under consideration—the 
9 erring to Landsteiner and Wiener’s original 























t 'RA(LW) was phenotypically related to Rh seemed 
established by its absence in the unique Australian 
rigine blood which lacked all representation of the 
and E series of antigens’. But in view of this exam- 
n of Mrs. G., her brothers and her children, we are 
“dl to believe that the gene responsible for the pro- 
n of this antigen is not a part of the Rh gene com- 
: we suggest that LW may be a more appropriate 
o 
À more definitive characterization of LW may be 
tained from family studies of individuals who lack this 
universally present antigen. Until such data are 
le, we can only postulate that the genetic back- 
ground of LW may be attributable to gene interaction of 
3 the kind thought to affect the ABO, Lewis, P and I sys- 
tems’. Had the parents of Mrs. G. been first cousins, this 
ory would have gained support; however, they are not 
wn to have been related but this would not be con- 
tory to invoking the gene interaction phenomenon. 
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HISTOCHEMISTRY 


Staining of Vascular Elastic Fibres in 
Mummified and Dried Human Tissues 


: Iy-has beon clearly established in mummified and other 
--@ried human material that the connective tissues are 
frequently well preserved while the epithelia are less-often 
“yecognizable':?. This is probably a reflexion of relative 
= susceptibility to any autolysis which may precede effective 
desiccation. Neurovascular bundles are readily recognized 
Jn some Egyptian mummies and in dried bodies from 
other ancient cultures; for this reason direct study of 
vasculur disease in antiquity is possible'*}+. Nevertheless, 
desiccation produces considerable distortion of blood 
vessels, and interpretation of changes and elimination of 
artefact is greatly aided by delineation of elastic fibres, 
- which are valuable landmarks in vessel structure. 
The stainability of elastica in blood vessels has been 
nvestigated i in late dynastic Egyptian mummy tissue and 
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also in control modern human tissues artilicially deby 
rated and preserved in the laboratory using a solid 
mixture and natron in saturated solution for por 
40-70 days, in imitation of what we believe to he 
ancient Egyptian practice. The structures stac 
cluded elastic arteries (common carotid), muscula 
(iliac and popliteal) and associated veins as well as st 
vessels in different sites. The stains u 
Weigert’s method for elastic fibres, Verho 
counterstained Van Gieson, Gomori’s ald 
stain, orcein 0-75 per cent in acid alcohol, p 
acid hematoxylin by the Mallory and 
Masson’s trichrome stain with ponceau-fuchsi 
green, and Heidenhain’s iron hematoxylin, 
In all cases it was noted that although elasti 
markedly resist change the excellence of the 
is roughly paralleled by the general preserva’ 
other tissues. : 
Orcein is not a satisfactory stain for elastic { 
blood vessels but it may be useful in demoni 
elastica in the mummy cutis. Nor is Masson’s stain of 
value; elastica remains rather refractile and lig) 
Phosphotungstic acid hematoxylin, using both 
and Lieb methods, gives satisfactory staining ot 
fibres in all vessels both in laboratory desicvate: 
mummy tissues but fails to detect all the elastic 
in less well-preserved ancient specimens. Lieb's: mo! 
less deficient in this respect; both methods den 
the internal elastic lamina of large arteries most su 
fully. 
For the identification and photography of small vos 
in various tissues the most satisfactory techniqt o 
fairly specific methods of Weigert and Verhoeff, : 










































Verhooff stain tends sometimes to produce patchy 
ing of dense collagen. Gomori’s method is al: 
although elastic fibres are less readily picked up 
sections are being rapidly scanned with iow- Ta i 
tives. With ancient material the Gomori, We 
Verhoeff methods are all satisfactory for muse 
but the latter gives better contrast for colour ph 
for elastic arteries where elastic fibres are alvind 
Weigert and Verhoeff methods are rather leas pr 
again Verhoeff’s is to be preferred and in we 
vessels gives beautiful results. In less wel 
tissues the Gomori method gives more procise 
of the elastica and in laboratory desiccated mater: 
the best results in both types of arteries. 

For veins, both in mummy tissue and in 
material all methods give satisfactory staining. 
method is excellent for rapid ‘scanning i 
tion. 

With regard to monochrome photography Ti 
iron hematoxylin is unsurpassed and for pu 
pathological vascular lesions in ancient t 
method of choice; with careful differentiatic 
fibres may be demonstrated against a largely 
background. 

In conclusion it is clear that clastic fibres a 
resist laboratory desiccation using material be 
have been utilized in mummification in ancient E 
After successful mummification it appears pro 
little further change occurs during centuries of stor ago ine 
warm, dry atmosphere. 
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IMMUNOLOGY 
Microsomal Fractions as Transplantation 
Antigens 


Recent emphasis has been placed on the lipid-protein 
composition of transplantation antigens derived from 
normal and neoplastic cells! and there is serological 
evidence. for the occurrence of some of these antigens at 
cell surfaces’. The presence of transplantation antigens 
outside the nucleus of a cell implies the operation of a 
mechanism whereby the genetic individuality of nuclear 
components is expressed in cytoplasmic materials which 
are characteristic of the individual. 

Such a mechanism, biochemical and structural, is avail- 
able in the. endoplasmic reticulum, which provides not 
only for much of the cytoplasmic protein synthesis but 
also for structural continuity between nucleus and cyto- 
plasm’. The possibility therefore arose that cell fractions 

rich in endoplasmic reticulum might contain individual- 
specific materials capable of sensitizing a recipient to 
produce an accelerated rejection of a subsequent skin 
graft... For this purpose we have assayed, the capacity of 
microsomes isolated from mouse spleen and liver to 
function as homograft antigens. 

Washed. microsomal fractions were obtained from 
freshly excised livers and spleens of inbred donor mice by 
differential centrifugation of tissue homogenates in cold 
i sucrose. The donor strains used were A/J and 

C57BL/6; the microsome suspensions were tested for 
homograft antigenicity in mice of strains CBA/J and 
DBA/2 respectively. The assay procedure was based on 
that of Billingham, Brent and Medawar. The test skin 
grafts were applied on the third day following intra- 
peritoneal or intradermal injection of donor microsomes, 
the grafts being removed for histological investigation after 
a further 6 days. 

The results are presented in Tables 1 and 2. In the 
histological assessment of each graft, rejection was con- 
sidered. to have occurred only if more than 50 per cent of 
the graft epithelium was found to have been destroyed. 

The results clearly show that microsomal suspensions 
from spleens of inbred donor mice are capable of sensitiz- 
ing recipient mice to cause accelerated rejection of subse- 
quent skin grafts from the donor strain (Table 1). The 
failure of spleen microsomes from 4/J mice to cause 
accolerated rejection of C57BL skin, together with the 
failure of C57BL microsomes to cause accelerated rejection 
of A/J skin (Table 2), provides evidence for the specificity 
of the induced sensitization. Similarly, the injection of 
CBA spleen microsomes into CBA mice also failed to 
cause accelerated rejection of grafts of A/J skin (Table 2). 

Furthermore, it was found that the antigenic effeetive- 
ness of the inoculum was related to the dose of spleen 
microsomes injected. Thus the injection of microsomes 
from 30 mg of whole A/J spleen represented the limit of 
antigenic activity: this was equivalent to approximately 
600. ue of dry weight of microsomal material. 

It is: of interest that liver microsomes were also anti- 
genic, though they were less active and sensitized with 
less regularity than did spleen microsomes. At least 60 
per cent of the liver cell population is represented by 
parenchymal colls®; the lesser activity of liver microsomes 

-may thus be due to their commitment to elaborate special- 
` ized products of cell differentiation’. On the other hand, 
the spleen may contain a majority of undifferentiated 
cells the synthetic machinery of which may not yet be 


diverted from the manufacture of individual-specific 


materials. 

` Tissue-specific antigens have been found in microsomal 
fractions of liver®?, kidney” and thyroid™ and it has been 
suggested that they may be-associated with membranes of 
the endoplasmic reticulum’. The findings reported in 
this communication extend present interest in the anti- 
genie properties of microsomes and the possibility arises 
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Table a HOMOGRAFT ANTIGENICITY OF Microsomes FRON SPLEEN AND. 


Accelerated rejection of .A/J skin grafts in CBA mice that were sensitized 
with microsomes from liver and spleen of 4/J mice 


Spleen microsomes No, of test Liver microsomes No. of test 
(wet wt. of spleen, mg) grafts rejected (wet wt. of liver, mg) grafts rejected 


300 30/30 300 28/38 
100 19/19 100 7/18 
30 4j4 30 2/10 
10 1/9 
Table 2. SPECIFICITY OF eee HOMOGRAFT, REJECTION INDUCED 


Y SPLEEN MICROSOMES 
Recipient mice each injected. with microsomes from 300 mg wet wt. of spleen: 


Strain combinations 





Donorof Recipient Donor of No. of skin 
microsomes strain skin graft grafts rejected 
Experimental group  C57BL ——-> DBA/2 «<— C5TBE 20/25 
Control groups Ald > DRA)? «— Ci7BL 0/10 
757 BL ———> CBA <—— Ald 0/10 
CBA ———-—> CBA <——- AlJ 0/8 


that microsomal preparations may represent useful 
starting-points for the isolation of more specifically active 
transplantation antigens. Further work is in progress to 
investigate the homograft antigenicity of microsomal 
sub-fractions. 

This work was supported by grant 41-01254-07 of the 
U.S. National Institutes of Health. 
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Genetic Control of a Guinea Pig Serum Factor. 
toward which Natural Delayed Iso-hypersensi- 
tivity occurs 


Recent investigations'- have revealed the natural 
existence, in certain guinea pigs, of a state of delayed iso: - 
hypersensitivity toward a heritable factor present in the 
serum of other normal guinea pigs. 
that this serum factor, which was first detected in animals 
of Rockefeller Institute stock, is present also in. guinea 
pigs of the more inbred (nevertheless also heterozygous) 
Hartley strain but not in animals of the homozygous 
Wright strains II and XIII (ref. 2) suggested a means for 
investigating the mechanism of its heritability. Results 
presented here, obtained by interbreeding strain XIII 
and Hartley animals, indicate that the presence of serum 
factor in guinea is pigs controlled by an autosomal domin- 
ant gene. 

Serum factor was detected by skin tests; 0-1 ml. of 
undiluted serum from animals at least two months old 
was injected intradermally into each of 2-4 Rockefeller 
stock animals lacking factor and known to be dermally 
reactive (naturally iso-hypersensitive). Sera were judged 


The observation =: 
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Famtiy 5 


Bigs L Pedigree of two guinea pig families bred from Rockefeller 
` Institute stock illustrating the apparent mechanism of heritability of 
factor. Fully shaded (half-shaded) symbols represent animals 
OMOZYEOUS (heterozygous) for serum: factor as judged by ability of 
Winted.1: 8 (undiluted: serum) to elicit dermal reactions when 
is ‘injected. into. iso-h: rene animals lacking factor. 
s¥mbols designate animals lacking serum factor (that is, homo- 
: ous recessive) as judged by inability ‘of undiluted sera to evoke 
v dermal reactions, At a dilution of 1:8 in saline the sera of certain 
‘Hartley y guinea p pigs known to: be homozygous for serum factor were 
touna, still to elicit reactions whereas the sera of heterozygotes (that is, 
F, of Hartley’s crossed with XIT’s) could not 


















zó when they evoked delayed-type erythematous 
ms 10 mm or more in diameter, most prominent 
en 18 and 48 h, 
indication of the manner in which serum factor is 
ed was the finding (Table 1) that 21 of 22 young 
matings between strain XIII and Hartley animals 
sed sorum factor. As this suggested dominance, 
of the heterozygous F, animals possessing 
to homozygous strain XIII parents 
factor in expectation that half the resulting off- 
if would inherit serum factor. Confirmation was 
ided by finding factor in 11 of 25 young from 8 
pairs (Table 1). Further, crosses between F, 
ls possessing factor were expected to yield SF+ 
and SF— young in the classical 3: 1 ratio characteristic 
for inheritance of a dominant trait from heterozygous 
parents. From 6 F, x. F, matings 20 of 24 young wore 
found to possess factor, strongly supporting the dominant 
gene basis for serum factor heritability. 
Data gathered from several guinea pig families bred 
from Rockefeller Institute stock suggest that operation of 
< this mechanism for serum factor inheritance is not limited 
_ to Hartley and strain XIII animals. Our Rockefeller 
k families 1 and 2, for example, were established by 
individuals lacking serum factor and comprise 
34 members all without factor, a characteristic 
by all animals of Wright strains II and XIII. 
_ The pedigree of families 4 and 5 (Fig. 1) illustrate again the 
te 3: T and I: 1 ratios of dominant to recessive phenotypes 











ae Table, È 


INHERITANCE OF ‘Surum Factor CSF) IN GUINEA Pies 
Matings Offspring Significance 
: : SF(+) SF(+) of differences 
| Parent -type. (SF) No, No. Expected Observed x 
a eee ah a (~) 6 22 — 21 —— — 
: P tEh pile 8 25 125 il 0-36 0-55 
ORC), FIS 6 24 18 20 0-89 035 


.* Strain XII parents of the F, were used in these back-crosses. 


Table 2. SERUM FACTOR PHENOTYPES AND GENOTYPES OF SEVERAL GUINEA 
Pig STRAINS 


Serum factor Proposed 


Guinea pig strain phenotypes observed genotypes 


Hartley; f + Ssiy sity 

Rockefeller Institute 4 stv ghy 
t = sw g 

Wright H. 

Wright XIIE = shy Shy 
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‘methylcholanthrene (subcutaneously) into the an 














Sty, to designate the recessive gene. Gen 
animal strains studied, so far, are shown in 1 

Whether serum factor possesses a biolo 
and whether it is fully antigenic have not y 
tained; equally undetermined are its: chemical 
origin. To implement examination of these 
other more sensitive ways are being sought to de 
heritable sertim component of guinea pigs whic 
is revealed only by the delayed dermal reacti 
in guinea pigs lacking it but naturally iso-hypersen 
toward it. ; 

I thank Dr. Salome Waelsch and Dr. W. He > 
suggesting the gene nomenclature and Dr. M. W. Ch 
providing guinea pigs from which our animals w 
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PATHOLOGY 


Role of the Draining Lymph Node i in 
Chemical Carcinogenesis 


Srxce Green! propounded the immunological theory 
carcinogenesis, much evidence has been found for an. 
immune mechanism taking part in the chemical industion 
of cancer, and acquired tolerance to a carcinogen has been 
shown in rats?. 

The sites of antibody formation in chemical caremo: 
genesis are not known; butas Vrubel” obtained. hor fe 
immunity in rabbits after modifying the drainin 
nodes, Paterson‘ by using immune lymph nodes tr 
ferred allergic encephalitis in rats, and. Se 
demonstrated a great increase in the large lym 
of lymph nodes draining homografts, atten’ 
directed to the regional lymph nodes. Spain and Cla 
obtained inhibition of liver tumours in rats: - 
dimethylaminoazobenzene and given pre-treatme 
thorotrast (intravenous). Ambrus? showed that the 
inhibits antibody formation. 

In the first experiment, therefore, thorotrast. 
was injected into the superficial inguinal, epig: 
axillary lymph nodes of a group of adult 
which afterwards received an injection of 0: 

















abdominal wall. Delay in tumour formation at 
of 20-methylcholanthrene injection in. the tréated ra 






10 30 50 10 30 
No. of rats without tumours 


Fig. 1. Left, effect of irradiation on rate of chemical- carcin 
right, effect of thorotrast on rate of chemical careinogenesis, i 
mental; O, control 
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fable 1 = 


Weeks.after No. of experimental 9°30 


treatment rats without tumours without tumours er 
8 öl 100 “43 100° 
10 51 180 88 
12 50 99 37 88 
4 49 96 36 83 
16 48 9t 32 T 
18 44 86 26 60 
20 39 76 17 39 
22 35 68 16 37 
24 31 60 12 27 
26 24 47 10 23 


In this experiment the S.E. factor is 9-9 and g? is 3-69, giving a prob- 
ability of about 0-06 which is not within the level of significance. 
was found, when compared with the rate of induction in 
the normal control animals. 

No animals died, in either the experimental or the 


control group, during the experiment without developing _ 


a tumour at tho- site -of the 20-methylcholanthrene 
injection. 
‘As Taliaferro’ has shown that irradiation causes a 
-temporary diminution in antibody response, a second 
experiment- was designed in which a group of adult Wistar 
‘vats received a single-dose local irradiation of the inguinal, 
“epigastric, and axillary lymph nodes, with.2,000 r. under 
‘Avertin’ anzsthesia. with general body screening. Two 
days later they were injected with 0-05. g 20-mothyl- 

' cholanthrone (subcutaneously) to the anterior abdominal 
wall. ‘Here again, delay in tumour formation was found 
in the experimental compared with the rate in the normal 
contro! animals. 

One control animal, but no experimental ones. died 

without developing a tumour (at the sixteenth week). 


Table 2 





Weeks.after No. of experimental % No. of control rats 
troatment rats without tumours Without tumours % 

6 2 100 39 100 

R 40 95 31 79 
10 40 95 28 71 
12 40 95 2 71 
44 38 90 26 66 
16 35 83 23 60 
1s 30 rs) 21 55 

i 28 66 16 42 
22 24 57 12 28 
24 20 47 12 28 
26 18 42 9 24 





: “With the. namere in this experiment the S.E. is 1048 and g? is 2874 
: and Pils about OL 


Adding these two experiments together, giving a 
control group of 81 rats, and an experimental group of 
93° animals, which had received prior modification 
of the lymph nodes draining the area of the chemical 
carcinogen, the difference between the 
tumour formation in the control and the experimental 
animals was more than three times the S.E., in an 
observation taken at 26 weeks. 

This significant lowering in the mumber of tumours in 
animals which had been pre-treated with either thorotrast 
or X-rays to the local lymph nodes is expressed in a delay 
in the rate of tumour formation. This delay appears to 
be about 6-7 weeks, which may be the time required for 
the lymph nodes to regenerate. In this connexion it may 
pe remembered that Taliaferro found that rabbits had 
; gompletely recovered their ability to form antibody 8 
wooks: after having received 500-700 r. 





Table 3 
| No. of weeks Total No. of thorotrast Total treated rats % 
after treatment. or X-rayed rats without tumours 
PO OG 93 42 45 
; : Total No.of control Totalof control rats 
: rats, both experiments without tumours 
ee 81 19 23 





he 8 LE, of the difference for this group, bt ee is the sum of the first two 
iments, is 7-25 and this gives a x? o 5-82: Pisless than 0-02, and so 
; chance occurrence is ioe ‘than Lin 50. 


- Excision. of the vegional lymph nodes was rejected, as 
by traumatically altering the drainage of the area, 
causing lymphatic stasis, this procedure would invalidate 
the experiment structurally. ; 

A second: criticism which may be made is that the 
irradiation so depleted the animal system that it was in 


incidence of 





e , to » respond ` to the arcinogenie : 
the number of rats- 


=o without tumours, plotted against weeks for both types of 


treatment as compared with controls, presents an identical: 
pattern. Also there were no deaths in the irradiated group, 
as would be expected if the effect had been systemic. —. 
This suggests ‘that. the effect is local and not a general Ge 
body response. ee 

It appears, therefore, that temporarily suppressing the 
activity of the lymph nodes draining a site of the experi- 
mental chemical induction of cancer acts by delaying the 
onset of tumour formation. The delay lasts for the time 
required. by the lymph node to regenerate. Once a tumour 
has developed, it grows at about the same rate in both _ 
control and experimental rats. 

Tumour formation is not prevented,. but: it. is delayed, ae 
so that at 26 weeks of 93 rats treated with either X-ray 
or thorotrast to the draining lymph node, 42 (or 45 per _ 
cent) of these were without tumours at six months, while. 
of the 81 control rats 19 (or 23 per cent) were without 
tumours. ee 

Gowans ef al. has recently shown that the smali SE 
lymphocyte can turn into large pyronophilic cells which: 
give rise to a generation of new lymphocytes specific 
against homografts. Gesner? and Gowans have also 
shown. that isologous lymphocytes can restore the ability 
of lethally irradiated animals to. reject a heterologous. 
bone marrow graft, and so cause death, while Dempster™ 
has shown that sensitization to a homograft depends ono: 
an immune response which is mediated by the draining’ 
lymph nodes. 

It is thought that in the chemical induction of cancer 
protein binding of the carcinogen elicits an antibody 
response which is mediated by the draining lymph nodes. 
The antibody is then directed against those tissue-specific 
antigens of cells in the area of the carcinogen-protein’ 
complex which partake of the same nature as the protein 
part. of that complex. 

The results of these experiments suggest that the 
process of chemical carcinogenesis may be, in part at leas 
mediated by an immune reaction originating in 
regional. lymph nodes about the area of carcinog: 
application, possibly a cell-bound. antibody. 

I thank Mrs. Jacobs and Prof. Spiers for all their he p ; 
and advice. ; 
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Influence of Urethane on Subcutaneous 
Carcinogenesis by ‘Teflon’ Implants : 
Few investigations have been made concerning possible ae 
interactions between. plastics or other ‘apparently inert 
carcinogens and chemical carcinogens. Kogan! injected. 
9, 10-dimethylbenzanthracene subcutancously into rats 
implanted -with ‘Cellophane’ films; but no effect was’. 
observed on the incidence of tumours growing at theo 
implant site. 
In preliminary work? different chemical carcinogens 
were administered at various times to mice implanted 
either with “Teflon” or glass sheets. Trypan blue injections 
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Table 1 
: i urvival-rate. 
Treatment No. at Effective (peska from | the beginning of the treatment 
start No. of mice* | 10 30 60 
Implant of ‘Teflon’ 89 80 78 72 68 56 51 36 20 6 z 
‘| Implant of ‘Teflon’ + urethane for 10 
“weeks starting at the Lith week 56 56 62 47 39 19 2 -e e 
Implant of ‘Teflon’ + urethane for 10 
; weeks starting at the 25th week 61 57 57 52 48 39 30 12 0 —- 
| Implant of “Teflon” + urethane for 10 . 3 
{ weeks starting at the 35th week 63 58 58 52) 49 49 45 24 5 6 — 





| 





* No. of mice in which the implant was retained. 
t The percentage is given as of the survivors at the time of appearance of the first tumour, 





wore ound to inhibit sarcoma induction. Prior or con- 
n t administration of urethane was also investigated, 
d to a drastic shortening of the life-span. Urethane 
nistration resulted in such a shortening of the life- 
of the mice that the experiments were concluded 
efore sarcomas could have been expected to have occurred 
he implants. 
It was, therefore, necessary to investigate the effect of 
urethane. under other conditions. This communication 
_ reports the results obtained when urethane was adminis- 
under. conditions which did permit adequate 
for sarcoma formation. 
-A total of 272 female Swiss mice, 7-9 weeks old at the 
beginning of the experiment, were used. The Swiss mice 
“were originally obtained from the Roscoe B. Jackson 
_ Memorial laboratory, Bar Harbor, Maine, and randomly 
in this laboratory for the past 12 years. Urethane 
pbtatned from Fisher Scientific Co., Chicago, and 
red as a 0-1 per cent solution in ‘drinking water 
n ad libitum. 
All the mice were implanted with a square sheet of 
‘Teflon’ measuring 12x 12x 1-2 mm (Colonial Kolonite 
hicago) subcutaneously in their left flank. Four 
e used: group (1) was a control of 89 mice only 
implant; group (2) consisted of 60 mice 
siving urethane in the drinking water for 
beginning 15 weeks later; group (3) consisted of 
mice additionally receiving urethane in the drinking 
vater for 10 weeks beginning 25 weeks later; group (4) 
sisted of 63 mice additionally receiving urethane in the 
i inking water for 10 weeks beginning 35 weeks later. 
___As in tho previous investigations, urethane shortened the 
_ life-span of the mice. The survival-time of the mice was 
related t to tho time at which the urethane troatment was 
started and only in those mice, in which treatment 
was started at the 35th week following implantation did 
the animals survive long enough to enable the effects of 
treatment on sarcoma induction to be observed (Table 1). 
. In this group (4) the incidence of tumours ‘was increased to 
È 24-5 5 per cont as compared with a 12-5 per cent incidence 
in group 1 receiving no additional treatment after 
ation. This effect. was only observed in relationship 
incidence of tumours, no comparable effect being 
din the time of appearance of tumours, which was 
, Se average of 61-6 weeks in group 4 and 54-5 in group 1 
if l ig. D. 
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Pereentage of Sees 
mice 


30 


40 50 
Weeks from ‘Teflon’ implant 


= TĘ A. @, Urethane started 35 weeks after implant of “Tefton’; O, 
implant. of ‘Teflon’ 


60 78 86 



























It would seem reasonable to suppose that. the e . 
urethane observed occurs after the basic change | 
to the formation of a sarcoma has been estab. 
is known? that subcutaneous implants may be ro 
after a period of 6 months of implantation but | 
sarcoma formation will nevertheless proceod. Rem 
prior to this time will result in a resorption of the 
capsule. In these experiments the urethane appo: 
have an enhancing effect on tumour induction w 
administered subsequent to this crucial time. Tt 
unfortunate that the other groups in which urethan 
administered at earlier times did not survive long ene 
for an assessment of the effects. However, had oro ha 
had a pronounced effect under these conditions, sa) 
might justifiably have been expected to have por 
with a shorter latent period. 

The mechanism of action of urethaneinaprogd 
sense has been much discussedtt ag more oxpo 
are performed. It has become obvious that this com 
can manifest its activities under a variety of con 
and that these often depend on the presence of add 
factors. The experiment reported here reveals on 
activity for this carcinogen that is in keeping with mo 
of its other reported effects. 

This work was supported by grant C-6162 from me 
National Cancer Institute, National Institutes of Hoalth, 
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RADIOBIOLOGY 


Radioactivity in Some Aquatic Plants 

THE significance of radionuclides in organistis of 
marine and fresh water environments has been discussed 
by Seymour!, Krumholz?, and many others*. Sariples of 
marine animals from the western central Pacific Ocean 
have been found to accumulate fission products, sich as 
cerium-144 and zirconium-95. Lowman ef al.‘ have pointed 
out that induced isotopes of the essential trace clomants, 
such as manganese-54, iron-55, cobalt-60 and zinc-65, form 
a large part of the total radioactivity present in Paci 
plankton and fishes. The passage of radionuclides 
the primary producers, various attached planta and 
plankton, through grazing animals to large 
presents many important problems’. Labora 
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Fig. 1. »-Radiation spectra of Utricularia obtained from Edgewood 


Pond, Saranac, New York, and F. gathered from Westwood 

Pond, Westwood, New Jersey. The tracing was produced with a 

400-channel analyser, using 20 g dried sample. ‘The efficiency of 
i counting was about 3 per cent 


ments have recently shown that algae accumulate appre- 
ciable levels of radionuclides from radiation-contaminated 
waters’. Long-lived nuclides impounded in stationary 
bodies of water are probably available for the rest of their 
physical half-lives for incorporation into aquatic flora and 
fauna. The long-range effects on life in natural water can 
only be surmised. 

In view of the continuing atmospheric contamination 
by bomb tests, carried on by the U.S.S.R. and the 
United States, and the known facts about the resulting 
radiation fall-out®*, it was decided to investigate the 
radioactivity of some representative kinds of aquatic 
‘vegetation, A study of total B-radiation accordingly 
` was made on. 196 samples of aquatic plants obtained from 
fresh-water lakes and the sea during the period July- 
' November .1962. The samples included many kinds of 
phytoplankton, 20 genera of marine algae, and 14 genera 
of aquatic flowering plants. Fresh water plants were 
collected. from lakes in the region of New York State. 
Species of marine algae were gathored from the New 
England Coast, Bermuda, and Puerto Rico. The marine 
Zostera was obtained from Connecticut and New Jersey. 
Plankton was collected from lakes in the New York area, 
and on the research ship Vema, while cruising across the 
Pacific and in the eastern Atlantic Ocean. All materials 
were air dried, and ashed at 400° C in a muffle furnace, for 
several hours. Weighed portions of ash were deposited 
on aluminium planchets, 2 in. in diameter, and counted in 
a Tracerlab 8-counter, giving a low background of approx- 
imately 1 count per minute. Corrections were made for 
backscatter, and self-absorption by the use of weight 
“¢urves extrapolated to zero thickness. Efficiency of the 
counting apparatus was 30 per cent, calculated from 
potassium-40 as a referenco. Estimates of the y-radiation 
spectrum were made on selected samples with a crystal 
‘semtillation detector and a multi-channel analyser, 
. through the co-operation of Isotopes, Ine., Westwood, 

-New Jersey. 


Bro _A summary of the total §-radiation data is presented in 







Table 1... Water lilies and associated broad-leaved species 

woring plants averaged 158-457 disintegrations per 
-mi » (d-p.m.)/g-dry material. The highest B-emitting 
-o aquatic flowering plant was the submerged Utricularia, the 

© bladder wort, which catches minute organisms in special 
traps. This. plant: contains an aggregate of micro-flora 
and fauna from lake water, and provides interesting infor- 
mation: The small duckweeds, Lemna and Wolffia, also 
showed appreciable: B-counts, as high as 400 d.p.m./g. 
Samples of eel grass, Zostera marina, exhibited. moderate 












le J. TOTAL 6-RADIATION IN THE ASH OF AQuamic FLOWERING PLANTS, 


Tab! 
ALGAE AND PLANKTON, MEASURED IN THE SUMMER AND AUTUMN OF 1062 
Organisms No: of Range Average - 
3 samples (d.pam.) (dpm) 
Phanerogams (freshwater) 
syn ee W 
er yum 1 
Elodea 2 120-399 259 
Lemna 12 107-400 201 
Myriophyllum 5 47-207 127 
Nuphar 15 73-317 158 
Nymphaea 7 137-506 238 
Peltandra l4 235 
Pontederia & 106-1,170 457 
Potamogeton 3 0-340 170 
Typha 2 : 56-247. 151 
Utricularia 3 242-1134 735 
Wolfia H 107-373 172 
Phanerogams (marine) > : 
Zostera 10 23-164 78 
Macro-algae (marine) + 
Green 19 8-130 57 
Red 12 60-832 167 
Brown 12 93-240 156 
Plankton and micro-algae ; : 
Marine 37 25-2,193 466 
Fresh water 21 20-750 215 


Table 2, TOTAL f- AND y-RADIOACTIVITY IN REPRESENTATIVE AQUATIO 


VEGETATION 


Disintegrations per min per g of dried plants are based on a counting eim- 
ciency of f-radiation emitted from posse s0 and of y-radiation from 
cesium-137 


Plants Source Total 8 Total y 
(d.p.m.) (d.p.m.) 
Utricularia Edgewood Pond, Saranac, N.Y. 625 1,230 
Nymphaea Turtle Pond, Saranac, N.Y. 173 468 
Vaucheria Westwood Pond, Westwood, N.J. $23. 874 
Gracilaria Long Island Sound, Woodmont,’ 
Conn. 189 143 


activity, up to 164 d.p.m. It is believed that the sub- 
merged aquatic plants absorbed radionuclides directly 
from the waters. 

Among the fresh water algae, blue-green Microcystis and 
green Vaucheria showed relatively high 8-radiation. Some 
of the marine red algae, such as Gracilaria and Acantho- 
phora, were also relatively active. Pacific plankton, 
consisting of diatoms, mixed with copepods and small 
shrimp, exhibited great variations in B counts, ranging 
from 25 to 2,193 d.p.m./g dry material. Tho higher 
values were observed irregularly in plankton collected at 
stations in the mid-Pacific, 

Some results obtained for total ®- and y-radiation 
emitted by four selected kinds of aquatic vegetation are 
presented in Table 2. The ratio of B/y d.p.m. ranges from 
1-98 to 2:70 among the four examples, which include two 
flowering plants, one fresh water green alga and one marine 
red alga. The ratio of 8/y activity in air-borne fission 
products has been calculated to be 1:9, by Gustafson, 
Brar and Mishra’. These authors have found that the 
bulk of y-rays is in the region below 1-0 MeV in energy 
after 5 days. Our determination of strontium-90 in fresh... 
water aquatic plants, by radiochemical methods, indicates — 
that approximately 3 per cent of the total radiation could 
be accounted for by strontium-90. It appears that much 
of the total @-radiation in our materials comes from 
radionuclides which emit both 8- and y-rays. Determina- 


tion of the y-spectra of a few samples showed the presente 


of common fission products, as well as induced radioactive 
elements, all with relatively long half-lives. 

Typical y-spectra, made for the bladderwort Utricularia, 
and the green alga Vaucheria, with a 400-channel analyser, - 
are presented in Fig. 1. The characteristic peaks of’ 
cerium-144, ruthenium-106, cesium-137, zireconium-95 and | 
manganese-54 are visible in the tracings. These isotopes 
were observed in all the materials listed in Table 2. In 
some samples, for example, marine algae, potassium-40 
appears to account for a considerable portion of the total 
radioactivity present. Short-lived elements, such as 
iodine-131 and barium-140, were not detected. 

It is obvious that radionuclides are accumulated in 
Nature by diverse kinds of aquatic plants, which are the 
primary producers of organic matter in. the nutritional 
pyramid of lacustrine and marine life. The concentration 
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and biological half-life of radionuclides in producer and 
consumer organisms, and the efficiency of their passage 
through various trophic levels, present some problems 
-which may have considerable significance in the nutrition 
of animals and man, and the future course of biological 
“evolution. 

PauL R. BurKHOLDER 
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Radioprotection by Acclimatization to Cold 


Ture parallel series of irradiation have been run 
‘simultaneously to compare, in rats, tho effects of acute 
` and chronic whole-body irradiation by cobalt-60 y-rays 
and to establish the radio-modifying effects of cold 
acclimatization in the latter condition!. 

Male Sprague-Dawley rats weighing 200-250 g at the 
beginning of the experiment were used. Acclimatization 
to cold was obtained by keeping the animals for one 

onth at 5°°+ 1°C prior to irradiation®. During and 
the irradiation the rats were kept at 23° + 1°C. 
animals irradiated a few hours after being removed 
m the cold are considered in this communication. 
oe ~ During acute irradiation rats were kept in ‘Lucite’ boxes. 
o The focal distance to the middle of the rats was 30 cm 
from a practically punctiform eobalt-60 source, The 
absorbed dose in the middle of a phantom rat was 

‘15-4. rads/min + 4 per cent. Chronic irradiation was per- 

formed with the same irradiator, by placing cages on a 

specially designed rack at a focal distance of 270 em or 

300 cm which gave absorbed doses, measured as already 

described, of 10-12 rads/h, with a maximum variation of 

+ 2:5 per cent between rats in any one group. 

The dose rate for chronic irradiation was therefore 
about 85 times smaller than for acute irradiation. 
All animals were weighed daily for at least one month 
|: after irradiation and blood analyses were carried out 
twice a week. 
Groups: of 12 animals received total doses increasing 
_ by steps.of 100°or 150 rads. For each series the doses 
ae Geen ranged from less than the LD, to the LDigo. . 
The theoretical lethal doses are calculated by the probit 
me analysis method!. 
- able 1 summarizes the results obtained in regard to 
“ED, and LD,». 


Table 1. 










CALCULATED LD's vor SPRAGUE-DAWLEY Rats IN VARIOUS 


DIATION CONDITIONS 
Chronic 


Acute Cold + chronic 


y-irradiation y-irradiation . p-irradiation 
LD 2-0/30 days 420 rads 580 rads 1,210 rads 
LD 5 {30 days 480 rads 670 rads 1,290 rads 
LD 50 /30 days 740 rads 1,010 rads 1,620 rads 


For these rats the LD _~199/30 days was 1,060 rads for 
acute irradiation. The £D,,, has not been calculated in 
the chronically irradiated series, for if the irradiation 
lasts more than 4-5 days complex recovery processes 
occur during the irradiation period with an apparent 

~inerease in radio-resistance®’. Tho relationships between 
¿© dose rate and radio-sensitivity are now being investigated. 
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The figures show that the relative biological effectiveness 
of y-irradiation, at 10-12 rads/h, is about 72 per cont of 
the efficiency of acute irradiation, all parameters other 
than the dose rate being the same. or 

In the LD, range the biological efficiency of chronie 
irradiation is reduced by one half in cold. acelin: a 
rats. At the LD5, level tho protection coefficient 
acclimatization to cold is reduced to 1-6; but ¥ 
for total doses above 1,200 rads might be infuon 
changes in radio-sensitivity during prolonged irrac 
as mentioned before. 

If the animals are returned to laboratory beny 
before irradiation, the radio-protective action of s 
atization remains at a maximum for about one wee. 
diminishes slowly thereafter; this aspect of ie 
will be reported in a forthcoming communication. 

This work raises two interesting points. Pas 

(1) Acclimatization to a comparatively mild 
logical stress (exposure to 6°C) is aceompar 
marked increase in radio-resistance. A. radio-p 
factor of about 2 is obtained at the DD, level; 
as good as, or even better than, what is obtained 
the most potent radio-protective drugs’. Contrary 
what happens with those pharmacological agents. w) 
must be administered immediately prior to irradiati 
the protective action of cold acclimatization laste for 
least ono week after the-rats are back to norraal 
tions. The biochemical reasons for this prot 
now under investigation. 

(2) The LD, (1,200 rads) for cold acclinuatiz 
irradiated rats is significantly higher than 
(1,050 rads) for the same animals submitted to an 
dose of y-rays. It is therefore possible to obta 
of rats which survived a very large dose of ra 
for the investigation of late and genetic effects o 
tion. 
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Absence of Secondary Disease in Rats treated _ 
with Homologous Bone Marrow Transfu: e 
after Administration of ‘Myleran’ 


Ir has been shown in this laboratory that um 
experimental conditions the homologous bone 
treatment may be successful in preventing fata 
marrow aplasia induced by high doses of “I 
On the other hand, it is well known that a nium 
lethally whole-body irradiated mammals, which. 
the first 30 days after exposure, thanks to homologous 
or heterologous bone marrow transfusions, may succumb 
during the second and third month®*. This del or 
tality known as secondary disease is attributed by i 
investigators to an immunological reaction of the graft 
versus the host. Some success has been reported in 
preventing or treating the secondary disease in irradiated 
animals by various means®-!*. In this comrmuniéation 
the preliminary results concerning absonce of secondary 
disease in rats treated with homologous bone marrow 
transfusions after administration of “Myleran’ ate 

White male L-strain rats used as host animal 
bred in the Institute by random mating. At + 
of the experiments they were 3-4 months old, 
140-150 g. In intra-strain experiments | 































; i succumb before the fifteenth day. 
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fusions in a later period of survival (that is, 

90 days after administration of ‘Myleran’} 

has to be investigated. 
More- experimental data are available’ on. 


mice than in rats. 
secondary disease does not occur. in intra- | 
strain experiments when rats of a non-inbred 


inter-strain experiments is dependent on the 


donor and the host. On the other hand, too © 








ete hg Ne alate AN EAREN rats does not allow any survival even during 
5 10 5 10 the first 30 days following irradiation and 
Months also administration of ‘Myleran’}112, 


Fig. 1. Survival curves of L-strain rats between 30 days up to 10 months. D L, 

t £ 5 => L, bone marrow from donors 
of the inbred R-strain. The effect. of the bone marrow treatment after ‘Myleran’ 
administration on the survival during the first. 30 days is given elsewhere (refs. 1, 2). 
Left, X-rays 600 r. +128 x 10° bone marrow cells; right, ‘Myleran’ 27-6 mg/kg + 


‘bone marrow from donors of the same strain; R 


128 x 10° bone marrow cells 


donors were R-rats from an inbred strain purchased from 
R.LT. Laboratories (Louvain, Belgium), All donors 
were female rats 6 weeks old. The method of irradiation, 
the preparation and mode of administration of ‘Myleran’ 
and suspension of bone marrow cells are given elsewhere), 
The dose of ‘Myleran’ (1 : 4:dimethanesulphonyloxy- 
butane) administered was 27-6 mg/kg and that of X-rays 
~ was. 600 r., both doses being lethal; the non-treated rats 
The bone marrow 
‘suspensions containing 128 x 10° nucleated bone marrow 
`: colls were injected intravenously within 2 h on the first 





a third day after ‘Myleran’ administration. In this com- 
oo munication the survival data are given of rats between 
_ 80 days-10 months. 


‘Table 1. LATE SURVIVAL DATA oF D-STRAIN RATS TREATED WITH 128 x 10° 

BON MARROW CELLS FROM Z-STRAIN OR R-STRAIN DONOR RATS AFTER 

ADMINISTRATION OF A SINGLE SUPRA-LETHAL DOSE OF “MYLERAN’ OR A 
; LETHAL DOSE or X-Rays 


Dose Strain of No. ofsurviving Percentage Percentage 

administered to donor -strain rats survivalat survival at 

Zratrain host rats at 30 days 3 months 10 months 
27:6 mg/kg E-strain 55 89-1 72-7 
of ‘Myleran’ R-strain 14 100-0 714 
600r. L-strain 42 95-2 G14 
X-rays R-strain 25 44-0 24-0 


The results are given in Table 1 and Fig. 1. It appears 
from survival data that L-strain rats treated with bone 
marrow from donors of the same L-strain do not present 
delayed mortality during the second and. third month 
either after administration of ‘Myleran’ or irradiation. 

- The delayed mortality with symptomatology of secondary 

| disease occurs in irradiated L-strain rats surviving the 
. first 30 days as a result of homologous bone marrow 
 - treatment. when donors are from A-strain. Higher 
 dneidence of delayed mortality was observed among the 
8 receiving bone marrow treatment within 2 h or on 
rd day following irradiation as compared with the 
idence among the rats treated on the first day. This 
ortality does not occur in the same host—donor 
ion if ‘Myleran’ instead of radiation is used. 
) thirtieth day the bone marrow of L-strain rats 
_ treated with “Myleran’ and bone marrow transfusions of 
donors from R-strain is re-populated by the bone marrow 
cells of the donors. This was established in separate 
experiments: by -transfusing the suspensions of bone 
marrow cells of these rats to R-strain rats following 
administration of “Myleran’. ‘The same survival-rates at 30 







or third day following irradiation and on the first or 


from R-strain donors may result from de- 
laying the transfusion of homologous bonè 






and/or from the differences in response 
lymphatic. tissues of rats to the effects of two anti 
mitotic agents, one chemical, another physical. As 
reported by Congdon and Urso, in irradiated mice. the 
delaying of the injection of homologous bone marrow 
for one or two days after exposure gave better long-term 
survival, The more prolonged action of ‘Myleran’, 
already reported by Elson et- al: on the hemopoietic 
tissues of rats is at present under investigation in this 
laboratory™. 
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Calibration of Czsium-137 Content in the. 
Human Body pi 


Since the finding of cæsium-137 deposited in the- iG 


human body in 1956, it has proved to be one of the most 


important radionuclides contributing to internal dose in o 


the body. Since then, there has been much work on the _ 


measurement of cxsium-137 content by whole-body 
counting method. One of the most difficult problems for 


tho measurement is that of calibration. E 
Recently a convenient isotope cesium-132 has been 
available for the calibration of casium-137. (Casium-132 


was kindly supplied by Drs. Kimura and Shibata in 


Japanese Atomic Energy Research Institute.) Casium-132 | 


emits 0-669 MeV (relative intensity 100) and other several 


higher energy y-rays {relative intensity 2), its physical 
half-life being 6-55 days’. Energy of the most intense. 
y-line is near enough to 0-662 MeV of cesium-137 so that: 


absorption and scattering in the body are almost identical 


occurrence of secondary disease in irradiated 
Our data indicate that. — 


but homogeneous strain are used and thatin 
rats the appearance of delayed mortality in _ 


degree of antigenic differences between. the o 


great a difference between the two strains of : a 


The absence of delayed mortality in oe 
L-strain rats treated with bone marrow = 


marrow after administration of ‘Myleran’ 
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i 0.669MEV 
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50 100 
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Pulse height spectrum of cæsium-132 


150 200 


Fig. 1. 


to those of cxsium-137. Fig. 1 shows a pulse-height 
spectrum of cxsium-132 taken with an 8-in. x 4-in. sodium 
iodide (thallium) crystal. The source consisted of Cl**Cs 
in 5 c.c. water solution and was placed on the cylindrical 
axis of the scintillator at a distance of 35 em from top 
surface. 


Calibration of cesium-137 content in the human body 
was made using a whole-body counter at the National 
Institute of Radiological Sciences*, The whole-body 
counter consists of a 20-cm iron cubicle lined with 3 mm 
lead inside, two 8-in.x4-in. sodium iodide (thallium) 
crystals, and a bed on which patients are laid horizontally. 
In this experiment a sodium iodide (thallium) crystal was 
placed at at 35 em above the bed and scanned from the 
patient’s head for a distance of 150 cm along the body axis 
(Fig. 2a). Cl'**Cs in water solution was administered to 
two patients (S. S.; male, age 61, weight 41-8 kg, height 
152 cm, and S. M.; female, age 62, weight 42-0 kg, height 
143-5 em). 

Absolute activity of casium-132 (in terms of d.p.m. 
equivalent to cæsium-137) was evaluated by intercom- 
parison with cwsium-137 standard source in which counts 
in 220 keV energy band around cæsium-137 0-662 MeV 
and cw#sium-132 0-669-MeV peaks were compared. 
Corrections for the different photofraction and for the 
contribution of high-energy y-rays are about 0-5 per cent, 


Fig. 2. #, Boanning gooey Pi ons sodtnse iodide (Challtum) crystal; 
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which is quite small compared with uncertainty of + 
2 per cent of cæsium-137 standard source. (The standard 
source was produced at Electro-Technical Laboratory, 
Tokyo.) 

Thus 1-48 and 3-51 xe were orally administered to the 
patients S. S. and S. M. respectively, All excreta were 
collected for ten days. Rough indication of distribution 
of cxsium-132 in the body could be obtained by recording 
counting rate above 550 keV along the ware axis. 

It was found that the distribution of cæsium-132 in the 
body did not change after a week since the oral adminis- 
tration. 

At the same time ‘standard chair’ geometry (Fig. 2b) 
was used for comparison with our scanning geometry. 


Table 1 

U F. 

Bay (oe) poset ed 
8.8. S M. 8.S. S.M. 


— 
KE EN. 
“Canin 3-5. 


) L10 348 0-358 0-083 0026 0-045 
8 days (standard 


1-08 2-41 0-378 1-04 0-026 0-059 
Results with the two geometries are shown in Table 1. 
Errors arise from the uncertainty in absolute activity 
of cæsium-132, in measurement of excreta, and in back- 
ground counts and amount to about + 5 per cent 
altogether. Errors due to electronic instability were 


ligible. 

ete definite features are: (1) the standard chair 
geometry has higher sensitivity than the scanning 
geometry; (2) patient S.S. shows higher specific sensi- 
tivity than patient 8. M., which is partly due to the differ- 
ence in body-build; (3) present scanning geometry (35 em 
high, 150 cm long) has rather large dependence on 
individual body-build. This is due to difference in the 
patient’s height. It would be better to change the scanning 
length with the patient’s height. On the other hand, it has 
a feature of being able to obtain distribution of the 
radionuclide in the body. 


Date 


Sensitivity 
s neu. 


171 167 
148 130 
188 175 


T. A. INUMA 
N. NOHARA 
T. NAGAI 

R. ICHIEAWA 


National Institute of Radiological Sciences, 
iba, Japan. 
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An Origin for Some Natural Conventions 


Pror. V. C. Wynne-Epwarps has recently coined the 
term ‘natural conventions’ to refer to int checks 
on population density which keep the density below the 
level at which the population would overtax its food 
supply. He, in fact, maintains that this is the main 
function of the conventions and that this explains their 
origin. Territoriality, peck orders, visual and audial 
display (involved in density-dependent reproduction and 
migration), mortality from stress, and other phenomena 
are examples. 

Prof. Wynne-Edwards relies on interpopulational 
selection as a mechanism for the origin of the conventions. 
But if an intra-populational mechanism exists which will 
produce the same result, its operation will be at least 
easier to understand, although part of the resulting 
adaptation for the population may at least sometimes then 
be an accident. 

Assume, as the initial situation, that the population 
density is limited directly by the amount of food available. 
Assume also that, in a certain proportion of instances 
when two individuals come on the same piece of food, 
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fighting of some kind ensues with resulting average 
selective disabilities, D, to the victor (which gets the food) 
and D, to the loser; prosumably D; is less than Dx 

Now let there exist a partly heritable timidity such that 
individuals -possessing it retreat whenever another 
individual attacks them. They receive none of the con- 
tested food but also negligible selective-disability from 
fighting. Clearly it will be to the advantage of an individual 
that would lose all its fights, if it could retreat without 
fighting. However, even for an individual which would 
win all its fights there will be an advantage in retreating 
whenever D, is greater than the probability of not finding 
food (before starvation, or death induced indirectly by 
hunger) without the presence of a competitor. 

In such circumstances the genotypes for cowardice will 
increase in frequency for a time. The aggressive individu- 
als, however, will each have a greater advantage as their 
frequency diminishes, since they will have a progressively 
greater proportion of encounters with retroaters and 
therefore gain food immediately without selective dis- 

ability. An equilibrium dependent on gene frequency will 

therefore be the result unless the circumstances change. 
It would be of interest to know if there are any examples 
of such an equilibrium at present. 

Further or alternative evolution is easily possible. 
Warning behaviour can be selected for directly as a result 
of use by retreaters against other retreaters. Peck orders 
can be established by retreat only when the opponent is 
known to be a better fighter. Aggression only or mainly 
when another individual is met in a certain territory, and 
retreat. by the individual warned or attacked, will lead to 
territoriality. 

Nevertheless, the mechanism proposed here. does not 
seem adequate for explaining the evolution of the stress 
syndrome (if, as seems probable, this exists) or the common 
. phenomenon of fertility reduction in relatively dense 

. populations, except in cases of parental care. Interpopu- 

<: lational selection remains the only known mechanism 
‘for their origin. 

. © Lack? has presented a generally similar idea; but 

- apparently uses it only to explain the plausibility of 


maintenance of territoriality (in birds), since no mention 


-ois made of even phenotypic differences between individual 
birds in their reactions. As Lack indicates, the same bird 
might occupy a site or not depending on whether it was 
already occupied. 

I thank Mr. J. Maynard Smith and Dr. D. Lack for 
helpful suggestions. This work was supported by a Nato 
post-doctoral fellowship. 
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Ovulation, Implantation and Foetal Sex 
Ratio in the Uganda Kob 
In twelve pregnant females of the Uganda kob (Adenota 
kob) all reproductive tracts of which were examined, the 
single young was present in the right uterine horn regard- 


Jess of whether the ovulation had oceurred from the left or 


tight ovary. In this respect the Uganda kob is like the 
- impala (Aepyceros melampus)'. 
. Five virgin uteri had right uterine horns which were 


«| larger or longer than the left horns. Two parous non- 


pregnant uteri showed their right horns stretched more 
-< than the left. As evidenced by gross. examination for 
eorpora lutea, the ovulation occurred from. both ovaries. 
Five recent ovulations from the right. ovary and six from 
the left could be stated. No signs of embryo resorption or 
wastage of the oocytes were found... Five males and seven 
females were observed among the embryos, which were old 
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-enough for macroscopical determination of the sex. This 
-result is not significantly different from a 1 : 1 sex ratio. < 


As these results are in good agreement with those obtained. 
in the impala! a more géneral significance should indubi- 
tably be attached to them. 


Department of Histology, 
Free University, 
Amsterdam. 
* Mossman, A. 8., and Mossman, H. W., Science, 187, 869 (1962). 
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Prolongation of Homograft Survival in 
Guinea Pigs treated with Amethopterin 


AMETHOPTERIN inhibits the production of humoral. 
antibody! and the homograft rosponse? in the mouse. In’ 
view of the finding by Friedman eż al.* that amethopterin 
suppresses the production of humoral antibody in the 
guinea pig, the effect of this substance on the homograft 
reaction in this species was investigated... - ; Be 

Outbred, white-haired, male guinea pigs, weighing 
250-600 g at the time of grafting, were fed on Bruce-  - 
Parkes diet No. 18, supplemented with cabbage and 
vitamin C. Full-thickness grafts of abdominal skin, 1-2 
cm? in area, were exchanged between pairs of animals, 
being fitted to suprapannicular beds on the chest wall. 
Grafts were first inspected on the 10th day and usually 
every 1-2 days thereafter. They were classified as ‘intact? 
(resembling autografts in consistency, vascularity and 
thickness, or with no more than a faint pinkness), ‘partly. 
rejected’ (firm, and a definite pink, red or purple andjor 
thick and/or contracted, but with a persisting circulation) 
or ‘rejected’ (yellow, wet and necrotic or dry and brown 
or black, and with no evidence of a vascular supply). 

Amethopterin (‘Methotrexate’, Lederle Laboratories) 
was suspended in physiological saline and injected intra- 
peritoneally on Mondays, Wednesdays and Fridays of 
each week, beginning on the day of grafting (Mondays) 
and continuing until rejection of the graft or death of the 
animal. The doses used were 9, 12 or 15 mg/kg per 
injection. ae 

Ninety-cight animals were used. Those dying before 
the first inspection were excluded from the series; they 
comprised 3/44 uninjected controls and 1/16, 2/21 and 1/17 
in the three amethopterin-treated groups. The results are 
summarized in Fig. 1. ee 

About 30 per cent of the control grafts were intact at 
first inspection, compared with 60, 90 and 94 per cent in 
the three groups on amethopterin. Only about 5 per cènt 
of control grafts survived more than 3 weeks, compared 
with 27, 63 and 44 per cent in the amethopterin-treated 
groups. For estimation of graft mean survival times it 
was assumed that: (a) grafts rejected at first inspection ` 
had been rejected on day 9; (b) grafts persisting until 
death of tho recipient would not have survived longer had 
the recipient lived; (c) grafts persisting at the end of the. 
experiment would not have survived longer had the period 
of observation been extended. The effect of these assump- 
tions was to minimize the differences between. groups. 
The mean survival times of grafts in the control group was: > 
12-7 days and, in the groups on 9, 12 and 15 mg/kg 
amethopterin, 24-1, 35-8 and 22-4 days respectively. The 
distribution of recorded survival times made estimation ` 
of standard deviations inappropriate. Instead, 2x2 
contingency tables were constructed comparing the 
incidences of surviving and rejected grafts in pairs of 
groups at 4-day intervals. The results are given in Table 1. 
Table 1. PROBABILITIES (EXACT METHOD, ONE-TAILED TEST) THAT THE 


LONGER SURVIVAL TIMES OF GRAFTS IN THE SECOND AS COMPARED WITH 
THE Finst MEMBER OF Each PAIR OF GROUPS WERE DUE TO OHANCE 


Day Pairs of groups compared 
ontrol-9 mg 9-12 mg 15-12 mg 

14 0-15 0-3 93 

154 0:02 O1 3 

19 0-03 0-04 O-2. 

23 0-03 0-04 0-06 

274 0-06 0-25 05 
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12mg 
Fig. L. Survival of skin homsegrarte in control guinea pigs and in animals 
on 9, ty) i 


9, 12 or 15 mg/kg ame ge intraperitoneally thrice weekly. 
Graft intact; = roanga ly re + @.graftrejected; « , death 
of animal; A, graft surviving at end of experiment 


Survival of homografts was significantly prolonged by 
doses of 9 mg/kg amethopterin (P=0-02-0-03) and 
prolonged significantly further by doses of 12 mg/kg 
(P=0-04). Doses of 15 mg/kg were prohibitively toxic. 
killing the majority of animals, and tended to shorten 
graft survival compared with the 12 mg/kg dose (but the 
difference between these groups was not significant at the 
5 per cent: level). 

It appears, therefore, that the survival time of skin 
homografts in the guinea pig may be doubled or trebled 
by administration of amethopterin. The optimum regimen 
of those used here was 12 mg/kg three times weekly. Of 
particular interest are the two animals on this dosage that 
bear grafts in good condition after 85 and 160 days of 
treatment respectively, without obvious signs of systemic 
toxicity. l 

This work was supported by a grant from the Medical 
Research Council. I thank Lederle Laboratories for 


supplies of pure amethopterin. 
M. C. BERENBAUM 
Surgical Unit, 
St. Mary’s Hospital Medical School, 
London, W.2. 


* Berenbaum, M. C., Biochem, Pharmacol., 11, 29 (1962). 
*Uphoff, D. E., Proc. Soc. Exp. Biol, Med, (N.Y.), 99, 651 (1958). 
tranan, R. M., Buckler, C. E., and Baron, S., J. Exp. Med., 114. 173 


An Autonomic Ganglion Neurone in a Small 
Branch of the Right Sciatic Nerve of the Rat 


Tn the course of experiments involving an investigation 
of the behaviour of the perineural epithelium following 
section of the sciatic nerve?! two ganglia were observed 
associated with the nerve. 

The ends of this nerve had been eut and had been 
completely separated for 150 days. At the end of this 
time the animal was killed and the distal and proximal 
parts of the transected nerve removed. They were fixed 
in 2 per cent osmium tetroxide for 24 h, dehydrated and 
embedded in paraffin wax in the usual manner. Sections 
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Tu thick were cut on a Spencer microtome and mounted 
on albumin-coated slides and dried. The in was 
removed by treating the sections in xylol for 5 min and 
then mounting on ‘DPX’ (dibutylphthalate polystyrene 
xylene). 

While investigating the perineural epithelium im the 
unstained osmium-fixed sections, a small autonomic 
ganglion was noted in one of the sections of the small 
divisions of sciatic (probably tibial branch) nerve. The 
ganglion was situated at one edge of the nerve fascieulus 
(Figs. 1-4) within the perineural epithelium which was 
itself within the perineural connective tissue. Only two 
ganglion eells were seen (Fig. 1). They seemed to be 
completely normal with no signs of chromatolysis. Other 
sections were examined, but revealed no other autonomic 
ganglia. The same osmium-fixed sections were stained by 
cresyl violet after removing the coverslip and clearing 
away the ‘DPX’ with the help of xylol. The cytoplasm 
and nucleolus were clearly demonstrated by the stain 
(Figs. 3 and 4). Though the nerve had been cut 150 days 
before, the perineural epithelial sheath was well main- 
tained even in the small divisions of the nerve. 

It is not possible to assess whether the ganglion is 
sympathetic or parasympathetic in function, although the 
sciatic nerve has a sacral component and parasympathetic 
preganglionic fibres are associated with the sacral 2, 3 and 4 
roots. So it is possible that these ganglion eells are 
associated with the parasympathetic system rather than 
with the sympathetic. If this were the case, it would be 
diffieult to attribute any function to it. Although these 





Fig. 1. 
mate: 


A branch of the rat sciatic nerve. 


a Osmium tive! unstained! 
- Note two nerve cells in nerve fasciculus. (x 680) 


Fig. 2. Material and method same as in Fig. 1. Note a single ganglion 

cell in a nerve fasciculus enclosed by the perineural epithelial sheet 

(arrow a), which is in turn surrounded b 
(arrow p). (x ) 


Fig. 3, Material from the slide (Fig. 2) in which the coverslip and 

‘DPX’ mounting medium was removed with xylol and the section 

stained with cresyl violet. Note the ganglion cells have taken npa very 

stain. In addition, the whole fasciculus is shown to be surrounde | 

y perineural epithelium (arrow a) and perineural connective Came 
(arrow p). (x 170) 


Fig. 4. Higher magnification of Fig. 3 showing the ganglia within the 

nerve fasciculus. Arrows point to the nuclei of dhe perineural epl- 

thelium within which the ganglia as be as the nerve fi are found. 
x 


neural connective tissue 
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ganglion cells have the appearance of ‘belonging to the | 


autonomic nervous system, it is difficult to eliminate the 
possibility that they may be derived from the posterior 
root ganglia. 

Boyd and Monro? have stated that“. . . after thora- 
columbar sympathectomy thermoregulatory sweating is 
absent in a belt around the. lower thoracic and upper 
abdomen, though occasionally it may persist over the 
spine. It is fairly profuse over the lower abdomen groin, 
pubis, perineurium and upper buttock (lumbar dermo- 
tomes), and on the front of the thigh, innerside of the calf, 
but is absent on the leg below this level and on the sacral 
dermotomes except around the perineum. That is, there 
is segmental autonomic denervation from T, (or T,) 
caudally but sparing of segments T,, to La. These patterns 
show anatomical limits of sweating; the degree of sweating 
on the front of the thigh is considerably less than before 
operation. This suggests to us that probably thero is only 
partial denervation of the sweat glands in this area”. 

‘These workers have also shown the presence of numerous 
intermediate sympathetic ganglia of varying size and 
distribution in the course of the rami communicans passing 
between the lumbar sympathetic ganglia and the respec- 
tive. primary rami of the lumbar nerves. These inter- 
mediate ganglia are said to be responsible for ‘escape’ 
belts after paravertebral thoracolumbar sympathectomy. 
Our findings of possible autonomic ganglia in such a far 
off ‘area in the sciatic nerve division suggests that the 
‘escape’ area found after thoracolumbar sympathectomy 
is not only due to the presence of intermediate ganglia, 
“but also may be due to the presence of such ganglia in 
‘peripheral nerves. 

Another point of considerable interest is that the 
-ganglion lies within the perineural epithelium, which has 
been shown by the present workers to be a continuation 
of the pia-arachnoid from the central nervous system. Tt 
has been shown by Shanthaveerappa and Bourne (to be 
published) that this epithelium also covers the complete 


-X sympathetic chain, including the ganglia, within which 


` the entire sympathetic system is enclosed. It is of interest 


that this ganglion though very remote is still enclosed in 
the perineural epithelium. 


|. It would be of interest to know if similar ganglia are to 

‘be found even more distally in peripheral nerves and 
“whether they are a usual but hitherto unrecorded accom- 
paniment to such nerves. Further work on this subject 
may throw light on the functional significance of auto- 
nomie ganglia in such an ectopic site. 

This work was supported by grant B-1914 from the 
National Institute of Neurological Diseases and Blindness. 


T. R. SHANTHAVEERAPPA 
G. H. Bourne 


Department of Anatomy, 
Emory University, 
‘Atlanta 22, Georgia. 


MShanthavecrappa, T. R., and Bourne, G. H., J. Anat.(Lond,), 96,527 (1962). 
2 Bord, J. D, and Monro, P. A. G., Lancet, ii; 892 (1949). 


Toxicity of Some n-Alkyl Bromides to 
-Larve of the Citrus Nematode 





To evaluate the effect of lipoid solubility, another 
important factor in the nematocidal activity of halogenated 
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M, log relative EDs (mol, fit.) 





No. of alkyl carbon atoms 


Fig. 1. Relation between toxicities of n-alkyl bromides, relative. to 
n-butyl bromide, to larvee of citrus nematode and number of alkyl 
carbon atoms (lines indicate standard errors) VE 


hydrocarbons, a series of n-alkyl bromides. from n-butyl z 
to n-undecyl bromide was tested. In this series each has 
approximately the same rate of hydrolysis and reactivity 


in Sy2 reactions®? while lipoid solubility ineroases with 


increasing chain length. 


Toxicity tests were carried out at 25° C for 96 h on C4 
per cent acetone-water suspensions of citrus nematode 


larve using larval motility, measured by counts of larve ~ 
which passed through a plastic screen’, as the index of > 


mortality. The bromides were tested in 6 separate experi- 


ments using n-butyl bromide and two additional bromides’. 


in each experiment. Six concentrations in sextuplicate — 


were used plus twelve untreated controls. The mortality 
data were analysed statistically according to Finney’s — 
probit method‘. ean 
The toxicities of each of the bromides relative to n-butyl 
bromide as the standard are summarized in Fig. 1.. The 
weighted mean EDs, for n-butyl bromide was 7-71 x 10-4 
moles/l. Cyclohexyl and cyclopentyl bromide were also _ 
tested but were non-toxic at dosages of 1-0 and 4-0x 10-* 
moles/l., respectively. This was not unexpected since _ 
both compounds are much less reactive than n-butyl . 
bromide in Sy2 reactions. Cyclopentyl bromide reacts 
about 30 times less rapidly with potassium iodide in 
acetone and cyclohexyl bromide about 4,000 times less 
rapidly**,’ Toxicity increased logarithmically with the ~ 
number of carbon atoms according to the equation M = 
1:556+0-389N, where M-=logarithm of the toxicity 
relative to n-butyl bromide as the standard and N = number 
of carbon atoms. The correlation coefficient was 0-999. 
From this equation, toxicity increased by a factor of 2:45 
(the ED,, decreased by the same factor) for each additional 
methylene group. Based on the solubility of n-propyl 
to n-heptyl bromide in water’, the decrease in solubility — 
per methylene group was 3-19. From this and the weighted _ 
mean ED, value for n-butyl bromide, one would predict _ 
that n-dodecyl bromide should be non-toxic; the solus 
bility would be less than the predicted EDs, Larvæ of- 
the citrus nernatode are much more susceptible to n-alkyl 
bromides than the grain weevil (Calandra granaria). In 
tests with the latter using n-butyl to n-hexyl bromide the... 
increase in toxicity per methylene group was 1-74 (ref. 8). 
This exponential relationship between toxicity and the- 
number of carbon atoms is a common phenomenon which. 
has been observed in numerous biological systems not only 
with n-alkyl halides but also with other homologous series: 
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such as hydrocarbons, alcohols, ketones and esters’, 
Compounds which follow this relationship have been 

‘termed physical toxicants or narcotics since the physical 
properties of these compounds such as vapour pressure, fat 
solubility, surface activity, and partition between two 
immiscible liquids, are also related exponentially to the 
number of carbon atoms?®. However, in the present tests, 
since all the n-alkyl bromides have approximately the same 
reactivity in Sy2 reactions and possess high reactivities 
towards such nucleophiles as sulphydryl groups", it seems 
probable that they do not act as narcotics but as alkylating 
agents, especially in view of the recent reports that lower 
numbers of this series when injected into animals give rise 
to N-acetyl-S-alkyl-t-cysteines and S-alkyl-1-cysteine 
peptides**". The fact that toxicity was correlated with 
the number of methylene groups indicates that the determ- 
ining step in the overall toxic effect of these halides is 
a function solely of their partition properties. 

The nematocidal activity of halogenated hydrocarbons, 
therefore, is not only related to their Sy2 reactivity, 
ease of hydrolysis, and the toxicity of the resulting 
alcohols, but also to their lipoid solubility. 


WILLIAM Mose 


Department of Plant Pathology, 
University of California, 
Riverside, California. 
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A Pollen Record from Arctic Alaska reaching 
Glacial and Bering Land Bridge Times 


Low-Ly1Ne areas of northern Alaska along the shores 
of the Arctic Ocean and the Bering Sea, as well as the 
basin of the Yukon River, were not glaciated during the 
Pleistocene’. During times of glacial maxima these areas 
were extended by eustatic lowering of sea-leyel and 
ineluded a wide land platform connecting Alaska with 
Asia, the Bering land bridge*. The land connexion was 
last severed about ten thousand years ago?, 

I worked in the area between June and December 1960 
and raised cores from the sediments of Imuruk Lake on 
Seward Peninsula and Flora Lake? on St. Lawrence 
Island. These cores, together with associated sediments, 
have been investigated by means of microfossil analysis 
and radiocarbon dating’. The limited Arctic flora has made 
possible a pollen analysis which recognizes about one 
hundred pollen grain and eryptogam spore taxa. 

The accompanying partial pollen diagram shows the 
major elements from an 8-metre core of Imuruk Lake 
sediments. Twelve pollen zones, A-L, can be distinguished. 
The pollen spectra of zone L are similar to spectra in lake 
shore samples chosen to yield specimens of the modern 
pollen rain. The pollen of zone L may thus be taken to 
represent the treeless, low-Arctic tundra now present on 
Seward Peninsula. The small quantity of spruce pollen in 
the zone has evidently heen blown to the lake from trees 
growing fifty miles away. A similar hypothesis was put 
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. 1. Partial pollen diagram from an &m core of the sediments of 
Tea Lake, Seward Peninsula, Alaska. 65° 35° N., 163° 15 W. 


Each division represents 10 per cent total pollen grains and Sphagnum 
spores. Dots represent 2 per cent or less 


forward to explain tree pollen in a zone of this type from 
lake sediments in the Brooks Range. The absence of 
larger amounts of tree pollen throughout the diagram 
shows that forest was never present on Seward Peninsula 
during the time spanned by the core. The region supported 
only Arctic tundras. 

Five radiocarbon determinations have been made on the 
Imuruk Lake core, three by the Geochronometric Labora- 
tories of Yale University and two by Isotopes Inc. of 
Westwood, New Jersey. The results are given in Table 1. 


Table 1 
Laboratory code No. Depth (m) uC age in years B.P. 
Y-1144 0-35 12,355 +/— 160 
T-588 0-5 18,250 +/— 700 
¥-1142 1-2 > 34,500 
¥-1143 26 > 37,000 
I-415 75 21,700 +/— 2,000 
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There is a conflict between the ‘ages’ for the core given 
by the’7-5-m date and the remaining four dates for which 
no satisfactory explanation has been found. If the core 
represents only 22,000 years. as the 7-5-m.date suggests, 
it nevertheless spans times when the Bering land bridge 
existed and when the Wisconsin glaciation reached its 
maximum 18,000 years:agot If the 7-5-m date can be 
discarded, the four mutually supporting dates indicate 
a much longer history ‘but the land bridge and glacial 
periods are still included. On either chronology the pollen 
record strongly suggésts that the continental lowlands 
north of the ice sheets, including the Bering land bridge, 
supported only treeless tundras. It follows that animals 
and men. crossing the lend bridge must have been able to 
withstand life in a cold, Aretie environment. 

The work was supported by the U.S. National Science 
Foundation and was also assisted by units of the U.S. 
Air Force in Alaska. > 
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Anthoxanthum alpinum A. and D. Love, New 
to the British Isles 


A arass, referable to Anthoxanthum- alpinum Aand D. 
Léve, has been collected froma snow patch in the Cairn- 
gorms near the Invernesshire-Aberdeenshire border. This 
species was described in 1948} from Swedish Lappland on 
the basis of a few morphological characters which dis- 
tinguish it from the widespread Anthoxanthum odoratum L. 
‘because it also differed from that tetraploid species (2n = 
20) in. being a diploid (2n=10)*. Tt has an. arctic-alpine 
type’ of distribution in northern Europe from Iceland to 
Finland and‘in the Swiss Alps. Tutin? confirmed the 
diploid chromosome number in Swiss material and gave 
further morphological criteria for the separation of these 
species. He also suggested that Anthoxanthum alpinum 
might occur in the British Isles as it is readily confused 
with the widespread A, odoratum. ` 

-The British material conforms morphologically to the 
descriptions of Anthoxanthum alpinum A. and D. Love but 
differs from the type in being 2n= 20. This must raise 
doubts about the specifie status of that plant. 


“B. M. G. Jones 


Department of Botany. 
Queen Mary College, 
London, E.1. f 
rLéve, A., and Live, D., Univ. Reykjavik Inst. App. Sei, Dep. Agric, Rep. 
Ser. B., No. 3, 105 (1948). 
2Qstergren, G., Hereditas, 28, 242 (1042). 
‘Putin, TG., Watsonia, L, 224 (1050). 


Settlement. of Spirorbis borealis Daudin Larve 
on Surfaces bearing Films of Micro-organisms 

Surraces newly immersed in the sea are quickly covered 
by a film of bacteria, diatoms, algae and flagellates. These 
-= micro-organisms may becomes attached within hours’, 
< while their relative numbers vary from place to place®‘, 
- The larvie of benthic invertebrates will meet such films 
whenever’ they alight during the exploratory phases of 
settlement. These films are certainly capable of influencing 
settlement, for the larve of Ophelia bicornis Savigny*, 
Spirorbis borealis Daudin and ` Bugula flabellata 
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(Thompson)! can all distinguish between substrates having 
a film and substrates lacking onei o o0 00n i 

Wilson has suggested that the -different film-forming 
micro-organisms might vary in their ability to promote 
settlement. This hypothesis—not tested before—has been 
substantiated by the results described here. 

Films developing on surfaces immersed in sea water 
promote settlement of Spirorbis borealis larvæt The ` 
following experiment shows that this effect can, be obtained 
by soaking panels in sea water containing its natural 
suspended matter (including micro-organisms), but not: 
in sea water from which this has been removed. A sample 
of sea water was divided in two: half was filtered through 
an ‘Oxoid’ membrane filter of pore diameter 0-5-1-0p,; and 
the particulate matter on the filter pad returned to an, 
equivalent volume of membrane-filtered sea water. The 
other half was similarly filtered but the particulate matter 
discarded. Twenty slate panels, each measuring 5-0 x 1-8 
em, were soaked for 12 h in the two solutions, ten in one 
and ten in the other. After soaking, these were arranged 
radially around the bottom of a circular glass dish, 
diameter 34 cm, containing 9-101. sea water: Larvæ of 
Spirorbis borealis Daudin, obtained by methods similar 
to those used by Knight-Jones®, were added to the dish, 
which was then slowly rotated under constant overhead 
illumination. Light intensity at the water surface. varied 
between 450 and 650 lux in different’ experiments. After 
12 h, when most of the larvæ had settled, the panels were 
removed. Of those which had settled, 348 were counted. 
on the film previously developed in the presence of the 
resuspended particulate matter, and 29 on that previously 
developed in the membrane-filtered sea water. 





Table 1. SETTLEMENT ON PANELS FILMED. WITH, DIFFERENT COMPONENTS 


OF THE PRIMARY FILM 
Concentration of 


No. of — respective miero- 
Panel treatment Jarve organisms in the 
settled cultures after 7 
days (cells/mL) 
Panels previously soaked in: 
Dunaliella galbana culture : 
(a) Culture previously in natural daylight~ 
darkness regime for 7 days 15 5x 10 
(b) Culture previously in total darkness for 
7 days 227 öx 10% 
Navicula sp. ; 
{a) Culture previously in natural daylight— ; 
darkness regime for 7 days 2,098 & xir 
(b) Culture previously in total darkness for 
7 days 754 <3.* 10? 
Mixed diatom culture : 
(a) Culture previously in natural daylight- ; 
darkness for 7 days 1,548 8 x 1 
(6) Culture previously in total darkness for 
7 days 461 3 x 10 
Membrane-filtered sea-water 
(a) Previously in natural daylight-darkness : 
régime for 7 days 481 <3 x 10° 
(b) Previously in total darkness for 7 days 447 <3 x 1¢ 


The effect on settlement of some micro-organisms which 
may occur in natural films was then tested. 16 l. of sea 
water collected from the Menai Straits were membrano- 
filtered, pasteurized, and then divided into eight 2-1. 
aliquots. Two of these were inoculated from a uni-algal 
culture of Dunaliella galbana, two from a population of 
mixed Navicula sp., and two from a mixed population of. 
diatoms; the remaining two were not inoculated: One of 
each of these four pairs was then kept under ‘a natural 
day-night régime for seven days, and the other in total 
darkness. Counts at the end of 7 days showed large 
numbers of the respective organisms: in. the “cultures 
previously kept in daylight, and very small numbers in 
cultures kept in darkness (Table 1): The mixed diatoms 
included Ceratium, Chaetoceros, Navicula: Nitschia’ and 
Skeletonemasp. Neither of the two samples of membrane- 
filtered sea water showed any growth of diatoms or green 
flagellates at the end of the 7-day period. 32 slate panels 
were divided into 8 groups, each of 4 panels. The 8 groups 
were then soaked’ for 12 h, one group in each of the 8 
cultures. Following this, the panels were transferred to a 
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large dish containing sea water and larvæ as already 
dereribed. - Tho results from two identical: experiments 
= {Table 1) show that larvæ settled mainly on films previ- 
> ously developed in the presence of mixed diatoms and the 
diatom Navicula, but avoided those of the green flagellate 
Dunaliella: galbana. The panels soaked in the strong 
Dunaliella culture—that kept in daylight—were noticeably 
pT after soaking; this colour persisted. throughout the 
of settlement. There was no significant difference 
settlement on panels. previously: soaked in the two 
les of membrane-filtered sea water. 
xperiments show that larve of Spirorbis borealis 
l settle more readily on films developed in the presence 
diatoms and their associated bacteria than on those 
developed in the presence of a green flagellate. It seems 
| probable that similar variations in the constituents of 
primary films will affect the settlement of Spirorbis under 
< natural conditions in the sea. 
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ion for Electron Microscopy 


non practice to use buffers for making 
solutions for study of biological materials 
lectron microscopy, and such buffered fixatives are 
sidered advantageous. This belief seems to have 
ted from researches in days when the develop- 
it of preparative techniques was in its infancy; 
; and embedding media, like epoxy resins and polyester 
vesins, were unknown in electron microscopy. It was 
experienced?! that fixation by simple distilled water 
solutions of osmium tetroxide followed by embedding 
in monomer methacrylates caused gross vacuolization of 
the ground cytoplasm, whieh resulted in disorganization 
of the cellular membranous system; the nucleoplasm also 
precipitated into a coarse reticulum. Further experiments 
‘suggested that these defects in preservation were caused 
; wave of acidity produced by the reaction of osmium 
troxide with tissues; this acidity preceded fixation of 
_ tissues by osmium tetroxide. It was, however, discovered 
by Palade! that preservation of cell structures was greatly 
improved if the fixative were buffered (pH 7-3-7-5); and 
-he recommended the use of Michaeclis’s? sodium acetate/ 
“sodium veronal buffer for this purpose. This buffer seems 
to have been more often used than any other for making 
up solutions of osmium tetroxide. It has also been 
-adopted for buffering potassium permanganate? and 
“formaldehyde for use in electron microscopy, though 
formaldehyde reacts with veronal to produce a substance 
that has no buffering value in the range of pH of physio- 
logical importance (7-2-7-5)4, 
Veronal is a weak acid (diethylbarbituric) with a 
dissociation constant of approximately 10-* (ref. 2); and 
` Michaelis? introduced‘its sodium salt as a buffer for use 
between pH 7 and 9. Sodium acetate is effective in buffers 
-on the acid side of neutrality (see refs. 4 and 6; Fig. 1). 
Michaelis? mixed sodium acetate and sodium veronal in 
one buffer for his interests in enzymology so that he could 
_ pet a range of pH from 2-9 without variation in ionic 
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Fig. 1. The s giki indicates the effective range of buffering of saika 
acetate (M/7) (aa) and sodium veronal (M77) (45) in separate su ne 


and together in one solution (M/7) (ce), at the concentration 

Michaelis’s buffer. -5 ml. of the stock solution of the salt (or s 

a mi. of N/10 hydrochloric acid are. diluted with 20-0 il. af di 
water to make up the buffering solution ` 





strength...The graph in Fig. 1 shows that sodium 
in the acetate/veronal buffer of Michaelis has n 
on the pH at which fixatives for electron m 
generally held (7-2-7:5). The acetate is efective 
range between pH about 3-6. It is therefore not o 
why acetate should be ineluded in buffers used for 
up fixing solutions intended to be used at pH 
Veronal seems to have little, if any, cap: 
between pH 3.and 6-5; and if the fixing solution 
pH slightly on the alkaline side of neutrality y 
reason to absorb a small quantity of acid, its 
fall quite considerably and make the solution defi 
acidic. If, however, acetate were present in the 
solution, it could take over the buffering from v ronal 
when the pH fell to just on the acidic side of ne i 
and thus keep the solution nearer neutrality. Tt is-< 
to say whether so much acidity is produced during t 
of minute pieces of tissue that acetate is brought inte play 
as a buffer. Experiments were therefore made on fix 
by buffered osmium tetroxide prepared exactly according 
to the formula given by Palade! except that sodi un acet 
was omitted from the buffering solution. Pancre. 
exocrine cells, convoluted tubule cells of the kidne 
testes of the mouse were used as test-objects. 
characteristic appearances of the cell inclusions t} 
been related with acidity do not seem to he eb 
the electron micrographs, if the tissue is embed. 
suitable embedding medium. for example, “Hpi! 
Comparable micrographs have also been obt : 
embedding in partially prepolymerized: snethec 

The preservation particularly of membranous. st 
considerably deteriorates if monomer methat 
used. An experiment was also done te find owt wi 
the prasence of sodium acetate in Palade’s an was 














the tonicity of the fixing solution. A nobel alt; potas- 
sium nitrate, was used as a substitute for sodium scetate 
in the veronal stock solution. so that the final fixing 
solution was nearly isotonic with Palade’s fluid (dep 
of freezing point 0-308° C). But the quality of preservation 
visualized in the micrographs did not seem to be markedly 
different. from that produced by fixation without the 
addition of potassium nitrate to the veronai solution. 
Similar experiments were also made on the exocrine 
pancreas and convoluted tubule cells of the kidney of 
mouse by fixation in potassium permanganate buffs 
by veronal buffer, instead of veronal/acetate as i 
Luft®. The appearance of the various cell inelasion 
consistent with what was already known abo) 

























greeny tho mow of Sxation is , judged by the 
quality of preservation seen in electron micrographs; and 


the micrographs of the pancreatic exocrine cells and the 


convoluted tubule cells of the kidney look the same 
whether fixation is.done by a carefully buffered solution 
of osmium tetroxide held at pH 7-3-7'5 or by solution 
-of osmium tetroxide simply turned alkaline by a small 
addition of potassium acetate (pH 1-2-7-5). These results 
therefore seem to suggest that a solution of osmium 
tetroxide alkalized in this way might well be substituted 
eas solutions in the investigation of some other 
colla’ 
< Furthermore, it seams doubtful whether it is always 
necessarily profitable to use buffered or alkalized fixing 
_ solutions for electron microscopy. Adequate preservation 
f the pancreatic exocrine cells and the convoluted tubule 
1¢ kidney has been obtained by fixation in simple 
fered and unbalanced solutions of osmium tetroxide 
sequent embedding in ‘Epikote 812’ or partially 
rized. methacrylate” ® 10. Electron micrographs 
tube foet of the sea-urchin, Echinocyamus pusillus, 
h are only about 35u in diameter", fixed by simple 
: lied water solutions of osmium tetroxide or potassium 
"permanganate and embedded in ‘Araldite’ or ‘Epikote 
812’ do not seem to be deficient in criteria that are 
- gonerally correlated with satisfactory fixation. It did not 
seom to make any appreciable difference in the quality of 
preservation whether ‘isotonic or. hypotonic fixing solu- 
tions were used, if methacrylate (partially prepolymerized) 
was used for embedding. 
All the. fixing solutions mentioned here that have been 
cused for fixation of the pancreas and kidney of the mouse 
-sare greatly hypotonic to the body-fluids of mammals, as 
<- vis algo Palade’s fluid, which is so widely used in electron 
:: microscopy. But this does not seem to heve effected the 
vation in the micrographs. These results seem to 
bts on the importance of invariable use of isotonic 
solutions; this conclusion is substantiated by the 
experiments on the tube feet of Echinocyamus. 
This work was done during the tenure of a senior 
studentship of the 1851 Exhibition and a research fellow- 
` ship at New College, Oxford. The work on Hchinocyamus 
is being carried out in collaboration with Dr. D. Nichols. 
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VIROLOGY 


| Effect of Ultra-violet Light on Tobacco Mosaic 
-> Virus containing 5-Fluorouracil 


Pyrmionns halogenated in position 5 have beon shown 
to sensitize bacterial, bacteriophages? and mammalian 
colls? to ultra-violet. irradiation. In all these cases 
substitution of thymine, a specific constituent of deoxy- 
ribonucleic acid (DNA), by ita halogenated analogues is 
implicated as the primary cause of increased sensitivity. 


: This, togae a 
and bacteriophages’, 


a “Vou. 196 





the fact hat one of the analogies, ; 
omouracil, is a known mutagenic agent in bacteria‘ 
strongly | suggosts that genetic 
material, that is, DNA, is the primary target of irradiation. 

‘The ease with which some of the analogues: are substi- 
tuting for thymine and are incorporated in DNA is- 
correlated to the similarity in size of the two types of 
molecules". 5-fluorouracil, the molecular. configuration of 





which deviates the most from that of the thymine, isnot 


incorporated into. DNA and does ‘not potentiate the 
effect of irradiation, at least not in systems where DNA | 
is the carrier of genetic information". On the other 
hand, 
substitute it to a high degree in mammalian’, bacterial’? 
and plant virus RNA. “Moreover, one should expect. 
that incorporation of 5-fluorouracil directly ‘affects the 
genetic make-up of plant viruses, where RNA is the sole 
carrier of genetic information. Re 
We wanted to determine whether, i in a gestern’ with | 
RNA as the genetic material, a mechanism of radiosensit- | — 
ization. exists comparable with that when thymine | 
analogues are used. A convenient system to test our. 
hypothesis. is tobacco mosaic virus (TMV), where 5- 
fluorouracil may be incorporated to a high degree, without 
causing an appreciable loss of infectivity™. 
Tobacco. leaves: variety White Barley wero infected — 
with TMV, isolate ‘Mostar’, and. incubated h Ue 
fluorouracil, according to the procedure ‘doseribed by 





Gordon and Staehelin!!, with minor modifications. Disks 


I cm in. diameter were cut out from leaves 24 h after 
infection and placed in Petri dishes containing a 0-1 per 
cent solution of 5-fluorouracil or. distilled water for 
controls, and incubated for one week. For better ilumina- 
tion, daylight was supplemented with artificial light to - 
get a 20-h light period. Under similar conditions the _ 


treated virus substituted up to 47 per cent of its uracil by 


the analogue!.. A crude extract containing the virus was _ 
prepared from infected leaves, after freezing and grinding 


with quartz sand followed by 15 min centrifugation at 
6,000 r.p.m. Afterwards, the juice was diluted 1:1 with 


1:5 per cent disedium hydrogen phosphate solution, and _ 
after a 15 min incubation period at 3°-5° ©, centrifuged _ 


again for 15 min at 6,000 rpm. For radiobiological a 
investigations, the juice containing virus was. diluted 


1:30 in 0-1 M phosphate buffer, pH 7-0, and irradiated 


with a 15-W Philips ultra-violet germicidal lamp. at a. 
distance of 45 em. To test virus infectivity, the standard | 


half-leaf method was used on Nicotiana glutinosa as test 
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Fig. 1. Inactivation of TMV suspension by ultra-violet light. ©, Vitus. 


from leaves grown without 5-fluorouracil; @, virus grown in the presence 
of 5-fluoronracil 





5-fluorouracil closely resembles uracil and may 
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plant. For each sample, 6 parallel half-leaves were used 
and each infected with 0-1 ml. of virus suspension so as to 
“get about 70 lesions in unirradiated samples. Tho leaves 

had been incubated for 5 days at room temperature 
ocal lesions were counted. 

| our results it is evident that 5-fluorouracil has 
oler ee virus particles. much more susceptible to ultra- 
o i 




























esenco of 5-fluorouracil, as evidenced by the 
pper inactivation curve, showing a 5-fold increase 
bility of virus treated with 5-fluorouracil. 
r the mechanism of the sensitizing action of 
cil is, this phenomenon deserves. further 
tion, in view of the fact that RNA is specifically 
in this case. Further investigation will reveal 
this phenomenon can. also be observed in vivo. 
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Determination of Type-specific Antibodies 
against Poliovirus labelled with 
-Phosphorus-32 by an Elution Test 


_ Tr has been demonstrated that type 1 poliovirus strains 
Mahoney and ZSc, 2ab may be differentiated by their 

elution pattern on certain adsorbents. Aluminium hy- 

droxide-gel proved to be a very suitable substance in this 
i espect. Strain Mahoney is readily eluted by 0-01 M 
phosphate buffer pH 7-5, whereas strain LSe, 2ab of the 
same serological type requires 30-40-fold higher concen- 
: trati ns of phosphate to elute quantitatively with a sharp 
iki, This phenomenon of different elution pattern 
an expression of different surface properties of 
- these strains of virus. This leads to the question whether 
the specific behaviour of the strains is altered if incubation 
with type specifie antibody precedes the elution proce- 





` Poliovirus labelled with phosphorus-32 was prepared by 
a modification of the method of Levintow and Darnell}. 
< Purification and concentration before eluting the virus 
< from an anion exchange cellulose (‘Ecteola’) were per- 
formed by adsorption of the antigen to aluminium 
hydroxide instead of ultracentrifugation. The whole 
procedure lasts 1 h, starting with infectious radioactive 
tissue culture fluid having been centrifuged for 30 min 
at 15,000 rpm. 
4 ml. of the radioactive virus (1,209 counts/min; 10%? 
= plaque-forming units) are mixed with 4 ml. type specific 
-rabbit antiserum against types 1, 2 and 3, 1 : 200 diluted in 
Hanks’s solution. The titre of neutralizing antibodies 
against. 100 TOIDs of all three antisera is about 
1: 10,000/0-1 ml. The contro] sample contains Hanks’s 
solution instead of antiserum. 


t. Fig. 1 clearly demonstrates the higher 
itivity of virus prepared from leaves cultivated. - 


tion _ De Giovanni, B: and Rich, K., J. Biol, Chem., 


-and the sediment eluted by phosphate buffer 
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Fig. 1. Elution pattern of poliovirus. type 1, sirin Mate 
with Phosphorus-B2, afte ter incubation with type-specific : à 


types 1 MENS, Mk Adsorbent: aluminium hydro: 


The mixtures are incubated for 3h at 37°C. Ther 
1 per cent aluminium hydroxide is added to each tube 
pH lowered to 6-0-5-5 by N/10 hydrochloric acid. > 
shaking for 10 min at room temperature the adsorbent 
removed by centrifugation. The supernate is dis 


7 steps, beginning with 0-01 "M phosphate to final 
The result is shown-in Fig. 1. Material pretreat 
type-specific antibody is eluted at higher concentrat 
of phosphate than material incubated with beter 
antisera or without antiserum. 

In order to obtain a quantitative method in i 
the concentration of type-specific antibody th 
phenomenon was examined by incubating the 
with type-specific antiserum of different dilu! 
experiment serum from a 10-month-old child hi 
oral vaccination with LSe, 2ab was used as type 
serum. 2 ml. of twofold stepwise dilutions in. 
solution from 1 : 200 to 1 : 25,600 were mixed with 2 ml- 
radioactive antigen (540 counts/min; 10°* plaque-forming 
units). After incubation at 37° C for 3 hol ml. alummiun 
hydroxide is added to each virus serum mixture and the’ 
tubes are handled in the successive batch procedure 
mentioned here. Virus without antibody elutes at 
concentrations as low as 0-01 M phosphate; virus with 
the highest antibody content has its elution maxima: at 
0-08 M phosphate without further shifting to higher 
values if more antibody is present. There is a zone, 
where the site of elution maximum depends on the dilution 
of the antiserum, ranging between 0-01 M and 6-08 M 
phosphate. 

There are several possibilities of fixing an end-point. One 
is most suitable for practical purposes. If radioactivities 
in the first eluate at 0-01 M phosphate are related to © 
ponding serum dilutions a point of serum dilation 7 
determined, at which 50 per cent of the radio. 
the control specimen without antibody isreach 
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phosphate. There is a good correlation between titres of 
neutralizing antibodies determined in tissue cultures and 
titres determined in the elution test using 39 antisera from 
oe vaccinated with LSc, 2ab in Germany, summer 
1962. 

This investigation was supported by the Deutsche 
Forschungsgemeinschaft. 


REINER THOMSSEN 


Department of Virology, 
Institute of Hygiene, 
University of Freiburg/Br., 
Germany. 
- Monas N: A., and Robbins, Fr. C., Proc. U.S. Nat. Acad. Sci., 47, 1501 
There R., Maass, G., and Haas, R., Z. Hyg. Infekt.-Kr., 148, 14 
* Thomssen, R., and Maass, G., Z. Hyg. Infekt.-Kr., 148. 466 (1962). 


* Levintow, L., and Darnell, J. E., J. Biol. Chem., 235, 70 (1960). 
* Thomssen, R., Z. f. Naturfg. (in preparation). 


PSYCHOLOGY 


Chronic Implantation of Electrodes into 
the Olfactory Bulb 


A PRECISE method of chronic implantation of large 
electrodes into brain structures is to locate the generator 
of a signal and then to place the electrodes in a manner 
which will record the maximum electrical activity. 
Freeman! has developed such a method 
for implanting into the prepyriform cortex 
utilizing the electrical field produced in 
this area by electrical activation of the 
lateral olfactory tract. This method was 
adapted for chronically implanting bipolar 
electrodes into the olfactory bulb of cats. 

A monopolar monitoring electrode, No. 
32 stainless steel wire, was implanted into 
the vicinity of the prepyriform cortex 
using standard Horsely—Clarke stereotaxic 
co-ordinates (A17, L5, V-2). A bipolar 
stimulating electrode was lowered into the 
brain (co-ordinates approximately A24, 
L5) until it was possible with this electrode 
to evoke electrically in the prepyriform 
cortex a potential which was evident on the 
monopolar monitoring electrode. The 
appearance of this potential indicated the 
activation of lateral olfactory tract fibres'. 

Stimulation of the lateral olfactory tract 
also produced an evoked potential in the 
bulb. The prominent features of this 
potential were a surface negative wave 
(peak latency 4-8 msec) followed by a 
slower positive wave (peak latency 20-25 
msec) with maximum amplitudes at the 
anterior portions of the bulb. This poten- 
tial could be recorded anywhere from the outer surface 
of the bulb, and was accompanied by an internally record- 
able potential of opposite polarity. The electrical field 
of the bulb can be considered in terms of a dipole layer 
with one pole on the outer surface of the bulb and the 
other located within?. The evoked potential can be used 
to define this electrical field for orientation of the electrodes 
with respect to field potentials. 

To implant into the olfactory bulb, the frontal sinus 
ipsilateral to the stimulating electrode was opened and 
small holes were drilled through the bone overlying the 
olfactory bulb. Bipolar electrodes (usually two) with a tip 
separation of approximately 2-0 mm were angled forward 
and down into the bulb. To minimize neural damage at 
the recording site. the electrodes were directed toward 
anterior ventral areas of the bulb. A bipolar electrode 
was advanced into the bulb until the zero isopotential of 


of the cat. 
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implantation. 
leads after recovery from the operation. 
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the evoked potential was straddled with the tips in 
opposite poles. The zero isopotential has been shown to 
lie in the vicinity of the mitral cell layer®*. 

Following recovery from the operation, two spontaneous 
wave-forms were observed. A slow surface negative wave 
corresponding to that reported by Ottoson® was recorded 
during inspiration. Also prominent were bursts of sinu- 
soidal waves of approximately 40 c.p.s. similar to those 
reported by Adrian‘, Hernandez-Péon et al,’, and others. 
The spatial distribution of the activity within the bursts 
was similar to that of the evoked potential. That the 
generator or generators of both were straddled is evidenced 
by the monopolar records in Fig. 1 in which approximate 
mirror-image potentials are seen. 

By implanting electrodes with an evoked potential for 
orientation the electrodes are optimally placed within the 
electrical field of the brain structure, and one records 
primarily locally generated spontaneous electrical signals. 
The investigator can take full advantage of the differentia] 
amplification techniques available. Since the mono- 
polarly recorded signals are largely 180° out of phase, the 
use of a difference amplifier permits vectorial addition of 
the two signals to a respectable amplitude as well as the 
rejection of common mode activity. Olfactory bulb 
spontaneous activity recorded in this manner is ordinarily 
greater than | mV peak to peak. Signals of almost 5 mV 
were recorded on occasion from one animal. 

Monopolarly and bipolarly recorded signals from such 
preparations are at present being used to examine wave 
activity at different parts of the bulb and to compare 
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Fig. 1. Monopolar recordings from the leads of a bipolar electrode in the olfactory bulb 
ft, 10 superimposed oscilloscopic tracings of the evoked potential used for 


Right, recordings of the spontaneous bursting activity from the same 
Calibration for spontaneous activity only 


olfactory bulb activity with the electrical activity of the 
prepyriform cortex. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 13 


UNIVERSITY OF LONDON (in the Chemistry Lecture Theatre, University 
College, Gower Street, London, W.C.1), at 5 p.m.—Prof. J. F. Bunnett 
(Brown University): ‘Reactions on Moderately Concentrated Acids”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Dr, J. E. Flood and Mr. D. I. 
Urquhart-Pullen: “Time-Compression Multiplex Transmission”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 

. Medicine, Keppel Street, Gower Street, London, W.0.), at 5.30 p.m— 

Dr. A. Leaf (Harvard Medical School): “Studies on Permeability and 
Transport in a Living Membrane”. * 


ROYAL GHOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 6 p.m.—‘River of Life” and “Sea Sanctuary” (Sound Films). 


Monday, May |3—Friday, May !7 


FIRST INTERNATIONAL REPROGRAPHIO AND INDUSTRIAL PHOTOGRAPHIO 
EXHIBITION (at Earls Court, London).* 


Tuesday, May 14 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
Science, Houghton Street, London, W.C.2), at 5 p.m.—Prof. E. E. Evans- 
Pritchard: “Comparative Method in Social Anthropology’ (Hobhouse 
Memorial Lecture). * 


ZOOLOGICAL SOCIETY oF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N.W.1), at 5 p.m.—Scientific Papers. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.80 p.m.— 
Dr. S. Udenfriend (Bethesda): “Studies on Noradrenaline Biosynthesis”. * 


Tuesday, May |14—Thursday, May [6 


INSTITUTION OF GAS ENGINEERS (ot the Central Hall, Westminster, 
London, 8.W.1)—~-100th Annual General Meeting. 


Wednesday, May 15 


Sooizty OF INSTRUMENT TECHNOLOGY, MEASUREMENT TECHNOLOGY 
and Systems ENGINEERING SECTIONS (at Manson House, 26 Portland Place, 
London, W.1), at 5 p.m.—Symposium on “Inspection of Moving Surfaces”. 


UNIVERSITY OF LONDON (in the Chemistry Lecture Theatre, University 
College, Gower Street, London, W.0.1), at 5 p.m.—Prof. J. F. Bunnett 
(Brown University): ‘The Chemistry of Phenyl Anions”. * ` 


Thursday, May 16 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Büriingto: n House, Piccadilly, London, W.1), at 4 p.m.—Annual General 
eeting. 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
Science, Houghton Street, London, W.C.2), at 5 p.m.—Prof. J. H. Franklin: 
“Equalizing Educational Opportunity in the United States”. * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m-—Annual General Meeting, followed by a technical film. 


UNIVERSITY OF LONDON (at the School of Pharmacy, Brunswick Square, 
London, W.C.1), at 6 p.m.—Prof. A. M. Cook: “The Killing of Bacteria” 
(Inaugural Lecture). * 


INSTITUT FRANCAIS DU ROYAUME UNI (at Queensberry Place, London, 
8.W.7), at 6.30 p.m.—Monsieur M. Siffre: “Deux Mois sous Terre Hors 
du Temps” (illustrated by film and slides). 


ROYAL SOOTY OF TROPIOAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Dr. R. Lainson: 
, Dermal Leishmaniasis in British Honduras”. 


Friday, May 17 


UNIVERSITY OF LONDON (at Guy’s Hospital Medical School, London 
Bridge, London, S.E.1), at 5 p.m.—Dr, T. E. Allibone, F.R.S.: “Nuclear 
ower”. 


INSTITUTE OF NAVIGATION {at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, S.W.1), at 5.30 p.m.—Mr. Claud Powell 
and Mr, Michael Pearson: “Compound Air Navigation Systems”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m— 
Dr. 0, A. Vernon: “The Origin of Life”, 


Monday, May 20 


_ UNIVERSITY OF LONDON (at the Wright-Fleming Institute of Micro- 
biology, St. Mary’s Hospital Medical School, Paddington, London, W.2), 
at 5 p.m.—Dr, M. Simonsen: “The Fate of Grafted Immunologically Com- 
petent Cells” (Third of a series of four Almroth Wright Lectures). * 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SormNoN (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof. S. Körner: “Generalization and Idealization’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

CHAIR OF GENETICS-~The Registrar, The University, Leicester (May 15). 

ASSISTANT IN MATHEMATICS—~The Secretary of University Court, The 
University, Glasgow (May 17). 

ASSISTANT LECTURER IN BOTANY; and a DEMONSTRATOR IN BoTANY— 
The Registrar, The University, Nottingham (May 17). 
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ASSISTANT LECTURER (with a special interest in plant physivlogy) Is 
BotaNy—tThe Secretary, Queen Elizabeth College (University of London), 
Campden Hill Road, London, W.8 (May 17). : 

DEMONSTRATOR IN ANATOMY AND HISTOLOGY AND/OR PARASITOLOGY 
in the Faculty of Rural Science, University of New England—Tho Regis- 
trar, University of New England, Armidale, New South Wales, Australia: 
and the Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborongh House, Pall Mall, London, S.W.1 (Australia 
and London, May 17). ae 

LECTURER IN STATISTIOS in St. Salvator’s College—The Secretary, Univer- 
sity of St. Andrews, College Gate, St. Andrews (May 18). . 

ENIOR LECTURER (preferably with a Ph.D. degree and suitable experience 
in electronics) IN ELECTRONIO PHysics; and LECTURERS (2) IN ELECTRICAL 
ENGINEERING—The Secretary, University of St. Andrews, Queen’s College, 
Dundee (May 18). . 

LECTURER IN MATHEMATICS; and a LECTURER IN PRODUCTION ENGINEER- 
ING—The Principal, Nottingham and District Technica) College, Burton 
Street, Nottingham Qiay 19). 

ASSISTANT LEOTURER (man or woman graduate) IN ZOOLOGY- -The 
Assistant Secretary, Westfield College (University of London), Kidderpore 
Avenue, Hampstead, London, N.W.3 y 20). | K , 

BIOOHEMIST, to work on the isolation of proteins in association with 
X-ray analysis and the study of biological mechanisms of protein synthesis; 
and a FELLOW: (X-ray Crystallographer) 1N BropHysics, to take part in 
work on proteins and related biological molecules, in the Astbury Depart- 
ment of Biophysics—The Registrar, The University, Leeds 2 (May 20). 

LECTURER IA RSISTANT LECTURER (graduate, preferably with qualifications 
in analysis) IN THE DEPARTMENT OF MaTHEMATICS—The Registrar, Univer- 
sity of Ghana, P.O. Box 25, Legon, Accra; or The Assistant Registrar 
(Overseas), University of Ghana, 15 Gordon Square, London, W.C.1 (May 20). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PsycHOLOGY—The Regis- 
trar and Secretary, Durham Colleges in the University of Durham, %8 North 
Bailey, Durham (May 20). ` : 

SENIOR ASSISTANT (preferably with qualifications in the theoretical 
aspects of geophysics) IN RESEARCH IN THE DEPARTMENT OF GEODESY 
AND GQEOPHYSIOS—Dr. I. D. Muir, Department of Mineralogy and Petrology, 
The University, Downing Place, Cambridge (May 21). = 

TEMPORARY ASSISTANT LECTURER IN SocioLogy—The Assistant Seer- 
tary, London School of Economics and Political Science, Houghton Street, 

Aldwych, London, W.C.2 (May 21). 

LEOTURER IN BIOOHEMISTRY—The Secretary, Institute of Psychiatry 
University of London), The Maudsley Hospital, Denmark Hill, London, 
.E.5, quoting Ref. (Psy.)} (May 28). ee 

ASSISTANT IN THE DEPARTMENT OF GEOLOGY-—~The Secretary of Univer- 
sity Court, The University, Glasgow (May 25). 

ASSISTANT LECTURER (medically qualified man or woman) IN ANATOMY 
—The Secretary, Royal Free Hospital School of Medicine (University ot 
London), 8 Hunter Street, London, W.0.1 (May 25). 

CHAIR OF PHILOSOPHY; CHAIR OF MATHEMATICS; CHAIR OF PHYSICS, 
CHAIR OF CHEMISTRY and CHAIR OF ENGINEERING SCIENCE in the University 
of Warwick—The Registrar, University of Warwick, c/o The Town Clerk, 
Council House, Earl Street, Coventry (May 25). 

DILL CHAM OF MENTAL AND MORAL PHILOSOPHY; and a LECTURER 
or ASSISTANT IN PURE OR APPLIED MaTHEMATICS—Secretary to the 
intens Magee University College, Londonderry, Northern Ireland 


(May X 

RESEARCH ASSISTANT (with an honours degree in botany or agricultural 
botany and a general interest in ecology) for an investigation of the factors 
which determine the weed content of crop seeds—-The Secretary, National 
Institute of Agricultural Botany, Huntingdon Road, Cambridge (May 25). 

LEOTURER IN BIOOHEMISTRY—Che Registrar, Trinity College, Dublin 2, 
Republic of Ireland (May 27). : i 

LEOTURER or ASSISTANT LECTURER (with an honours degree in electrical 
engineering and experience in electrical machines or power engincering) 
at _— ENGINEERING—The Registrar, The University, Leeds 2 

fay 28). 

ASSISTANT LECTURER (with a good honours degree in geography, prefer- 
ably additional qualifications in economics, and with research experience 
and interests in economic and/or regional geography) IN GEOGRAPHY- - 
ae Reopatran, King’s College (University of London), Strand, London, 

&, y 30). 

CHAIR OF ORGANIO CHEAUISTRY—The Registrar, University College cf 
South Wales and Monmouthshire, Cardiff (May 30). ` 

ASSOCIATE DIRECTOR (suitably qualified scientist with extensive post- 
graduate research exporioncoi Tho Secretary, Hill Farming Research 
Organization, 48 Palmerston Place, Edinburgh 12 (May 31). 

HAIR OF ELECTRICAL ENGINEERING; and CHAIR OF (GEOGRAPHY at 
the Royal College, Nairobi—The Secretary, Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, London, W.C.1 (May 31). 

CHAIR OF STRUCTURAL ENGINEERING IN THE DEPARTMENT oF CIVIL 
ENGINEERING—The Registrar, The University, Birmingham 15 (May 31). 

CHAIR OF VETERINARY PaTHOLOGY—The Secretary, The University, 
Edinburgh (May 31). 

LECTURER/ASSISTANT LECTURER (preferably with some experience in 
the fields of solid state or gas discharge physics) IN THE DEPARTMENT OF 
Puysi0s—The Registrar, The University, Keele, Staffs (May 31). 

LECTURER/ASSISTANT LECTURER (with at least a good honours degre: 
with suitable teaching and research experience) IN THE DEPARTMENT OF 
Puysics, University of Malaya—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, S.W.1 (Malaya and London, May 31). 

RESEARCH STUDENT (with, or expecting to obtain in 1963, an henours 
degree in zoology) IN THE ZOOLOGY DEPARTHENT, for work on the ecology 
of small mammals—The Secretary and Registrar, The University, South- 
ampton (May 81). 

SENIOR LECTURER or LECTURER IN AGRIOULTURAL ENGINEERING in the 
Faculty of Agriculture, University of Khartoum—The Registrar, University, 
of Khartoum, c/o Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (May 31). 

LECTURER (with a good degree in electrical engineering, or in solid state 
hysics, or solid state chemistry) FOR THE MATERIALS SECTION OF THE 
PARTMENT OF ELECTRICAL ENGINEERING—Sir Willis Jackson, Electrical 

Engineering Department, Imperial College of Science and Technology. 
London, 8.W.7 (June 1). 

LEGTURERS IN EXPERIMENTAL AND THEORETICAL PHYSICS -The Seere- 
tary of University Court, The University, Glasgow (June 1). 

CHAIR OF PURE MATHEMATICS in the School of General Studies, Australian 
National University—The Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (Australia and London, June 17). 

ASSISTANT PROFESSOR OF PHYSICS; and an ASSISTANT or ASSOCIATE 
PROFESSOR OF MATHEMATICS at the University of Saskatchewan (Regina 
Campus)—Dean W. A. Riddell, 19 Chester Mews, London, S.W.1. 
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CRITICALITY OFFICER (qualified physicist or engineer, preferably with 
previous experience) IN THE NUCLEAR ENGINEERING DEPARTMENT, to be 
responsible for the safe operation of the equipment—Prof. W. Murgatroyd, 
Queen Mary College (University of London), Mile End Road, London, E.1. 

LECTURER (with satisfactory experience in infra-red, ultra-violet and 
nuclear magnetic resonance spectroscopy) IN CHEMISTRY, for spccialist 
duties in_spectroscopy—-Clerk to the Governing Body, Northern Poly- 
technic, Holloway, London, N.7. 

PRINCIPAL LECTURER (with good academic qualifications and industrial 
or research experience) IN MEOQHANICAL ENGINEERING—~The Academic 
Reine Loughborough College of Technology, Loughborough, quoting 

RESEARCH ASSISTANT or TECHNICAL ASSISTANT IN THE DEPARTMENT 
OF RADIOTHERAPEUTICS, for a Medical Research Council project involving 
electronic techniques and low-level radioactivity measurements to assay 
strontium-90 in bone and other materials—The Secretary, Department of 
Medicine, The University, Tennis Court Road, Cambridge. 

RESEAROH STUDENTS (with the degree of Batchelor or Master of a British 
university other than Manchester) IN ScrENOE—The Registrar, The Univer- 
sity, Manchester 13. 
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THE CHALLENGE TO THE UNIVERSITIES 


N an address on February 19 at the dedication of the 
Bettcher Center for Science, Engineering and Research 
at the University of Denver, Colorado, Dr. W. R. Brode, 
discussing the availability of scientists and enginoers in 
the United States, made some remarks on the relation of 
supply and demand for trained manpower which are worth 
considering in the present debate on the expansion of 
higher education in Great Britain. Pointing out that 
engineers and scientists are included among the 3,800,000 
at present unemployed in the United States (some 6 per 
cent of the labour force), Dr. Brode suggests that there is 
a need for somo better national planning and a reasonable 
allocation of priority for personnel, programmes and 
funds. He does not believe that it would be wise for the 
United States to attempt to graduate more than 20 per 
cent of the college-age group, and even this would involve 
admitting to college some 35-40 per cent of that age. 

In actual fact, Dr. Brode points out that the United 
States last year admitted 601,000 men to college, or 
54 per cent of the males of the college entrance group, 
and of these, 255,000 or 24 per cent of the group gradu- 
ated. Only 38 per cent of the women in the age group 
were admitted, however, and 13-5 per cent, or 145,000, 
graduated. To increase the proportion of the college age- 
group graduating it would be necessary to lower standards, 
and, as the present college mortality is about 50 per cent, 
starting with a larger proportion of the age-group would 
inevitably increase the ‘mortality’. Dr. Brode questions 
the wisdom of such @ course and points out that, if the 
proportion graduating were reduced to 10 per cent of the 
age-group and these were selected from the top 15-20 per 
cent of the class, there would be few, if any, failures and 
a proportionately low mortality rate. 

Dr. Brode is disposed to accept, if not to advocate, 
something of the ceiling on candidates and graduates in 
science and technology that has prevailed in the United 
Statos for some time for medicine, seeing advantage in 
limiting supply to below demand. He believes that the 
United States may be approaching a ceiling of qualified 
students and that it may become even more dependent 
in the future on recruitment from other nations. This 
does not disturb Dr. Brode, provided standards are main- 
tained, but he would be disturbed at any attempt to 
increase thé number of graduates by lowering the stan- 
dards of competence. He is also disturbed over pro- 
grammes for utilizing graduates which exceed the 
country’s capacity to meet without lowering standards or, 
denying a reasonable supply to other essential areas. 

Dr. Brode comments, incidentally, on the large number 
of science graduates who leave science for other pro- 
fessions and gives a figure of about 70 per cent. This 
should, at least in theory, provide the United States with 
a sufficient supply of politicians, business men and others 


with a scientific background, and he believes further that . 


the United States is already recruiting for training in 
science and engineering all those with ability and interest 
to the extent of 60 per cent of the age-group. Moreover, 
during the educational process about half those who 
intended to become scientists or engineers drop out of such 
curricula, although nearly all graduate in some other 


field. He points out, however, there is little migration 
from other fields to science and enginecring, although 
migration among these fields is reasonable. In spite of 
the marked increase in graduates in mathomatics, he 
challenges as unrealistic the suggestion in a survey by 
the President’s Science Advisory Committee that the 
number of such graduates could increase from 400 in 
1955 to 44,000 in 1970. 

Dr. Brode believes that the United States is already 
producing something like its maximum output of sciontists 
and technologists, so far as men are concorned; the 
recruitment and utilization of women scientists is anothor 
matter. However, he suggests that univorsity curricula 
in science and technology need careful study both at the 
elementary and the advanced level and that moro atton- 
tion should be given at the national level to questions of 
supply and demand and available resources in different 
fields. He insists, moreover, that it is not simply a matter 
of professional training in the narrow sense; it is necessary 
to be careful to provide the background or accossory 
education for those who do not intend to practiso their 
subject professionally. Even for the professional scientist 
this need for a broad education is just as great, and Dr. 
Brode is disturbed to find that the staff of profossional 
schools such as medicine and law have so little intorest in 
the students or their studies prior to admission to the 
professional school. 

Few of Dr. Brode’s points have not found expression 
in one form or another in recent discussions on university 
expansion, for example, in Prof. H. Butterfield’s Lindsay 
Memorial Lectures on ‘“Univorsities and Education 
To-day” and criticism which those lectures provoked. Tt 
is interesting, moreover, to compare the whole trend of 
his address with Sir Douglas Logan’s Rede Lecture to 
the University of Cambridge last March on “Universities: 
the Year of Challenge” *, and with Mr. R. F. Tuckett’s 
stimulating talk on the B.B.C. Third Programme, ‘‘Down 
with Ph.D.s” (published in the March 28 issue of The 
Listener). Both are just as conscious that there are 
limits of growth and finance in education of all typos as 
well as limits of tempo, and that the situation differs in 
Britain from that in the United States. Sir Douglas 
Logan’s thesis is that the expansion in university oduca- 
tion already contemplated has produced a situation 
different in kind from that previously existing in Britain 
and calls for a reappraisal of basic attitudes. 

Pointing out that the scarcity of university placos was 
foreseen ten years ago by the University Grants Com- 
mittee, Sir Douglas maintains that a main reason for tho 
present situation is the failure of the Government to uso 
this decade constructively by giving the universities the 
resources to make good existing deficiencics and to plan 
constructively to meet the increased pressure which was 
bound to come. There is no need to recapitulate the 
examples of failure to take the long view, repoatod 
alterations in the target-fixing objectives without willing 
the means, and failure to keep capital and recurrent 
grants in step, which Sir Douglas details. Throughout 


* Universities: The Years of Challenge. (The Rede Lecture, 1962.) By 
Sir Douglas Logan. Pp. 40. (London: Cambridge University Press, 1962.) 
82. 6d. net; 75 cents. 
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higher education, Government practice has exemplified 
the chopping and changing, the starting and stopping 
which the Plowden Report condemned as the negation of 
planning, if not of policy. The universities themselves 
have also a large share of responsibility for present 
difficulties and deficiencies. However, nothing can obscure 
the fact that the prime responsibility is the Government’s 
unwillingness to recognize that while there are reasonable 
limits to expenditure on oducation, no satisfactory growth 
in national income can be achieved unless education is 
put at the head of the national investment programme. 

From that point of view Sir Douglas Logan deals with 
the shortcomings of the universities themselves. Without 
suggesting that they should part lightly with any of their 
powers and privileges, he expresses the firm opinion that 
the first duty of the universities is to approach the new 
situation constructively and to assess the extent to which 
the due performance of the new obligations involves a 
modification of previous practices. In the first issue of 
the Universities Quarterly in 1946, Viscount Waverley 
wrote just that warning. Universities ‘must regard them- 
selves no longer as isolated units, but rather as parts of 
an articulated whole. Their activities must be co-ordinated 
in the interests of efficiency and economy of effort. The 
preservation of independence entails placing the respons- 
ibility for this co-ordination upon the universities them- 
selves through appropriate organs of collaboration”. 

Much that has happened since—the increasing costliness 
of instruments of research such as computers, radio- 
telescopes, cyclotrons, the founding of schools for special 
studies, the problems of university entrance—have forced 
on universities the need for co-operation, but the response 
has been small and seldom, if at all, has tho initiative 
come from within. Sir Douglas Logan goes relentlessly 
over some of the particular changes in circumstances of 
. Which universities must take full account, including the 
limitations and the inherent defects of the University 
Grants Committee as at present constituted. Insisting 
that the content of secondary education should not be 
dictated by the initial needs of tertiary education and 
that university entrance requirements should therefore be 
a subsidiary consideration in sixth-form work, he criticizes 
the present entrance requirements, first as too diverse 
and unco-ordinated, and secondly as imposing too groat 
a burden, on boys and girls in school. Further, recognizing 
that any reform here must have important repercussions 
on the content of the first-degree course, Sir Douglas 
urges that the universities should concentrate on devising 
as good a three-year course as possible for the increased 
student body now in prospect. 

There is no valid reason why the universities should 
continue to take decisions independently and in isolation 
on this vitally important matter. To arrive at a satis- 
factory solution in co-operation and to work out the 
appropriate means for co-ordination could well be done 
independently of the inquiry of the Robbins Committee 
or of that into the organization and support of Civil 
research by the Government now proceeding. Indeed, the 
reluctance of the Universities of Oxford and Cambridge 
to co-operate has been criticized by other university 
spokesmen far more trenchantly than is done by Sir 
Douglas Logan in this lecture. Few impartial observers 
will doubt that if the Oxford and Cambridge Colleges 
‘ continue much longer to put tradition and individual 
convenience hefore public interest and adapt themselves 
to the new conditions, the autonomy of the old univer- 
sities will bo brought into real danger. 
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Sir Douglas is quite unequivocal that the autonomy of 
university institutions is not an inalienable right but has 
to be earned continuously. His warning that failure to 
respond to changed circumstances will bring that auto- 
nomy into question for Oxford, and Cambridge and thoir 
Colleges is all the more impressive in that he is scrupulously 
fair and fully recognizes the difficulties of the older 
universities in the present situation. He points out that 
even the Colleges derive considerable indirect financial 
support from the State, and that even their power to 
choose.students from the full range of potential applicants 
depends on the State making generous maintenance and 
other grants to students. It cannot be expected that 
these concessions will continue indefinitely if the Colleges 
acting individually continue to thwart co-operative plans 
to deal with problems of university admission or tho 
plans for provision and expansion of particular faculties 
in accordance with known national needs. 

Sir Douglas Logan’s main. conclusion is that some major 
academic issues, which have hitherto been regarded as 
private matters for decision by individual university 
institutions, must now be approached with national con- 
siderations in the forefront, and that the successful 
solution of these problems calls for concerted action on 
an organized basis by universities going far beyond what 
has so far been achieved. Such action inevitably curtails 
the degree of freedom hitherto enjoyed by individual 
institutions and may well involve changes in the con- 
stitution, functions and external relations of the University 
Grants Committee. All these are matters to which tho 
universities should already be giving fresh thought in 
terms of the present situation and future demands with- 
out awaiting the report of the Robbins Committees. 

On one other major issue, Sir Douglas Logan is highly 
critical and seems to incline to views expressed by Dr. 
Brode. He challenges the cult of the special honours 
‘degree and the excessive emphasis at present placed on 
achievements in research when university appointments 
are being made. He fully recognizes that the prosecution 
of research is the main means by which universities fulfil 
their obligation to advance knowledge, but none the less 
he contends that the undue importance attached to 
research has led to lack of balance in higher-education. 
This latter view finds much support in Mr. ‘Tuckett’s dis- 
cussion of the deficiencies in some of the products of 
Britain’s postgraduate training. 

The substance of Mr. Tuckett’s criticism implies a 
neglect by the university of the fundamental task of 
intellectual training, of the simple truth that teaching is 
as essential a task as research, demanding intellectual 
effort and a concern for the student which is too often 
lacking. Essentially his indictment points to the need, 
from the point of view of research itself for concern with 
the educational system as a whole, for ensuring that the 
universities—and other institutions of higher education— 
are properly” geared to the institutions of secondary 
education, as well as to the general needs of the nation. 
Moreover, it is essential that the interests of a minority 
who will take up research or academic posts are no more 
allowed to dominate the teaching and needs of the 
majority than the needs of the university entrant are 
allowed to determine the pattern of sixth-form work as 
a whole. 

Nor is this inconsistent with attention to the admitted 
difficulties which university institutions are experiencing 
in regard to research. It is not simply a question of more 
money for academic research in general or even for par- 
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ticular institutions such as the Cavendish Laboratory. 
There are questions of administration into which the 
Trend Committee is already inquiring, and the question. 
of allocation of resources for research with which the 
Advisory Council for Scientific Policy is continuously 
concerned must take account of the needs and oppor- 
tunities of the colleges of technology .as well as the 
research stations of the several research ¢ouncils. Indeed, 
a main weakness in the organization of Britain’s research 
effort at present is probably the failure to make full use 
of the opportunities of the colleges';of technology for 
research and to provide them with equipment and staff 
and funds on an adequate scale—a failure which of course 
has at once reacted on their effectiveness as teaching 
institutions. The existence of more than 1,250 vacancies 
on degree or equivalent courses .at such colleges is a 
sufficient reminder of the folly’ of attempting to deal 
with university expansion without having full regard 
to the functions of other institutions of higher edu- 
cation. 

A first need, however, is to look at the question of 
education as a whole and with an open and unprejudiced 
mind, and to consider each part in relation to the whole 
and to needs of the individual and of the nation. Probably 
the greatest single contribution which the forthcoming 
report of the Robbins Committee could make is just in 
this direction and particularly in stimulating the con- 
sideration of the real issues, free from party or other 
political prejudice. There has been too much talk of 
rights and too little of responsibilities, and often enough 
the real function of the university as a place for intel- 
lectual development and effort, in teaching no less than 
in research, is overlooked. The nation cannot afford to 
spend unlimited sums on sending to the universities 
young men and women whose full intellectual powers can 
be developed more effectively in other less costly and 
often more congenial ways, any more than it can afford 
to waste ability through failure to afford the opportunity 
of development. Nor can it afford to expand institutions 
the practice of which is inefficient or inappropriate to 
the conditions of to-day, or, on the other hand, to discard 
for reasons of party dogma others the value of which has 
been established as of continuing value. Tradition and 
experiment both have their value, and the importance of 
such ideas as the suggestion of Mr. T. P. R. Laslott, 
Fellow of Trinity College, Cambridge, in a further broad- 
cast talk on the Third Programme, publishéd in the 
April 18 issue of The Listener, for a ‘University of England’, 
formed out of the Universities of Oxford and Cambridge 
by the discontinuance in them of undergraduate teaching 
and the organization instead of postgraduate study and 
research in intimate relation with all other universities, 
lies in the stimulus they give'to fresh and creative think- 
ing. Mr. Laslett is as aware as Sir Douglas Logan of the 
immense debt Britain owes to the institutions we have 
inherited from the past: he sees the challenge of the 
future as clearly as Mr. Tuckett. as well as the dangers 
attending the pursuit of methods that have lost their 
appropriateness under the conditions of to-day. All 
three remind us, above all, that the great obstacles are 
preconceived ideas and closed minds, and that if Britain 
is to develop a system of education adequate and appro- 
priate to her needs ini this changing world the primary 
need is not finance but hard and honest thought, a 
readiness to face facts and disregard prejudice, to respect 
tradition and achievement and to experiment boldly but 
wisely as resources and experience indicate. 
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HISTORY OF INDIAN FORESTRY 


The Forests of India 

Vol. 4: Being the History from 1925 to 1947 of the Forests 
now in Burma, India, and Pakistan. By E. P. Stebbing. 
Edited by Sir Harry Champion and F. C. Osmaston 
Pp. cvi+485+65 plates. (London: Oxford University 
Press, 1962.) 70s. net. 


In is very fortunate that there are forosters like Nir 
Harry Champion and Mr. F. C. Osmaston who will under- 
take such a task as they have so successfully completo. 
The record of the Indian Forest Service is a vory proud 
one and therefore it is fitting that its history should be 
available for the world to read. It is appropriate, too, to 
record that forest officers from India laid the foundations 
of forest departments in many parts of the Commonwoalth, 
and from the end of the First World War until the 
immediate post Second World War period many of Prof. 
Stebbing’s former students staffed these departments. 

Difficulties almost prevented tho history boing brought 
to its logical conclusion. These included the War. 
succeeding political events, Prof. Stebbing’s inability to 
obtain means to visit India and his age. He was 90 when 
he died in 1960 and a few months oarlior he hud handed 
over all his material for the history to Sir Harry Champion. 
Not only was this in an unedited state but thero were gaps 
which needed filling. The editors have also oxpoerienced 
some difficulty in trying to obtain complete records for 
the moro recent years but, with the help thoy havo had, an 
authentic history is the result. 

This volume is divided into two parts. The first doals 
with the general progress of forest conservancy botwoen 
1925 and 1947. The brief historical review of the gonoral 
administration of India during this period provides a 
useful background to the work of the Forest Service. The 
War had certain effects on the forests. Increased food 
farming led to widespread cutting of troes on some hill 
areas and serious erosion followed which is bound to take 
many years to repair. 

Changes in the form of recruitment required modifi- 
cations in the adminstration of the Indian Forest Colloge. 
but these were eventually happily resolved to copo with 
the increased classes. It is a fortunate association that 
this College has with the Forest Research Institute and all 
the facilities that are thus provided. The development of 
the Forest Ranger College is also recorded. 

The general research policy to make the forests as 
productive as possible received a boost in 1945 in the 
direction of forest products research. Equipment ut the 
Research Institute was modernized, particularly for 
research on plywood, paper and pulp, so that India should 
not lag behind in these industries. 

The chapter on sylviculture shows tho very varied 
conditions presented to the forester in India. Regenoration 
techniques already in existence were improved and some 
very good contributions to forest literature were made 
Management was affected by the War. Not only were 
excess fellings made but disruptions and loss of records 
resulted from Japanese occupation, espocially in Burina 
and the Andamans. However, in most provinces, work on 
the much-needed revision of management plans began as 
soon as possible. A notable work which was initiated a few 
years before the War was the managomont of roadside 
avenues. 

By 1947 bullock and buffalo carts wero by no moans 
replaced as a form of timber transport in India. but in 
Burma elephant power and water carriage dominated 
transport. In general, it could be said for India that the 
development of roads and railways greatly increasod the 
accessibility of many forests and so brought them into 
a higher state of management and thereforo produc 
tion. 

The second and larger part of this history deals with the 
progress of forest administration in the provinces and in it 
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the descriptions appear in a concise form that makes for 
easy reading. 

There are 66 excellent plates of photographs taken 
mainly by Sir Harry Champion and Prof. M. V. Laurie 
which enhance a book the publication of which has long 
been awaited. Now we feel that the series is a worthy 
record of forestry and foresters covering some 100 years 
in the territories we now know as India, Pakistan and 
Burma. C. J. TAYLOR 


EXPERIMENTAL PLANT PHYSIOLOGY 


Physiology and Biochemistry of Algae 

Edited by Ralph A. Lewin. Pp. xxvii+929. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1962). 229s. 


WF? cannot suppose that the physiology of the algae 
is identical in rango and content with the physiology 
of all other green plants and we cannot deny that those 
physiological processes in higher plants which are not 
shared with the algae must carry with them their own 
particular expression of the relevant biochemical machin- 
ery. This being said, it is still evident that the fundamental 
cellular physiology and biochemistry of all green plants 
is already expressed in the wide range of plants collectively 
known as the algae. It has indeed long been clear that the 
solution of chemical and physical problems in plants is 
best and most efficiently to be sought by choosing from 
the wide range of forms among these lowly and, to the 
layman, relatively unknown organisms, an appropriate 
plant which can be grown under laboratory conditions 
under much closer control than could the equivalent, 
usually much bulkier, higher plant. We do not, indeed, 
have to seek far to find important physiological processes 
and fundamental molecular structures of which our present 
understanding owes much, if not all, to the algae—the 
process of photosynthesis, the mechanisms of salt uptake, 
the structures of wall and reserve polysaccharides come 
immediately to mind. It follows that the publication of 
a book on the physiology and biochemistry of the algae 
is a more notable event than might at first sight appear. 
Those of us who knew that this book was coming and who 
had been privileged from time to time to see something of 
its growth have long awaited it with keen anticipation. We 
have not been disappointed. The preparation of such a 
book is a most formidable task embracing not only the 
vagaries of individual algal groups but also in essence the 
whole of plant biochemistry. The editor, the authors and 
the publisher are to be complimented in rising so admirably 
to the responsibilities they have undertaken. 

This epitome of experimental physiology consists of 55 
chapters written by some 60 specialists of a dozen different 
nationalities with all the consequent dangers of repetition, 
overlaps and omissions. Omissions there must inevitably 
be even in a book of 929 pages but in all other respects the 
editing of this book has been little short of superb. The 
four parts into which the book is divided deal respectively 
with nutrition and metabolism, composition of cells and 
metabolic products, permeability, and physiological 
aspects of ecology, and there are appendixes on classifica- 
tion of algae, on uptake of radioactive wastes by algae and, 
on antibiotics from algae. It would be invidious to pick 
out any particular chapter for special comment; the 
authors all keep to the point and with rare exceptions the 
style is clear and the expression unambiguous. The 
chapters range in subject-matter from light reactions in 
photosynthesis to extracellular products; from perme- 
ability to cell division; from nucleic acids to the poly- 
saccharides of cell walls. 

It is nowadays the fate of all scientific books to be out 
of date on publication and some chapters in this book are 
no exception. This is, however, to some extent offset by 
the freedom with which many authors have quoted from 
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their own unpublished findings. When writing concisely, 
moreover (especially, as here one is told, under the lash 
of an editor’s whip), it is the easier way to allow one’s 
understandable enthusiasm for one’s own work to mini- 
mize the space devoted to others’. Without exception the 
authors here tread a harder path, and not the least 
valuable feature of the book is the copious bibliography 
appended to each chapter. The presentation of the book 
is of a high standard with adequate illustration, and with 
an author index, a subject index and a taxonomic 
index. 

As one of those sad figures portrayed on the second page 
of the preface, an authority, perhaps, in a restricted field, 
not particularly august but certainly with a worn pen, I 
have nothing but praise for this effort of “the younger 
generation”’ produced in the “chaos of their laboratories”. 
This is a book written and produced by workers at the 
bench, for workers at the bench into which the august are 
allowed to dip to keep their minds alert and their 
pronouncements informed. It is not a book which can be 
read from cover to cover; it is a guide book over which 
research worker and teacher alike will need to pore and 
to ponder. No one even remotely involved in the chemistry 
and physics, not only of algae but also of any plants, can 
afford to miss this book. It is a record of achievement over 
the past few years which some other sciences may match 
but none can beat, a book which cannot be allowed to 
moulder on a library shelf but which each will want to 
buy for his own private enjoyment. It is all the more a 
pity that such a book has to be so expensive. 

- R. D. PRESTON 


RETURN FROM CLINICAL DEATH 


Resuscitation and Artificial Hypothermia 

By V. A. Negovskii. Authorized translation from the 
Russian by Basil Haigh. Pp. xiv+314. (New York: 
Consultants Bureau, 1962.) 12.50 dollars. 


‘THE changes seon in potentially lethal but reversible 

states occur also during cardiac operations involving 
arrest of the circulation and in inefficient perfusion by 
heart-lung machines. Their investigation, detection, 
prevention and treatment are the themes of this book and 
it is therefore of interest to many in ways not apparent 
from its title. It is a monograph based on the experimental 
and clinical experience of its author, who is the head of 
the Laboratory of Experimental Physiology of Resusci- 
tation of the U.S.S.R. Academy of Medical Sciences, and 
reinforced by references to the literature, nearly two- 
thirds of which are from non-Soviet sources. 

Its familiarity with non-Soviet work is obvious, but it 
is influenced by Soviet inexperience in some fields which 
detracts from its value. Its attitude to general anesthesia 
and its supposed dangers is an examiple in point. It has 
also the disadvantage that the original appeared in 1960 
and although revisions have been made for this translation 
most references date from prior to 1958, which in such an 
active field is a distinct drawback. To those ignorant of 
the U.S.S.R. and her science, it is of great interest as a 
record of the work of this Laboratory and as a summary 
of Soviet work in this field. It is apparent that while 
development has in most respects been parallel in and 
outside the U.S.S.R. the Soviet research workers have been - 
ahead in their interest in the subject of resuscitation and 
in some aspects of its investigation. 

The experimental method used is that of bleeding to 
clinical death with resuscitation by artificial respiration 
and intra-arterial transfusion. This has obvious parallels 
in clinical practice, but it would seem limited as a method 
of investigating anoxia and anemia because of its 
imprecise end points, and the author's purpose would 
appear to be better served by methods producing complete 
cessation of circulation at a precisely determined time. 
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Using this method, chemical changes in the brain and 
reflex activity, ventricular fibrillation and methods of 
resuscitation are investigated and discussed. There are 
two major points at which clinical practice and beliefs 
differ from non-Soviet practice. The use of intra-arterial 
oxygenated blood is recommended for transfusion in 
severe hemorrhage and shock and the efficiency of intra- 
venous transfusion is questioned. The administration of 
pure oxygen is said to be deleterious in the early stages of 
resuscitation and a strength of not more than 40 per cent 
is recommended clinically. This recommendation is 
modified to exclude states of prolonged circulatory 
impairment, when 100 per cent oxygen may be used. The 
experimental results presented are not in accord with 
recent American work showing that oxygen at high 
pressures improve survival in acute hemorrhage. Apart 
from this the recommendations made are very similar to 
those current elsewhere. 

The translation by Dr. B. Haigh is easily readable and 
contains none of the archaicisms and woolliness seen in 
medical books translated by the U.S.S.R. State Publishing. 
Houses. It can be recommended both for its intrinsic 
interost and as a reference work. K. BLOOR 


AIDS TO ORGANIC CHEMICAL 
PRACTICE 


Laboratory Practice of Organic Chemistry i 
By Prof. G. Ross Robertson and Prof. Thomas L. Jacobs. 
Pp. ix+383. (New York and London: The Macmillan 
Company, a division of the Crowoell-Collier Publishing 
Company, 1962, fourth edition). 41s. 


Physical Aids to the Organic Chemist 

By M. St. O. Flett. (Elsevier Monographs: Chemistry 
Section.) Pp. xii+388. (Amsterdam: Elsevier Publishing 
Company; New York: American Elsevier Publishing 
Company, Inc., 1962.) D.fl. 22.50. 


HE first volume is an elementary text in wide use in 

the United States and now in its fourth edition. This 
latest revision has been carried out in the light of replies of 
past users to a questionnaire about necessary changes, 
points to be elaborated, ete., and the result, while proserv- 
ing the best features of previous editions, has been brought 
more into line with present-day practice. The preparations 
themselves are good of their kind, though of a traditional 
character, details are clear and adequate, but one of the 
most useful features is the series of questions at the end of 
many of the experiments which serve to prompt some 
consideration by the student of what is actually taking 
place in the course of the reaction and why. There is also 
a series of references to somewhat more elaborate experi- 
ments to which the student can graduate after completing 
the salient stages of the basic course. 

Simple qualitative organic analysis is dealt with in a 
single chapter, and the suggested procedures though suc- 
cinct must needs be somewhat sketchy within a compass of 
only 17 pages, though it must be said that this is a 
refreshing change from the usual elaborate schemes that 
stress trivialities and do not work in any case. One of the 
best features of the book is the first section (163 pages), 
which deals with matters of general technique and, most 
importantly, the simple physical principles that underlie 
their operation: this is clear, forthright and most useful. 
One criticism that can be made is that the equations 
included could more usefully portray what is actually 
believed to be taking place in the reaction rather 
than merely representing starting material and end 
product. 

The fact that many organic chemists tend to be some- 
what deficient in a knowledge of the physical principles 
that govern their operations prompts a need not only for 
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further investigation of such physical principles themselves 
but also of the vastly increasing battery of oxtremely 
powerful physical techniques that have become available 
to assist not only in isolating and identifying the products 
of chemical reaction but also, in a number of casos, follow- 
ing the actual course that the reaction takes. Mr. Flett’s 
book provides an admirable summary of a number of tho 
more important of these techniques—more particularly, 
chromatographic separation, including gas-liquid chroma- 
tography, zone refining, spectroscopy (including clectronic 
absorption, infra-red, electron spin resonance and nucloar 
resonance methods), mass spectrometry and X-ray 
crystallography. ; 

In each case there is a short but trenchant account of 
the theory underlying the method and then a most useful 
and helpful account of its applications. One comes away 
with a proper realization of the types of problem a 
particular method can help to solve and—just as usefu)—- 
those in which it is somewhat unlikely to be successful. 
We are spared the tedious details of particular instruments 
which have marred and reduced the usefulness of many 
endeavours of this nature in the past. 

The true value of this work is that it really does 
concentrate on essentials and is prepared to let tho more 
trivial details go. It is inevitable that there will be somo 
differences of opinion about things that might have 
been included—I myself feel that some reference to thin- 
layer chromatography and counter-current distribution 
would have been valuable—but what is abundantly clear 
is that a great deal of most useful, apposite information 
is included within this relatively small compass. The 
book itself is clearly, even elegantly written, the standards 
of production are extremely high and it can be recom- 
mended unreservedly to all potential users. 

PETER SYKES 


THE AEROPLANE ON THE WING 


Aircraft Stability and Control 

By Dr. A. W. Babister. (International Series of Mono- 
graphs in Aeronautics and Astronautics. Division 6: 
Flight Testing, Vol. 1). Pp. 700. (London and New York: 
Pergamon Press, 1961.) 105s. net. 


GENTLEMAN actively engaged in the manufacture 

of flying machines once referred to stability theory 
as ‘a clash of symbols’. Newcomers to the subject, 
encountering the ten-page tabulation which precedes Dr. 
Babister’s text, will probably agree. 

The first two parts of the book are devoted to the theory 
of longitudinal and lateral stability and control, with a 
distinctly British outlook. Indeed, several chapters are 
almost verbatim reproductions of now-classical R. and M. 
papers in the Report and Memorandum series of the Aero- 
nautical Research Council. The author has performed a 
considerable service in collecting all this work in one 
volume, but the overall impression is not quite the same 
as that usually conveyed by one author expounding a 
coherent progression of ideas. For example, successive 
chapters on longitudinal static stability display an increas- 
ing degree of refinement largely resulting from the histori- 
cal development of the subject. A criterion for static 
stability is defined at the beginning of Chapter 3 which. 
although not actually applied later, is formally at variance 
with that justified with the full rigour of R. and M. 2027 in 
Chapter 11. In view of the scope of the book, this is a 
rather minor criticism, completely overshadowed by such 
solid merits as the very full list of references at the end 
of each chapter: there are no less than 86 for Chaptor 
15. 

In covering such a wide field, it is always difficult to 
strike a happy balance between fundamentals and appli- 
cations. Operational methods as applied to response 
calculations are dismissed in slightly more than one page 
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and the author then proceeds to quote solutions for various 
inputs. The examples of lateral response are particularly 
lengthy. All the appropriate references are given, but I 
would have preferred a more detailed treatment of the 
basic mathematics, particularly since more elementary 
matters (for example, estimation of derivatives) are 
expounded at some length. 

The third part, “Stability and Design’, deals with 
various practical matters, including a very useful detailed 
example of stability calculations for a subsonic fighter. 
There are several excellent appendixes. The standard of 
production of the book is high and the diagrams are 
generally clear without being outstandingly elegant. 

To summarize: this book is an invaluable compendium 
of information. Naturally, there are some omissions (for 
example, time-vector methods) and missiles are not 
specifically mentioned. One might have expected perhaps 
a slightly more selective approach to the sources used, but 
this is largely a matter of personal preference. All 
concerned with aircraft stability will find it well worth 
having. F. G. Irvine 


THE CURATE’S EGG © 


Sedimentary Petrography 

With Special Reference to Petrographic Methods of 
Correlation of Strata, Petroleum Technology and other 
Economic Applications of Geology. By Henry B. Milner. 
Co-editors: Dr. A. M. Ward and Frank Higham. Vol. I: 
Methods in Sedimentary Petrography. Pp. 643425 
plates. Vol. II: Principles and Applications. Pp. 715+71 
plates. (London : George Allen and Unwin, Ltd., 1962.) 
100s. net each volume. 


T is with mixed feelings that one writes of this long- 
awaited and much-needed new edition of Milner’s 
Sedimentary Petrography for, like the proverbial curate’s 
ogg, it is ‘good in parts’. In other parts the standard is 
no higher than that of the 1929 edition and much of the 
data are no more recent. 5 

Volume Tis good. The introduction gives an excellent 
survey of the study of sedimentary rocks from an unusual 
angle—a regional one. Most of the material is new and 
well worth publishing in the present form. Thore are 
invaluable and very complete details of techniques and 
methods of work which are useful both to the academic 
research worker and to those engaged in economic geology. 
The standard of the volume is high, possibly because this 
side of geology interests the author most. It is regretted 
that so unsatisfactory an apparatus as the sedimentation 
balance should be included. A more modern approach to 
particle size analysis is needed and an account of oscillo- 
graphic methods should have been given. Also, in the 
account of the optical study of minerals, it is a pity that a 
book of this standard should perpetuate a rule-of-thumb 
mothod of finding optic signs. To derive these from first 
principles is more instructive and valuable to the student. 
That glauconite should be classed as “Amorphous (Non- 
crystalline)” with “no variation in directional properties” 
is a direct contradiction of the details given on pp. 111 
and 319 in Volume II. The bibliography. though incom- 
plete, is good, but unfortunately does not go beyond 
1957. 

Volume II, with the formula of some minerals out of 
date, with spelling mistakes such an “sanadine”’ and 
“dentritic’’ rather common, with a definition of greywacke 
no more recent than 1935, and much of the material word 
for word as in the 1929 edition, comes as an anticlimax. 
Chapters 3 and 7 save the day and Chapter 8 on applied 
petrology is much improved. But it is a pity that the 
sulphates and nitrates of Plate 57 should have been placed 
opposite the first page on clay minerals. The general 
standaid of the plates is deplorable. Those which in the 
earlier editions were excellent are still good; those which 
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were bad are still bad. Some of the new ones are worse; 
indeed, they are virtually useless, and this ia spite of the 
improvements in photographic techniques and instru- 
ments. Brammall’s brush drawings and Smithson’s wash 
drawings put them to shame. A major weakness of the 
earlier editions, Chapter 5, is still with us. Such case- 
histories would be more relevant and interesting if the 
foreign examples were replaced by British. Plates 63, 
64 and 65 serve no useful purpose. The bibliographies are 
excellent. 

Unfortunately, the appendixes to the new Volume II no 
longer include determinative tables based on optical 
properties. Useless appendages such as Appendixes I or 
VII could have been omitted with advantage. 

P. S. WALDER 


LABORATORY ORGANIZATION 


Laboratory Organization and Administration 

By K. Guy. Pp. xiv+386. (London : Macmillan and 
Co.. Ltd. ; New York : St. Martin’s Press, Inc., 1962.) 
50s. not. 


HEN faced with the design of new laboratories, it is 

necessary to spend a great deal of time in careful 
thought and in recalling all the details associated with 
each function of the laboratories in question. This book 
will help to save time because the various factors to be 
considered are all set out clearly. It is indeed a good aide 
memoire. 

As the author explains, the higher aspects of manage- 
ment are not discussed but a considerable amount of space 
is given to stores management, including buying, stock- 
keeping, as well as regulations concerning dangerous 
materials and their handling. It is surprising, however, 
that in discussing the layout of shelving in stores, no 
mention is made of the type of space-saving system based 
on the use of mobile shelving. 

A. great deal of space is devoted, as it should be, to the’ 
designing of laboratories and the materials of construction 
of bench tops, drains, floors, ete. Time-honoured teak 
holds pride of place for bench tops, but it is good to see 
that stainless steel is accorded a high rating. Laminated 
plastics, however, are regarded as having achieved a 
greater usage than their properties warrant. Among 
flooring materials, a notable omission is that of poured 
plastic, so useful in sterile areas. 

The chapter on laboratory inspection and maintenance 
is both useful and informative, and so is the chapter on 
“Safety in the Laboratory and Workshop” (65 pages), 
which covers all the usual hazards and their counter- 
measures, as well as the first-aid required to deal with 
laboratory accidents. In the same chapter, account is 
taken of the problems associated with radioactive mater- 
ials, X-rays, ete. 

The author’s interest in optical projection on one hand 
and the filing of laboratory records and technical informa- 
tion on the other is obvious from two excellent chapters 
on these aspects of the requirements of teaching labora- 
tories. Finally, there is an extensive bibliography. 

The fact that the requirements of specialized laboratories 
concerned with bacteriology, pharmacology, animal 
breeding, etc., are not specifically considered is, generally 
speaking, of secondary importance. 

This book is written with its possible use as a course in 
the syllabuses for the examinations of laboratory tech- 
nicians very much in mind, but the fact thatit encompasses 
such a vast amount of information on laboratory manage- 
mont and design will ensure it a place on the shelves of 
anyone who is likely to be engaged in setting up new 
laboratories or extending old ones, if only to keep them 
reminded of the thousand and one items that have to be 
remembered if costly mistakes are to be avoided. 

F. H. MILNER 
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DISPERSION IN THE IRISH SEA OF THE RADIOACTIVE LIQUID 
EFFLUENT FROM WINDSCALE WORKS OF THE 
U.K. ATOMIC ENERGY AUTHORITY 


By J. MAUCHLINE and W. L. TEMPLETON 


Radiobiology Group, U.K. Atomic Energy Authority, Windscale Works, 
Sellafield, Cumberland 


INCE 1952 radioactive liquid offluent from the 
Windscale Works of the United Kingdom Atomic 
Energy Authority, Sellafield, Cumberland, has been dis- 
charged through a pipe-line into the Irish Sea. The 
composition and origin of the wastes have already been 
described?. The mean monthly gross composition of the 
effluent during 1959 and 1960 is shown in Table 1. Ru 
is the dominant radionuclide in the effluent but Ru, 
%Zr, “Nb, 3Co, 187Cs, 8Sr and Sr are also present. 
Discharges to sea occur twice every 24 hours, during the 
poriod following high tide through a pipe-line extending 
2-5 km from the high-water mark. 


Table 1. MEAN MONTHLY DISOHARGE OF RADIOACTIVE EFFLUENT FROM 
WINDSOALE WORKS IN 1959 AND 1960 


Curies per month 
1959 1960 


Total a-activity 55 6: 
Total B-activity 7,659 6,461 
108Ruy 2,955 3,302 
Sr 180 43 


The Substrata of the shore and sea bottom, the edible 
«seaweed Porphyra umbilicalis, and fish flesh in the 
vicinity of Sellafield are continuously monitored?. 


Hydrography of the Sea Area 


The hydrography of the Irish Sea has been described 
by several authors?-5, The main inflow of tidal water 
enters the north-eastern Irish Sea from the south, between 
the Welsh and Irish Coasts, while a second inflow takes 
place between the Scottish and north Irish Coasts, the 
two flood tides meeting somewhere across a line Isle of 
Man to Morecambe Bay. The flow-rate of the northern 
tide, 2-3 knots as it enters the area, decreases as it travels 
eastwards so that it rarely exceeds a rate of 1 knot off 
Sellafield. The southern tide enters the area at a rate 
of about 3 knots and this decreases to about 2 knots as it 
approaches the Lancashire coast and to zero where it 
meets the northern tidal system. 

Tho Irish Sea has a volume of about 5,000 km? and, 
according to Bowden’, this water has a mean residence 
time of about 18 months. The direction of net transport 
of water from the Irish Sea is northwards towards the 
North Channel, where it forms a wedge of medium salinity 
water between the Clyde water of lower salinity and the 
north of Ireland water of highor salinity. 


Background Radioactivity 


The effluent from Windscale Works is dispersed into an 
environment which already contains natural radio- 
activity and radioactivity originating from fall-out 
material from weapons tests. The greater portion of the 
natural radioactivity arises from £K, which was measured. 
in more than 60 species of seaweeds and animals from the 
Trish Sea. The mean “K §-activity/g wet weight in 
seaweeds is about 8 uue., range 1-15 uue., in inverte- 
brates the mean activity is 2 upc., range 0-1-4 uuc., 
and in fish flesh the mean is less than 4 pue. These levels 
are compared with a value of about 0°25 uue., K B- 
activity/ml. sea-water. 

Nuclides originating from weapons tests have been 
deposited over the surface of the land and sea since 1953. 


The levels of fall-out nuclides have been deterinined 
in samples of water, seaweeds and animals, collocted 
at a distance from Sellafield such that the samples wero 
not influenced by the effluent discharges. From the 
measurements on seaweeds and invertebrates during 
1959 and 1960, it was concluded that the levels of radio- 
activity originating from fall-owt material were less than 
2 uue. for Ru, Co, %Zr/*Nb, less than 0-5 pue. for 
18703 and less than 0-02 puc./g wet weight of Sr. 

The level of background B-activity (natural radio- 
activity plus fall-out nuclides) assumed for all invorto- 
brates was 6 puc./g wet weight, 3 pyc. from natural anıl 
3 upc. from fall-out activity. In the caso of plankton. 
there was a great variability in the ash : wot woight ratio 
due to different species composition and the data wero 
expressed in terms of ash weight. The background 
8-activity-level of 60 yuc./g ash was assumed for plankton. 
Levels of B-activity close to or equal to background aro 
shown as (B) in the figures, but this does not prochide 
the presence of trace amounts of effluent nuclides at these 
locations. 


B-Activity-levels of Substrata near Sellafield 


Measurements of the y-activity associated with the 
sea bottom were made in tho vicinity of Sellafiold in 
September 1959 by means of a gamma scintillation 
probe which was lowered on to the sea bed at various 
places. At the same time, samples of bottom matorial 
were taken and assayed for B-activity. It was found 
that the y-activity measurements could be corrulated 
with the 6-activity measured in the mud samples at tho 
same place. Therefore, it was possible to map out the 
activity on the sea bottom by means of the gamma 
scintillation probe and convert these measuromonts into 
equivalent @-activity. In this way, the current survoy 
could be compared with that made in 1953, which was 
made by measurement of @-activity:in the sea bottom 
mud samples. The contour lines obtained from the cur- 
rent survey and that in 1953 are shown in Fig. 1. 

There is a small area, 200-300 m?, at the ond of the 
pipe-lines which is considerably more activo than its 
immediate surroundings. Mud from this area had an 
average B-activity of 2 x 10 po./g dry weight as com- 
pared with a level of 8 x 10-3 uc./g dry weight associated 
with the mud in the area immediately surrounding it 
(Fig. 1). The levels of contamination on tho sea-lod 
beyond this inner area decrease quickly with distanco 
from the discharge point. 

The area, enclosed by the 5 x 10-4 ue./g dry weight 
contour was defined in 1953 (Fig. 1). In comparing this 
contour with the same one in 1959 (Fig. 1) it is apparent 
that the area enclosed by it has increased by & factor of 
about 3 in the 7 intervening years, but the amount of 
effluent discharged per unit time has also increased three 
times. There has, therefore, been no ‘build-up’ of 
radioactivity in this area over the years which cannot 
be accounted for by the increased discharge rato. 


B-Activity in the North-eastern Irish Sea 


Measurements of B-activity, which were corrected for 
background as described here. were made on surface 
sea-water, surface plankton and bottom invertebrates. 
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Fig, 1. Contours of p-activity in mud (#c./g dry weight) off Sellafield, 
1959. Orosses mark samp points. The 1958 contour is shown 


Not enough samples of bottom mud or sand were collected 
to provide conclusive data. The levels of B-activity at 
each station are presented as percentages of the levels 
at the station with the highest level of contamination, 
the pipe-line end area in the cases of the water and inverte- 
brates (Figs. 2 and 4) and off Ravenglass Estuary in the 
caso of the plankton (Fig. 3). 

In an area extending northwards and then westwards 
from Sellafield towards Drummore and also southwards 
and then westwards from Soellafield towards Anglesey, 
the distributions of contaminated samples of water, 
plankton and invertebrates are geographically. similar. 
The area between Sellafield and the Isle of Man, beyond 
the immediate vicinity of the pipe-line, had levels of 
radioactivity close to background-levels. 

In order to show the relative decrease in levels of 
contamination in areas successively farther from Sella- 
field, the percentage levels of $-activity in the bottom 


invertebrates at each station are represented as a func- 


tion of their travel distance from Sellafield (Fig. 5). 
The concentration of effluent, as measured by the B- 
activity in the invertebrates, decreases almost equally 
with distance northwards or southwards from Sela- 
field. ‘The decrease is very rapid westwards (off-shore) 
suggesting that little effluent is carried in that direction. 

A less extensive sea survey was made in June 1959 
and the geographical distribution of the effluent deduced 
from the results was identical with that from the Septem- 
ber survey. 


Radionuclide Content of Organisms in the Irish Sea 


There is little known about the detailed chemistry of 
the radionuclides in sea-water, but it is thought that 
*Sr and 1’Cs are present in an ionic state, ‘ionic radio- 
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nuclides’, although there is evidence that this is not 
entirely true in the case of 15’Cs (ref. 6). The other radio- 
nuclides in the effluent, namely, Ru, 1*4Ce, Nb and 
Zr, are ‘particulate radionuclides’; they are adsorbed 
readily on to particulate matter and form complexes in 
sea-water. 
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Fig, 2. -Activity in surface water, September 1959, expressed as per- 
centage of the -activity of water in the Sellafield area. B indicates an 
activity-level close to background. The dotted line approximately 
delineates the area in which the activity measurements were above 


background 
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Fig. 3. @-Activity in surface plankton, September 1959, expressed as 

percontago of the -activity of plankton off Ravenglass Estuary. B 

ndicates an activity-level close to background. The dotted line approx- 

imately delineates the area in which the activity measurements were 
above background 
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Fig. 4. -Activity in bottom invertebrates, Soptember 1859, expressed 

as percentage of the f-activity of invertebrates in the Sellafield area. 

B indicates an activity level close to background. The dotted line 

approximately delineates the area in which the activity measurements 
were above background 
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Fig. 5. The relation between f-activily in bottom invertebrates (ex- 
pressed as a percentage of those in the Sellafield area) and their distance 
and direction from Sellafield, September 1859 






Table 2. ACCUMULATION FACTORS, CONCENTRATION PER GRAM WET WEIGHT; 
CONCENTRATION PER ML. SEA-WATER 
Ruy Co IC BZrf Nb ssr 
Concentration in sea-water 
ape jmi. 015 0-03 0-02 0-08 0:012 
Concentration in seaweeds 
Buc.jg w.w. (especially 


Phaeophyeeae) 250 20 1-4 70 0-5 
Accumulation factors—sea- 

weed 2x10 7x10 70 10° 40 
Concentration in invertebrates 

Buc.{g W.W. 300 55 30 110 0-3 
Accumulation factors—inver- 

tebrates 2x10% 2x10? 16x10 15x10? 25 


Mean concentrations of specific radionuclides in the 
organisms and sea-water of the pipe-line end area, includ- 
ing Sellafield beach, were determined and approximato 
accumulation factors calculated (Table 2). The gut 
contents were not removed from any of the inverte- 
brates and consequently their accumulation factors may 
be over-estimated, because 5-50 per cent of the total 
contamination of the organism was found to bo asso- 
ciated with the gut contents. The concentration factor 
quoted for Sr in seaweeds is that for the brown algae, 
which accumulate strontium from sea-water to a higher 
degree than the green and red algae by a factor of 
about 8. 

Analyses of the radionuclide content of different organs 
and tissues of molluscs showed that parts of the animal 
in contact with the outside environment are more heavily 
contaminated than internal tissues. Shells had the largest 
portion of the total radionuclide content of the bivalvo 
and gastropod molluscs as has already been found in 
Mytilus edulis’. 

The surface contamination of seaweeds and algae is 
mainly due to the adsorption of the ‘particulate radio- 
nuclides’ mentioned here. The ‘ionic radionuclides’ 
are more important as contributors to the total radio- 
activity in the internal tissues, such as bone and muscle, 
which do not accumulate appreciable levels of tho ‘par- 
ticulate radionuclides’. 


Biological Indicators of ‘Particulate Radionuclides’ 


Some species of seaweeds and animals accumulate 
radionuclides to a higher degree than others. This may 
be because they feed on fine particles, which accumulato 
‘particulate radionuclides’, by sorption processes, or 
because their external surfaces adsorb radionuclides, or 
possibly, as in some Crustacea, an accumulation of radio- 
nuclides takes place in an internal organ such as tho 
digestive gland. 

The most useful indicator species among the seaweeds 
are Laminaria spp., Corallina officinalis and Ceramium 
rubrum, and among the animals, the polychaete worms, 
and Hyas araneus, Balanus porcatus, Crangon vulgaris, 
Spatangus purpureus, Echinus esculentus, Buccinum 
undatum, Littorina littorea and Gibbula spp. 


Discussion 


Investigations of B-activity in the north-eastern Irish 
Sea showed that the effluent can be traced both north- 
wards and then westwards from Sellafield towards Drum- 
more and also southwards and westwards from Sollafield 
towards Anglesey. Samples analysed for specific radio- 
nuclides confirmed this pattern of dispersion. Levols of 
activity of each radionuclide above background wero 
found at some time or other in all parts of the sea area 
examined, although those found around the Isle of Man 
and in the farther regions of the area near Drummoro 
and Anglesey were close to background. 

Maximum permissible concentrations for §-activity 
in sea-bottom material, fish and seaweed have beon 
estimated?. Measurements show that the maximum 
permissible concentration for sea-bottom material. 
estimated as 0-1 uc./g dry weight, is rarely exceedod in 
any part of this area, even for short periods of time. 
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The small, highly contaminated area situated at the pipe- 
line ends thus presents no radiation hazard. 

The levels of f-activity at a distance of 20 miles from 
Sellafield are, on average, 5 per cent of those in the-Sella- 
field area. Since the maximum permissible concentra- 


tion of radionuclides in seaweeds, fish and sea-bottom ° 


material are not being exceeded at Sellafield, the activity- 
levels must be well below the maximum permissible con- 
centration at other points in the area where measurements 
were made. The increase in the amount of effluent 
radionuclides in the bottom matorial off Sellafield, over 
the seven-year period up to 1960, corresponds closely 
to the inerease in the rate of discharge which has occurred 
in this period and there appears, thus, to be no significant 
‘build-up’ of effluent material which cannot be accounted 
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for by this increased discharge. No organisms have been 
found to have greater accumulation factors for the 
nuclides than were previously known. f 

We wish to thank Mr. E. B. Ritson for technical assis- 
tance, and the Technical Department, Windscale Works, 
for the determination of the various radionuclides in the 
samples. any 
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SOME ESSENTIALS OF NEURAL MEMORY SYSTEMS.- 
PAIRED CENTRES THAT REGULATE AND ADDRESS THE SIGNALS 
OF THE RESULTS OF ACTION 


By Pror. J. Z. YOUNG, F.R.S. 


Department of Anatomy, University College, London 


N reflex responses, such as biting an object tasted, 
thero is a built-in relationship between tho stimulus 
and the action. When an animal uses distance receptors 
to provide cues as to where it may obtain food there is 
usually a less-direct relation between the external change, 
occurring perhaps far away, and the response that is 
produced}. In general, the system must provide for learning 
the significance of each distant change. In Octopus we 
can see various stages between the simple reflex of biting, 
the taking in of objects touched, often by an arm tip at 
some distance from the body, and the attack at an object 
seen, up to several metres away (Fig. 1). Comparative 
investigation shows that the tactile and visual centres 
have developed out of the simple taste-bite mechanism. 
Examination of the organization by which they achieve 
- their ends helps to suggest hypotheses about some of the 
puzzling features of learning systems. 

The various mechanisms involved may be analysed as 
follows: (1) A distant change in, say, the visual situation 
must set off an exploratory approach. There is therefore 
a mechanism for producing what may be called graduated 
commands to attack, at first weak but rapidly becoming 
stronger with reinforcement, so that the animal comes 


ATTACK 


DRAW IN 


Fig. 1. Diagram to show the relationship between the acts of biting, 
drawing in food and visual attack by an octopus 


out quickly to any cue that proves to be favourable. 
(2) In the building up of the command there is a balancing 
of signals indicating success (for example, food reward) 
and danger (pain). The tendency to explore is increased 
to a suitable extent by food and reduced by shock. (3) 
These same signals of pleasure and pain (or the resultant 
of them) have the further function of ensuring that the 
memory stores some appropriate record of the result of 
action in response to stimulation of the distance receptor 
by a given figure. The response to these signals does not 
remain ‘unconditional’; the signals serve to condition 
whatever distance receptor systems have been active. 
They thus indicate the results of the action for the animal 
and we may call them, as a class, ‘signals of results’ or 
‘reward signals’, if we assume that rewards may be either 
positive or negative. (It is curious that there is no word in 
English for the class to which pain and pleasure signals 
both belong, except perhaps ‘reinforcement signals’, 
which is a wider concept.) In order to secure appropriate 
registration in the memory there are arrangements to 
distribute the results signals throughout the neural tissue 
that carries the record. i 

(4) In any learning situation involving a distance 
receptor there is a delay between the moment the signals 
for tho cue are received by the nervous system and the 
moment when the signals of results arrive. If these signals 
of results are to be made to produce the conditioning of 
the appropriate elements in the memory the address of 
those elements must be held during the delay, so that the 
taste or pain signals can be correctly delivered. (5) For 
cues to be used properly they must be understood wherever 
they occur (for example, in either visual field). There is 
therefore a mechanism for spreading or generalization, so 
that relevant cells throughout the memory are conditioned 
and not only those immediately encountered by the 
impulses coming from the receptors. 

Circuits and lobes responsible for these tasks can be 
recognized in both the visual and tactile learning systems 
of Octopus (Fig. 2). In each they consist of four lobes, 
arranged in two pairs, a lower long loop, on top of which is 
an upper short loop. The evidence suggests that each of 
these pairs of lobes contains one member tending to 
promote attack and sending its output through the second 
member, which prevents attack if pain impulses are 
present. Each loop thus increases the strength of the 
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Fig. 2. Diagram. of the centres concerned with eating and obtaining 
food by an octopus, ant, bas., anterior basal; brach., brachial; elass., 
classification neurone; inf. bucc., inferior buccal; lat. inf. fr., lateral 
inferior frontal; lat. sup. fr., lateral superior frontal; med. inf. fr., 
medial inferior frontal; med. sup. fr., medial superior frontal; mem., 
memory system; opt. Com., optic commissure; pall, vise., palllovisceral; 
ped., pedal; post. bucc., posterior buccal; subfr., sub-frontal; subv., 
subvertical; sup. bucc., superior buccal; vert., vertical 
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Fig. 3. Further details of the systems involved in feeding, drawing in 
and attacking. Letters as in Fig. 2 


‘command’ to attack unless there are contrary signals. 
The arrangement of long and short loops serves to provide 
the properly balanced strategy of attack. 

It is possible to see how the whole system has developed 
out of simple centres originally present to operate the 
reflex functions of the jaws. In Octopus taste receptors 
from the lips perform this function through the superior 
and, inferior buccal lobes (Fig. 3). These buccal lobes are 
relatively simple structures, mainly composed of the 
rather large cells that aro characteristic of motor centres, 
serving to execute commands built up by higher centres. 

The tactile and visual centres are backward extensions 
of the superior buccal lobe (Fig. 4). Their function is, as 
it were, to prepare for feeding, to bring the animal into a 
situation where it can eat. The various lobes are 
concerned, in particular, with bridging the increasing 
delay between the initiation of attack at a distant prey 
and the reflex operations of the jaws. 

The actions of the arms are one stage removed from 
eating. They draw in objects, which are later tasted 
(presumably the chemoreceptor functions of the lips 
are different from those of the suckers). Touch in this 
animal is thus almost a distance sense. The system is 
biased so that any unknown object is at first drawn in, 
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but it can learn not to draw in objects that do not yield 
food?. 

The movements initiated by the eyes involve an even 
longer time-delay between seeing and tasting. An 
elaborate mechanism is present by which the ‘command’ 
to attack a given figure becomes increasingly strong if 
the attacks are successful. There are classifying units in 
the optic lobes, each capable of responding to a particular 
visual feature, say amount of horizontal contour or degree 
of brightness? (Fig. 3). For simplicity it is assumed that 
each ‘classifying unit’ is a single cell, such that the 
properties of its dendritic field ensure that it signals some 
condition. The fact that cells with orientated fields exist 
makes this a reasonable hypothesis, though their responses 
have not yet been explored by microelectrodes. The 
‘classifying unit’ may prove to be a more complex aggre- 
gate of cells., 

The system is biased so that any movement in the 
visual field may precipitate an attack, but if the object 
is unfamiliar the attack is slow. Visual complexes that 
yield food soon come to be attacked rapidly, while thos 
that do not (or yield pain) are avoided. Each classifying 
unit therefore has access to the pathways both for attack 
and retreat, and learning consists in facilitating one of 
these, and/or blocking the other. 

Fig. 3 shows a hypothesis as to how the learning occurs. 
On each of the two pathways from the classifying colls 
there are further cells, or cell systems, called memory 
cells. These may be the largo cells of the islands at the 
centre of the optic lobe, each accompanied by smaller 
multipolar cells. The large cells also serve as the efferent 
pathway of the lobe, each tending to produce one action 
(attack or retreat) through connexions with the basal 
lobes of the brain. 

Suppose that the classifying cell of Fig. 3 fires, indicating 
a horizontal component of the stimulus. The memory 
cell for ‘attack’ is activated, the retreat pathway being 
inhibited by the collaterals, shown here operating through 
the small cells. An attack occurs and food is secured. 
Taste signals arrive and further activate the ‘attack’ 
memory cells, which have meanwhile been kept at a 
lowered threshold by the vertical lobe circuit. Further 
activation of the small cells may produce some explosive 
change in enzyme activity that enables them to ‘switch 
off’ the unused pathway. Perhaps the great ribonucleotide 
reserves of the neurones are involved in this way in learning, 
rather than by themselves building the representation‘. 

Whatever the mechanism of storage may be, the signals 
of results, which release it, arrive some seconds after the 
cells that we have called classifying and memory units 
have been activated. These signals must operate on some 
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Fig. 4. Drawing of sagittal section of Octopus brain after staining with 
Cajal’s method. Letters as in Fig. 2. In addition: dors. bas., dorsal 
basal; med. bas., medial basal; we, superior frontal to vertical tract 
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parameter that has been-constant during this period. It 
is possible that on each occasion the cells are somehow 
already addressed before the visual act occurred. The 
animal may, as it were, switch on an ‘intention’ or ‘hypo- 
thesis’ that a horizontal form should be attacked’. (I 
thank Mr. G. Sommerhof for pointing out the relevance of 
this possibility). It seems, however, that special mechan- 
isms are needed to maintain these addresses, since systems 
apparently suited to this or a similar function occur in 
both tactile and visual learning systems. Even if the 
present hypothesis were wrong we may hope to learn much 
from the common plan found in these two systems. 

The whole set of lobes can now be seen to be based on 
the following scheme. Along the middle lie the three 
‘command’ centres, superior buccal for biting, posterior 
buccal for arm movements and subvertical for swimming 
attacks. All these contain large colls (Fig. 4) and probably 
receive both gustatory and pain afferents. If they have 
been injured the appropriate action is impossible. Thus 
an octopus with a lesion in the subvertical region will 
put out an arm to take a crab that is within its reach, 
but never launches out to a swimming attack. 

Tho long loop of the visual system (optic to lateral 
superior frontal to subvertical to optic) thus serves the 
first of the functions listed above, to set off an exploratory 
approach to a distant visual event. The short loop is 
necessary if, with reinforcement, the attacks are to become 
rapid and reliable when they bring food. Maldonado has 
shown. that after removal of the vertical lobes an octopus 
only slowly learns to attack’. Learning to attack an 
object which yields food thus depends on the circuit 
. lateral superior frontal—medial superior frontal—vertical— 
subvertical—lateral superior frontal. 

The second of the functions we are considering, the 
balancing of the effects of food reward and pain, is 
produced by the median superior frontal and vertical 
lobes. Visual and gustatory fibres mingle in the median 
superior frontal. Axons from the latter pass through a 
plexus into the vertical lobe'(Fig. 5), which also receives 
fibres from below. These, it is suggested, carry pain 
signals from the arms and elsewhere. A few original 
impulses in the visual pathways tending to produce attack 
are thus able to produce many, unless they are suppressed 
by pain signals arriving in the vertical lobe. It is charac- 
teristic of any lesion to this upper visual loop that it 
alters the tendency to attack. In general, after removal 
of the median superior frontal lobe the animals attack 
less, after removal of the vertical lobe, more (Fig. 6). 
However, since the median superior frontal sends its 
output mainly (but probably not wholly) through the 
vertical lobe the effects of any injury may be complicated. 
Animals deprived of the vertical lobes continue persis- 
tently to attack familiar food objects in spite of shocks. 


medsup tr 





post bucc. 


Fig. 5. - Drawing of some cells as seen in Golgi preparations. Lettering 
as before 
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15. 
TRIALS 
Fig. 6. Experiment to show results of successive removals of vertical 
and median superior frontal lobes from octopuses. Each graph shows 
the mean number of attacks made by groups of animals at crabs shown 


without reward, that is, the octopuses were not allowed to eat the crabs. 
In the control experiments, the brain was exposed but no tissue removed 


Animals without median superior frontal may also attack 
more than normals, but mostly not to the same extent 
as the no verticals. Presumably the vertical lobe cannot 
properly produce its suppressor effect if deprived of its 
input from the median superior frontal. Animals with 
both lobes removed attack less than if either were present. 
If the tract between the lobes is cut the result is an animal 
nearer to normal than after any removal, in respect of 
tendency to attack in spite of shock. 

The remaining three activities listed here as relevant 
to distance receptors are all concerned with learning. 
Octopuses with any injury to the vertical lobe circuit 
learn only very slowly to make attacks at one object that 
yields food but to avoid another that does not (if they are 
shown successively). The deficiency is not due to absence 
of the necessary record in the memory, for animals that 
had apparently learned nothing during training may 
perform almost correctly if tested later at a series of trials 
without rewards. Moreover, when trained in & simul- 
taneous discrimination situation octopuses without vertical 
lobes can learn, though less well than normals’. 

The defect in learned performance after vertical lobe 
removal therefore seems to be due partly to a slowness of 
the actual process of learning itself (‘reading in’ to the 
memory) and partly to inability to use the somewhat 
weak representation (engram) that is set up in the optic 
lobes, in face of recently received signals for food or pain 
(inaccurate ‘reading out’). The function of thé long and 
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short loops together in learning is to maintain the cells 
of the optic lobe that are initially stimulated in a proper 
state of excitation, and to deliver to them the appropriate 
signals indicating results when they arrive. 

Since the loops are arranged to form re-entrant paths 
it is obvious that reverberating circuits might be involved 
in these functions; but no details are yet known about 
the electrical activities of the cells. These circuits ensure 
that food and pain produce appropriate effects, increasing 
or decreasing the tendency to attack, but not so greatly 
as to swamp the controlling influence of the cells of the 
memory. The errors made by operated animals when 
rewards aro given are thus due partly to slowness of 
learning, partly to the fact that after a shock the animals 
attack too little, after food too much. A properly balanced 
effect of rewards is obviously necessary if an animal is 
to be controlled by the record in its memory and not by 
the most recent reward signals. Wells has shown that 
even in a normal octopus the effects of learning may fail 
to guide the animal correctly if the level of attack is 
too high or low. Under the stress of hunger even human 
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beings lose the power to use restraints which they have ` 


learned. It seems that in an octopus these pairs of centres 
provide the balance necessary for correct ‘reading out’ 
from the memory as well as the correct indication as to 
what should be ‘read in’. 

The fifth function mentioned, transfer of conditioning 
fromthe cells initially stimulated to others in the opposite 
optic lobe, is certainly dependent on this system. Muntzé® 
has shown that after removal of the vertical lobe or 
division of it along the mid-line, no transfer to the other 
side is possible, although a large ventral optic commissure 
still connects the two lobes. 

The circuits of the tactile learning system are based 
on the same plan as the visual ones, but are simpler and 
contain fewer cells, although the arms contain several 
times more neurones than the optic lobes*®. The greater 
simplicity of the touch system may be partly due to the 
shorter delay before reward, perhaps also to less detailed 
anslysis of the stimulus situation. The tactile system is 
heavily biased to draw in any unfamiliar object touched. 
The long loop of the circuit, from arms to lateral inferior 
frontal to posterior buccal to arms, is less developed than 
in the visual system, presumably because there is less 
need to learn to draw in objects than there is to learn to 
swim, to them. The short loop consists of lobes essentially 
similar in every way to those of the vertical lobe circuit 
(Fig. 5). Wells and Wells have shown that after lesions to 
them octopuses cannot learn not to draw in objects that 
are inedible or painful’*. Moreover, by training only a 
single arm Wells showed that transfer of the learning to 
the other arms depended on the presence of the median 
inferior frontal lobe. A further complication is that the 
visual and tactile systems are not entirely independent. 
Injury to the vertical lobe system reduces the speed of 
tactile learning. However, lesions in the inferior frontal 
region do not affect visual learning. 

The numerous small cells without axons evidently play 
a key part in both systems. In the superior buccal lobe, 
where the delays are least, the small cells form inner 
layers not segregated in a distinct lobe. The subfrontal 
can be seen to be an extension of similar inner layers of 
small cells, forming a distinct lobe (Fig. 4), and the vertical 
lobe shows the same plan on a larger scale. After removal 
of the subfrontal or vertical lobes the animals tend to 
take action persistently in spite of shocks, which suggests 
that the small cells are somehow concerned with main- 
taining a block on the actions of the larger cells with which 
they are associated?!. 

It is interesting that Nautilus, which has poor eyes 
(though probably good olfaction), has but slight develop- 
ment of these supracesophageal centres withsmall neurones. 
In cuttlefishes and squids, where touch is not used as a 
distance receptor, the anterior set of lobes is absent 
(Fig. 7). The visual circuits are essentially as in Octopus 
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Fig. 7. Drawing of sagittal section of the brain of Sepia. Lettering as 
efore 


and the circuit from vertical to superior frontal is very 
conspicuous. Experiment showed long ago that when this 
circuit is interrupted a cuttlefish no longer pursues a 
prawn. that moves out of sight". 

There is good reason to suppose that essentially similar 
circuits operate in vertebrate learning systems. Hero too 
there are loops in the medulla from the gustatory receptors 
to operate the mechanisms of eating. ‘Command centres’, 
such as those of the hypothalamus, are responsible for 
setting into action complex patterns of searching, eating, 
flight, copulation, etc. These centres are themsclves 
activated by signals arriving from distance receptors, 
probably through the reticular system. The hypo- 
thalamus contains pairs of centres which produco opposite 
effects. It is linked by two-way pathways to the septum, 
the hippocampus and the amygdaloid nuclei. Theso 
appear to be neither ‘reflex’ centres nor the actual seat 
of the memory store’*. They are, however, necessary for 
the setting up of a record in the memory. Thus, after 
bilateral removal of the hippocampus, memory for recent 
events may be grossly disturbed!®. These circuits also 
contain centres arranged in pairs, with opposite effects. 
Thus the septal nucleus discharges to the hippocampus. 
After removal of the former a rat bar-presses for food less 
than normal, after removal of the latter it presses more. 

These similarities with the general plan of the octopus 
system can scarcely be accidental. But the details cannot 
be pressed too far. The position of the thalamic and 
neocortical centres might be said to be analogous to that 
of the optic lobes, since they lie on the input pathways. 
The difficulty is to see how they may be influenced by 
the basal centres. The mammillary bodies projecting 
through the anterior thalamus to the cingulate cortex 
are known to be involved in recording in the memory. 
But the cingulate cortex so far as is known projects to tho 
hippocampus rather than to the neocortex. 

The two sets of pairs of lobes that we find in Octopus 
and the one pair in Sepia thus provide us with clues to 
some essential features of learning systems. It is suggested 
that such centres are necessary for balancing and spreading 
of signals indicating results (rewards) and delivering them 
to the appropriate addresses. Re-entrant paths are 
involved in maintaining these addresses during the delay 
between the operation of a distance receptor and the 
arrival of signals that indicate the results of an action. 
Further, the system of pairs of lobes provides a propor 
strategy and tactic for exploration and learning, ensuring 
that the animal is not excessively influenced by recent 
experiences of food or pain and thus that its behaviour 
is controlled by the record in the memory. 

I thank the colleagues in Naples and England, too 
numerous to mention individually, who have made this 
work possible. The work was assisted by the Nuffield 
Foundation and sponsored in part by the Air Force 
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INFORMATION AND CONTROL IN THE VISUAL SYSTEM 


Substance of a Friday Evening Discourse delivered at the Royal Institution, London, on November 2 


By Pror. R..W. DITCHBURN, F.R.S. 


Department of Physics, University of Reading 


ISUAL perception may be regarded as a process in 
which information is filtered, coded, transmitted 
and subjected to analysis. In primitive conditions, sur- 
vival depends on using the information to produce a 
response which is both rapid and appropriate. In order 
that the response may be rapid the filters must reduce the 
information to an amount which the higher centres can 
analyse quickly. On the other hand, what is transmitted 
must be sufficient to form the basis of a correct decision. 
This applies to decisions made unconsciously as well as to 
those made consciously. 

In the vast range of conditions encountered, there will 
be some occasions when response is too slow because too 
much information is being analysed and others in which 
response is wrong because too little is available. Every 
species which has survived represents a compromise which 
is optimum for some range of conditions. The lower 
animals do best by rejecting nearly all the available inform- 


_ ation and accepting only the very small amount which 


they can use rapidly. In the higher animals much more 
information can usefully be transmitted for analysis. 
However, even in man, filtering begins in the retina and 
what the cortex receives has been edited and coded in 
very elaborate ways. 

To understand the subtle processes of human. perception 
we need to combine anatomical and physiological studies 
with results obtained by behavioural experiments in 
animals and psychophysiological tests on man. As an 
experimental animal, man has the advantage that he can 
talk and can thus give detailed information about what 
he sees, but the range of possible experiments is restricted. 

I shall describe here a method by which a special 
visual situation is produced—an image on the retina 
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Fig. 1. Apparatus for producing a stabilized retinal image 
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Fig. 2 


which does not move when the eye moves (stabilized 
retinal image (S.R.I.) ). This enables us to apply a constant 
stimulus to the retinal receptors and to eliminate the 
effects of irregular eye-movements which are present in 
normal vision even when a well-trained subject fixates 
as accurately as he can. Having removed the natural 
movements of the retinal image, the experimenter can 
introduce movements and changes of illumination which 
are under his own control and study their effects. The 
apparatus! is shown schematically in Fig. 1 in which P 
is essentially a projection lantern, B.S. is a beam-splitter 
(49 per cent transmission, 49 per cent reflexion), M, 
etc., are fully silvered mirrors. M, is attached to a contact 
lens worn by the subject and when the visual axis turns 
through an angle 0, the beam reflected from M, turns 
through an angle 26. It passes through a telescope T of 
magnification m, is reflected by M, and M, before entering 
the eye. The angular movement relative to the eye is 
(2m — 1)6. (To justify the minus sign in respect of 
movements in both horizontal and vertical planes either 
M, or M; must be a ‘roof prism’, or double mirror.) 

If m is made equal to 0-5, the movement is zero and we 
have a stabilized retinal image, provided that the adjust- 
ment is exact, the stalk is rigid and the contact lens does 
not slip over the sclera. The adjustment and rigidity 
may be tested by standard physical methods and ean be 
made good enough to give better than 99 per cent stabiliza- 
tion (residual movement less than 0-010). Several lines 
of evidence??? indicate that, provided 6 is not too large, 
slip of the specially worked contact lens is extremely 
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Frequency of imposed tremor (c/s) 
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Fig. 3. Fraction of timo for which a target is seen clearly when the 
retinal Image is vibrated. The results are shown as a function of 
frequency and amplitude in a contour map 


small. For large movements, the shape of the eyeball and 
the position of the lens inside it are altered by amounts 
that may be significant and accurate stabilization is not 
obtained. : 

When a subject views a stabilized retinal image the 
target is first seen clearly ; but, after a few seconds, details 
of pattern and contrast are lost and the field becomes 
grey—eventually it may go black. Usually there are 
intermittent and partial reappearances of the retinal 
target at intervals of a few seconds. Some of these are 
correlated with large movements of the eyes which may 
cause slip of the contact lens but it is nearly certain that 
many are not. 

Evidence from electrophysiology*-* suggests that the 
main response of the retinal receptors occurs when a 
stimulus is applied and when it is romoved—‘on-off’ 
response—the signals due to steady illumination being 
weak or non-existent. Consider the simple picture shown 
in Fig. 2 in which a dark area is separated from a light 
area by a single boundary and suppose that the dots 
represent the retinal receptors. If the image does not 
move relative to the receptors, all receptor-systems adapt 
and no signals aro transmitted so the boundary cannot be 
detected. If, however, the image is vibrated with an 
amplitude about equal to the distance between adjacent 
receptors, then the on-off response of receptors on or near 
the boundary is stimulated and signals are given by these 
receptors. This system is economical since only those 
receptors which have something interesting to say are 
allowed to send messages. 

It would be expected that an on-off response would 
operate only for a certain rango of frequencies of modula- 
tion. It is found that vision may be restored (when 
viewing an 8.R.J.) by flickering the light”!, frequencies 
in the range 4-10 c/s being very efficient. It is also 
found that those natural movemonts of the eye which 
remain during fixation include an irregular tremor the 
amplitude of which is roughly equal to the distance 
between the retinal receptors. In a Fourier analysis of 
this movement a high proportion of the power is found? 
in the range 1-10 efs. 

Further support for the view that movements of this 
amplitude and frequency are important is found by 
causing the retinal image to move in a controlled way 
with different frequencies and amplitudes”. This may be 
done by vibrating the mirror M, (Fig. 1). The results are 
shown as a contour map in Fig. 3, which shows the fraction 
of timé for which the target is seen clearly, as a function 
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of the amplitude and frequency of the imposed movement. 
There is a ‘plateau’ where vision is good (target seen more 
than 90 per cent of the time) and this extends well over a 
range of frequencies of 4-10 c/s and of amplitude of 
0-4-1-0 min arc. Within this region, which includes the 
main components of normal movements of the retinal 
image, conditions are not critical. It seems probable 
that the fine tremor is a noise-like movement due to tho 
action of opposed muscles in imperfect dynamic balance 
and that the visual system has evolved so as to make uso 
of what is essentially a defect of fixation. That the tremor 
has also an adverse effect may be seen from Fig. 3. The 
dotted region represents a range of frequency and ampli- 
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Fig. 4. Schematic servo-system for control of ere movements (Fender 
and Nye, ref. 10) 
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tude for which vision is less good than with the stabilized 
image. Woe should have expected this because, when the 
vibration is so rapid that the visual system integrates over 
one or more vibrations, the on-off response is no longer 
stimulated and the retinal image is blurred. In normal 
vision this effect is fairly small because the components 
of the tremor in the frequency range for which movement 
is adverse are small compared with those in the favourable 
range. 

The special problem of how the brain acquires the 
information by which movements of the eye are controlled 
' when following a moving target may be studied! by 
means of the apparatus shown in Fig. 1. A preliminary 
investigation indicates that the main types of information 
are: (a) from the retina—a signal concerning the dis- 
placement of the retinal image from the centre of the 
fovea; (b) from the proprioceptor nerves (associated with 
the eye muscles)—a signal which is probably mainly a 
report on the velocity with which the eye is rotating; 
(c) from the oculomotor system—a signal which repre- 
sents a relation between goal and achievement. The 
situation may be represented by a servo-control diagram 
(Fig. 4). By altering the magnification of the telescope T 
in Fig. 1, the magnitude of the feedback from the retina 
can be altered, that is, F (Fig. 4) can be varied from 
~5 to +5 (normal vision corresponds to F = 1 and the 
stabilized image condition to F = 0). In this way it is 
possible to perform experiments analogous to some of 
those which are used for investigating servo-systems and 
process control. When the subject tries to follow a sinu- 
soidally moving target his response may be recorded by 
allowing part of the light to fall on a photomultiplier 
(after its second reflexion from Mf,) and alter the output. 
It is then possible to measure the amplitude and phase-lag 
as functions of the amplitude and frequency of the move- 
ment of the target. This may be done for the ‘open-loop’ 
condition (F = 0) and for various other values of F 
(Fig. 5). As would be expected when the sign of the feed- 
back from the retina is reversed the system becomes 
unstable and the eye oscillates. 

The results so far described show that eye-movements 
are important in vision—so much so that any theory of 
the visual process which does not take account of them is 
seriously incomplete—and that there is an elaborate 
system for controlling some of the movements. Further 
progress may be made by examining the details of the 
eye-movement control (the analogy with a linear servo- 
system is only a first approximation). For this purpose 
the eye-movements are to be recorded on magnetic tape 
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which can be played back at reduced speed. The resulting 
signal is converted into digitalized information which 
can be punched on to paper tape for use by an electronic 
computer. This evolution of the experimental method in 
some respects resembles the evolution of the visual 
system. It becomes necessary since even a partial analysis 
of 10 sec of eye movements requires an hour of computer 
time. 

Another profitable line of research is to study the failure 
of specific aspects of vision and restoration by modulating 
the light or by imposed movements. For example, it is 
found that with fairly good stabilization hue discrimina- 
tion, between adjacent patches of light of equal lumin- 
ance, fails in a rather special way. Blues and greens fuse 
to a very pale blue-grey and yellow; orange and red are 
confused in a similar way. These confusions are in some 
ways similar to those of a tritanope and indicate that the 
hue discriminations which distinguish a normal observer 
from a tritanope depend on eye-movements. To under- 
stand this process further we need to find out how normal 
hue discrimination is restored by imposed movements 
and by modulation of the light". 

Some information is available concerning the relation 
of movements of the retinal image to the discrimination of 
differences of illumination!*, to problems of binocular 
summation and to pattern perception, but of the great 
variety of experimental conditions which may be obtained 
with the apparatus shown schematically in Fig. 1 only a 
small part has been investigated. 

It is easy to think of interesting problems in this field, 
but much more difficult to design crucial experiments 
from which one may hope to learn something of the 
filtering and coding operations of visual perception. 
Perhaps the most difficult thing of all is to select those 
which can most profitably be undertaken next—in view 
of limitations of resources and of the number of workers. 
The latter is perhaps, at the moment, the most important 
limitation. 
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RIBOSOMAL AGGREGATES ENGAGED IN PROTEIN SYNTHESIS : 
ERGOSOME BREAKDOWN AND MESSENGER RIBONUCLEIC 
ACID TRANSPORT 


By Dr. HANS NOLL, Dr. THEOPHIL STAEHELIN and Dr. F. O. WETTSTEIN 
Department of Microbiology, School of Medicine, University of Pittsburgh 


JEW insight towards understanding the molecular 
processes on the ribosomal surface which transcribe 
genetic information into the amino-acid sequence of 
proteins was gained by the recent discovery that the 
functional units of protein synthesis are ribosomal 
aggregates, ‘ergosomes’, consisting of 73 S particles held 
together by mRNA. Further investigations revealed 
that ergosomes are broken down during amino-acid 
incorporation in vitro. A similar breakdown was observed 
in vivo after inhibition of mRNA synthesis with actino- 
mycin§, 
As a closer examination of these observations might 
throw light on the mechanism of protein synthesis, we 


investigated the kinetics of protein synthesis and ergo- 
some breakdown. The results reported here indicate 
that ergosome breakdown and protein synthesis proceed 
synchronously and result in the stepwise release of singlo 
73 S particles containing nascent protein. We conclude 
that the two processes are manifestations of the same 
mechanism, that is, a translational movement of mRNA 
relative to the ribosomal sites at which mRNA interacts 
with transfer RNA supplying an amino-acid to a growing 
peptide chain. As mRNA moves through each site, it 
presents one coding triplet after the other, and the informa- 
tion is read off by successive interactions with the com- 
plementary amino acyl-transfer RNA molecules. When 
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fractions of different aggregate sizes. C ribosomes (3 mg RNA input), 
prepared according to ref. 2, were centrifuged in a sucrose gradient 
(exponential 0-38-10 M) for 2 h at 26,000 r.p.m. and collected in 1-0 ml. 
fractions as described in the text. The fractions were assayed for amino- 
acid incorporation by incubation at 37° C for 45 min after adding (final 
volume 1-5 mi.) postmicrosomal supernatant equivalent to 0-12 g rat 
liver (ref. 2), 0-04 moles pL-leucine-1-“C (12-5 me./m.mole), and the 
components of the standard incorporation mixture (4umoles/ml.): MgCl, 
(6-0), HCl-tris buffer pH 7-6 (50), 2-mercaptoethanol (2-0), ATP (1:0), 
GTP (0-4), potassium-phosphoenolpyruvate (10), crystalline pyruvate 
kinase (0-01 mg). The reaction mixtures were stopped and prepared for 
radio-assay in a liquid scintillation counter as previously described 
(ref. 2). RNA was estimated from the absorbancy at 260 mz using the 
relation 20 absorbancy nnits=1-0 mg RNA. (a) Total radioactivity 
incorporated as alkali-stable, acid-insoluble counts by each fraction; 
{b) specific activity (c.p.m. “C-leucine/0-1 mg RNA) as a function of 
aggregate size 


the entire message has passed through a ribosomal site, 
this terminal ribosome, carrying a finished peptide chain, 
is released from the ergosome. 

In a previous paper? we showed that after long incuba- 
tion periods, the amount of protein synthesized per mg 
ribosomal RNA increases with the size of the ribosomal 
aggregate up to a limit corresponding to aggregates of 
about (73 8),, and remains practically constant throughout 
the region of heavier aggregates. This conclusion was 
derived from incorporation experiments with ergosomes 
isolated from different regions of a sucrose gradient that 
had been cut into 8 fractions covering a spectrum of 
particle sizes ranging from about 50-500 S. In subsequent 
experiments, the resolution was improved by collecting the 
fluid from the sucrose gradient tube automatically into 29 
1-0-ml. fractions. Simultaneously, the distribution pattern 
of the absorbancy at 254 my was monitored by passing the 
effluent through a continuous-flow photometric absorption 
cell attached to a strip chart recorder (Fig. la). In order 
to minimize degradation, the entire system was cooled with 
ice and the fractions immediately assayed for amino-acid 
incorporation activity. The results summarized in Fig. la 
agree well with our previous findings. The fractions con- 
taining mostly single 73 S particles were completely 
inactive. The plot in Fig. 16 of specific activity (e.p.m. 
4C-leucine incorporated per 0-1 mg RNA) versus aggregate 
size shows a linear increase up to the octamers (73 S); the 
curve then slopes off and reaches a constant level between 
(73 S)io and (73 §),5- 

These results may be explained by postulating that 
larger aggregates are either capable of synthesizing protein 
at a faster rate or of maintaining synthesis over & longer 
period of time than smaller aggregates. In a study of the 
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time course of amino-acid incorporation with preparations 
containing ribosomes of different aggregate size, it was 
found that the initial rapid rate of synthesis was similar 
for all aggregates; tho smaller aggregates, however, 
ceased to synthesize protein earlier than the largor 
aggregates (Fig. 2). This observation suggested that loss 
of function may result from a gradual breakdown of 
ergosomes into inactive monomers (73 S particles). 

In a second type of experiment we examined tho 
kinetics of incorporation of amino-acid in a mixed ribo- 
some population which had not been separated into 
classes of different aggregate size. First, we examined the 
effect of short incorporation pulses on the distribution of 
nascent protein with respect to aggregate size. C ribo- 
somes, suspended in the standard incorporation mixture, 
were incubated for 30 sec in the presence of 
4C-leucine and then fractionated im a sucrose gra- 
dient. In one sample the 1C-leucine pulse was given 
at 0 time, in another sample this pulse was given 
after 5 min of incubation in the presence of 7C- 
leucine. It is evident from the shift toward smaller 
aggregate sizes shown by the absorbancy patterns in 
Fig. 3 that considerable breakdown of aggregates has 
indeed occurred during the incubation period. A charac- 
teristic feature is the large increase of monomers rolative 
to the other aggregate sizes, as evident from a comparison 
of the mass ratios of monomers to dimers (73 S). at the 
beginning (top pattern in Fig. 4) and after 0-5 or 5-5 min 
of incubation (Fig. 3a and b). 

An estimate of the rate of protein synthesis per unit ot 
ribosomal mass was computed from the gradient distribu- 
tion pattern of the nascent protein formed during the 
30-sec incorporation pulse. The results, plotted against 
aggregate size in Fig. 3c, show that at the beginning of the 
incubation period, the initial rate of protein synthesis by 
aggregates, computed per 73 S particle, was identical for 
all aggregates larger than pentamers (73 S);. For aggro- 
gates which are smaller than pentamers the rate was loss, 
the lowest rate being associated with the dimers (about 80 
per cent of the maximal rate). After incubation for 5 min, 
the overall incorporation rate had decreased to about 25 
per cent of the initial value, whereas the relatively lower 
incorporation rate associated with the smaller aggregates 
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Fig. 2. Time course of oe synthesis as a function of aggregate sizo. 
C ribosomes (2°5 mg RNA input per gradient tube, three tubes per run) 
were centrifuged for 3 h at 25,000 r.p.m. and collected with automatic 
recording of the effluent absorbancy. Aliquots (0-7 ml. containing 0-0z 

0-05 mg RNA) of the pooled peak fractions (73 S)s, (73 3), (73 S) and 
(78 S) Were incubated at 28° C for the indicated periods after adding 
0-02 moles uniformly labelled “C-r-leucine (50 me./m.mole); all other 

components as listed under Fig. 1 (final volume 1-0 ml.) 
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Fig, 3. Distribution of nascent protein in mixed ribosome population 
after incorporation pulses in vitro. (a) Sedimentation pattern of 
ribosomes and nascent protein labelled during a 30-sec interval at 
beginning of incorporation. (b) Sedimentation pattern of ribosomes and 
nascent protein labelled during 30-sec interval after 5-min incorporation. 
(c) Rate of protein synthesis per aggregate mass as a function of aggregate 
sizo, Values are computed from data in (a) (O) or (b) (@) and expressed 
as a percentage of maximal rate shown by aggregates > (78 S), (ordinate 
at left) or as ¢.p.m. “C-leucine incorporated per 30 see per 0-1 mg RNA 
{ordinate at ant). Note the difference in scale at right Indicating that 
overall rate of incorporation after 5 min has dropped to about 
cent of initial rate 


The incorporation mixtures (1:0 ml.) contained C ribosomes (1:2 mg 
RNA), postmicrosomal supernatant equivalent to 0-18 g rat liver, and 
standard reagents. In (a) uniformly labelled **C-leucine (0-008 “moles; 
246 mc./m.mole) was added at be; of incubation at 37° O and 
reaction terminated after 30 sec by chilling; in (b) *‘C-leucine was 
added after incubation for 5 min and reaction continued for 30 sec. The 
chilled incubation mixtures were centrifuged in a sucrose gradient for 
2h at 25,000 r.p.m. and the effluents monitored for absorbancy and 
collected in 0-5 ml. fractions using the automatic system. After addition 
of 1:0 mg bovine albumin as carrier, the samples were prepared for 
radioassay as described under Fig. 1 


5 per 


was now more pronounced: for example, the incorpora- 
tion activity of the dimers had dropped to 36 per cent of 
the maximal rate observed at this stage. The lower 
initial rates of synthesis associated with the smaller 
aggregates is also evident in Fig. 2. 

In the next experiment, the progress of protein synthesis 
and aggregate breakdown in a C ribosome preparation 
were both followed during a 10-min incubation period. 
Successive stages of the process are reflected in the sedi- 
mentation patterns taken after 0, 2, 5 and 10 min (Fig. 4 
a-d). Again, we notice a shift toward smaller aggregates 
as incubation proceeds, resulting in an accumulation of 
monomers. Both the rate of protein synthesis and the 
rate at which monomers are released diminish with time. 
Of particular significance is the finding that the 73 S 
ribosomes accumulating in the monomer pool are labelled 
and that the radioactivity per 73 S particle in the monomer 
pool increases with time. Since we have already shown 
that ribosomes in the monomer state do not synthesize 
protein, the monomers to which the labelled nascent 
protein is attached must originate from eggregates which 
actively synthesize protein. Also, we have seen that, for a 
given aggrogate size, the overall rate of protein synthesis 
is approximately proportional to the number of 73 S 
particles making up the aggregate. Assuming that the 
rate of amino-acid polymerization into one peptide chain 
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Table 1. CHANGE IN PARTIOLE SIZE DISTRIBUTION DURING INCUBATION OF 
C RIBOSOMES WITH RNASE AND UNDER CONDITIONS OF PROTEIN SYNTHESIS 


Incu- 














bation Frequency distribution of particles with 
time aggregate size (73 S)n? 
(min.) Total Aggre- 
n= popula- gates 
1 2 3 5 6 >7 tion (22) 
RNase? 
0 100 65 63 61 57 47 226 619 519 
1* | 244 151 117 98 78 56 204 948 704 
3* | 344 216 149 111 85 59 186 1,150 806 
8* |586 338 206 188 95 60 150 1,573 987 
8+ | 780 396 230 145 93 55 129 1,838 1,048 
Protein? 
synthesis| 
Q 100 75 50 43 35 29 108 440 340 
2 388 95 68 52 35 25 78 739 351 
5 815 110 84 61 35 23 47 975 360 
10 900 133 97 68 34 23 d4 1,299 399 


1 The numbers given in this table were estimated from the integrated peak 
arcas in the corresponding sedimentation diagrams, arbitrarily setting the 
initial monomer concentration at 100. 

2 From experiment shown in Fig. 5, a~c(*) and a(t). 

3 From experiment shown in Fig. 4, after correcting 0-time distribution for 
unspecific aggregation as explained in legend to Fig. 6. 


is independent of aggrogate size, we therefore conclude 
that, for a given aggregate, the number of growing peptide 
chains is proportional to the number of 73 S particles, or, 
in the simplest case, that each 73 S particle in an aggregate 
is entrusted with the synthesis of one peptide chain. 

The observation of ergosome breakdown during protein 
synthesis in vitro raises the question whether the two 
processes are both part of a common mechanism. In 
order to test this possibility, we compared the breakdown 
patterns developing during incubation of C ribosomes in 
buffer solution containing traces of crystalline RNase 
(10-* g/ml.) with those obtained in the course of protein 
synthesis (Fig. 4). Visual inspection of the recordings 
reproduced side by side in Fig. 5 reveals that the break- 
down patterns corresponding to these two experimental 
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Fig. 4. Kinetics of aggregate breakdown and protein synthesis. Incuba- 
tion mixtures (1:0 ml.) containing C ribosomes (approximately 1:2 mg 
RNA), pH 5 enzyme (approximately 6 mg protein), 0:04 moles L-leucine- 
1-¢ (25 me./m.mole), a mixture of unlabelled 19 L-amino-acids (0-1 
umole each) excluding leucine and the standard reagents were incubated 
at 37° C for 2 min, 5 min and 10 min respectively, chilled and centrifuged 
in sucrose gradients for 2 h at 25,000r.p.m. The fractions were collected 
and assayed as indicated under Fig. 3. The 0-time distribution pattern 
is shown at the top. The peak positions of the 73 S monomer and its 
oligomers are marked by the Nos. 1-7 
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_ Fig. 5. Kinetics of aggregate breakdown during protein synthesis and 
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during incubation with pancreatic RNase. (a) Protein synthesis: 
Incubation mixtures (1-0 ml.) containing C ribosomes (1-4 mg RNA), 

H 5 enzymes (approxima tely 4 mg protein) and standard reagents were 
facubated at 25° C for 0 (0), 5 (A), 10 (B) and 30 (C) min, chilled and 
centrifuged in sucrose gradients for 2 h at 25,000 r.p.m. (6) RNase: 
C ribosomes (1-0 mg RNA/ml.) were incubated at 30° C in Med. A salt 
buffer (ref. 2) containing 1-0 10-° g/ml. crystalline pancreatic RNase for 
1 (a), 3 (b) and 8 (c) min. Sample (d) was incubated for 8 min at an 
RNase concentration of 1:5 10-* g/ml. The samples were centrifuged for 
3 hat 25,000r.p.m. The sedimentation pattern of the original untreated 
C ribosomes is shown at the top (0). The ultra-violet absorbancy of the 

effluent was recorded. automatically (ref. 2) 


situations are strikingly different. The results were 
analysed quantitatively by computing, after various 
incubation periods, the relative number of particles present 
in the classes of different aggregate size (Table 1). In 
both experimental situations there is an increase in the 
total number of particles. From the predominant increase 
in monomers, it is evident that tho breakdown associated 
with protein synthesis proceeds preferentially through a 
stepwise release of monomers, whereas tho increase in total 
particle population produced by RNase action is distribu- 
ted over a wide range of aggregate sizes. A plot of the 
increase of monomers against the increase in total particle 
population (Fig. 6) shows that the experimental points 
obtained under conditions of protein synthesis closely 
follow a straight line with unity slope that would be 
expected if every cleavage produces a 73 S particle, and if 
we disregard the special case of the small fraction of 
dimers for which a cleavage yields two 73 S particles. In 
contrast, less than every second cleavage releases a 
monomer during the early phase of incubation with RNase. 
This is evident from the other set of experimental points 
in Fig. 6, which fit well to the theoretical curve which was 
computed for a breakdown process following random 
cleavage. 

The single stepwise breakdown of ergosomes under 
conditions of protein synthesis and the proportionality 
between the size of the ribosomal aggregate and the 
number of growing peptide chains suggested that the 
release of monomers is a consequence of protein synthesis 
and occurs whenever a peptide chain has been completed. 
The data given in Fig. 4 were analysed in order to test 
their agreement with this hypothesis. The amount of 
monomers (M) released during a given period of time was 
found to be proportional to the amount of protein (Pa) 
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synthesized per 73 S particle present in an aggrogate of 
given size (Fig. 7). Thus, under the conditions of our 
experiment, the rate of protein synthesis per unit of 
ribosomal mass is very nearly proportional to the rate of 
monomer formation: 


aPy _ , aM 
di di 
and. 
Pa = aM 


Therefore, the total nascent protein (Pm) attached to the 
released monomers accumulates in the monomer pool (M) 
at the rate: 


dP alt 
Lia = —_ oi 
a ae 
or : 
dPu _ 
aw 


reaching an amount of Pu= 5 M? after timet. Computed 


as the amount of protein attached per monomer particle 
(PB), this yields: 


Pa=5M 


Comparing at any one time the specific activity (4C- 
leucine incorporated/73 S particle) of the monomer pool 
with that of the aggregates, we find: 


Pa l 

á =i 1 

Per 2 u) 
It is evident, however, from the different slopes of the lines 
in Fig. 7 that the rate constant « increases with increasing 


aggregate size. This effect has already boen observed in 
the rate studies with isolated fractions of different aggre- 
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Fig. 6. The two theoretical curves show the increase in number of 
monomers relative to the increase in number of particles (= monomers 
plus aggregates) expected during the breakdown of a population of 
aggregates (a) by orderly stepwise monomer release from one end of each 
aggregate (upper curve), and (b) by random cleavage of bonds within 
aggregates (lower curve). The experimental points obtained under 
conditions (a) of protein synthesis, and (b) incubation witn RNase 
closely follow these theoretical expectations. The curve for random 
cleavage was computed by a Monte Carlo method as follows: a popula- 
tion of aggregates was represented by a population of sets of numbers in 
which successive cleavages were produced on the basis of a table of 
random numbers 

Since C ribosomes tend to form unspecific aggregates which disappear 
on incubation, the 0-time size distribution is somewhat shifted 
toward heavier aggregates when comp red with the original distribution 
in the postmitochondrial supernatant. The experimental values shown 
for protein synthesis have been computed from 3 different experiments 

(the values represented by closed and open circles from Figs. 4 and 5. 

respectively) on basis of a corrected 0-time distribution. The values for 

RNase breakdown have been computed from Fig. 6 on basis of the 

original ( A) and a corrected (A) 0-time distribution 
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Fig. 7. Proportionality between amount of monomers released and of 
rotein synthesized per 73 S particles in aggregates during incubation, 
sing the data in Fig. 4, the specific activities (c.p.m. “C-leucine incor- 

porated/0-1 mg RNA) after various incubation periods were computed 

for particle sizes ranging from (73 S), to (78 S)» and plotted against the 
amount of monomers released during the corresponding time intervals. 


The slope a of the dotted line Pasa M representa the megn rate constant 
computed from the particle size distribution in Table 1 and the corre- 


sponding individual rate constants in Table 2. The dotted line P g =$ M 


predicted by equation (1) closely fits the solid line „determined by 
experiment 


gate size (Fig. 2) and in pulse incorporation experiments 
with a mixed population (Fig. 3c). The tabulation of the 
individual rate constants versus aggregate size given in 
Tablo 2 shows that the efficiency of protein synthesis per 
unit of ribosome mass is almost the same for all aggregate 
sizes equal to or larger than (73 S);, but lower for the 
smaller oligomers, for example, 80 and 67 per cent of 
maximal efficiency for trimers and dimers. 

The decreased efficiency of protein synthesis exhibited 
by the oligomers containing less than five 73 S particles 
probably reflects contamination of the active fractions 
studied with inactive monomers and with oligomers that 
have for some reason stopped functioning. The enhance- 
ment of the effect with increasing incubation time also 
points in this direction. Also, monomers that have lost 
their mRNA have a tendency for dimerization at high 
Mgt concentrations‘, an effect that would explain why 
the apparent efficiency of protein synthesis is lowest in the 
dimers and becomes more pronounced with time. 

Considering these experimental complications, the slope 
of the line (Fig. 7) representing the labelled protein winding 
up in the monomer pool appears to be in good agreement 
with the approximation predicted by equation (1). 

A. great number of incorporation experiments were 
carried out at temperatures ranging from 25° to 37° C and 
with different preparations of ribosomes, pH 5 enzymes or 
postmicrosomal supernatant. All these showed propor- 
tionality between the rates of protein synthesis and growth 
of the monomer pool. Hence, we conclude that aggregate 
breakdown by stepwise release of monomers is a necessary 
feature of protein synthesis. Moreover, both amino-acid 
incorporation and aggregate breakdown. frequently stop 
simultaneously long before all aggregates have broken 
down, in contradiction to the alternative hypothesis that 


Table 2. EFFICIENCY: OF PROTEIN aa AS A FUNCTION OF AGGREGATE 
IZE 





Aggregate size (78 S)n n=10 | 5 i 4 | 3 


i 2 
Relative rate constant 10 1 093 | 087 | %80 | 0-67 
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the breakdown of aggregates might be the primary cause 
for the cessation of protein synthesis. 

Summarizing our evidence, we conclude that ribosomal 
aggregates synthesize protein by a mechanism showing the 
following two characteristic features: (1) formation of 
one peptide chain at each 73 S particle unit; (2) breakdown 
of aggregates by sequential release of single 73 S particles, 
each containing a finished peptide chain. Since protein 
synthesis requires the reading and translation of the 
RNA-message into a co-linear amino-acid sequence, it 
follows that the condensing site entrusted with this task 
must move relative to the RNA template. From previous 
experiments, indicating that the ribosomal particles are 
strung together into aggregates by one continuous strand 
of mRNA! and from the results presented here, we con- 
clude that each 73 S particle contains a condensing site 
through which the messenger must move in order to 
deliver themessage. The mechanism by which a ribosomal 
aggregate synthesizes protein may thus be compared to 
the feeding of a tape through a series of recorders which, 
in close succession, type out the entire code-message 
delivered by a common tape. 


Discussion 


The kinetic experiments described in this article support 
the idea that translation of the genetic message is accom- 
plished by the movement of mRNA relative to the ribo- 
somes making up an active aggregate, and that each ribo- 
some features a condensing site at whieh a polypeptide 
chain is growing. The likelihood of such a mechanism, 
apparently first suggested by Gilbert’, has been discussed 
by Warner et al.) and by Watson‘. j 

C-ribosomes prepared from Æ. coli, like those from rat 
liver? and reticulocytes!, show the characteristic aggregate 
structure by sedimentation analysis and electronmicro- 
scopy and appear to synthesize protein according to the 
same kinetics’. Further information on some of the details 
of the mechanism established by our kinetic studies has 
been gained by additional experiments. 

We shall discuss the following aspects of the overall 
process: {1) Size of mRNA and protein sub-units; (2) 
‘mechanism of mRNA transport and amino-acid transfer; 
and (3) assembly and breakdown of ergosomes. 

(1) Size of mRNA and protein sub-units. From the 
observation that a hemoglobin chain of about 150 amino- 
acids is synthesized by pentamers (73 S), and from 
electronmicroscopic measurements, Warner et al. esti- 
mated that the average distance between the condensing 
sites of two ribosomes in an aggregate corresponded to a 
mRNA length of about 90 nucleotides (~mol. wt. 30,000) 
or about 300 A. From our kinetic studies we calculate 
that about 1:7 leucine residues are added to each growing 
peptide chain as the messenger tape moves across the 
distance between two ribosomal condensing sites. - If 
allowance is made for the presence of 1°C-leucine in the 
reaction mixture, this corresponds to a value of about 
20-30 amino-acids, or about 60-90 nucleotides. Hence 
ribosome-bound mRNA accounts for only 1-5 per cent 
of the total RNA contained in the active aggregate. 

Our studies with rat liver cells indicate that specific 
aggregates containing up to about twenty 73 S particles 
per messenger are probably present in these cells. Such 
aggregates would be held together by a messenger of 
mol. wt. 600,000 which could code for polypeptide chains 
containing 600 amino-acids corresponding to a protein 
sub-unit of mol. wt. 70,000. The size of the most frequent 
aggregates in the extracts ranges from (73 S), to (73 S)<, 
(Table 1). This estimate is based on zone centrifugation 
analysis of the deoxycholate-treated postmitochondrial 
supernatant prepared after gentle homogenization of the 
tissue. Under these conditions unspecific aggregation did 
not occur, and the size distribution did not change with 
prolongation of homogenization. On the other hand, 
from the test of functionality in vitro (Fig. 1), we conclude 
that aggregates containing at least 8-12 ribosomes are 
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capable of making peptide chains of about 300 amino- 
acids corresponding to a protein sub-unit of 35,000 
molecular weight and a single RNA-message of 900 nucleo- 
tides (mol. wt. 300,000). 

(2) Mechanism of mRNA transport and amino-acid 
transfer. Available evidence indicates that the transfer of 
amino-acids from sRNA to the growing peptide chain 
requires two enzymes and the intervention of guanosine- 
triphosphate (GTP)*-°. Addition of puromycin to the 
incorporation mixtures prevents further peptide bond 
formation, apparently by fraudulent attachment of the 
phenylalanine amino group of puromycin to the activated 
carboxy-end of the polypeptide chain", but allows the 
discharge of amino-acids from sRNA to continue and the 
terminal phosphate of GTP to be released!?. We have 
examined the action of puromycin and GTP in our ribo- 
some systems and have found that at puromycin concen- 
trations that completely arrest the incorporation of amino- 
acids into protein, the ribosomal aggregates break down 
at an accelorated pace by a strictly GTP-dependent step- 
wise release of 73 S monomers**. From these findings, we 
conclude: (1) that puromycin uncouples mRNA transport 
from protein synthesis by causing a short circuit that 
by-passes peptide bond formation; (2) that mRNA trans- 
port through the ribosomal condensing site is directly 
linked to the GT'P-dependent amino-acid transfer. Thus, 
the sequence of events resulting in the transfer of an 
amino-acid from sRNA into a peptide bond may bo 
broken down into the following two hypothetical steps, 
each catalysed by one of the transfer enzymes: 


H RO H RO 
m-N-b-b-4-d-b-o saay cr? 


transferase I 


(1) l transport 
i 
| Nee GDP+sRNA 
} 
Ry, ô H RO R; O 


R 
nN- h-e. -o-P+HN-b-b-0 ssRNA 


transferase II 
(2) ee 
—— 


R, RÖ H RO 
amw-d-h-t-b-b-t-d-b-0 sana 


i GTP 


4 
ete. 

In the first reaction the sRNA. that is linked through an 
ester bond to the growing end of the peptide chain is split 
off by exchange with the terminal phosphate of GTP. 
The activated acylphosphate end-group afterwards 
forms a peptide bond with the amino group of the next 
incoming aminoacyl-sRNA molecule and the process 
repeats itself. We further postulate that the simultaneous 
transport of mRNA and nascent peptide chain relative to 
the ribosomal surface is mediated by an allosteric offect*+ 
involving the first transfer enzyme. Wo imagine that this 
enzyme forms an interlocking structure with the ribosomal 
surface, the end of the nascent peptide chain, sRNA and 
mRNA. Reaction with GTP then triggers a change in the 
configuration of the enzyme relative to its point of attach- 
ment at the ribosomal surface, thus manceuvering mRNA 
and the end of the peptide chain into position for the 
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attachment of the next eminoacyl-sRNA molecule. At 
the same time, the release of the reaction products GDP 
and sRNA clears the way for the approach of the second 
transfer enzyme and provides the energy required for 
mRNA transport and peptide bond formation. Thus, in 
order to drive the synthetic reaction most efficiently, the 
need for an additional energy source becomes plausible and 
would explain the hitherto obscure participation of GTP 
in protein synthesis. 

There has been much speculation about the nature of the 
interactions that are holding mRNA, sRNA and nascent 
protein attached to the ribosomal surface. We postulate 
that the transfer enzymes, in addition to their catalytic 
and transport function, play an essential part in main- 
taining the structural integrity of the active complex. 
A number of observations, summarized previously*, 
suggest that mRNA runs through the groove between the 
30 S and 50 S sub-units of the 73 S particle. The transfor 
enzymes, by attaching themselves firmly to the ribosomal 
surface in a straddling position over this site, apparently 
with a somewhat firmer binding to the 50 S sub-unit?45, 
would form a lock into which only that sRNA molecule 
can fit which contains the coding triplet specified by 
mRNA at any given moment. Most likely the sRNA. 
molecules are bound to the ribosome-enzyme complex 
primarily through interaction of the terminal CCA 
sequence, common to all sRNA molecules, with a correc- 

onding site on the transfer enzyme. The more genoral 
belief that sRNA is bound to mRNA by base pairing 
between the two complementary coding triplets secms 
unfounded, since the binding force resulting from hydrogen 
bonding between two complementary trinucleotide se- 
quences has been found negligible’*. The two-step scheme 
proposed for the transfer mechanism predicts that only a 
fraction of the growing peptide chains of an ergosome 
would be occupied by a terminal sRNA residue at any one 
time and that the size of this fraction would vary depend- 
ing on which of the two transfer enzymes is rate limiting. 
The results of experiments with labelled sRNA seem to 
confirm this concept!’. 

(3) Assembly and breakdown of ergosomes. According to 
the tape mechanism, assembly of ribosomes into aggro- 
gates by successive attachment of vacant monomers to 
the advancing end of the messenger must be coupled to 
protein synthesis. Certain observations suggest that in 
bacteria this process of assembly is initiated by the attach- 
ment of vacant monomers to the end of the nascont mRNA 
strand on the DNA template!8:19, thus coupling mRNA 
synthesis to protein synthesis. Inhibition of peptide 
bond formation by the uncoupling action of puromycin 
would then allow assembly and mRNA synthesis to con- 
tinue in the absence of protein synthesis. This hypothosis 
is supported by observations in bacteria that mRNA 
synthesis is dependent on the supply of all amino-acids 
and that protein synthesis stops after addition of puro- 
mycin, whereas mRNA turnover continues**. In line 
with this reasoning, the events determining the destruc- 
tion of the message would have a regulatory offect, since 
rapid destruction of a message would stimulate mRNA 
release from its template through the accumulation of 
vacant monomers. Consequently, the rate of mRNA 
turnover should manifest itself both in the size distribution 
of aggregates observed under steady-state conditions in 
vivo and in the number of polypeptido chains synthesized 
by one mRNA molecule. Indeed, we have found that 
extracts from exponentially growing E. coli, for which an 
mRNA. lifetime of only about 2 min has been estimated*!, 
contained mostly monomers and a minor proportion of the 
smaller aggregates resulting from mRNA broakdown’. In 
reticulocytes, at the other extreme, which are endowed 
with a stable mRNA, Warner et al. observed both mono- 
mers and a homogeneous population of pentamers (73 S), 
engaged in hemoglobin synthesis!. The virtual absence of 
smaller oligomers indicates a steady state between release 
and re-addition of monomers with negligible mRNA 
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breakdown. In rat liver cells, which represent an inter- 
mediate situation, mRNA turns over within 4-8 h (ref. 3) 
and the aggregate sizes cover a wide spectrum reflecting 
different mRNA sizes and stages of breakdown. 

The destruction of the message might be accomplished 
by the RNase present in latent form on the 30 S sub-unit 
of ribosomes**-*3, Activation of this enzyme in a vacant 
monomer attaching itself to the advancing end of mRNA 
would result in an orderly disposal of the message in 
synchrony with mRNA transport and peptide bond 
formation. This picture is in harmony with the break- 
down of rat liver ergosomes by stepwise release of mono- 
mers observed in vivo after blocking mRNA synthesis 
with actinomycin’, and with the breakdown kinotics of 
ribosome-associated mRNA into acid-soluble products 
observed in vivo?! and in vitrol4, It also explains why 
specific breakdown of ribosome-associated mRNA in vitro 
is ATP-dependent but not inhibited by puromycin. 

In the rat liver system described here, the nascent 
protein remains attached to the ribosomes, and thus may 
prevent re-utilization of the monomers generated during 
protein synthesis in vitro by blocking attachment to 
mRNA. The results of Fessenden et al. with rat liver 
ribosomes indicate that attachment of poly-u requires a 
release factor from the supernatant fraction which is 
different from the two transfer enzymes”. The importance 
of a release factor for re-attachment is illustrated by the 
reticulocyte system for which both the beginning of new 
and the release of complete hemoglobin chains has been 
demonstrated in vitro*. After addition of poly-v to this 
system, polyphenylalanine synthesis proceeded at max- 
imal rate only after hemoglobin synthesis had ceased?’. 
Apparently, the lag in polyphenylalanine synthesis 
reflects a rate-limiting release of hemoglobin chains from 
rapidly accumulating monomers generated by hæmoglobin 
synthesis, which is followed by attachment of vacant 
monomers to poly-v. This concept is further strengthened 
by the observation that natural messengers (TMV-RNA) 
can form aggregates only under conditions of protein 
synthesis*®, The mechanism by which artificial messen- 
gers (poly-v) cause aggregation of ribosomes in the cold?8 


NEWS an 


The Royal Institution 


Ar the annual meeting of the members of the Royal 
Institution which was held on May 1, Lord Brabazon of 
Tara announced his retirement from the office of president 
of the Institution. Lord Brabazon, who was a Cabinet 
Minister during the War and is well known as a pioneer 
flyer, motor racer and public figure in many spheres, was 
an active and enthusiastic president of the Royal Institu- 
tion. He regularly presided over the monthly meetings 
of the managers and members, took the chair at many 
of the Friday Evening Discourses, and in 1953 gavo a 
discourse himself on “The Birth of Flight”. Lord 
Brabazon succeeded the late Lord Rayleigh as president 
in 1948. 

Lord Fleck of Saltcoats was elected president in suc- 
cession to Lord Brabazon. Lord Fleck was chairman of 
Imperial Chemical Industries from 1953 until 1960 and is 
treasurer and a Fellow of the Royal Society. He has been 
a member of the Royal Institution since 1955 and now 
becomes the thirteenth president since the foundation of 
the Institution in 1799. 

The following officers for 1963-64 were also elected: 
Treasurer, Mr. W. E. Schall; Secretary, Brig. H. E. 
Hopthrow; Managers, Dr. A. Clow, Sir Harold Roxbee 
Cox, the Hon. Lady Egerton, Dr. T. F. Gaskell, Prof. 
A. G. Gaydon, Prof. A. Haddow, Mrs. H. K. Hawkes, 
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as well as the nature of these aggregates remain to be 
elucidated. 

We thank Prof. N. K. Jerne for his advice. 

This work was supported by research grants from the 
American Cancer Society (P-318) and the U.S. Public 
Health Service (AI 04303). In addition, one of us 
(F. O. W.) was supported by training grant 2H#-80 and 
another (H. N.) by research career development award 
GM-K3-15, 274 from the U.S. Public Health Service. 
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The Kalinga Prize: Mr. Gerard Piel 


Mr. GERARD PæL, American science writer and pub- 
lisher of the Scientific American, has been selected as the 
eleventh winner of the international Kalinga Prize of 
£1,000 sterling for the popularization of science. The 
Kalinga Prize, awarded by an international jury appointed 
by Unesco, is a personal donation by Mr. Bijoyanand 
Patnaik, an Indian industrialist who is chief Minister of 
the State of Orissa and a director of the Kalinga Founda- 
tion, named after the Indian empire ruled by Asoka 
twenty-two centuries ago. Mr. Piel, who was born at 
Woodmere, Long Island, in 1915, is a graduate of Harvard 
University. He served as science editor of Life Magazine 
from 1939 until 1945. Then, in 1947, he and two associates 
revived the Scientific American, of which he has been 
president and publisher ever since. He was nominated 
for the award both for his writings—he is the author, 
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among other things, of Science in the Cause of Man—and 
as recognition for the achievements of the Scientific 
American, which now has a circulation of more than 
325,000. The magazine has also published ten paper- 
back books and some 3,500,000 reprints of articles for 
science teachers. 
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Mechanics of Fluids at Manchester: 
Dr. N. H. Johannesen 


Dr. Nærs Horm JOHANNESEN has been appointed to 
the chair of the mechanics of fluids, vacated by the 
resignation of Prof. P. R. Owen (see Nature, 195, 755; 
1962), with effect from June 1. Dr. Johannesen was born 
in Denmark and became a British citizen by naturaliza- 
tion in 1958. ‘He was educated at the Technical University 


of Denmark, Copenhagen, by which he was awarded the ` 


degree of M.Sc. in 1945 and that of Dr.Techn. in 1951, 
his main subject of study being mechanical engineering. 
He also studied at the University of Copenhagen. From 
1945 until 1950 he was a Research Fellow in the Mech- 
anical Engineering Laboratory, Technical University of 
Denmark, and spent short periods in Manchester under 
Prof. Goldstein. In 1950 he went to Manchester as a 
British Council Scholar; he was appointed assistant 
lecturer in the Department of Mechanics of Fluids in 1951 
and promoted lecturer in 1952 and senior lecturer in 1955. 
He has been a reader in the Department since 1962. Dr. 
Johannesen’s research work in the past has been mainly 
on supersonic flow, both in wind tunnels and in super- 
sonic jets. More recently, he has studied high-temperature 
effects in high-speed flow of gases. His present work is 
concerned with flow with relaxation effects. He is the 
author of a number of published papers and of tables for 
use in calculations on high-temperature fluid flow. 


Director of Industrial Gas Research: 
Dr. W. A. Simmonds 


Dr. W. A. Smotonns has been appointed director of 
industrial research by the Gas Council. This is a new 
appointment which the Council has made in view of the 
increasing importance and complexity of industrial 
applications of gas. The whole of the Council’s industrial 
gas research programme will, in future, be concentrated 
at its Midlands Research Station at Solihull, where Dr. 
Simmonds has hitherto been in charge of the industrial 

gas research group. Dr. Simmonds, who is forty-six, was 
for several years with the former Gas Research Board, as 
head of a team working on gas utilization. He transferred 
to the staff of the Council’s Midlands Research Station 
on its opening. He was educated at University College, 
London, obtaining honours in physics in 1939. 


Immigrant Scientists in the United States 


FOLLOWING an earlier study, Immigration of Profes- 
sional Workers to the United States, published in 1958, 
the National Science Foundation has now issued more 
recent and detailed information regarding scientists and 
engineers in a report, Scienttfic Manpower from Abroad 
(NSF 62-64. Pp. iii+25. Washington, D.C.: Govern- 
ment Printing Office, 1962. 25 cents). When used without 
qualification, the term ‘scientist’ includes engineers but 
excludes social scientists, and no attempt has been made 
to assess the contributions of foreign-born and foreign- 
trained technicians, mechanics and workers in other non- 
professional categories. Although it is impossible to form 
a precise estimate of the total number of immigrant 
scientists, it is considered unlikely that they constitute 
more than 10 per cent of American scientific manpower, 
but the 109 foreign-born and foreign-trained scientists 
who are members of the National Academy of Sciences 
represent 17-3 per cent of the membership of 631. Further- 
more, of the 40 United States Nobel Prizewinners in 
physics and chemistry, 15 are of foreign origin or later 
emigrated to the United States. During 1949-61, 
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44,480 scientists and engineers were admitted to the 
United States as immigrants, 33,466 being engineers, the 
numbers rising from 1,234 in 1949 to a peak of 5,823 in 
1957, since when it has declined steadily to 3,922 in 1961. 
Expressed as a percentage of the number of United 
States graduates in engineering and science, the figures 
are 1-3, 8-1 and 4-2 per cent, respectively. Most of the 
immigrant scientists settle down quickly and make 
valuable contributions to American science and to the 
general good of the Republic. Social and cultural mal- 
adjustment is slight and there is no evidence that native 
American scientists have been disadvantaged by their 
presence. It seems reasonable to assume that the American 
scientific community can continue to absorb foreign 
scientists at about their present rate of entry for some 
time to come. 


Scientists in the Civil Service 


THE ninety-sixth annual report of the Civil Service 
Commissioners for the year 1962, which comments more 
particularly on recruitment to the ‘clerical class’, notes 
no major changes in recruitment policy or methods, but 
more candidates were examined and declared successful 
than in previous years, and a modest addition to the 
Commission’s staff was necessary (Pp. v+28. London: 
H.M.S.0., 1963. 3s. 6d. net). The manpower requirements 
of the Service were largely met over a wide range of posts 
and some deficiencies in staffing were made good. In the 
scientific officer grades a larger proportion of vacancies 
was filled than in previous years and in some branches 
of science staffing needs have been fully met. Organic 
chemists and most kinds of biologists are now required only 
to replace normal wastage, but a few specialized biological 
posts remain difficult to fill. All posts for geologists in 
the Geological Survey and Museum were filled: these now 
attract first-class candidates, and competition has become 
very keen. The improvement in the number of patent 
examiners recruited in 1961 was maintained, but wastage 
was exceptionally severe and recruitment must continue 
at the same level for the next two years to bring tho 
Patent Office staff up to full complement. The com- 
petitions for professional posts at more senior levels, 
chiefly for the inspectorates, and for architects, quantity 
surveyors and planning officers now appear to be receiving 
more attention outside the Service and most of the 
vacancies were filled. There was also a significant increase 
in applications from outside the Service, particularly in 
the mechanical and electrical engineering field, for estab- 
lished professional and technical engineering appoint- 
ments, but recruitment of young graduates of high quality 
to train as engineering cadets remained disappointing. 
though recruitment of scientific assistants improved during 
the year, though geographically patchy. The ‘executive 
class’ maintained its growing popularity among the 
universities, and there was no difficulty in meeting 
departmental requirements. 


Safety Testing of Drugs 


Fortowme the recommendations in the recent report 
of a joint sub-committee under the chairmanship of Lord 
Cohen of Birkenhead, and the Government’s acceptance 
of these recommendations on April 4, a new Committee 
on Safety of Drugs has been formed. Sir Derrick Dunlop, 
emeritus professor of therapeutics and clinical medicine, 
University of Edinburgh, has been appointed chairman 
of the Committee. The following members of the Com- 
mittee and chairmen of its three sub-committees have 
also been appointed: Prof. A. C. Frazer, professor of 
medical biochemistry and pharmacology, University of 
Birmingham (Sub-committee on Toxicity Testing); Prof. 
R. B. Hunter, professor of materia medica and thera- 
peutics, University of St. Andrews (Sub-committee on 
Clinical Trials and Therapeutic Efficacy); Prof. L. J. 
Witts, Nuffield professor of clinical medicine, University 
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of Oxford (Sub-committee on Adverse Reactions). The 
names of the other members of the Committee and its 
full terms of reference will be announced as soon as 
possible. 

The report of the Joint Sub-committee proposed that 
the Health Ministers should appoint an independent expert 
Committee on Safety of Drugs which, with the assistance 
of three sub-committees, would advise, in the light of 
current medical and scientific knowledge, on the adequacy 
of toxicity. tests of a new drug before it is sub- 
mitted to clinical trial, and on the adequacy of 
clinical trials before it is released for general use, and 
would arrange for the collection of data about any adverse 
effects found afterwards. 


The Blood Group Reference Laboratory, London 


On May 8, Lord Newton, the Joint Parliamentary 
Secretary, Ministry of Health, opened. the new building 
of the Blood Group Reference Laboratory in the grounds 
of the Lister Institute, Chelsea Bridge Road, London, 
S.W.1. The Laboratory, which is administered by the 
Medical Research Council on behalf of the Ministry of 
Health and is directed by Dr. A. E. Mourant, issues blood 
grouping sera for use by the National Blood Transfusion 
Service, by hospitals in the United Kingdom and by 
various laboratories overseas, and gives advice on clinical 
cases and technical problems referred to it by other 
laboratories; it is recognized by the World Health 
Organization as the International Blood Group Reference 
Laboratory. The Laboratory, because of its wide national 
and international connexions, has exceptional opportuni- 
ties to examine rare types of blood and much research 
has been done on these. The Laboratory has also taken 
part in trials of the long-term preservation of blood by 
freezing ; @ recent development is an investigation of 
antibodies against the white cells and platelets of blood 
which has an immediate application in transfusion cases 
and which is likely to be one of the important keys to the 
safe transplantation of organs such as kidneys. 
and equipped by the Ministry of Health, the Laboratory 
cost £83,500. 


The National Reference Library of Science and Invention 


In answering a question regarding the availability of 
scientific and technological literature in London in the 
House of Commons on April 23, the Parliamentary 
Secretary for Science, Mr. D. Freeth, said that the 
Government considered that there was room for improve- 
ment in the provision of such literature in London and 
had already announced the establishment of the National 
Reference Library of Science and Invention on the South 
Bank, to be ddministered by the British Museum. This 
Library would incorporate the present Patent Office library 
and substantial holdings of current scientific material 
to be transferred from the British Museum. The acquisi- 
tion of additional periodicals and books from all over the 
world to complement these two collections had already 
begun following the first annual grant to the British 
Museum of special funds for the purpose; building would 
be started early in 1964. 


The International Council of Scientific Unions- 


Tue I.0.8S.U. Review of World Science for January 1963, 
the first number of Vol. 5, is marked by two new features. 
First, an article by R. J. Forbes describing the Royal 
Netherlands Academy of Science and Letters inaugurates 
a series of articles on national academies and research 
councils. Secondly, an article, by O. Struve, on the 
International Astronomical Union, and two by R. H. 
Dicko on cosmology and relativity and by J. S. Hey on 
radio astronomy and cosmology, open a series of surveys 
of the more lively disciplines falling within the ambit of 
the International Council of Scientific Unions. The 
present issue also includes an article by L. de Sitter on 
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the relation between geology and geophysics and by Dr. 
E. Wichers on the new scale of nuclidic masses and 
atomic weights. 


Journals on Geophysics 


THREE simultaneous developments in the literature of 
geophysics attest the recent extensive activity in this 
science. First, the journal Geophysical Abstracts, hitherto 
issued quarterly as a bulletin of the United States Geo- 
logical Survey, appears from January 1963 as a separate 
monthly publication of the United States Geological 
Survey, designed to provide abstracts of technical papers 
and books on the physics of the solid Earth, on the 
application of physical methods and techniques to geo- 
logical problems, and on geophysical methods of explora- ` 
tion for mineral deposits, fuels and water. The monthly 
issues comprise about 360 abstracts each, in 90 pages. 
Geophysical Abstracts is available from the Superintendent 
of Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., at a post-paid (foreign mailing) price of 
5-25 dollars a year (twelve monthly issues and index). 
Secondly, the Journal of Geophysical Research, hitherto 
published monthly by the American Geophysical Union 
(1515 Massachusetts Avenue, N.W., Washington 5, D.C.), 
has become a semi-monthly from January 1963 and in size 
is expected to average about 6,000 pages annually (25 
dollars a year). Thirdly, a new quarterly publication of 
the American Geophysical Union, entitled Reviews of 
Geophysics (8 dollars a year), has just appeared, and is 
intended to cover all fields of geophysics and specifically 
to provide overall views of particular areas of present-day 
interest. This is published with the aid of a grant from 
the National Science Foundation. A welcome feature of 
all these new developments, seldom encountered in these 
times, is that they have been brought about at a com- 
mendably low cost to the librarian. 


Particle Samplers 


CATALOGUE 930 (1963) issued by C. F. Casella and Co., 
Ltd., deals with particle samplers. Airborne particles, 
consisting of material so finely divided that they remain 
freely suspended in the air for long periods without 
settling, may be man-made from operations in mines or 
factories, or natural such as spores and pollen. They 
may be of widely different form, size, chemical make-up, 
concentration, density, opacity, etc., so that no one 
sampling instrument is suitable for all cases. In addition, 
the hazard may vary, as health in pneumoconiosis and 
epidemics, or safety in dust explosions, or quality in 
photographic film. The details given in the description 
of each type of sampler are such that the prospective user 
can make his appropriate choice. The ‘thermal precipi- 
tator’ is a short period sampler of dust particles up to 
20u diameter and has an aspiration rate of 7 ml./min. 
The ‘long period dust sampler’ is for particles less than 
7p in diameter (the respirable range) and its aspiration 
rate is 2 ml./min. 

The ‘cascade impactor’ samples liquid or solid particles 
of 0-5-50u diameter and the ‘hexlet’ large quantities of 
the respirable fraction of a dust cloud (less than 7u in 
diameter) for subsequent analysis or weighing. Their 
respective aspiration rates are 17$ and 50 L/min. For 
toxic airborne contaminants such as plutonium dust there 
is the ‘plutonium dust sampler’ with an aspiration rate 
of 1,000 1./min., and for radioactive particles in the 
breathing zone of its wearer the ‘personal air sampler’. 
The ‘airborne bacteria sampler’ is suitable for sampling 
bacteria from a known volume of air for subsequent 
counting after incubation, and the ‘Hirst spore trap’ is a 
long-term sampler of airborne spores and pollens for thoir 
subsequent counting and identification. The evaluation 
of the sample under a microscope is the most tedious 
part of the dust sampling process, and the catalogue 
includes a description of a ‘push-button counter’ which is 
designed to assist and speed up the work. 
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Experiments on Animals 


Tue Research Defence Society has issued a brief note 
entitled Experiments on Animals and the Cruelty to Animals 
Act, 1876 (Pp. 4. London: Research Defence Society, 
1963), designed to act as a guide to the present state 
of the law and of administrative practices at a time 
when the Home Secretary has decided to set up a depart- 
mental committee to inquire whether any modifications 
of the law are required. This note sets out very briefly 
the general system hitherto in operation to ensure that 
there are no abuses in work undertaken according to 
existing rules. There has been considerable increase 
in the amount of work done on experimental animals in 
recent years and two additional inspectors are to be 
appointed by the Home Office. The suggestion has been 
made that the inspectors might be veterinary surgeons 
with the necessary special experience for the duties to 
be undertaken. 
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Origin and Descent of Domestic Animals 


Tue late Shimon Angress, son of a Jowish family in 
Germany, escaped from the Nazis while a youth and reached 
Israel, where he managed to educate himself, and even- 
tually obtained an M.S. degree in zoology at Chicago. 
Developing a great interest in the origins of domestic 
animals, he started a museum collection, accumulated 
much information about domestic animals, tamed wild 
animals and acquired a following of young people at a 
centre in Israel. He died in 1958. An annotated biblio- 
graphy on the origin and descent of domestic animals, 
covering the period 1900-55, has been published 
under the names of Shimon Angress and Charles A. 
Reed (Chicago Natural History Museum. Fieldiana 
Anthropology, 54, No. 1. An Annotated Bibliography on 
the Origin and Descent of Domestic Mammals, 1900-1955. 
Pp. 143. Chicago: Natural History Museum, 1962. 
2.75 dollars). This is a useful select bibliography of some 
400 references, together with abstracts, arranged alpha- 
betically under the names of authors. 


Sheep Husbandry and Research 


A BIBLIOGRAPHY of sheep husbandry and research, 
covering the period 1939-61, gleaned from a list of 31 
British journals, has recently been issued by the National 
Sheep Breeders’ Association. (Sheep Husbandry and 
Research: a Bibliography. Pp. 186. Radlett: National 
Sheep Breeders’ Association: 1963. 15s.) It covers more 
than 1,200 references and was compiled by Dr. E. 
Cresswell, the Rowett Research Institute, Aberdeen. 
The matter is set out by titles under the names of the 
journals, seriatim, and subjects are not indicated, except 
from a routine search of the publication. Most of the 
references are included in Index Veterinarius and are 
placed under both author and subject headings 
and are easily found. A reason given for the present 
publication is the absence of any ready means of know- 
ing what research and experiment were in progress. 
Perhaps some amplification of the systems of disseminating 
information adopted by the Commonwealth Bureau of 
Animal Health, Weybridge, might be followed to advan- 
tage for some other agricultural subjects. The great 
labour in finding particular subject-matter in this (titles 
only) bibliography covering only a very narrow range 
of publications and of titles would indicate tho need to 
find means for providing roaders with the information 
they may require. 


The Night Sky in June 


Foxit moon occurs on June 7d. 08h. 31m. V.T. and new 
moon on June 21d. 11h. 46m. The following conjunctions 
with the Moon take place: June 12d. 15h., Saturn 2° N.; 
June 16d. 07h., Jupiter 4° N.; June 26d. 19h., Mars 3° S. 
In addition to these conjunctions with the Moon, Mars is 
in. conjunction with Regulus on June 1d. 05h., Mars being 
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1° N., Mercury with Venus on June 9d. 07h., Mercury 
being 3° S., Venus with Aldebaran on June 21d. Olh., 
Venus being 5° N., Mercury with Aldebaran on June 22d. 
16h., Mercury being 3° N., and Mercury with Venus on 
June 28d. 01b., Mercury being 0-6° S. Mercury and Venus 
are too close to the Sun for easy observation. Mars sets 
at Oh. 40m., Oh. 00m. and 23h. 10m. on June 1, 15 and 
30, respectively. It is at a distance of 150 million miles on 
June 15, when its stellar magnitude is + 1-3; it is in Loo. 
Jupiter rises at lh. 50m., Oh. 55m. and Oh. 00m. at tho 
beginning, middle and end of the month, respectively. 
It is in Pisces, its stellar magnitude is — 1-9 and its dis- 
tance from the Earth on June 15 is 490 million miles. 
Saturn rises at Oh. 20m., 23h. 30m. and 22h. 25m. on 
June 1, 15 and 30, respectively. It is in Capricornus, its 
stellar magnitude is + 0-6 and its distance from the Barth 
on June 15 is 870 million miles. There is one occultation 
of a star brighter than magnitude 6 visiblo at Greonwich: 
June 2d. 23h. 17-4m., 80 Vir. (disappearanco). The 
summer solstice occurs on June 22d. 03h. 


Announcements 


Dr. R. C. Surerzers, director of research of the British 
Meteorological Office, has been awarded the International 
Meteorological Organization Prize. The Prize is one of 
the major honours of the meteorological world and is 
awarded for outstanding work in meteorology and inter- 
national co-operation. 


Dr. J. L. Gressrrt, chairman of the Department of 
Entomology at the Bishop Museum, Honolulu, has been 
appointed to the Linus Allen Bishop distinguished chair 
of zoology by the Trustees of the Museum. This appoint- 
ment is the first of its kind at the Museum and is in 
recognition of Dr. Gressitt’s contributions to the entomo- 
logy of the Pacific area and his leadership as a senior 
member of the scientific staff in developing the Museum’s 
Department of Entomology. 


Tue fifth international conference on “Coal Science” 
will be held in Cheltenham during May 28-30. Further 
information can be obtained from Mr. R. G. J. Kingsmill, 
National Coal Board, Coal Research Establishment, Stoke 
Orchard, Cheltenham, Gloucestershire. 


A SHORT conference on ‘Interference and Coherence”, 
under the auspices of the International Commission for 
Optics and the Australian Academy of Science, will be 
held in Sydney during September 1-8, 1964. Further 
information can be obtained from W. H. Steel, Common- 
wealth Scientific and Industrial Research Organization 
Division of Physics, City Road, Chippendalo, N.S.W. 


Aw international conference on “Photographic and 
Spectroscopic Optics”, arranged by tho Science Council 
of Japan and the Japan Society of Applied Physics under 
the auspices of the International Commission for Optics, 
will be held in Tokyo and Kyoto during September 1--8, 
1964. Further information can be obtained from Prof. 
H. Kubota, ICO-Tokyo and Kyoto, Science Council of 
Japan, Ueno Park, Tokyo. 


Tae Golden Jubilee celebrations of the East Malling 
Research Station will be held during June 25-28. Tho 
following aspects of the Station’s research work will be 
demonstrated: laboratories and special exhibits (June 
25); research on small fruits (June 26); research on top 
fruits (June 27); research on hops (June 28). Further 
information can be obtained from tho Scientific Liaison 
Officer, East Malling Research Station, East Malling, 
Maidstone, Kent. 


Errarom. Mr. T. J. Gill (TTI) has written to the 
Editor stating that in the communication entitled “Rolo 
of Optical Isomers in Determining the Antigenicity of 
Synthetic Polypeptides”, which appeared on p. 746 of the 
February 23, 1963, issue of Nature, tho graph in Fig. 1 
at the top of p. 747 should have its ordinate lahollod 
“O.D./ml” instead of ‘“ygAbN/ml’’. 
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THE MAMMALIAN EPIDERMIS AND ITS 
DERIVATIVES 


HE twelfth symposium of the Zoological Society of 

London, held on March 7, 1963, on “The Mammalian 
Epidermis and its Derivatives” showed the present growth 
of interest in the skin both in the scope of its papers and 
in the large number of participants. 

Prof. M. Abercrombie took the chair for the morning ses- 
sion. The opening paper by Prof. W.S. Bullough and B. B. 
Laurence on “The Production of Epidermal Cells” was 
presented by Prof. Bullough, who outlined evidence that 
the diurnal rhythm in epidermal mitotic activity was 
inversely dependent on changes in the rate of adrenaline 
secretion. Adrenaline inhibition was felt primarily in the 
antephase when it prevented the onset of mitosis. The 
inhibitory effect was, however, relaxed after epidermal 
wounding, and was not felt in active hair bulbs, so it 
seemed evident therefore that there must be some co-factor 
without which adrenaline cannot act. Experiments were 
described from which it was argued that the high mitotic 
activity which results from wounding is due to the 
withdrawal from the wound area of some epidermis- 
specific mitotic inhibitor. For such a substance the name 
of ‘chalone’ was proposed. Prof. Bullough announced 
that such a chalone had been extracted from epidermis; 
it could be destroyed by boiling, was non-dialysable, and 
was precipitated at concentrations of between 60 and 80 
per cent alcohol; thus it was possible that it is a moderate- 
sized protein. The separate and combined actions of 
epidermal chalone and adrenaline had been analysed and 
they could provide explanations for the mitotic reactions 
of epidermis during the diurnal cycle, after wounding, 
and in vitro. Prof. Bullough concluded this challenging 
announcement by surveying the successive phases of the 
epidermal mitotic cycle and discussing at what point the 
cell differentiated either for mitosis or for keratin syn- 
thesis. He suggested that the determining factor might be 
the position of the cell within the epidermis, and that this 
might be related to a concentration gradient of the chalone— 
adrenaline complex across the epidermal layer. 

During the past ten years considerable advances have 
been made in the knowledge of metabolic processes of the 
epidermis and, according to Dr. C. N. D. Cruickshank, 
they could be attributed mainly to the development of 
three types of technique; namely, microvolumetric, 
radio-isotope, and fluorometric enzyme assay. Observa- 
tions from each of these sources now made it clear that the 
Embden-Meyerhof pathway, the tricarboxylicacid cycleand 
the hexose monophosphate shunt all operate in skin. In its 
carbohydrate metabolism, however, the skin appeared to 
be different from many tissues in that, even in the presenco 
of high oxygen tensions, considerable amounts of lactic 
acid were produced, although this substance might also 
be readily metabolized in the absence of any other 
substrate. High rates of endogenous respiration might be 
maintained for relatively long periods; it seemed likely 
that during this period the substrate was phospholipid 
although a certain amount of glycogen and some protein 
catabolosis occurred. Dr. Cruickshank concluded by 
mentioning some work on sulphate metabolism in relation 
to the synthesis of epidermal mucopolysaccharides. It 
had been shown that vitamin A increased the incorporation 
of sulphate into mucopolysaccharides and altered the 
amount of sulphate thus incorporated into the individual 
mucopolysaccharide. Chondroitin sulphate a, b and c, 
keratosulphate and heparin had been demonstrated in 
epidermis and in addition a substance yet unknown, but 


possibly a mucopolysaccharide precursor, had been 
discovered; this last substance was particularly responsive 
to the presence of vitamin A. 

The ultra-structure of the epidermis, as observed in 
the electron microscope, was described by Dr. A. Charles. 
He discussed the nature of the dermo-epidermal junction 
and of the basement membrane, doubting that it was a 
membrane in the normal sense since dermal cells could 
readily migrate through it. There was evidence that the 
tonofibrils could be regarded as forming a continuous 
network throughout the epidermis, being attached at both 
ends to the desmosomes, at which localized and specialized 
regions the cells also adhered. In this way the elastic 
structural properties of «-keratin, of which the tonofibrils 
probably consisted, could be effectively utilized to give 
strength and extensibility to the epidermis. Dr. Charles 
described the observable changes during cornification. It 
seemed reasonable to believe that the non-fibrillar 
cytoplasm was precipitated on to the poorly staining 
tonofibrils in the form of densely staining keratohyalin. 
This increased progressively in amount, and became less 
densely stained as it became fully compacted in the newly 
formed horny cell. At the same time changes in the 
nucleus, in the tonofibrils, in the cell membranes and in 
the desmosomes were seen. From these observations it 
was concluded that, by and large, tho older theories of 
cornification were more satisfactory than the newer ones 
of Mercer and of Brody. Considerable discussion was 
provoked by these statements. 

Keratinization from the point of view of the histochemist 
was discussed by Dr. A. Jarrett. In his view keratinization 
was an active, vital process involving numerous enzyme 
systems. Over most of the body of mammals keratin had 
a basket-weave pattern due to elimination of nearly all 
the epidermal cell contents with keratinization limited 
to the cell periphery. Thus a sort of pliable lattice network 
was formed. On the palms and the soles, on the other 
hand, the whole cell with the exception of the nucleus 
became involved in keratinization. In scale keratin and 
in certain pathological types of mammalian keratinization 
even the cell nuclei were carried up in a relatively intact 
state into the horny layer. Dr. Jarrett suggested that the 
greater the energy potential of the granular layor the 
greater the proportion of the epidermal cellremoved during 
keratin formation. In the basket-weave type most of the 
cell was removed, but in plantar keratin the energy system 
was lower and consequently more of the cell became 
keratinized. In parakeratosis, in which epidermal nuclei 
were retained, no granular layer was present and therefore 
virtually none of the cell constituents was removed. Under 
such conditions a ‘scale-like’ keratin very similar to the 
tail-scale keratin of rodents was produced. The different 
types of keratin could be easily detected by fluorescence 
microscopy. It was possible to alter parakeratotic keratin 
to the basket-weave typo. 

Dr. R. I. C. Spearman continued by discussing the 
evolution of the mammalian keratinized structures. He 
pointed out that keratinized epidermal scales in lizards 
closely resembled those of rodent tails and neither type 
was preceded by a granular layer. He considered that the 
evolution of a granular layer began in the hair follicles, 
which developed at the scale imbrication. The granular 
layer then extended into the adjacent epidermis and 
finally became continuous over the whole body surface; 
thus the stratum corneum was altered from the scale type 
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of reptiles to the flexible type of mammals. The evidence 
available did not support, the view that hairs were directly 
homologous with reptilian prototrichs; the hair follicles 
were probably entirely new structures which arose in the 
epidermis adjacent to reptilian-like scales and not derived 
from any part of them. In addition to such primary 
follicles secondary follicles forming the underfur were 
later evolved, with a consequent increase in the extent of 
the granular layer. The close association of the hair 
follicles with a flexible type of stratum corneum was seen 
in certain aquatic species where hairs were reduced in 
number and a parakeratotic layer occurred. The patho- 
logical appearance of parakeratosis in mammalian epider- 
mis might be considered a reversion to this more primitive 
type. 

Dr. J. Cohen deseribed his experiments on the trans- 
plantation of the end bulb of the vibrissa follicle in the 
rat. Such a transplant produced a succession of whiskers 
when implanted into spleen or ear but regressed in the 
thigh. The dermal papilla, still surrounded by its matrix, 
produced a succession of whiskers when implanted into 
ear skin; the follicles of such implants were either of 
donor or host type, or both; this was considered to depend 
on the origin of the follicular cells. The matrix, when 
transplanted to ear skin, occasionally produced a short 
length of whisker shaft, but usually keratinized without 
further growth, with a scatter of its melanocytes. The 
dermal papilla alone produced no whisker and was not 
‘visible’ at biopsy after more than two weeks; before this 
it became invested in local epidermis and it was presumed 
that it initiated hair growth of local type. Dermal papille 
might produce whiskers or scales when transplanted to 
the tail. It was presumed that whiskers were produced 
from ‘dirty’ papille, that is, papillae with adherent epider- 
mal cells. 

The eyclic activity of hair follicles was discussed by Dr. 
FE. J. Ebling and Dr. E. Johnson. Dr. Johnson opened by 
describing the waves of hair growth throughout life in a 
colony of albino rats. Hair first erupted from dorsal 
follicles at 5 days of age and from ventral at 10 days. Hair 
replacement, with almost simultaneous eruption ventrally 
and dorsally, first occurred at 35-42 days; in subsequent 
activity there was an increasing lag in eruption in the 
back and head regions, so that a wave pattern was produced 
and indeed the waves came to overlap. A number of 
experimental treatments, for example, hypophysectomy, 
adrenalectomy, gonadectomy, and administration of 
thyroxine, advanced the start of follicular activity, and 
a number of others, for example, cestradiol, testosterone, 
ACTH, and thiouracil, retarded it. All these effects were 
more marked in the dorsal region than in the ventral. 
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Gistradiol also reduced the rate of growth of hair during 
the active phase and thus hair length was increased by 
ovariectomy or hypophysectomy. Thyroxine also slightly 
increased hair length in the female but not in the male. 
No other hormonal treatments affected hair length. 
Experiments on the plucking of hair to some extent 
supported the idea that a rhythm inherent within the 
follicle was due to the build-up and releaso of an inhibitor. 
since the maximum advancement of activity was secured 
by plucking the hair towards the end of the previous 
phase of growth, when any inhibitor would be at its 
highest concentration. But the inhibitor hypothesis would 
not explain why plucking early in activity did not 
prolong the period of growth but on the contrary in- 
duced premature transformation to the resting stage, 
nor why plucking just before the onset of activity actually 
delayed it. 

Dr. Ebling continued by describing their experiments on 
skin grafts. In grafts rotated through 180° on tho flank 
or in transposed flaps of skin, hair follicles continued in 
their original rhythms, inducing the requisite vascular- 
ization during activity. But when homografts were 
exchanged between rats having an age difference of three 
weoks, follicular activity in some circumstances came into 
line with that of the host. Similarly, a cross-effect, on 
follicular activity could be clearly shown in parahiotically 
joined rats of the same or different ages. Thus it appearod 
that there were transmissible systemic factors influencing 
hair growth. Dr. Ebling and Dr. Johnson coucluded that 
both an inherent rhythm, possibly involving a build up of 
inhibitor, and some systemic timing factor contributed to 
the control of follicular activity. Experimental evidence 
was against the idea that the wave of activity was 
propagated. The apparent self-wise behaviour of follicles 
in autografts could be reconciled with the idea of systemic 
timing factors by supposing that after the first wave, the 
reaction time of dorsal follicles became longer than that of 
ventral ones. There was preliminary evidence to suggert 
that changes took place in the dermis at the critical timo. 
When the events of the first wave were determined, about 
twelve days before eruption of hair, there was little 
difference between the amounts of collagen in dorsal and 
ventral skin. But, by the second wave, though it hac 
increased in both regions, the dorsal skin contained much 
more collagen. Perhaps, therefore, differences in timing 
between dorsal and ventral follicles developed as a result 
of changes in the dermis. Such differences could also 
explain the differential effect of hormonal treatments; 
hormones might act by modifying this dermal environment. 

‘The full report of the symposium will he published as 
a memoir of the Zoological Society. F. J. EBLING 


GROUND-WATER: GEOLOGICAL AND ENGINEERING ASPECTS 


NDER this general title a symposium of communi- 
cations was presented on February 27, at the 
Institution of Civil Engineers, in the course of a meeting 
organized jointly by the Institution of Water Engineers 
and the Geological Society of London. It was attended 
by nearly 600 people widely representative of the various 
interests which were associated with the meeting. Six 
communications were presented. 

The meeting originated from a proposel, made early in 
1962 by Prof. S. E. Hollingworth (University College, 
London), during his presidency of the Geological Society, 
that a joint meeting be held by the Society and the 
Institution, for the discussion of certain matters of 
immediate interest to both bodios, relating to the geo- 
logical and engineering aspects of ground-water. 

The symposium was divided into two sessions: at the 
first, the chair was taken by Prof. O. M. B. Bulman, 
president of the Geological Society, and during its course 


five communications were presented. At the second, Mr. 
N.A.F. Rowntree, president of the Institution of Wator 
Engineers, took the chair for the presentation of the sixth 
communication. 

In the introductory communication, “Geology in 
Relation to Ground-water”’, Dr. S. Buchan (assistant 
director, Geological Survey of Great Britain, London. 
8.W.7), paid tribute to the pioneers, William Smith, 
Wiliam Whitaker, and Oscar Meinzer, who realized. 
respectively, the need for the stratigraphical classification 
of rocks, the systematic gathering of statistics relating to 
bore-hole yields and water-levels, and the application of 
the principles of hydrology to ground-water. 

Buchan summed up the types of field data and tests 
which are needed in ground-water investigations, and the 
methods of analysing and applying the statistics obtained 
from actual observations. He referred to the attompts 
which have been made to draw up a ‘water balance’ from 
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which the ground-water reserves may be assessed. This 
involves, of necessity, an estimate of the rainfall and of the 
evaporation taking place after rainfall. Here Penman’s 
method of estimating evaporation “is almost certainly 
the best’. Moro difficult, however, is the assessment of 
the extent of natural recharge, for example, where a 
stream crosses the outcrop of an aquifer, especially if its 
absorption capacity is not great enough to receive the 
rainfall at all times. The ‘debit’ side of the water balance 
is made up of the amount abstracted by man, plus the 
discharge at the surface, to which must be added some 
allowance for water infiltrating below ground into other 
aquifers. From these calculations, the ‘safe’ yield of an 
aquifer may be made. This is the yield that may be 
relied on when the entire natural replenishment from 
rainfall is abstracted. 

Engineers are further concerned by the changes in the 
quality of ground-water which occur during its passage 
through the soil and sub-soil. These changes are caused 
by interaction between rain-water and the organic and 
inorganic compounds. A further factor is that, in passing 
through the atmosphere, rain will dissolve gases present 
therein; the weak acids thus formed will form salts in the 
ground through which they percolate. Quartz, sand, 
chalk, and clay each produce their own effects on rain 
flowing through them; where percolation occurs through 
more than one geological formation, the chemical action 
is complicated still further. Along coastal areas, infiltra- 
tion of saline water has occurred, either as a result of a 
sea-water ‘invasion’ when the land-surface was lower, or 
as a result of over-pumping from aquifers. Organic 
compounds in the soil may absorb oxygen from nitrates 
or from other organic substances, and may thus cause 
contamination by anaerobic reaction. Iron and manganese 
compounds may be produced in this way; other contamin- 
ating products are hydrogen sulphide and carbon dioxide. 
More research is needed into the influence of the soil and 
subsoil on pollution from surface sources; chemical and 
biochemical reactions and rates of movement offer scope 
for investigation which could result in better knowledge 
of the natural contro] of pollution. 

In the next communication, entitled ‘“Engineering Prob- 
lems of Ground-water’’, Mr. G. M. Swales (chief engineer, 
East Surrey Water Company, Redhill, Surrey) gave many 
practical observations arising from his own considerable 
experience in obtaining water from boreholes. Engineers 
concerned with wells can rarely see, in their natural state, 
the materials through which a borehole passes. Lack of 
exact knowledge thus leads to reliance on sampling 
techniques. The smallness of the area of a borehole in 
plan makes it difficult to decide its best location accurately, 
even when making use of very detailed geological informa- 
tion and maps. There are, however, basic differences 
between consolidated and unconsolidated ground, the 
effects of which are to make it relatively difficult to site a 
borehole in the former, but easy to construct one; whereas 
in unconsolidated ground the converse is the case. To 
overcome these difficulties, trial borings are often made 
before any major work proceeds. Such trial borings must 
be done with great care and thoroughness; great care is 
called for in analysing the results, both of yield and of 
borehole samples, accurately located and examined. 

Boring in unconsolidated strata provides more scope 
for design and research than boring in consolidated strata. 
An integral part of the usual British design is the gravel 
filter, which requires a finely slotted inner lining-tube to 
hold the gravel filter in place. The optimum velocity of 
the ground-water through the slots is most important; 
too great a velocity may cause ferrous and carbonate 
deposits in and around the slots, reducing the efficiency 
of the filter. Mr. Swales recommended a top velocity of 
not more than 0-2 ft. per sec; indeed an average velocity 
of half this figure is desirable. Adequate area of the slots 
is also important. An alternative to the old type of tube 
with slots, for example, 6 in. x} in., is a ‘bridge-slotted 
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tube’ containing finer and much more numerous slots, 
(ł in. x 0-03 in.), giving about three times as much area 
per square foot of tube surface but usually necessitating 
non-corrosive materials. 

The heart of Mr. Swales’s communication is a disquisition. 
on gravel packing. Originally the idea was to use compara- 
tively coarse gravel and coarse ({ in.) slots and, by some 
method of agitation, to draw in, through this gravel, the 
finer parts of the strata. The sand drawn in is replaced 
with gravel. A later idea was to prepare special pack 
material on site, and to use fine slots so that the grading 
curve would conform to Terzaghi’s theory that, in the 
pack material: (a) its 15 per cent size must bé at least 
four times as large as the 15 per cent size of the coarsest 
layer of formation sand; (b) its 85 per cent size must be 
not more than four times as large as the 85 per cent size 
of the finest formation sand. 

This theory, though sound, was open to practical 
difficulties; segregation of different-sized particles was 
almost inevitable when placing the gravel in the borehole, 
so Mr. Swales successfully developed an alternative 
technique, based on the theory that, “The 50 per cent 
size of the pack shall bear a definite relationship to the 
50 per cent size of the formation; and the pack shall be 
as uniform as possible in grain size’. This relationship 
or ratio is known as the ‘gravel pack ratio’ and is usually 
5/1. Boreholes constructed on this principle mostly show 
negligible sand content in the water pumped, the amount 
being too small to measure. Generally an officiont gravel 
pack should limit the sand pumped to 0-1 part per million. 

Practical observations on the placing of the gravel 
pack were given, with dotails from actual boreholes and 
the results of a flow-meter test carried out during test- 
pumping. New photographic techniques were touched on, 
for the inspection of the inside surfaces of boreholes; and 
the treatment of limestone and chalk boreholes with acid, 
to clean the ‘plaster’ which is deposited and to open up 
fissures, was discussed. 

So far, the artificial recharge of aquifers has not been 
carried out vory seriously in Britain. Mr. Swales considered 
that much more effort should be put into research on this 
matter. After listing the engineering problems and 
desiderata, he suggested the use of a ‘grout curtain’ to 
control the area under recharge. 

The director of Overseas Geological Surveys, London, 
Dr. S. H. Shaw, contributed the next communication, 
entitled “Some Aspects of Geophysical Surveying for 
Ground-water’’. In Dr. Shaw’s opinion there is undoubt- 
edly considerable scope for the further use of sub-surface 
methods in hydrological investigations. Although these 
are normally more easily applicable in well-developed 
countries, their particular usefulness in the early stages of 
development in ‘new’ hydrological basins (as, for example, 
the Chad) should not be overlooked. It is often possible 
to arrange for geophysical measurements to be made on 
boreholes at the time of their construction, whereas such 
measurements may be impracticable at a later stage; and 
the opportunity for obtaming information may therefore 
be lost. In surface techniques it would seem that seismic 
methods could be more widely utilized without undue 
expense. This line of investigation owes much to the oil 
industry for its technical development, though there is a 
danger that, because of lavish expenditure on it by oil 
companies, water engineers may receive the impression 
that such methods are too sophisticated and expensive 
to be applied to water problems. 

Dr. Shaw considered that the resistivity technique is 
still the most generally useful of the geophysical methods 
in water problems, where the main object is to find a 
supply. One of its advantages is that empirical methods 
of interpretation are often satisfactory. In the past, one 
reason for this was that analytical methods based on 
comparisons of curves were hampered by the labour 
required to compute curves for more than a few examples 
of—at the most—three-layer models. Nowadays, however 
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with the uso of the electronic computer, four-layer curves 
are available. Dr. Shaw thought that this important 
new technique is too little appreciated, especially as the 
tables of potential which accompany the curves have been 
set out so that curves can be computed for any particular 
arrangement of electrodes, or for other ratios of depth 
and resistivity. Without advocating the abandonment of 
empirical interpretations where they have been successful, 
Dr. Shaw felt that the more sophiaticated approach 
mentioned here might well yield more information, and 
even lead to useful interpretations in cases where the 
resistivity mothod had previously been thought unsuitable. 
“Where new tools are available’, he suggested, “‘it is 
unprofitable not to explore their possibilities to the full’. 

Two communications then followed, on the “Applications 
and Limitations of Pumping Tests”. The subject was 
subdivided into (a) engineering aspects, on which the 
speaker was Mr. R. J. Slater (deputy engineer and manager, 
Maidstone Waterworks Co., Maidstone, Kent), and (b) 
hydrogeological significance, which was dealt with by 
Dr. J. Ineson (chief geologist, Water Division, Geological 
Survey, South Kensington, London, S.W.7). 

The layout of a well-site depends ‘on the aquifer and on 
the amount of water to be abstracted; a single well may 
be decided on, or several small-sized boreholes. In any 
event, it should suit the permanent pumping plant which 
in twn may determine the diameter. Actual details of 
the costs of constructing wells of various diameters and 
depths, in various geological formations were included in 
the communication with graphs to show the constructional 
costs and relative quantities of water, on a basis of well 
diameter. Mr. Slater referred also to the encouraging 
results obtained from the use of acid in chalk and limestone 
wells. 

He also referred to the importance accorded to test 
pumping of trial boreholes by the Minister of Housing and 
Local Government under Section 5 of the Water Act, 
1948, when a new source of supply from wells is contem- 
plated, should an objection be lodged against this proposed 
abstraction. In such cases, experimontal work may be 
authorized to ascertain the presence of underground 
water. or its quality and quantity, subject to certain 
conditions, for example, the maximum quantity and 
duration of test pumping. For actual pumping tests, 
submersible pumps are an obvious choice because of their 
high reliability which, unfortunately, is not always 
matched by the diesel alternators provided on site when 
electricity from the National Grid is not available. 
Breakdowns are frequent enough to warrant a particular 
effort being made to obtain a Grid supply of power. 

The measurement of water-levels is a vital part of 
pumping tests. Mr. Slater mentioned the advantages of 
electrical devices for manual operation, especially the 
electrochemical apparatus attached to a steel tape, 
developed by the Geological Survey. Of the automatic 
devices, the float-operated type is the most satisfactory. 
The conditions to be observed during pumping tests were 
given in some detail, and are obviously the result of 
considerable practical experience. The test normally 
should be carried out after all ‘development work’ on the 
well is finished; and before the actual tests, the well 
should be rested for at least as long as any pumping neces- 
sary for the development of the well. Usually a ‘step 
drawdown’ test is carried out; some three or four steps 
being sufficient, at or near equilibrium conditions, to give 
the yield characteristics of the well. Such information 
may take a week or ten days to obtain. The frequency 
and duration of observations must be decided by experi- 
ence and may vary from once to several times a day. 

Care is needed in the disposal of water pumped during 
testing, to ensure that it is not recirculated; discharge 
into water-courses must be notified to river, catchment, 
or navigation authorities; and the water must be as clean 
and non-injurious as is reasonably possible. Eventually, 
the plotting of abstraction rates and water-levels on a 
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time base can be carried out. Mr. Slater warned that the 
“plotting of time-drawdown and distance-drawdown 
curves should not be done on site, unless the enginecr i» 
very familiar with their interpretation and analysis’. 
Finally, he pomted out the usefulness of pumping tests 
on existing wells when the question of increasing, or even 
maintaining, the yields from existing sources arose. 

Dr. Ineson, dealing with the hydrogeological significance 
of pumping tests, observed that, since the ground-water 
province is within the ambit of three-dimensional geology. 
a complete understanding of geological analysis and 
interpretation is essential. Information is needed also on 
the fluid properties and dynamics of ground-water as it 
poercolates through, and discharges from, an aquifer. He 
regarded pumping tests on existing wells, and on new wells. 
as a valuable means for obtaining hydrogoological infor- 
mation, especially in regard to the yield-characteristics 
and potential of a well, the hydraulic propertios of aquifors. 
and the effect of permanent abstraction. The most impor- 
tant hydraulic properties of an aquifer are hydranlic 
conductivity (rate of flow through unit cross-sectional 
area of the aquifer under a fixed hydraulic gradient 
and at a fixed temperature); the transmissibility 
(rate of flow through a vertical strip of given 
width, extending the full thickness of the aquifor. 
under @ fixed hydraulic gradient and at a fixed tempora 
ture); and the coefficient of storage (ratio of volume of 
water derived from storage from a vertical column on a 
base of unit area, extending the full thicknoss of the 
aquifer, during a reduction in head equivalent to unit fall 
in water-level, to unit volume of that aquifer). 

As water-levels fall round a well when the pumping rate 
is raised, the shape of the solid generated by this fall 
is known as the cone of depression. The lower tho trans- 
missibility, the steeper the cone. Tho shape and size of 
the cone depend also on the hydraulic proporties of the 
aquifer. Ground-water flow around a well, under various 
geological conditions, can be expressed by mathematical 
equations based on models simulating aquifer condition». 
Although certain assumptions have to be mado, in regard 
to the homogeneity of the aquifer, and its extent and 
transmissibility, and to the penetration of the discharginy 
well to the full extent of the aquifer, it is possible, for 
laminar flow under steady-state conditions, to apply these 
equations successfully to natural conditions. The hydraulic 
properties of the aquifer are obtained from pumping test» 
These parameters depend on fundamental geological 
properties, determined during sedimentation but modified 
by secondary geological processes such as faulting, folding 
and fissuring, and by secondary chemical precipitation. 
Geological studies therefore are vital in assessing aquifer 
permeability. 

Dr. Ineson then commented in detail on tho rosults ot 
individual pumping tests carried out since 1948 by the 
Water Department of the Geological Survey. Of some 
200 tests, the majority were conducted on wolls in the 
Chalk, the most important aquifer in Britain, which 
produces about 40 per cent of the ground-water abstracted. 
His observations were especially interesting in that thoy 
explained what happens when deviations occur from the 
conditions assumed for the mathematical equations 
already mentioned. Like Mr. Slater, Dr. Ineson referred ra 
the use of step draw-down tests for obtaining hydrogeo- 
logical information. “Yield-depression’ curves are obtained 
by plotting rates of abstractions against drawdown in 
water-level. Wells in a single aquifer appear to be charav- 
terized by a definite family of such curves, and it has been 
found that the form of these curves is related statistically 
to the transmissibility. Finally, Dr. Ineson discussed 
the need for information on the boundarios of aquifers. 
and illustrated their effect on ground-water flow. A 
river crossing an aquifer and replenishing it constantly 
is taken as an example, and the equivalent hydraulic 
system, including the effect on the cone of depression. 1s 
developed with great skill and clarity. 
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The concluding communication, entitled “The Use of Ana- 
logue Computers for Studies in Ground-water Hydrology”, 
was contributed by Mr. H. E. Skibitzke, who is mathe- 
matician at ‘Water Resources Division, U.S. Geological 
Survey, Phoenix, Arizona. The Division has applied 
computer techniques to many of the problems encountered 
in its operations. 

Digital computers are used in the surface-water 
measurement programme, and in soil-moisture and evapor- 
ation studies. Water-level data in rivers, too, have been 
collected on digital tapes ; such records can be processed 
quickly, without elaborate programming. In addition, 
an analogue computing programme has been developed 
since 1954, when it was originally applied to ground- 
water systems. About three years ago an operational 
analogue model unit was established, to apply geological 
and hydrological information—already available from 
data-collecting programmes—to a community’s water 
problems. The ground-water computing systems are of the 
direct analogue type, using the relationship between 
Darcy’s law and Maxwell equations. The analogies 
between electrical resistance and permeability times a 
distance, also between electrical capacitance and storage 
coefficient times a volume, provide the basis. Models are 
constructed, similar to large-scale maps, which con- 
tain, in scale, a physical description of the relating func- 
tion. 

Mr. Skibitzke showed, by mathematical reasoning, how 
to derive an expression for the rate of release of liquid 
from a given volume as hydraulic head is changing with 
time ; this equation is then used in determining an elec- 
trical analogy, using an expression for the electrical 
current flowing into a junction of an electrical network. 
Electrical analogies are then given for head, storage co- 
efficient, and permeability. Head is analogous to electrical 
potential; storage coefficient times the finite volume of the 
aquifer is directly analogous to electrical capacitance; 
days in the aquifer are proportional to a few micro- 
seconds on an oscillograph screen connected to the 
analogue model. 

In the model constructed on these analogies, the elec- 
trical resistors are made proportional to the hydraulic 
resistance of the aquifer in directions parallel to the three 
co-ordinate axes. The directions of the axes are the same 
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for the models. The networks are chosen to represent, in 
scale, a small element of the aquifer, the centre of an 
element in the aquifer being represented by the centre of a 
junction of a resistor network. An electrical capacitor 
proportional to the storage coefficient is connected from 
this junction to the ground. By a generalized application of 
mathematical equations given in the communication, varia- 
tions inhydraulic permeability can be accounted for by vary- 
ing the electrical resistance. Boundary-condition problems 
can be studied by arranging for an electrical current. 
flow-system, that is quantitatively proportional to the 
hydraulic flow system, to pass into and out of the model. 
Mr. Skibitzke discussed also the importance of choice 
of scale as between the actual aquifer and the electrical 
simulation of conditions in the model. The quantities of 
electrical current put into the model can be chosen so that 
space, time, quantity, and head will appear with a known 
figure of proportionality. The effects of recharge from 
rainfall or rivers and other kindred conditions can be 
studied in their variations over very long periods of time. 
Quantitative data are ‘removed’ from the model by an 
oscilloscope which indicates, in microseconds, the change 
in electrical potential, as a function of time, at its input 
terminals. 

After describing the practical operation of the computer, 
Mr. Skibitzke referred to future developments. Almost any 
conceivable hydrological system can be studied by com- 
puter methods, though in some cases the cost would be 
prohibitive. Present research work is aimed at reducing 
the constructional cost of models and at simplifying the 
electronic linkages that are needed to describe boundary 
conditions. Finally, Mr. Skibitzke refered to some highly 
complex hydrological conditions, not amenable to rigorous 
mathematical analysis, in which computations of ground- 
water flow parameters have led to greatly increased 
understanding of what is actually occurring in aquifers. 
In particular, he mentioned the effect of the evaporative 
process that seems to occur over all shallow water-tables. 
In fields such as this, developments in analogue computing 
have helped substantially in both the theoretical and the 
practical analysis of a hydrological problem. A film was 
shown illustrating the analogue installation at Phoenix, 
Arizona, on which Mr. Skibitzke and his colleagues had 
been working. W. O. SKEAT 
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PROTEINS AND CRYSTALLOGRAPHY 


HE award of the 1962 Nobel Prizes for Medicine 

and Chemistry to Dr. F. H. ©. Crick, Prof. W. 
Watson and Prof. M. H. F. Wilkins, for their work on the 
structure of nucleic acids, and to Dr. J. C. Kendrew and 
Dr. M. F. Perutz, for their analyses of protein structures, 
has directed attention to the outstandingly fruitful con- 
tribution made by X-ray crystallography to our knowledge 
of biologically important molecules. The international 
symposium on “Protein Structure and, Crystallography”, 
held at the University of Madras during January 14-18, 
was, therefore, particularly well timed. In effect thero 
were two symposia, with sessions held on alternate days, 
at which recent work on protein structures and the 
developments of X-ray crystallography were discussed. 
But the two subjects inevitably overlapped in the dis- 
cussions of the X-ray method applied to molecular struc- 
ture analysis at which exponents of different techniques 
were brought together and hence helped to assess the 
significance of each other’s results. 

The symposium, was organized by Prof. G. N. Rama- 
chandran and his staff, with the support of the University 
of Madras, the Indian Council of Scientific and Industrial 
Research, the Indian University Grant Commission and 


other Government and private agencies. Sir A. L. 
Mudaliar, vice-chancellor of the University, welcomed the 
delegates and Sir C. V. Raman gave an inaugural address 
on “Crystal Structure and Crystal Behaviour’. The 
sessions were opened by Prof. M. S. Thacker. 

The President of the symposium was Sir Lawrence 
Bragg (United Kingdom), whose address was read, in his 
absence through illness, by Prof. Ramachandran. He 
described the development of X-ray structure analysis 
as applied to complex molecules, mentioning the Pauling- 
Corey «-helix, the Watson-—Crick double helix for deoxy- 
ribonucleic acid (DNA) and the Ramachandran triple 
helix for collagen as the main achievements of the in- 
direct approach, and the analyses of vitamin B,, and of tho 
proteins hemoglobin and myglobin as triumphs of the 
single-crystal method. 

The X-ray analysis of globular protein structures was 
doscribed in more detail by Prof. D. Harker (United 
States), who announced the latest results of his work on 
ribonuclease, and by Dr. D. C. Phillips (United Kingdom), 
who outlined the recent developments of work on hemo- 
globin and myoglobin and a number of other proteins, 
including lysozyme, «-chymotrypsin and B-lactoglobulin. 
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The structure of myoglobin is now being studied at atomic 
resolution and analyses of oxygenated and reduced 
hemoglobin are revealing the nature of the oxygenation 
reaction in detail. 

A paper read for Dr. R. W. G. Wyckoff (United States) 
described the role of electron microscopy in the study 
of biological molecules, and Prof. M. N. Das Gupta (India) 
showed electron micrographs of individual hemoglobin 
molecules in which traces of the sub-unit structure 
could be seen. Dr. S. Moore (United States) gave an 
account of the chemical methods by means of which the 
primary structures of proteins, such as ribonuclease, 
have been determined, and Dr. R. S. V. Sampath Kumar 
(United States) showed how the structure of the active 
site in carboxypeptidase has been mapped out by chemi- 
cal methods. A paper by Prof. T. Weis-Fogh (Denmark) 
dealt with the physical and chemical properties of resilin, 
a rubber-like protein with interesting cross-linkages 
found in the wings of insects, and Prof. R. V. Seshaiya 
(India) described work on the amino-acid composition of 
ichthylepedin, a protein found in fish scales resembling 
collagen but which has an appreciable cystine content. 
Dr. J. Segal (East Germany) described his model of 
protein structures. 

An important group of papers dealt with the structure 
of collagen and related proteins and polypeptides. Prof. 
G. N. Ramachandran (India) described the latest de- 
velopments of the X-ray work on collagen itself. Re- 
finement of the original triple helix structure has led 
to a structure closely consistent with the X-ray dif- 
fraction, infra-red absorption and chemical data. Prof. 
M. Kakudo (Japan) discussed the single-crystal X-ray 
analysis of a glycyl-t-propyl-u-leucyl glycine derivative, 
a tetrapeptide related to collagen. Dr. W. Traub (Israol) 
described the structure of poly-u-proline-I, which has 
been found to have the cis type of configuration, and 
Prof. E. Katchalski (Israel) described the synthesis and 
properties of some copolymers related to poly-u-proline, 
which has been shown from hydrodynamic and optical 
studies to exist in two forms in solution in suitable sol- 
vents just as it does in the solid state. Dr. N. S. Andreeva 
(U.S.S.R.) described structural studies of poly(gly-L- 
pro-t-hypro-), which closely resembles collagen. Some 
aspects of collagen biosynthesis wero dealt with by Prof. 
M. Chvapil (Czechoslovakia), and the results and inter- 
pretation of electron microscope studies of tropocollagen 
were described and discussed by Prof. A. J. Hodge 
(United States). Dr. S. M. Bose (India) gave a paper 
on the nature of the linkages between the carbohydrate 
moiety and the proteins in skin mucoid. 

Other polypeptides and fibrous proteins were discussed 
by Dr. G. Swanbeck (Sweden), who gave a paper on tho 
molecular structure of «-keratin, and by Dr. F. Happey 
(United Kingdom), who discussed ways in which the 
structures of polypeptides and proteins can be stabilized. 
Dr. V. Sasisekharan (India) reported a stereochemical 
study of polypeptide and polysaccharide chains which 
has indicated the stable configurations. 

In æ session on optical studies of proteins, Prof. J. T. 
Edsall (United States) described the use of ultra-violet 
absorption spectra in the investigations of protein chain 
configurations; changes in the spectra due to different 
reagents are particularly useful for evaluating helical 
chain content. Dr. E. R. Blout (United States) reviewed 
recent experimental work on the optical rotatory dispersion 
of proteins and polypeptides and showed how the helical 
content and the sense of the helix can be determined by 
this method. Dr. T. Miyazawa (Japan) discussed the 
use of infra-red absorption and showed that, by studying 
the frequencies of absorption bands and their dichroic 
behaviour, it is possible to identify various configurations 
of the protein chains. _ 

The topic of protein biosynthesis was introduced by 
Prof. M. H. F. Wilkins (United Kingdom), who gave an 
account of his X-ray diffraction studies of nucleic acids. 
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It has been established that protofibrils of DNA consist 
of a double helix and transfer RNA has been shown 
recently to incorporate helices of the samo kind. The 
mechanism of protein synthesis was discussed with 
reference to the possible structure of the transfer RNA 
molecules. Prof. S. Ochoa (United States), 1959 Nobel 
Laureate in Medicine, discussed the use of synthetic 
polynucleotides in breaking the genetic code, the code 
connecting the sequence of amino-acids in a protein with 
the sequence of nucleotides in the nucleic acid which 
controls its synthesis. Very recently, some 41 nucleotide 
triplets have been discovered, each of which appears to 
govern the incorporation in a protein chain of one of the 
twenty amino-acids. Finally, in the protein structure 
sessions, Dr. L. D. Hamilton (United States) gave a 
paper on ‘Proteins, Coding and Medicine”, which reviewod 
the occurrence of hereditary diseases due to abnormalities 
in the nucleic acids giving rise to the synthesis of abnormal 
proteins. The origins of some forms of anwmia, for 
example, can now be traced through the detailed structure 
of the abnormal hemoglobin, revealed by X-ray and 
chemical methods, in which one abnormal amino-acid 
is incorporated, to the single nucleotide change in the 
parent DNA which is responsible for it. ; 

The sessions on crystallography were opened by Prof. 
M. J. Buerger (United States), who discussed the intor- 
pretation of Patterson syntheses, considered as image 
functions, for which he has developed an interesting 
image algebra. This problem was also considered in a 
paper by S. Raman and W. N. Lipscomb (United States), 
who have used Buerger’s sum and minimum functions, 
and by D. McLachlan, jun. (United States), who has 
devised optical analogue computers for use in the solution 
of Patterson syntheses and in direct methods of structuro 
analysis. This central problem of structure analysis. 
the determination. of structures directly from tho diffrac- 
tion data, was also discussed by other speakers. Prof. 
Ramachandran described the development in Madras of 
methods for completing the determination of a structurs 
when part of it is already known. A paper by Prof. W 
Hoppe (West Germany) and his colleagues dealt with two 
new direct methods one of which, based on Sayre’s method, 
is useful for obtaining the signs of additional structure 
factors when those of a smaller set are already known. 
Dr. R. Srinivasan (India) described his work with Drs. 
W. Cochran and P. Tollin (United Kingdom) on tho use 
of an electronic computer, Edsac II, in sign determination. 
and Prof. I. Nitta (Japan) discussed his statistical method. 
A further paper by Prof. Ramachandran and his colleagues 
described some statistical tests for crystal isomorphism. 

A second group of papers dealt with the anomalous 
scattering of X-rays and the use of the effect both in 
structure analysis and in the determination of absolute 
configuration. ‘They were introduced by a paper from 
Prof. J. M. Bijooet’s laboratory in Holland dealing 
with the absolute configurations of sodium chlorate and 
sodium bromate, which are alike in structure and have 
the same sense for optical rotation but have opposite 
configurations. Prof. S. Ramaseshan (India) discusse:| 
the technical problems involved in recording anomalous 
dispersion data for structure analysis, and Dr. K. Ven- 
katesan (India) described how he, Dr. D. Dalo and Prof. 
Dorothy Hodgkin (United Kingdom) solved the structuur» 
of a vitamin B,, derivative by this method. Dr. G. Kartha 
(United States) described the solution of another structure, 
barium glucose orthophosphate. 

The effects of crystal perfection on X-ray scattering 
were considered in a number of papers. Prof. G. Borr- 
mann (West Germany) described interferenco fringes 
which can be produced in dislocation-free crystals and 
Prof. L. V. Azaroff (United States) showed how accurate 
measurements of the Bragg reflexions can bo used to 
reveal the imperfections present in a crystal. Prof. 8S. 
Chandrasekhar (India) presented some results obtained 
by using measurements with polarized X-rays to correct 
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for extinction, and R. Parthasarathy (India) described 
some new measurements of intensities reflected by 
perfect and imperfect crystals. Prof. M. Renninger 
(West Germany) described a technique whereby lattice 
deformations of the order of less than a tenth of a second 
of arc can be made visible by a double spectromoter 
device, and Prof. N. Kato (Japan) discussed the applica- 
tion of the dynamical theory of wave diffraction to the 
study of slightly distorted crystals. Disorder phenomena 
were discussed by Prof. H. Jagodzinsky (West Germany), 
who outlined their general nature and pointed out that a 
mathematical treatment of disorder in two or three di- 
mensions is difficult to work out. Prof. I. Waller (Sweden) 
spoke on the influence of crystal vibrations, as affected by 
impurities and anharmonicities, on neutron scattering 
and on the Mossbauer effect. He was followed by Prof. 
Ajit Ram Verma (India), who presented the results of his 
investigations on disorder in silicon carbide, and by Prof. 
A. J. C. Wilson (United Kingdom), who dealt with the 
measurement of line-broadening in X-ray powder diffrac- 
tometry. i 

Electron and neutron diffraction were discussed by 
Prof. S. Miyake (Japan) and his colleagues, who described 
an electron diffraction investigation of phthalocyanine 
and its motal derivatives; by Dr. J. Shankar (India), 
who reviewed the use of neutron diffraction in the study 
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of hydrogen bonding; and by Dr. P. K. Iyengar (India), 
who described the powder and single-crystal diffracto- 
meters constructed at Trombay, India, for use with 
neutrons. Instruments for crystallographic studies were 
also deseribed by Dr. W. A. Wooster (United Kingdom), 
who has developed an automatic four-circle counter diffrac- 
tometer; and by A. K. Singh and Prof. S. Ramaseshan 
(India), who have made an integrating Weissenberg 
camera for use at low and high temperatures. 

In the last session, Prof. J. Laval (France) gave the 
theory of the elastic properties of metallic crystals having 
cubic symmetry; Prof. R. S. Krishnan (India) discussed 
the infra-red and Raman spectra of glycine and related 
compounds in the crystalline state; Dr. S. S. Mitra 
(Onited States) gave an account of infra-red absorption in 
ionic crystals; and Prof. Zheludev (U.S.S.R.) spoke on 
the so-called anti-tensors and their symmetry, which are 
important in connexion with the colour groups developed 
by Russian crystallographs. 

The symposium was attended by about 40 overseas and 
150 Indian delegates, who enjoyed the organization and 
stimulating programme arranged by Prof. Ramachandran 
and his colleagues. Its success was much to the credit 
of one of the regrettably few university departments in 
the Commonwealth that are devoted to the teaching 
and practice of biophysics. D. C. PHILLIPS 


COMMUNICATION SATELLITE RESEARCH IN BRITAIN 


N opening a debate'in the House of Commons on 
March 25 on Post Office capital investment and tariff 

increases, the Postmaster-General, Mr. R. Bevins, referred 
briefly to satellite communications and said that, so far 
as could be judged, this would be the cheapest method 
of providing the increased capacity needed to handle the 
very rapid expansion in international telephoning; sub- 
marine cables and satellites would probably be supple- 
mentary systems for many years to come. Since about 
80 per cent of inter-continental traffic was across the 
Atlantic Ocean between North America and Europe, any 
satellite system that was to pay must draw to some 
extent on trans-Atlantic traffic, and that was why the 
Post Office was putting much work at the political, 
administrative and scientific levels into the associated 
problems. At present, between £1 and £2 million was 
allocated for Post Office research as such. 

The whole question of telecommunications space satel- 
lites was debated on March 29, when a motion of Mr. 
Farey-Jones—asking the Government to announce plans 
for the provision of a British and Commonwealth tele- 
communications satellite and to treat the matter as one 
of great urgency to maintain British leadership in com- 
munications, to prevent the dissipation of existing design 
staffs, and to restore confidence in the future of British 
scientists—was adopted. In this debate the Assistant 
Postmaster-General, Mr. R. Mawby, repeating Mr. Bevin’s 
remark about the need for such a system to carry traffic 
from the United States, said that the British share of 
world inter-continental traffic was 10 per cent, and the 
whole traffic between Commonwealth countries only 20 
per cent. Revenue from traffic originating and terminating 
in the United States was expected to be 75-80 per cent 
of the total by 1975. Of the present 2-4 million inter- 
continental telephone calls a year, only 600,000 did not 
cross the Atlantic; by 1970 the latter figure was expected 
to increase to about 3 million and to 9 million by 1980, 
but this: would still represent only 30 per cent of the 
total inter-continental traffic. It was unlikely that the 
revenue available to support a global system giving 
world-wide coverage would exceed £60 million a year by 
1970, 


Britain’s own investigations were directed to a system 
utilizing twelve stations keeping satellites in equatorial 
orbit, the capital cost of which might be £160-190 million 
and the annual cost £32~-37 million. The experimental 
ground station built at Goonhilly Down in Cornwall had 
already co-operated with brilliant success in the trans- 
Atlantic tests with the American experimental telecom- 
munications satellites Telstar and Relay and was believed 
to be much nearer the design of the ultimate operating 
station than any other in the world. Its equipment was 
now being improved and extended so that it would be 
ready as an operational station when the first system of 
regular commercial satellites was put into orbit. Britain 
was also putting in hand a design study for the com- 
munications part of the equipment which goes into a 
satellite and was participating in the necessary compli- 
cated pattern of international discussions. A series of 
exploratory discussions of the broader aspects of the 
question had opened with the Commonwealth Conference 
on Satellite Communications in London last spring, followed 
by preliminary discussions with the United States and 
Canada in Washington last October, and with European 
countries at Cologne in December under the egis of the 
Conference of European Postal and Telecommunications 
Administration. An ad hoc committee set up by this’ 
Conference to study the wider aspects of the problem had 
already met in Paris, was meeting in London in June 
and would present a considered view to the next plenary 
meeting in September. 

In replying on the debate, the Minister of Aviation, 
Mr. J. Amery, after explaining that the Ministry of 
Aviation would be responsible for developing and pro- 
curing launchers and satellites that other Departments 
might need, added that the decisions taken or about to 
be taken on space communications would have very far- 
reaching implications for Britain’s general position as an 
aero-space power. The European Launcher Development 
Organization launcher was planned to put a test pay-load 
into orbit by 1966-67 and should provide the launching 
capability for an operational satellite system in 1968-69. 
Britain was about to let contracts with industry for the 
design and construction of Ariel ITI, which would be the 
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first all-British satellite; Britain was co-operating with 
several European countries in a scientific space research 
programme through the European Space Research Organ- 
ization. The Royal Aircraft Establishment at Farn- 
borough and the Signals Research Development Estab- 
lishment at Christchurch, which were responsible for the 
general guidance of the study of the design of a com- 
munications satellite, had for some time been bouncing 
signals off the Moon to each other. He proposes that 
there should be no restriction on the dissemination 
within British industry of the information derived from 
the investigations. Two types of satellite communications 
system were at present under consideration. The first 
was the so-called medium orbit of about 7,500 nautical 
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miles, which would call for a dozen or so satellites, the 
second was the so-called stationary or synchronous orbit 
requiring a much smaller number of satellites at » hight 
of about 20,000 nautical miles, in which cach satellite 
would remain above the same point on Earth. Tho offoct 
of the explosion of the American so-called ‘rainbow bomb’. 
which might have a damaging effect on the solar cells and 
other satellite components for at least ten years, was 
being investigated before decision was made betwen the 
two systems. The debate also drew the suggestion that 
these developments should be made the responsibility of 
a single Ministry of Science and Technology and welcome 
for the idea that computing should be a main study at 
the new University of Essex. 


THE NETHERLANDS REACTOR CENTRE 


OR the second time—the first was in June 1961-— 

Atomenergie in haar Toepassingen (Atomic Enorgy 
and its Applications), the scientific and technical period- 
ical published under the auspices of the Netherlands 
Reactor Centre (Reactor Centrum Nederland) has printed 
a special issue (4, No. 11; November 1962) in English. 
It contains seventeen articles dealing with the organiza- 
tion, buildings, reactors and research activities of the 
Reactor Centre. The Centre is situated at Petten on the 
North Sea coast, about 35 km north of the Amsterdam 
shipping canal. The reactors now operational aro the low- 
flux reactor (DFR) of 10 kW maximum power and 101! 
neutrons em~* sec! peak thermal] flux, and the high-flux 
reactor (HFR) of 20 MW maximum power and 2 x 101 
neutrons cin-* sec-! peak thermal flux. A critical experi- 
ment reactor (Krito) of some watts maximum power is 
estimated to become critical in the early part of 1963. 
Since 1955, when the Reactor Centrum Nederland was 
established, the number of staff has increased steadily to 
536 at June 1, 1962. 106 of these are graduates, and 351 
scientific and technical personnel, with 93 administrative 
employees. 

Separate articles deal with the descriptions of the con- 
struction, instrumentation and materials testing of the 
HFR reactor. The LFR, which was constructed by the 
Hawker Siddeley Nuclear Power Co., Ltd., and which 
first became critical during September 1960, is described 
by J. Coehoorn and J. H. B. Madsen. A brief account of 


HYGIENE IN MILK PRODUCTION, 


N helping to meet the nutritional needs of an ever- 
expanding world population, milk has a most impor- 
tant part to play, but if milk is to be used efficiently and 
if waste of such a precious commodity is to be avoided, it 
must be produced, processed and distributed under the 
most hygienic conditions that science and good manage- 
ment can achieve. It is a matter for congratulation, 
therefore, that the World Health Organization, the Food 
and Agriculture Organization and the United Nations 
International Children’s Emergency Fund have sponsored 
the production of a comprehensive and authoritative 
monograph* dealing not only with conditions in areas 
where dairying is well established but also with the 
entirely different picture that exists in the less-developed 
parts of the world where the climate is so often warmer 


* World Health Organization. Monograph Series, No. 48: Milk Hygiene: 
Hygiene in Milk Production, Processing and Distribution. By M. Adbussalam 
etal. Pp. 782. (Geneva: World Health Organization; London: H.M.S.0., 
1962.) 36 Sw. francs; 60s.; 12 dollars. 


the Netherlands development prograinmo for a marme 
reactor is given by Prof. M. Bogaardt. The main intorost 
of Reactor Centrum Noderland is at prosent in light- 
water-moderated reactors, and both HFR and LFR aru 
of this type. The contract with Euratom for the marine 
reactor design is also for a light water reactor hut of the 
pressurized type. It is in connexion with this contract 
that the critical facility (Krito) is being constructed at 
Potten in the newly built Fermi building, which also 
houses the LFR reactor. The facility consists of ən 
aluminium tank (2:5 m diameter, 4-25 m height) in which 
the oxperimental core can be built up. together with 
pumps, piping, dump tank and control drive mechanisms. 
situated within a concrete enclosure 7-5 m wide, 1) 1m 
long and 12-5 m high with a wall thickness of 1 m. The 
first loading will consist of UO, pellets of 3-1 per cont 
and 3-8 per cent enrichment canned in aluininium tubes. 
The full core will contain about. 40 boxes of 120 tubos to 
each box. 

One of the joint projects of research being carried out 
by Norwegian “Institutt for Atomenergi” and Reactor 
Contrum Nederland is an investigation of plutoninm 
ceramics, and at present work on plutoniwn- 
containing fuel is concentrated on the development of 
plutonium-uranium oxide fuels. Transplutonium re- 
soarch is discussed by Dr. W. Kraak and Dr. B. Verkerk. 
and activation analysis by Dr. H. A. Das. 

N. WEINTROUB 


PROCESSING AND DISTRIBUTION 


and where the need for particularly stringent hygienic 
measures is especially great. 

Thirty-seven experts from all parts of the world, most 
of them well known internationally throughout the dairy 
industry, have contributed by writing the 35 chapters 
and one of the three annexes of which the book con- 
sists. 

The first chapter deals in a most comprehensive way 
with diseases that can be transmitted through milk, and 
includes sections on milk allergy, the possible presence of 
antibiotics, insecticides, preservatives and other chemi- 
cals in milk and other causes of unwholesome milk. 
Having established the problem involved and the risks 
that can nowadays be so readily avoided by sound 
hygiene, the book then provides a section on milk hygiene 
on. the farm. This includes well-illustrated chapters on 
buildings and installations on dairy farms in both temper- 
ate and tropical climates. Then follow chapters on the 
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amount and nature of water supplies required on dairy 
farms and the all-important subject of pest control. The 
section on the farm ends with chapters on milk handling 
and on the cleaning and sterilization of milking equipment 
used in milk production. 

Having dealt so thoroughly with production, the next 
large section of the book is concerned with the handling 
and processing of milk after it has left the farm. The 
subjects discussed include the clarifying, cooling and 
storage of milk, pasteurization and sterilization and the 
manufacture of evaporated and dried milks. Later 
chapters deal with the health and hygiene of dairy workers, 
and the section ends with valuable articles on the packag- 
ing and distribution of milk and milk products. 

The special problems of such widely differing countries 
as India, Norway, Egypt and Kenya are discussed in a 
separate section by experts from these areas, and although 
most of the book naturally refers to cow’s milk, one of 
the chapters here considers the composition and special 
problems associated with the milk of the mare, ewe, 
goat, camel, buffalo, reindeer and yak. The main part 
of the volume ends with chapters on administration and 
legislation and on educational and advisory services with 
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special reference to countries that are in the process of 
developing their dairy industry. 

Of the three annexes included in the book one reproduces 
the Code of Principles concerning Milk and Milk Products 
which was first published in 1960 and which was prepared 
by a committee of Government experts under the auspices 
of the Food and Agriculture Organization. The second 
annex defines and gives a brief description of several milk 
products with which many readers will not be familiar, 
such as, for example, ‘dahi’ of India, ‘kefir’ of the Caucasus 
and ‘skyr’ of Iceland. In the third annex a description is 
given of methods of pasteurization under bush conditions 
that are undergoing trial in Kenya. 

The book has been prepared and edited with great care. 
It is clearly printed, well illustrated and is a pleasure to 
read. It makes ia a single volume a unique contribution 
to the literature on milk hygiene covering, as it does, so 
many widely differing parts of the world. To those who 
are concerned with any form of dairy management or 
with teaching or advisory work in dairying, whether in 
developed or developing countries, this volume should 
prove to be a most valuable work of reference. 

J. A. B. SMITH 


LIGHT VARIATIONS IN THE SUPERLUMINOUS RADIO 
GALAXY 3C€273 


By HARLAN J. SMITH and DORRIT HOFFLEIT 


Yale University Observatory, New Haven, Conn. 


EVERAL radio sources among those known to have 
small angular diameters! have recently been identified 
at tho California Institute of Technology? ® with star-like 
objects. On closer examination at least two of the 
objects, 30484 and 302735-7, appear to be abnormally 
luminous nuclei of distant, highly redshifted galaxies. On 
this interpretation 30273 with M,= ~—26-5 becomes the 
most luminous object now known in the universe. 

With the kind permission of the Director of the Harvard 
Observatory, and with finder charts provided by Dr. 
Matthews, of the California Institute of Technology, we 
have investigated the photographic history of 3048, 147, 
196, 273 and 286 using Harvard’s valuable historical plate 
file reaching back well into the nineteenth century. On 
each plate showing an image of one of the objects, the 
brightness was estimated by eye in the standard fashion in 
terms of suitable comparison stars. Being fainter than 
17th magnitude, 3C 147, 196 and 286 each yielded detect- 
able images on only about half a dozen of the nearly half- 
million plates in the collection, and no positive evidence for 
variation greater than several tenths of a magnitude was 
found. The earliest of these objects to be isolated, 3048, 
is a magnitude brighter; hence in 1961 we were able to 
estimate it on 75 plates, again without finding significant 
variation greater than 0-3 mag.®. However, the most 
recently identified of the five, 30273, at ampg= 12-5 mag. 
is sufficiently bright to be visible on a significant fraction 
of the thousands of plates on its region. While work is 
continuing on the complete collection, we report results 
based on the 600 measures so far reduced. These suffice 
to give convincing proof of variability and to show pro- 
visionally its character. The earliest useful plates date 
from 1887; for the period 1893-1953, during which 
Harvard maintained regular patrols, only two years lack 
observations in the material reported here. 

Conditions for photographic photometry ere uncom- 
monly favourable in the case of 30273. For many of the 
available exposures its brightness falls in the linear portion 
of the characteristic curve; moreover, closely adjacent 


to this object are three field stars one of which has a 
brightness equal to the magnitude of 30273, the other two 
are respectively 0-2 mag. brighter and fainter. Accord- 
ingly, despite the use of plates from 17 different tele- 
scopes, it has proved possible to make eye estimates of 
magnitude with mean errors of an individual estimate 
averaging less than +0-1 mag. Since the heavy dots in 
the light curve of Fig. 1 represent annual means of some 
5-50 measures, the internal probable error of each annual 
mean is normally of the order of, or smaller than, the 
diameter of the dots (0-06 mag.) in Fig. 1. We concede 
the probability of a systematic error arising from the 
colour index of 30273 which is bluer by 0-5 mag. than the 
mean. of the comparison stars. This implies dependence of 
the results on the redward limit of sensitivity of the 
ordinary photographic plates. However, even under 
extreme assumptions it seems unlikely that such errors 
will reach 0-1 mag.; neither do the observed variations 
have the plateau-shift character which such errors should 
produce. 
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13-0 
1880 1900 1920 1940 1960 
Fig. 1. Mean light curve of 30273 for the years 1887-1963. Circles 


are annual means; black circles, include five or more individual 
observations; white circles, four or less, The 2’s refer to strong in- 
dividual observations more than 0-5 mag. brighter than the annual 
means (these apparent flashes were not included in the annual means) 
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2. Individual observations for 1929, plotted on an expanded time-scale to bring out the character of the apparent flashes, Black eh 
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: : refer to strong measnres; white circles to cases where the individual estimate was questionable for any reason; arrows indicate that 1 os 


object. was invisible on a plate 


_At least four observational conclusions are suggested by 

_ the provisional light curve of Fig. 1. 
-< = (1) The average photographic brightness appears to have 
: declined at a rate of about 0-2 mag./century over the 76 
_ years of observation. Even if real, however, such an 
- apparent secular decline may of course represent only a 
>. sampling of some much longer variability. 

(2) Over the 70 years of strong observations, there 
“-oecurred one well-marked: cycle and five or six less- 
. distinct. cycles indicating à time-scale for major fluctua- 
tions of the order of ten years. 
3) Rarely (on less than 2 per cent of the plates) the 
. of 30273 is abnormally bright.corresponding to 
nounced enhancements of more than half a magnitude, 
clearest such cases are indicated by x's in Fig. 1. 
ring out the character of the apparent variation on an 
ded- time scale, Fig. 2 shows the individual readings 
a large-scale plates for the 1929 observing season. 
that most of these apparent flashes are not 
‘ects but are real images. This belief is based on 
ften complex ‘character (agreeing with that of 
nt stars), on the accurate coincidence with the 
position of 3C273, and on the concentration of flashes 
_ during certain periods, notably 1927-29... The enhanced 
images usually have a subtly different charactor from those 
- of the comparison stars or of 30273 itself when “more 
“quiescent; we suggest that this difference arises from a 
< strongly biased colour distribution of the light in the 

flash manifested by colour-dependent aberrations of the 
“optical systems, The plate material thus far examined 
¿contains only one instance where more than one observa- 
_ tion is available within a single outburst (Fig. 2). How- 
ever, the normal magnitude of 3C273 seems to be recovered 
_ within one or two weeks after any flash. 
‘It is remarkable that the major group of flashes in 
9 was followed by the most precipitous drop of 
zo brightness in the whole body of data. The 
individual points are consistent with decline over the 
interval September ane i 1930. The subsequent 


























PRELIMINARY RESULTS FROM THE 
ABOARD CANADA'S 
























reaching to the given magnitude 


gradual rise up to 194] suggests an exponential tes 
eovery with t~ 2x 10° sec. 
Such variations bear strongly on the size and 3 
3C273 and, by implication, of other similar obj 
the flashes are real, either the optical source itse 
the order of light-days in size, or at least it mus 
substructures of this scale which are capable of 
Myg~ —27 to — 27-5 for times of the order of 10° 
In comparison with such hypernova-like acti 
very luminous supernove of conventional 
probably do not exceed Mpg~ — 19. A more con 
estimate of the size of the principal lumini 
could be derived on the assumption that the ma. 
of 1927-29 in some way induced the subseq 
decline. Since this time was 107-10 seci, the cor 
ing size would be several light years if the 
effect were propagated at the speed of light an 
tionately less if propagated more slowly. ‘These 
suggest interesting energy requirements for 30273. 
Finally, it is now clear that similar behaviour of 30 
147, 196 and 286 cannot be ruled out from existing 
material, since the total number of usable plates for all 
these together is less than 100. If flashes are no more 
frequent than with 30273, statistically we might expect 
the present material on the other objects fo contgin not 
even a single clear case of striking activity. Search of- 
. other plate files and continued observation of all of those 
objects is in order. 


Allen, L. BR.) etal, Mon. Not, Roy. Astro, Soc.,124, 477 amz). 
B., ibid. (in the 1 prosa), 
2 Matthews, T. A., eb al, Amer. Astron, Soc. meeting, New Y 
Sky and Telesoope, e 48 (196); Greenstein, J. Das 
Ann. Rep. Di t. Wilson and Palomar Obs. 86 C4 
: ggg erie T. A. shy Greenstein, J-L., Conf. Radio Source: 
pace Admin., Goddard Inst. Space Studies, New $ 
aoe ihe te! uu 
* Greenstein, J. EL., and Matthews, T. A., “Nature, A 7 i 
* Hazard, C., Mackey, M. B., and Shimmins, A.-J., Natie, 107, 108 
* Schmidt, M., Nature, 197, 1040 (1963). 
7 Oke, J. B., Nature, 197, 1040 (1963). 
“Emih. Harlan J., and Hoffleit, Dorrit, Pub. Astro, Sos: Puctis, 7. 080 
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VERY-LOW FREQUENCY RECEIVER 
ALOUETTE SATELLITE 


By R. E. BARRINGTON and J. S. BELROSE 


Defence Research Telecommunications Establishment, Department of National Defence, Shirley Bay, Ottawa 


N September 29, 1962, the Alouette satellite was 

: launched into orbit-and, although designed primarily 
ase top-side sounder!,.a broad-band very-low-frequency 
(VLF) receiver was included in the payload. Since 
- voperation of the VLF experiment is incompatible with the 
-other experiments in the satellite, only a limited schedule 
_ of VLF observations is carried out at the present time. 


This ineludes 4—6 min of observation once a day, when the 
vehicle is within telemetry range of Ottawa, 3 : 
recordings per week at either Prince Albers or | 
Bay, and 2 recordings per week at Quite, Ecuade 
a week these observing periods are arranged i in gen 
with recordings at additional telemetry st 

consecutive observations at Resol 
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TIME (secs.) 
LAT. 1.7°S. LONG 65.6° W. NOV. 28, 1900:07 UT 


FREQUENCY (Ke/s) 


TIME (secs.) 


LAT. 37.4° N. LONG. 


83.9° W. DEC. Il, 0703:02 UT 


Fig. 1. Comparison of whistlers observed by the Alouette satellite at a high and low altitude 


TIME (secs) 
LAT. 16.7° N. LONG. 64.7° W. NOV. 21, 1957:41 UT 


Fig. 2. 


Ecuador, Antofagasta, Chile and South Atlantic, so the 
VLF spectrum is observed continuously as the satellite 
moves through its full range in latitude. Although rt 
analysis of the results of this programme are far from 
complete, it has revealed some interesting features of 
whistlers and ionospheric noise as seen in the ionosph 

In addition, some comparisons of simultaneous obse: 
tions of the VLF band from the ground and in the satellite 


These preliminary observations form 


o of this article. 
y results, some features of the 
‘receiver characteristics will be 


Whistlers of limited band-width observed at a low latitude 


noted. The satellite moves in a nearly circular orbit at a 
height of 1,000 km and has an inclination of about 80° 
to the equator. This allows observation of the VLF 
pectrum over a very wide range in latitude while the 
-circular bit simplifies the interpretation of the results. 
‘The receiver covers the VLE from 600 to 10,000 c/s, 
and has an AVC circuit wit ime constant of 0:2 sec, 
which holds the receiver output constant to within 3 db 
for variations in the amplitude of the input signal of up 
to 60 db. The ionospheric sounder and VLF receiver are 
both connected to the same 150-ft. dipole antenna. A 
matching network, permanontly connected across this 
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antenna, optimizes the sounder performance and attenu- 
ates the VLF signal by about 60 db. The maximum gain 
of the receiver is 89 db, 

Vanguard III has already observed whistlers within 
the ionosphere*, but because of the small inclination of 
this satellite’s orbit the recordings mado were all for 
relatively low latitudes. Tho published observations 
showed whistlers of rather pure tones much like those 
shown in Fig. la which were observed by Alouette at a 
latitude of 1-7°S. Thus our results are in accord with 
previous satellite observations. There are, however, 
marked differences between the low-latitude and high- 
latitude whistlers observed by Alouette. Whistlers observed 
in the ionosphere near Ottawa are generally of the form 
shown in Fig. 1b. Such ‘swishy’ whistlers are quite 
commonly observed on the ground in tho vicinity of 
Ottawa, but it was usually considered that thoir diffuse 
character was due to propagation of electromagnetic 
energy from the southern to the northern hemisphere via 
several lines of force of the Earth’s magnetic field. These 
waves then emerged from the ionosphere at several 
locations and propagated to a ground receiver via the 
wave-guide mode. A whistler such as that shown in Fig. 
1b requires a modification of this view. Also visible in 
Fig. la are two dark straight lines at frequencies of 2-8 
and 5-6 ke/s. Theso are due to the d.c. to d.c. converters 
of the satellite power supply and are found on most of the 
satellite records. 
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Fig. 2 shows two whistlers which were observed at about 
latitude 10° N. The surprising feature of these records 
is that while the whistlers are relatively intense, they 
extend over a limited frequency band. Moreover, the two 
whistlers are found in different parts of the frequency 
spectrum, although their measured dispersions indicate 
that they originated in similar latitudes. A possible 
explanation of this observation is that at low latitudes 
the different frequency components of a whistler sometimes 
follow slightly different paths through the ionosphere. 
Simultaneous ground and satellite observations of whist- 
lers such as those of Fig. 2 should provide a test of this 
suggestion, 

Fig. 3 shows a comparison of a whistler as observed 
by the satellite and by a ground station. At the time of 
these recordings the sub-satellite point was 699° W., 
35°6° N. and the ground station was Ottawa 754° W., 
45-2°N. Since timing for these two recordings is aceurate 
only to about 1 sec the spherics observed on the ground 
are aligned with the signals observed in the satellite at a 
frequency of 7-5 ke/s. This is not strictly correct, for even 
a frequency of 7-5 ke/s requires a travel time from the 
lightning flash to the satellite of the order of 50 milliseconds 
and lower frequencies require considerably greater travel 
times. In spite of this, the relative positions of the 
signals on the two records should be the same and this 
can be seen to be the case. This record shows that only 
a small fraction of the spherics recorded on the ground 
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TIME (secs) 
GROUND STATION LAT. 45.2*'N LONG. 755° W 
DEC 5, 1753:54 UT. 


z . 3. Comparison of simultaneous records from the VLF receiver in the satellite and the Ottawa ground station. 
fase w 


During this interval a 


histler, presumably associated with the spheric that caused wed short fractional-hop whistler seen in the record, was observed by both 
receivers 





| TIME (secs.) 
ae | LAT. 399° N LONG. 82.3° W. OCT. 12, 0149:54 UT 


Fig. 4. 


Short fractional-hop whistlers which appear to be associated with si 


ls that have a dispersion lying between that of short and long 


fractional-hop whistlers 
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5.2° N. LONG. 75. 
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SATELLITE LAT. 45.6 N. LONG. 83.7° W 
OCT. 12, 0148:00 UT. 


Fig. 5. Simultaneous ground and satellite records which show the association between spherics and short fractional-hop whistlers 


are observed in the satellite. To reach a ground receiver 
propagation from a lightning flash is via the wavo-guide 
mode, which has relatively little attenuation, and hence 
lightning strokes occurring over a large region of the 
Earth’s surface are observed by a ground receiver. For 
a lightning stroke to be observed by the satellite, propa- 
gation must be via the whistler mode. Because of the 
high refractive index of this mode, waves the angles of 
incidence of which on the ionosphere vary over a wide 
range, are refracted so that their wave normals become 
almost vertical once they are in the ionosphere. As a 
result, energy propagating via this mode can reach the 
1,000-km level of the satellite only over a restricted 
region above its point of entry into the ionosphere. Thus 
it is reasonable to expect that only a small fraction of the 
spherice observed on the ground correspond to observable 
signals at the satellite. 

Only with satellite-borne whistler receivers is it possible 
to observe signals which have propagated via the whistler 
mode along a fraction of a whistler path between hemis- 
pheres. As yet there is no established nomenclature for 
describing such signals. In this article, all the signals 
observed by the satellite which are believed to originate 
in lightning flashes will be termed fractional-hop whistlers. 
Those which have propagated directly from the ground 
to the satellite without crossing the magnetic equator are 
classified as short fractional-hop whistlers in contrast to 
those which cross the magnetic equator ons or more times 
and are designated as long fractional-hop whistlers. In 
Fig. 3 the intense signals shown on the left of the satellite 
record aro short fractional-hop whistlers while the diffuse 
signal on the right is a long fractional-hop whistler. 

On the left-hand side of Fig. 3 is a spheric which 
produced a very strong signal at tho satellite. Since the 
intensity of this signal is much greater than any of the 


other signals observed in the satellite it is probable that 
this spheric originated very close to the sub-satellite 
point. This figure also illustrates a diffuse whistler which 
was observed on the ground and in the satellite at about 
the same time. The latitude at which this observation 
was made, and the time-delay between the two-hop 
whistler and the lightning stroke which produced the 
intense fractional-hop whistler, is consistent with the 
assumption that the two-hop whistler was produced, at 
least in part, by this stroke. If this were correct then in 
the case illustrated some of the energy of the two-hop 
whistler entered and left the ionosphere very close to the 
same point. It is also of interest to note that the whistler 
as observed on the ground is similar to that observed in 
the satellite. 

Fig. 4 illustrates another poculiar type of VLF signal 
observed by the satellite. On this record are two closely 
spaced short fractional-hop whistlers the dispersion. of 
which approximates that expected for a signal propagating 
directly from a lightning flash to tho satellite. Close to 
these two whistlors are two other signals tho separation 
of which in time, to the accuracy with which it can be 
determined, is equal to the time separation of the preceding 
short fractional-hop whistlers. The dispersion of these 
signals is considerably greater, about a factor of 3, than 
that of the short fractional-hop whistlers, but is much too 
small for a long fractional-hop whistler at the latitude 
where this record was obtained. It is also interesting that 
these signals do not extend over so great a frequency 
range as the short fractional-hop whistlers. If these 
signals were assumed to originate in an electromagnetic 
impulse, and to propagate via the whistler mode, thon 
their time of occurrence coincides with that of the impulse 
giving rise to the pair of short fractional-hop whistlers. 
Thus a possible interpretation of this record is that two 
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lightning flashes which occurred at close to the same time, 
both produced electromagnetic radiation which propa- 
gated directly to the satellite via the whistler mode. Some 
of this energy was partially reflected by an irregularity 
near the satellite height, returned to the ground, where it 
was reflected, and returned to the satellite with considerably 
greater dispersion than the direct signal. 

Another comparison of observations in the satellite 
and on the ground is given in Fig. 5. Again as in Fig. 3, 
the spheries were used to align the two records. The 
ground observations were made during darkness and it 
can be seen that the majority of the spherics seem to 
suffer a cut-off at about 1,600 c/s. This is thought to be 
due to a cut-off phenomenon associated with the wave- 
guide formed by the Earth and the lower edge of the 
ionosphere in which, particularly at night, sphorics 
propagate to very great distances with little attenuation. 
On this view the sphorics which have clearly discernible 
components below the cut-off frequency are those which 
occur relatively close to the receiver. The observations 
in the satellite confirm this view. At the time of these 
observations the satellite was almost above the ground 
receiver, and only those spherics which were observable 
at frequencies below the cut-off are seen in the satellite. 
It is also noteworthy that these short fractional-hop 
whistlers observed in the satellite are rather diffuse. This 
is probably due to scattering by irregularities in the iono- 
sphere below the satellite. In fact such scattering may be 
important in understanding the diffuse whistlers illustrated 
in Figs. 1b and 3. 

A very peculiar feature of Alouette observations can be 
seen in Fig. 2. Here several vertical lines appear, resem- 
bling closely the appearance of spherics on a ground-based 
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VLF receiver. This record was received, however, in the 
satellite and any impulsive signal propagating from the 
ground to the satellite should experience considerable 
dispersion. Since the straight lines of Fig. 2 give no 
indication of any dispersion comparable with that of the 
short fractional-hop whistlers of Figs. 3 and 4, it is 
concluded that these impulsive signals are not due to 
propagation of energy from a lightning stroke to the 
satellite via the whistler mode. Since no other form of 
propagation of energy from a lightning flash into the 
ionosphere has been observed, it seems likely that these 
impulsive signals are due to some source within or near 
the satellite itself. Examination of many records shows 
that such lines may be present at almost any latitude; 
sometimes they are very plentiful (15-20 on one sonagraph 
record) while at other times they are absent. Sometimes 
they occur at fixed intervals, while at other times they 
occur randomly. At present it is not known if these 
clicks are due to the satellite instrumentation, to the 
impact of particles on the antenna or the satellite skin, 
to discharges in the vicinity of the vehicle, or to some 
other unknown origin. 

In addition to the whistlers of various types which have 
been illustrated a great variety of ionospheric noise has 
been observed by the satellite. Examples of some forme 
of this noise are shown in Fig. 6a and 6b. In these figures 
the noise is confined to two discrete frequency bands, but 
in Fig. 6a the noise is continuous whereas in Fig. 6b it is 
sporadic. Both these records were made at latitudes 
for which ionospheric noise is very common. Comparison 
of noise as observed in the satellite and on the ground 
indicate that the bandwidth of the noise observed by the 
satellite is usually less than that observed on the ground. 
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Fig. 6. Two examples of ionospheric noise observed by the Alouette satellite 
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Fig. 7. Three conp of ionospheric noise which exhibits systematic changes in the spectral distribution of the noise with the satellite 


latitude. Example 





was obtained on October 26, 1962, 1521-1526 V.T. 


54°N. 
(LONG. 114° W) 





(LONG, 15° W.) 


Example B on November 3, 1962, 0122-0127 v.T. Example C was 


obtained on December 14, 1962, 0857-0900 V.T. 


It is also found that the satellite observes much more noise 
below 1,000 c.p.s. than is seen on the ground. 

One of the most interesting observations of ionospheric 
noise is shown in Fig. 2. This record was obtained by the 
Quito Telemetry Station when the satellite was at about 
10° N. latitude. Even at this low latitude a relatively 
constant band of ionospheric noise is present. The 
observed lower limit of this noise band is probably set by 
the cut-off of the VLF receiver. The upper edge of the 
band lies between 1-1 and 1-3 ke/s. In addition to this 
noise, a signal of limited bandwidth and quasi-constant 
frequency occurs at about the second harmonic of the 
d.c—d.c. converter frequency. Such signals occur 
frequently, but as yet it is not known if they are due to 
ionospheric noise or are generated within the satellite 
itself. 

In Fig. 7 three very interesting recordings of ionospheric 
noise are shown. In example A the noise is sporadic but 
shows a systematic tendency for the lowest frequency at 
which noise is found to decreaso as the satellite moves 
from 41:5° N. to 48° N. Above 48° N. sporadic noise is 
found throughout the entire frequency range of the VLF 
receiver with no well-defined lower limit. In example B 
two discrete bands of noise are present, but the frequency 
limits of these bands increase steadily as the satellite 
moves from 49° N. to 44° N. In example C the noise is of 
a more continuous nature. Again, however, there is an 
over-all tendency for the frequency of the lower edge of 
the noise band to decrease as the satellite moves from 
44° N. to 49° N. These systematic changes are thought to 
be due to changes with latitude in the mean drift velocity 
of the particles which generate ionospheric noise. 

Such latitude effects will be examined extensively 
during the satellite passes in which the VLF receiver is 
continuously in operation. To assist in such examinations, 
and also to aid in the comparison of whistlers as observed 
in the ionosphere and.on the ground, a large network of 
ground whistler stations make recordings during times 
when the satellite is in their vicinity and also during the 
entire sweep of a pole to pole satellite recording. This 
network of whistler stations consists of: Great Whale 


River, Quebec; Suffield, Alberta; Ottawa, Ontario; 
Schefferville, Quebec; Dartmouth, New Hampshire; 
Ontario, New York; Logan, Utah; Green Bank, W. V.; 
Stanford, California; Santiago, Chile; U.S.N.S. Eltanin, 
West Scotia Basin, Antarctica; Byrd Station, Antarctica; 
Eights Station, Antarctica; and South Pole, Antarctica. 
Recordings at this extensive network of stations is possible 
through the co-operation of R. A. Helliwell of the Radio 
Science Laboratory of Stanford University, and M. G. 
Morgan of Dartmouth College, New Hampshire. 

In conclusion, the high-inclination orbit of the Alouette 
satellite presents the opportunity to examine whistlers 
and VLF emissions over a range of latitudes and is expected 
to provide new information on the generation and propa- 
gation of these waves. Since the relation between VLF 
propagation and the magnetic lines of force can be 
directly investigated, more accurate measurements of the 
variation of whistler dispersion with latitude are possible. 
This should result in a better determination of the 
distribution of electrons in the exosphere under normal 
and magnetically disturbed conditions. 

Finally, there are events which can be observed in the 
satellite but not on the ground and these, of course, 
should receive particular attention. The short fractional- 
hop whistlers which have been illustrated are one example 
of such events. The dispersion of these whistlers can be 
determined with high precision and is related to the 
total electron and ion content between the ground and 
the satellite. Since the electron density at and below the 
satellite is measured independently by ionospheric 
sounding of the top and bottom of the ionosphere, 
dispersion measurements of short fractional-hop whistlers 
should yield information on the heavy ions of the iono- 
sphere and on the manner in which the whistler mode 
enters the ionosphere. 

We thank Mr. W. E. Mather, who operated the ground 
whistler station at Ottawa and made the recordings 
shown in this article. 


* Warren, E. 8., Nature, 197, 636 (1963). 
* Cain, J. C., Shapiro, I. R., Stolarik, J. D., and Heppner, I. P., J. G. Ro- 
66, 2677 (1961). 
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RADIATION AND ACOUSTIC EXCITATION OF ANOMALOUS 
LAYERS ON PEROVSKITE FERROELECTRICS 


By |. LEFKOWITZ 


Crystallographic Laboratory, Cavendish Laboratory, Cambridge 


fi aks acoustic and radiation excitation of the anomalous 

layers that exist on the surface of perovskite ferro- 
electrics have been investigated. The results support the 
view that a space charge layer exists on the surface of 
perovskite ferroelectrics and that it is randomly distributed 
across the sample and has different not polarities in 
different parts of the same sample. 

W. Kanzig' first suggested the existence of an anomalous 
surface layer on BaTiO, and since then a large body of 
experimental evidence has been built up for the existence 
of this surface layer? (reviewed in detail by Jona and 
Shirane'). The effects observed are: (a) Tetragonal surface 


X-ray 





Fig. 1. Positive and negative output potentials from a small region 
(1-5 cm") of a ferroelectric material under X-ray excitation, c-e, Typical 
radiation decay pattern. 


layer above the Curie point'. (b) Thickness dependen 
of the switching characteristics*. (c) Modification of the 
dielectric constant above the Curie point by field 
frequency; and the dielectric constant di l 
thickness in this temperature region’. (d) 
pyroelectricity above the Curie point*. (e) As netrir 
distribution of birefringence induced by d.c. fields abo 
the Curie point*®. (f) Free surface charge observed when 
irradiated by y-rays and reactor neutron flux?’ 

Several models have been proposed, but the off 
(a) (d) (f) can best be explained by the original suggest 
of Kinzig, namely, a layer of high potential stress (10° V 
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cm) at the surface. My results tend to confirm this model 
and, further, show that many experimental measurements 
and applications of ferroelectrics may be open to serious 
criticism if these surface layer effects are not recognized 
as a source of difficulty. 

The samples examined were mounted in a metal 
shielded cage in which a small opening was cut permitting 
X-rays to enter and irradiate the sample. The fine wire 
mounting acted as a probe pick-up. This pick-up was 
connected directly to a high impedance amplifier the out- 
put of which was displayed on an oscilloscope. White 
radiation from iron and copper targets pulsed at 50 c.p.s. 
was used. No quantitative difference was found for the 
data obtained using different X-ray sources. 

The materials examined were single crystals of BaTiO,; 
0-2-mm and 5-10-mm thick ceramics of BaTiO, ; and solid 
solutions PbTiO,—PbZrO,. Glass samples with the same 
electrode techniques were used as standards to check the 
measurements. The measurements were made in an 
environment of high ambient noise so that piezoelectric 
activity of the samples was apparent. ‘The results for 
the radiation sensitivity were approximately the same 
when there was no acoustic excitation. 

All the photographs reproduced here (Figs. 1 and 2) 
were made of the output from one sample of 0-2-mm 
thick ceramic but are representative of results obtained 
with the materials studied. 

When the irradiation was first begun, Barkhausen 
pulses were sometimes observed. These were ‘random’ 
and showed no systematic time relationship to the X-ray 
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Fig. 2. Typical radiation decay pattern 
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repetition rate. The instantaneous ‘normal’ output is 
shown in Fig. la, sharp leading edge and exponential 
decay ; and then the inverso. No evidence of piezoelectric 
output is apparent. A portion of the same sample (in fact 
1-5 cm away) gave an output of opposite polarity (Fig. 
1b). Tho polarity of the output changed during irradiation 
in some portions of the material and the final amplitudes 
were much reduced. After a short time (between 0-5 
and 5 min) there was a decrease in pulse height and 
evidence of piezoelectric output during the X-ray dead- 
time (Fig. 1b). The piezoelectric sensitivity gradually 
returned (Fig. le and d), until there was small evidence 
of the radiation sensitivity, and piezoelectric output was 
observed (Fig. le). Photographs (Fig. 2a and b) were 
taken over a period of 5 min and show another decay 
pattern. No change was made in the probe position for 
this experiment. When the X-rays were turned off and 
the irradiation repeated, the pattern of output was the 
same (Fig. 1b, c, d and e) at the same probe position. 
Some sample positions showed a ‘steady-state’ radiation 
output that was stable and continued as long as the 
irradiation continued (several days). 

The experimental evidence which supports a surface 
layer charge generator is: (a) Potential output is observed 
only when an intimate bond is made with the surface of 
the sample (foil electrodes do not work). (b) Radiation 
output is observed above the Curie point. (c) There is no 
systematic samplo-thickness dependence of the potential 
amplitudes. (d) Potentials are observed only when small 
contact areas (œ 0-2 mm?) are used. (e) Effects are observed 
using painted silver electrodes (Dupont silver 5399-A 
Lot 13475) and vapourized metal coatings of indium and 
gold. (f) Re-dipping the gold-coated sample in a mercury 
bath without a change in contact area increased both 
radiation and piezoelectric sensitivity. (g) Similar results 
are obtained from single crystal BaTiO,, polarized and non- 
polarized ceramic. (h) Interdependent character of the 
piezoolectric and radiation sensitivity. 

The experimental results demonstrate that when 
perovskite ferroelectrics are irradiated, they act as current 
generators. The polarity of the output is either negative 
or positive from different areas of the same sample. 
There is a significant contribution to the piezoelectric 
activity of ferroelectric materials by the surface which is 
nullified when the samples are first irradiated. 

The models invoked by previous investigations to 
explain the surface effects fall into two general categories: 
(i) a surface layer (~ 100 A) of high potential stress 
(10° V/em)'; (ii) a deformed surface layer (mechanical 
or chemical) which does not contribute to the spontaneous 
polarization but is a ‘sourco’ of interface charge’. 

This communication shows how model (i) satisfies in a 
qualitative manner the observed phenomena and to 
emphasize the implications of the observed results. 

Consider an equivalent circuit Fig. 3. 

Before irradiation V,, V. polarize layers Cs, and Cs. 
therefore the layers Cs,, Cs, contribute to piezoelectric 
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activity. At the start of the radiation pulse photo- 
electrons effectively ‘short’ V, and V, discharging Cs 
through Rz, the polarity being a function of the ‘net’ 
polarity of V, and Vy. As tho radiation continues now 
‘boundary’ conditions are created with a return of the 
equivalent circuit shown in Fig. 3. A continuous current 
flow under radiation conditions would depend on the 
final ‘net’ polarity. 

The possible applications are many, for example, ifa 
very thin ceramic or single crystal is excited in its ‘thick- 
ness’ mode of vibration, it could be used as a sensitive 
radiation detector. The effect described could also be 
used as a sensitive non-destructive test of the uniformity 
of transducer material. It is the primary object of this 
article to emphasize the sensitive condition that this 
effect may contribute to in complex equipment systems. 

Ferroelectric ceramics are used both as transducers and 
capacitors. They are usually completely electroded; 
therefore, under normal conditions one would expect to 
see no contribution from these surface effects. It is just 
this random character that is both its source of safoty 
and source of danger. Efforts to modify these layers by 
annealing has given very conflicting results. Chynoweth 
(private communication) reports possible evidence of 
their existence in some samples when annealed from 
180°C. Lefkowitz’? found similar evidence in samples 
that had been annealed from 300°C. Thorefore, devices 
and systems that use these materials as capacitors and 
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transducers which are safe and reliable, and have demon- 
strated themselves to be so over long periods of time under 
various test programmes, may still produce situstions 
where, if surface potentials throughout the sample arm 
‘optimized’ a condition of high sensitivity may occur 
The probabilities of this happening are very small if the 
component is well electroded and when the parallel 
cireuit’s impedance is low, but, since so little is understood 
about the nature of these surface effects in ferroelectric 
components, caution is strongly advised even in applica- 
tions which have given no cause for concern in the past. 

This work was supported by the U.S. Department of 
the Army through its European Research Office. 

I thank Sir Nevill Mott and Dr. W. H. Tayler for 
provision of facilities and Mr. C. Chapman and Mr. D. 
Woollard for fabrication of the crystal holder assembly. 
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PETROLOGY AND THE NATURAL REMANENCE OF THE MULL LAVAS 
By J. ADE-HALL 


Geophysics Department 
AND 


R. L. WILSON 


Physics Department, Imperial College of Science and Technology, London 


DETAILED quantitativo petrological and magnetic 
examination of a sequence of olivine plateau basalt 
lavas from near Salen, Isle of Mull, Scotland, has shown 
distinct petrological and less distinct magnetic differences 
between normally and reversely magnetized specimens. 
The Mull lava sequence consists of 36 flows with normal 
and reversed magnetizations, sometimes within the same 
flow. Many samples had intermediate directions which, 
however, seemed quite stable over several years storage in 
the Earth’s magnetic field. One or more specimens of 
typical direction of natural remanent magnetization 
were chosen from each flow for examination. In each case 
material from the same specimen was used for both 
petrological and magnetic measurements. 





Microscopic determinations were made of the amounts 
of olivine, of the grain size, and of the nature and amounts 
of the various iron oxides. ‘Two definite mineralogical 
differences were found between normal and reversed 
specimens, even when they came from the same flow 
The normally magnetized specimens contained pseudo- 
morphs after olivine of medium green or pale green 
serpentine; and also homogeneous (unexsolved) pale 
brown magnetite showing well-developed crystal form 
and conchoidal cracks (Fig. la). In contrast, the reversely 
magnetized samples contained pseudomorphs after olivine 
of dark-green serpentine rimmed by ragged areas of fine 
secondary oxides and iddingsite. The magnetite is darker 
brown than in the normal specimens, and has no charac- 





50y 
Fig. 1. a, Typical mapes in normally magnetized sample (67/9); b, t 


ical magnetite with exsolved 
menite (light grey) in reversely magnetized sample (74/1) 
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teristic crystal form, having. finished ialla after 
the plagioclase felspar. Abundant, nearly pure ilmenite is 
exsolved in the octahedral planes of the reversed magnetite 
(Fig. 1b). This ilmenite forms 20-30 per cent of the total 
opaque material by volume. 

The presence of exsolved ilmenite in the magnetite of 
the reversely magnetized specimens suggests that partial 
oxidation of these magnetites has taken place?-*. It is 
probable that remagnetization took place during this 
oxidation process’. The exsolution of ilmenite in the 
magnetite is closely related observationally to the ser- 
pentinization and general alteration of the rock, which 
occurred after these lavas were buried under a cover of 
younger rocks. This probable ‘exsolution remagnetization’ 
would. therefore have occurred long after the original 
lava deposition, so that one cannot at present decide 
whether the reversely magnetized rocks are due to self- 
reversal or to the field being reversed during the exsolu- 
tion. process. 

Measurements of the natural magnetic remanence, and 
of the weak field susceptibility, have already been made by 
§. K. Dutt. To these were added new measurements of 
‘saturation magnetization, Curie point in a strong field, 
‘saturation remanence and remanence coercive force. 
The change in direction and intensity of the natural 
remanence of 22 specimens was also followed with increas- 
ing temperature in zero field. In these magnetic measure- 
ments only the. properties of the natural remanence 
revealed any differences between normal and reversed 
specimens, The other ‘general magnetic properties’ showed 
no statistically significant differences at all. All Curie 
points ‘were close to that of pure magnetite. 

» The differences revealed in the natural remanences were: 
first, that the normal intensities of magnetization were 
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quite shipi peaked near to 25x104 EMU Ce, while 
the. reverse intensities were spread both highor and 
lower (<10-? m.M.U./e.c.) than the normal; and second, 
that while the ad specimens always maintained quite 
constant directions during heating, many of the normal 
ones behaved most anomalously, sometimes becoming 
reversed just (less than 50° C) below the Curie point, and 
even switching sense three times during heating. 

It seems difficult to reconcile the existence of such clear 
petrological differences between normal and reversed 
specimens with the lack of marked differences in the 
general magnetic properties. However, both normal and 
reversed specimens contain similar amounts of magnetite, 
regardless of exsolution, and this mineral will certainly 
dominate measurements made in a strong field. It 
may be that the natural remanence lies in either a small 
proportion of the magnetite, or in an entirely different 
mineral®, while the bulk of the magnetite is in a demag- 
netized state. 

The evidence makes it extremely likely that no short 
period reversals of the Earth's magnetic ‘field took place 
during the period of deposition of the Mull lavas, and that 
the reversely magnetized samples are due either to field 
reversal or to self-reversal at some time well after extrusion. 
It is becoming obvious that petrological investigation is 
at least as important as magnetic in investigating the 
phenomenon of oppositely polarized magnetizations of 
lavas. 
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INFLUENCE OF ENHANCED SINGLET—TRIPLET TRANSITION PROBABILITIES 
ON ROTATORY DISPERSION 


By C. DUKGRAAF 


Centra! Laboratory, Staatsmijnen in Limburg, Geleen, The Netherlands 


CCORDING to Kauzmann! the molecular rotation 
of optically active species dissolved in an indifferent 
solvent can be given by: 


rN ni t+ 25 X ek 
he g Z Wy . Im(con, pro) 


(1) 











where: 


a 


Im (consteto) = Im [< Foll Fr >. <Frlul F>] (2) 


Yeand Fr are the wave functions for the ground-state 
and the 4th excited. state of the molecular system under 
consideration. i 
(For: the sake of simplicity only summation over the 
: purely. ‘electronic levels is considered in equation (1).) 
-o The electric-moment operator and the magnetic-moment 
5 operator are given byr“ 


(3) 
oe Bo nxp (4) 
i omy 


if tho optically active molecule is assumed to be in a 
singlet ground state and if spin-orbit ‘coupling is neglected, 


the expression for the rotatory strength Dim (eon: uo) is 
composed of transition moments between Sna levels 
only; ; 


According to theoretical calculations of Weigang?,. a 
small effect on the rotatory strength appears if spin-orbit 
coupling is included. 

In addition, Evans? and others‘* have found that 
singlet-triplet transitions of aromatic molecules are. 
induced by paramagnetic substances, for example, oxygen 
and nitric oxide. It is well known that singlet—triplet 
transitions can also be stimulated by solvents containing 
heavy atoms*®:4. 

What is considered here is the environmental offects 
of paramagnetic species and of solvents with heavy atoms 
on rotatory dispersion. 

First, a summary will be given of the formule for the 
transition moments. In a collision encounter of the optically. 
active molecule and.a paramagnetic molecule. the follow- 
ing expressions hold for the electronic transition moment 
between the ground-level of the collision complex and the © 
excited state of the collision complex in which the optically 
active molecule is in the triplet excited state. According 
to the exchange mechanism’?>*: 


oa ot 1 K, Emr — Kga Ker 
aye < Yoleri, > = — A Eun + Kae = K PA ky 
` a7 t 


< Foje a> 
0g 2 


' According to the charge-transfer mechanism**: | 


No. 4861 


May 18, 1963 


NATURE 


eS < Poje YF, noo 


l Hmo + < kk'mu > + <pu'my > + 


< PERR 2 < kyulmk > 





Oe ee T B 


3 
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<FolulFe> (7) 


On the other hand, ri charge-transfer mechanism 
gives the expression : 
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Now consider the influence of the 
transitions on the molecular rotation. 
equation (1). W riting equation (1) in amo 
gives: 
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Dropping the first and the third termi i rack 
this expression for the molecular rotation pro 
expression for the molecular rotation: ‘of the ur 
active molecule. 

From equation (12) it appears that the métbeiler pr 
rotation is composed of several terms, each of which o 
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nidiioed rotatory strengths, derived from the two 
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a different. contribution. Since the eigen: funéti 
molecules in a collision encounter are not h 
induced.. optical rotation. cannot. b ti 
possible, however, to give a rough calculi 
of magnitude of the induced optic t 
of the dipole strengths for singlet- 
singlet-singlet transitions in the unper Me 
about 10-%-10-*. However, for. the ox 
molecule, this ratio will be about 104-10- 
ean be shown from equations (10) and { 1), 
of the rotatory strength for induced singlet- 
for singlet-singlet transitions will also be rou, 
10:5. The: effect. on the specific molecular rote 
therefore be small. 
Consequently. the ratio of 10- mentioned by V 
who considered the influence of spin-orbit coup: 
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In molecules with heavy atoms, as ethyl iodide, bromo- 
1 and iodo. benzene, spin-orbit coupling plays an 

; be ‘Therefore, for the: collision complex, 
ie: ; will have to be considered’, 








ia state. R tho wave function 
senting the ground-state of the collision complex has 
and. triplet. properties. -Owing to the spin-orbit 


‘turbing molecule interact. The wave functions of 
| the éxcited states of the collision complex therefore have 
mixed singlet and triplet properties. 

oo The PURG transition from the ground-level to the 

‘devel SM, + 1P, can take place, if there are electronic 
©. levels of the collision complex which, by absorption of 
-dipole radiation, combine with the ground level and show 
_ configuration interaction with the level 847, + 1P,. 

In: addition, the singlet-triplet: transition may also be 
ained by including: charge- transfer levels in our con- 
erations. 

According to these considerations the singlet-triplet 
transition of the optically active molecule in the collision 
complex is no longer spin-forbidden. 








coupling. the singlet and triplet. excited states of the — 


T Jm (eosto) Garp a 











optical activity for n-r* transitions Reon 
optimistic. 
As the observed dipole strengths for 
transitions induced: by -molecules with heav 
probably. smaller than those induced by 
species®, the infiuence on. the: specific. 
smaller. Whether- such a small effect. no 
rotation is measurable has so far bee open. 
though we are preparing an. experiment. 
of the order of magnitude of a few por 
unreasonable: for a high concentration of the or 
active compound, a pressure of oxygen of abo 


atmospheres, and an optical path length of 10am. 
I thank Prof. M. P. ae for his advice. 
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RELATIONSHIPS BETWEEN THE DEPOSITION OF STRONTIUM-90 AND 


THE CONTAMINATION OF MILK IN THE UNITED KINGDOM 


By E. R. MERCER, J. D. BURTON and B. O. BARTLETT 
Agricultural Research Council Radiobiological Laboratory, Letcombe Regis, Wantage, Berkshire 


AUCH attention has been directed to estimating the 
relative extent to which recently deposited stron- 
tium-90 as opposed to the cumulative total in the soil is 
responsible for the contamination of milk and other 
components of diet. In addition to elucidating mechanisms 
of food chain transfer, this information is important for 
predicting future trends: of dietary contamination. The 
earliest. attempt to assess this question was made by 
Tajima on results for milk and fall-out from near Perry, 
New York!. Calculations for the United Kingdom?~, 
parts of the United States of America*-’, the Netherlands" 
and Japan’ have since been made, and the United Nations 
Scientific Committee on the Effects of Atomic Radiation 
has considered the problem on a world-wide. basis*®. 

The reliability of any assessment of this type depends 
on the extent and accuracy of the surveys of radioactivity 
on which it is based. The continuation of surveys thus 
improves the basis for prediction, and a further examina- 
tion of the situation in the United Kingdom has been 
made on the basis of survey data up to 1961. Compared 
with a number of other parts of the world, the United 

Kingdom offers certain advantages for this type of study, 
re because of the extent of the surveys, both of strontium-90 
<in milk and of the deposition of fall-out, and: because the 
t and aicu conditions in many parts of the 












use less-detailed deposition data are available 
parts of the. country. Moreover, field experi- 
hich provide an independent. basis for assessing 
tribution of the soil, were carried out on sites 
= representative of agricultural land in England and 
oo Wales. The trends in the levels of strontium-90 in 
-"¢nilk, however, do not differ markedly in the remainder 
of the United. Kingdom: and there is no reason to suppose 
that. the present conclusions are not generally applicable 
to the. country as a whole. 





-ıı Measurement of Deposition of Strontium-90 


Measurements of strontium-90 in rain have been made 

by the United Kingdom Atomic Energy Authority on 
samples collected: at Milford Haven. since 1954, and in 
-1956 the programme was expanded to give wider cover- 
agos, -Strontium-90 is largely, though not entirely, 
deposited in rain and, averaged. over soveral months, the 
concentration of strontium-90 found in rain-water. differs 
tle throughout the country. Thus, variations in deposi- 
closely related to rainfall. The average deposi- 
trontium:-90 throughout the country | can therefore 
tasted from the mean goncentration in rain, using 



















iste. pared tates. of drantik throughout 
and Wales since the beginning of 1957 the 
tion in rain at Milford Haven, Abingdon, 
,iverpool and on the lower slopes of Snowdon 
o deposition before 1957, which accounts 
all part of the cumulative total, has been 
| Milford Haven records, since no other 





measurements were made in the earlier period. From 
these results, making allowance for the decay of radio- 
activity, the ‘country-wide mean values for the years 


1958-61 have been derived (Table 1). The average 


samples are: obtained from each zone, standard orrors p: 
the moan values can be calculated. 


“in Table 1. Between zones the levels rangi from 65 to 


Table 1. MEAN RÀTIOS OF STRONTIUM-90 TO CALCIUM IN MILK 
ESTIMATES OF DEPOSITION IN ENGLAND AND WALES, 1958-61 


Estimated annual. Estimated average.: 


AND no 





Mean ratio 
strontium-90/calcium deposition of... cumulative deposit 
in milk atrontium-90 of atrontium-v0 
(pe./g) (me./km}*/annum) (me./km?*) 
1958 684 + O10 4-98 115 
1959 9:84 + 011 697 17-2 
1960 5-97 + 0-08 1:77 21-1 
1961 5-51 + O15 1-85 224 ; 


cumulative deposit shown for each year is the mean of o c> 
the values calculated for the beginning and end of the =” 
year; because of variations in the seasonal distribution of- 
fall-out. from year to year (Fig. 1) any method of cal- 
culating the average cumulative deposit during the year 

must be regarded as somewhat arbitrary. 













pe. “Srg Ca in mük 





Outside: quarterly deposition me. Srjkm? 
Inside: cumulative deposit me, ’Sr/km* 









1959 


Fig. 1... Comparison of the country-wide ratio of strontinm-90 to calcium. 
in milk from England and. Wales with the estimated. quarter ily tate : 
of deposition and- the cumulative deposit of strontium-90, 1958-61, 
x; Ratio, strontium-90/calcium in mik; O uarterly iy poslin 9 of ; 
strontium-90; .@, cumulative deposit o strontium-90: ah ee 





Measurement of Strontium-90 in Milk 


A country-wide survey of strontium-90 in. milk was 
commenced in early 1958 (ref. 19). The entire country = 
was divided into ten geographical zones (Fig. 2) and in — 
each zone. two independent groups of milk depots were. 
selected by stratified sampling, which took into account: 
the size of the depots and their geographic distribution. 
Each group covered some 20 per cent of the milk pro- 
duction in the zone; the probability of any depot bei 
included was proportional to the quantity of- mil 
handled. The scheme therefore embraces more than 40. 
cent of the country’s total milk production; some. 2 
depots are sampled (Fig. 2). Milk, representative of a da: 
throughput at each depot, is collected twice each m 
and bulked in proportion to the amount of milk handi 
to give representative ‘samples for each group of depots in- 
each zone. Analysis is carried out on the combined m 
for either three or six collections. The mean ratio n 
strontium-90 to calcium in milk throughout the country 
is then calculated by weighting the average results forthe = 
two groups of depots in each zone according to the 
quantity of milk produced. ‘Since two. independent: 2a 






















The country-wido mean values for 1958-61 aro hc n 
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Sampling points for the. country-wide survey of strontium-90 
in milk in the United Kingdom 


r cent of the country-wide mean, the highest levels 
ing in the wetter and hillier parts of the country. 
aal trends of the country-wide. levels (Fig. 1) 

portance of recently deposited strontium-90 
ig the contamination of milk during times of 
When the rate of fall-out decreased after 
959, the levels in milk declined although 
tive total was still rising steadily. Further 
dence of the importance of recently deposited material 
‘been obtained by measuring strontium-89 in milk1®:20, 
“Because the half-life of this isotope is only 51 days, its 
appocranco in milk is evidence of the rapid transfer of 
ly deposited material, and in the summer of 1958 a 
mparison of the ratios of strontium-89 to strontium-90 
‘in milk and rain suggested that the average interval 
between the deposition of strontium-90 and its appearance 
_ milk had been less than two months. 


elationship between the Deposition. of Strontium-90 
nd the Contamination of Milk: Annual Averages 


ignificance of man’s exposure to environmental 

is normally assessed in terms of the average 
rer the period of any one year, and assumed patterns 
turo deposition are usually considered in annual 
Thus, the most useful basis for predicting future 
tions is to relate the average ratio of strontium-90 
cium in milk for the period of one year with the 
ual mean rate of deposition and the cumulative total 
the soil. A relationship of the following type has been 
ssumed in the majority of investigations: 


Q= iPr D, + De Dz 











(1) 


- where Q = average ratio of strontium-90 to calcium in 
| milk over the period of a year.(pc./g); D, = annual rate 
_ of deposition of strontium-90 (mc./kmn?/annum); De = 
_» average cumulative total deposit of strontium-90 (me./km?) 
. during the year; grand p: are proportionality factors 
conveniently deseribed as the ‘rate’ and. ‘soil’ factors, 
ne respectively. 

__ — Before considering the conclusions which can be reached 
— by this type of analysis it is important to note its limita- 
‘tions. ‘The factors which control the transfer of strontium- 
-90 to milk are considerably more complex than the 
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equation implies. It ignores the fact that the^ 
may vary depending on the time of year at wi 
occurs, and, furthermore, that an appreciable p: 
diet of animals in any one year consists of # 
which may have been subject to direct coni 
the previous year. Since, hitherto, the t 
has varied not only between years but also. 
distribution (Fig. 1) considerable variatic 
factor is likely. 

The assumption that the ‘soil’ factor has 
value is a further over-simplification since: 
penetration of strontium-90 into the soil, due to 1 
and other ‘processes, reduces the extent to whi 
shallow-rooted pasture plants" 2-4, A further 
uncertainty with respect to the ‘soil factor is the 
measurements of the cumulative deposit mad 
analysis of rain-water to estimate the content of th 
The true value will be smaller because of losses th ; 
run-off and removal in previous crops. Account can on 
taken of this by basing estimates of the ut 
deposit on the analysis of strontium-90 in soil’, Hi 
because of the wide errors to which such estimates are 
subject, it has been considered preferable here to base 
estimates on the measured deposition in rain. 

Subject to these limitations, the proportionality 
can be regarded as describing the average situatio 
existed during the years when the survey data, u: 
their derivation, were obtained. For any one 
however, appreciable departures from the av 
be expected, not only because of variati 
tribution. of fall-out, but also because | 
climatic factors both on the retention o 
tamination. by plants and on absorption 
Such variations ‘are likely to be greatest 
predictions made by calculations of this type 
fore likely to be most reliable when the averag 
in large areas is considered over an extondoc 

The equation is most simply solved by thean 
values for the deposition of strontium-90 and the | 
of strontium-90 in milk (Table 1) by the method of " 
squares. Estimates, based on the results for 1958-60 and 
also 1958-61, are shown in Table 2. 






























Table 2. ESTIMATES OF PROPORTIONALITY FACTORS FORTHE TRAE HE j ; 
STRONTIOM-90 TO MILK.IN ENGLAND AND WALES ; 















Method Period Pr He. 
Least squares analysis 1958-60 O84: 
1958-81 2 BBO 
Annilysis: using ue of : $ 
experimen 
Immediate situation- 1958-60. OER 
Long-term pinauna o 


Alternatively, the equation can: be solved by 
pe from the results of field experiment 
of the country on the absorption of r 
which had been incorporated. to varying dep 
soil’)... The. difference between. pe De : 
content of milk gives an estimate of contamin: 
to the recent deposit, from which p, can bocs 
This method®? was: particularly useful when re 
for only one or two years were available. Tt also ka 
considerable advantage that it enables account 
taken of the probable future changes of pe with t 
the cumulative deposit becomes more evenly dist) 
down the soil profile. Field experiments carried out 
suitable conditions of cultivation give direct. infor 
on. this question and it was possible to make different 
calculations depending on the depth to which strontinin-00 
has been incorporated in the soil. To assess the ‘immediate’ 
situation it was assumed that some 95 per cent of the 
strontium-90 remained in the upper 10 em of seil thie 
being the general situation in 1959 and 1960: to i = 
a possible ‘long-term’ situation, considerable mis 
depth of 30 em was assumed. 

‘Estimates for both situations derived. by 4 
and based on the survey results for 1868-60 
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Table 2. The calculation has not been extended to include | 


results for 1961, because it is known that strontium-90 
had then penetrated down the soil profile to an appreciably 
greater extent than that assumed in the calculation for 
the immediate situation. Furthermore, the value of this 
procedure is reduced because the more extensive data now 
available provide a better basis for the least-squares 
analysis. 

The relatively small range of the values for the pro- 
portionality factors calculated by alternative procedures 
encourages confidence, and when they are used to estimate 
the levels in milk in past years values within 10 per cent 
of those observed are obtained (Table 3). However, it 
would be unwarranted to assume that equally good pre- 
dictions can. be made for the future. Not only are there 
considerable differences in the proportionality factors 
calculated. from results for short periods, for example, 
pairs of years, but field experiments": show that at any 
one site. the uptake of strontium-90 from the soil may 

: Vary by as much as a factor of 2 from ono- year to another. 
It is clear, therefore, that although the factors are of 
value for the prediction of general trends, considerable 
‘Variations from the predicted values might occur under 
the particular conditions in any one year. The long-term 
calculation based on field experiments suggests that the 
‘soil’ factor will decrease appreciably in the future. 





‘Table 3. COMPARISON OF ESTIMATED AND OBSERVED LEVELS OF 
STRONTIUM-(0 IN MILK IN ENGLAND AND WALES; 1958-61 


1958 1959 1960 1961 
Mean ratio: bs jum-90/caleium 
in milk (peig 
E aa 6-84 9-34 597 55L 
Predicted 
PrDy 4-48 6-27 1-59 1-66 
PeDe 218 3-27 401 426 
Total 6-66 54 560 5-92 
%, of observed value 97 102 94 107 
Wof strontinm-90 in milk attribut- 
able to contamination with recent 
deposit v 87 66 28 24 








Tapomible to estimate accurately thè Bastions 
the strontium-90 in milk which entered by direct 
contamination and by uptake from the soil in any 
ndividual year. Calculations in Table 3, based on. the 
i- proportionality factors derived from the results for 1958 
to 1961 suggest, however, that. whereas in 1958 and 1959 
about. 65 per cent was due to direct contamination, the 
contribution from this source had fallen to about 30 per 
cent in 1960 and 1961. 





Relationship between the Deposition of Strontium-90 
and the Contamination of Milk : Short-Term Analysis 


Although calculations of the annual average situation 
provide the most satisfactory basis for predicting future 
situations, the analysis of short-term relationships, par- 
ticularly during the summer months when cattle are 
grazing, can provide information on the mechanisms by 
which strontium-90 is. transferred to milk. 

The relationship has therefore been. examined between 

the ratio (m) of strontium-90 to calcium (pe./g) in milk 
in England and Wales for each six weekly: period in the 
““surmmers of 1958-61, the deposition (me./km?/month) 
in. the month. before the mid-point of each sampling 
period { fi) and the two preceding months (fe fa) and the 
ulative deposit. (me./km*).at. the time of collection 
e correlation ‘coefficients between m and fr, fa and 
» O82. D: 94 t 0: “86, respectively ie oo of 



















to the observod results were: 
m= £861 f, (2) {r = 0-93) 
and m = 0:20 F + 8-2f, (3) (r= 0-84) 


No improvement was obtained by ancluding f, or fa A 
somewhat higher multiple correlation coefficient (r) was 
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thus found when a constant term as opposed to a. function 
of the cumulative deposit was included in the equation. 
Nevertheless, equation (2) is an entirely inadequate 
description of the true situation in view of the importance 
of the cumulative deposit, particularly in 1960 and 1961. 

A reason why equation (3) did not give a considerably 
better fit is suggested by the evidence on the relative im- 
portance of direct contamination and absorption from the 
soil presented in Table 3. Since direct contamination is 
relatively more important in summer than at other times 
of the year, the cumulative total in the soil. can have 
made only a very small contribution to the contamination 
of milk in the summers of 1958 and 1959. In 1960 and 
1961, however, when absorption from the soil was impor- 
tant, the cumulative total changed little (Table 1); its 
effect could be reasonably described by a constant term. 
This situation discourages reliance on attempts to predict 
future situations from the analysis of short-term relation- 
ships between levels in milk and the pattern of fall-out?.’. 

The lag between the deposition of fall-out and the 
occurrence of its maximum effect on the contamination 
of milk is, however, of considerable interest from the point. 
of view of the mechanism whereby recently deposited 
strontium-90 enters herbage. The relative importance of 
two mechanisms by which the recent deposit reaches the 
edible herbage of pastures, namely, direct foliar retention 
and plant-base absorption, has received much considera- 
tion. Tho latter mechanism. depends on the absorption 
and upward movement of strontium-90 which is initially 
deposited at the base of the plant, or is afterwards 
washed down to. it by rain, but is not mixed with the 
soil calcium. Although the considerable importance of 
plant-base absorption in slowly growing hill pastures is 
well established?)4:*:24, the situation in more rapidly 
growing lowland pastures has hitherto been uncertain. : 
The delay period in the transfer of strontium-90 found in 
the present investigation is, however, incompatible with 
direct. foliar retention as it has been shown that, under 
normal“ climatic conditions in the United Kingdom, 
material is rapidly lost. from leaves; on average, some 
50 per cent is lost within two. weeks and about 90 per cent. 
is lost in seven weeks*. The present results therefore lend 
strong support to the view that the slow process of plant- 
base absorption is the major route of direct contamination. 
throughout the country. Further evidence. of the delay 
in transfer has been obtained in. investigations of the 
situation in limited areas?! 


Discussion ; 

In Table 4 the proportionality factors derived from thè = = 
results for 1958-61. are compared with estimates from 
other parts of the world which are based on the most 
comprehensive data. The methods of the assessments. 
contrast in many respects. The calculation for the United 
States* was made by a somewhat similar method to that => 
used in the present investigation. but the analysis was*.. 
based on results during the summer months only. Itowas oo 
stated, however, that calculations based on the results _ 
for the whole year gave similar values; «to. facilitate 
comparison the latter results**. are used. here. In. the | 
assessment: for the Netherlands* the. amounts of strontium 
90 in milk which were attributable to direct: absorptio: 
and to ‘uptake from. the soil were estimated from th 
ratios of strontium-89 to strontium-90 in milk and rain 

Because the results from many countries were limited. 
the estimate of the world-wide situation: made by the- 
United Nations Scientific Committee on the Effects of 




















Table 4. COMPARISON OF ESTIMATES OF PROPORTIONALITY FACTORS vok Be 
THE TRANSFER OF STRONTICM-90 TO MILK IN DIFFERENT REGIONS 


Pr Pe Ref. s 
United Kingdom oa O19 Present study 
United States 10 0:28 (6, 23) 
Netherlands 0-0 * 0-20 8 
World-wide a8 03 qe) 


* The value reported has been adjusted to an annual basis. _ 
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Atomic Radiation was based on the assumption that the 
contribution of current fall-out to the levels in milk was 
negligible by late 1960 or early 1961 (ref. 10); an upper 
limit. of the ‘soil’ factor would be expected by this method. 
The values estimated for individual countries were vari- 
able, but the procedure had the advantage that account 
could: be taken of information from many regions. 

<: The four estimates of the proportionality factors fall 
within a relatively narrow range. A number of other 

ates of the proportionality factors have been made 

= for limited areas on the basis of less-extensive data7. 
The relationships, though expressed in varying terms, 

Hy differ from those in Table 4 by a factor of less 
two, Because of the numerous sources of error it 

id be unwarranted to make definite conclusions on 

gional differences. It is known, however, that genuine 

rences can occur between regions in the magnitude 
of the ‘rate’ and ‘soil’ factors. Kulp and Sehulert® found 
florent factors for two regions of different annual rain- 
fall. In localized hill areas of high rainfall in the United 

Kingdom considerably higher ‘rate’ factors apply than in 

the country as a whole, Furthermore, variations in the 

levels of calcium in the soil can lead to differences in 

' the magnitude of the ‘soil’ factor; it is known that in the 

_ United Kingdom, which gave the lowest value for this 

factor, the level of calcium in the soil is relatively high. 
We wish to thank Dr. R. Scott Russell for encourage- 
ment and advice during the preparation of this article. 

























T is now well established that the L-glutamic dehydro- 
| genase (GDH) (EC 1.4.1.3) molecule is made up of a 
‘more or less intricate assembly of sub-units; as a con- 
sequence of this, it ean dissociate under a variety of 
conditions into sub-assemblies of very diverse properties. 
Investigation of the properties of such sub-units are now 
being made in several laboratories, but proper expression. 
of results of such investigations requires an adequate 
nomenclature. Here, we discuss some problems related 
‘to the development of such a nomenclature and propose 
_ a solution of these problems (none of which is necessarily 
peculiar to this protein alone). 
Phere are at present two more or less general schemes 
sé for naming the sub-units of GDH. The original 
scheme of Olsen and Anfinsen? used only the two terms, 
. ‘tetramer and ‘monomer’, since these terms were 
_ ‘sufficient to describe the phenomena they reported. That 
system is still in wide use although it is no longer adequate 
to describe the more recent findings. In particular, it is 
= by no means certain that the tetramer contains four 
‘monomer’ units; and it is well established that the 
so-called ‘monomer’ isnot a monomer. It has been shown 
to contain at least 6 sub-units. The continued use of 
these obsolete terms leads only to confusion. 

A more recent system of nomenclature for GDH is that 
adopted by Frieden?. Tt, too, contains only two terms 
for sub-units; defined, in this case, by the processes 
leading to their formation. Frieden uses the terms 

>. ‘veversible’ and ‘irreversible’ splitting. The term ‘revers- 
ible’ _ splitting refers to. and includes, the ‘tetramer— 
“monomer”. interconversion of the Olsen and Anfinsen 
‘system. The ‘irreversible’ splitting refers to the further 
splitting of the so-called ‘monomers’ by DPNH—the 
. phenomenon described by Frieden? which was re- 
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A NOMENCLATURE FOR THE QUATERNARY STRUCTURE OF A 
ENZYME MOLECULE 
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sponsible for the renewed interest in the sub-stracture of 
GDH. 

There are several shortcomings to this scheme. Ia the 
first place it is not readily expandable to imelyce. all 
the phenomena known at the present time, let alone those 
which may be found in the coming years. In the second 
place, it is based on the assumption that conditions will 
never be found under which any of the types of splitting: 
other than that caused by dilution, will bo reversed. ‘Tits 
is a rather unlikely prospect. Conditions have. already 
been found under which the individual peptide chains of 
aldolase can be reassembled into an enzymatically s 
form, In any event, the very existence of th 
sociated form of GDH is evidence that there exis 
set of conditions under which the individual 
chains can be assembled to form. the intact mo 

The existing systems, therefore, are not sv 
our purpose, and a new one must be sough’ 
briefly examine the possible approaches or oO 

One approach used rather widely is the namir 
units according to the particular experimental conith: 
under which they were first observed. Thus, in t! 
of GDH, we might specify certain sub-wnits as 
produced by dilution splitting and others as 
duced by DPNH-induced splitting. While t 
certain momentary advantages to this kind of a notre 
clature, such descriptive terma tend very quic 
become outmoded——ending up, at best as trivial, z 
as actually misleading. To quote Wetlaufer®. spew 
a different but related problem of nomenclature: 
seems that we only compound confusion by u 
which are loaded with such built-in biases”’. 

While. most investigators have used ore or mo 
systems described here in their interpretat 
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mental findings, those findings themselves have more 


“usually been described by a somewhat different nomen- 
clature, in which sub-wnits are defined quantitatively in 
terms of some readily measurable experimental parameter 
such as shaw or My. Such data can be presented either 
as direct measurements obtained under defined conditions 
or as indirect measurements corrected by extrapolation 
or other auxiliary data. This procedure is certainly 
justifiable and has much to recommend it. Information 
thus presented is less likely to change with time than 


that. presented in descriptive units, and the danger of 


accumulating a burdensome and trivial nomenclature is 
thus avoided. Problems arise, however, when one 
attempts to. relate data so described to other data 
obtained by different experimental procedures or by the 
same procedure corrected or treated in different manners. 
Tt is just this difficulty of trying to relate, for example, 
My %0 Sw Measurements which has led to the present 
inability of individual investigators, using different 
experimental approaches, to utilize each others’ findings 
or even to discuss conflicting results usefully. 

One variation of this type of system which gets around 
at least somo of these difficulties is that suggested by 
J. Reithel (personal communication). In this system, 

` sub-units are defined in terms of fractions of the molecular 
weight of the largest naturally occurring form, as: M/2, 
M/3, etc. Such a system does make it possible to establish 
relationships between units postulated from data obtained 
by different techniques, and is capable of further exten- 
sion and modification. However, using this system, the 
sub-units formed by dilution of GDH would be called 
M/4 by those using ultracentrifugal methods!-?, and M/3 
by those utilizing light-seatter measurements’*. The 
individual peptide chains of GDH would have to be 
designated as M/17-23°, 17/188, A7/28-5-142. As more 
refined. measurements reduce the experimental error of 
these quantities, however, it will become increasingly 
more confusing to refer to the older literature, as we will 
o be faced with a multiplicity of terms for the same unit. 
~The amount of water bound in the aggregated form of a 

protein molecule will not be the same as that bound by 
an equal weight of its sub-units. In the case of molecules 
formed: from a large number of peptide chains, there will 
be this added. ambiguity in using the system described 
here, 

-It can be seon from the foregoing discussion that the 
choice before us is between a nomenclature using terms 
that have inherent meaning at the moment, and one 
using formal terms only. The approach to a nomenclature 
proposed here follows the latter course. 

We propose here a system for the nomenclature of 
sub-units of GDH which is purely formal, is independent 
of any specific experimental technique, and is capable of 

“such extension and modification as may become necessary 
in the. future. 


Proposed System of Nomenclature 


. The proposed system is based on three principles: (1) 
protein units of the same approximate molecular weight 
‘ave dosignated by a lower case Greek lotter; (2) im so far 
as possible, such letters are assigned alphabetically in 
order of inereasing degrees of subdivision; (3) units of 

the same molecular weight which differ in conformation 
signated by numerical subscripts. 
us, no immediate agreement is required on the exact 
tho sub-unit, or on the exact number of sub-units 
g in tho split, since the nomenclature indicates 
| of sub-division... 
ae - application. of this system. can -best be shown by 

roteren: 1o GDH itself. Fig. 1 shows-soməe of the sub- 
units the properties of which will be discussed elsewhere’. 

As seen in Fig. 1, the * 
concentrations of 5 mg/ml. at n 
designated as the « unit. This pa 


















olecule’, as it occurs at. 
nitially ‘neutral pls, is- 
ele has a molecular 
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= DILUTION 


See 
CONCENTRATION 





Fig. 1 


weight of 1,000,000-1,400,000. The reversible splitting on 
dilution produces 3 or possibly 4 8 units. 

The splitting induced by TPNH at pH’s above 8 leads 
to a lower level of organization, consisting of y units. 
y units which have not further changed their state of 
aggregation, but which have undergone a conformational 
change into a form which no longer binds TPNH, are 
designated as y, units. 

Finally the individual peptide chains obtained at either 
very high or very low pH, or by urea or sodium dodecyl 
sulphate-induced splitting, are designated as 3 units. 

3, units are considered to be the still-folded form of 
the peptide chain. 3 units consisting of peptide chains 
which have become more or less completely extended, 


due to electrostatic forces or for other reasons, are referred et 


to as 8, units. : 

A unit formed by aggregation of sub-units is indicated 
by a prime mark after the lower-case Greek letter. desig- 
nating that unit closest in molecular weight: to that of 
the aggregate; for example, @’. As before, different 
aggregates of similar molecular weight are distinguished 
by subscripts: as, B's 

While the question of heterogeneity of peptide chains ; 
has not as yet entered the problem of structure of GDH, — 


the nomenclature system is capable of accommodating .- 


such designations. ‘Thus, different peptide chains may be 
designated as $4, Similarly, equivalent sub-units from 
different species may be distinguished as 78. 

Rate constants for the various reactions. can. be indi- 
cated, thus: for the reaction 8 -> 3y, the rate constant. 


would be ‘kg,’. Equilibrium constants, where applicable, oe 


can be indicated in the analogous manner: “Kaa 


Where it is necessary to indicate an overall disasoiation eo 


process that may proceed. via unspecified | intermediate T 
sub-units, the following notation is used: ; i 


EEL r: 


Tho necessary formalism is completed with the sym- 


bols, = and Æ, which have their customary meaning of- 


‘identical with’ and ‘not identical with’, respectively. 


While the foregoing system has been developed to enable 


us to represent and discuss the dissociation of GDH, the 2 
problems faced are the same as those found in describing ~ 


_the dissociation of any high molecular weight protein. 
i 6 extent that this system is successful in solving aes 
fhea eee it should bo equally helpful i in deaeribing 
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other proteins for which a nomenclature has not as yet 
been developed. 
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HE solution of problems of enzyme kinetics and of 
the control of chemical pathways of metabolism 
requires an ever-increasing number of methods for the 
tinuous recording of physical quantities which help 
onitor concentration changes over widely different 
‘scales. With the aid of such methods it is becoming 
possible to analyse the kinetic behaviour of enzyme 
actions in complex biological systems with greater 
olution and to detect transient changes in the behaviour 
ch systems. 
ies of the kinetics and mechanisms of isolated 
‘methods forthe continuous recording of the 
a of the reaction without the-need to take samples 
have many obvious advantages, truly initial rates are more 
easily obtained, changes in the course of the reaction 
are readily detected and studies over a wide range of rates 
ean be performed. The use of rapid reaction and record- 
_ ing methods has two major applications. First, they enable 
_ one to observe transient changes characterizing individual 
_ steps of an enzyme reaction either by spectral! or kinetic? 
analysis. Secondly, such methods allow one to examine 
_ the overall reactions at the high concentrations at which 
“enzymes often occur locally in cells aad at concentrations 
similar to those used for the study of changes in protein 
aggregation or similar alterations in configuration. The 
tion or disappearance of hydrogen ions have been 
y used as a means of following hydrolytic and group 
ransfer reactions, the classical method for following ester 
rolyais by titration to a constant pH being a good e: 
example. For very rapid reactions the spectrophotometric 
observation of indicator colours initiated by Brinkman, 
 Margaria and Roughton? and applied to a variety of 
systems by Gutfreund? offers the simplest procedure for 
following plc s. For moderately slow reactions the 
“various commercial automatic titrators offer convenient 
means for the collection of kinetic data. 

With the advent of a wide range of high-impedance 
amplifiers it has become possible to record pH changes 
directly with an accuracy of 0-001 pH unit and initial 
rates of enzyme reactions can be determined under 

< gonditions which involve a total pH. change of less than 
0-05. Such a technique permits moderately rapid record- 
“ing of enzyme reactions by following pH changes. In 
_ this paper we shall first demonstrate the time and con- 
-c 'eentration resolution of the method. We shall further 
demonstrate the application of this method to the record- 
ing of complex reactions of ATP with mitochondria. 
Some experiments on the use of pH records for the study 

of phosphorylation and endogenous ATPase activity in 
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mitochondria? have been reported recently. This method- . 
is likely to be of considerable importance for k a 
studies of different ATP hydrolysing systems pn 
more detailed experiences should be useful 7 
of product formation to [H+] liberated duri 
hydrolysis or phosphate transfer by kinases is dep 
on the pH of the reaction mixture. We hav 
pH recording technique to determine this aa 
hexokinase reaction as è funetion of pH and h 
information for a study of some features of the | 
of yeast hexokinase. 5 
Enzyme preparations and substrates. Trypsin w 
twice crystallized sample from Servac Laboratories, i 
brook, Bucks. Yeast hexokinase was a suspension of 


w 


crystals in ammonium sulphate obtained from. Boohirin iger 








paration phosphorylated 140 noice, ghucose/r Jng 
enzyme at 25° at optimum glucose, ATP and Mg con: 
centration and pH 7-5. This specific activity is consider: 
ably lower than the highest which can be obtained 
(approx. 300 umoles/min/mg), but the enzyme proparation 
used the advantage of great stability; 1 mg was 
dissolved in 10 ml. of water and stored in the col 
Frequent assay showed that 92 per cent of the ac’ 
retained after two weeks storage. Various coluran 
tions readily give some increase in specific activity 
concomitant loss in stability. Forallthe kinetic investiz 
tions described here stock solutions containing 
enzyme/ml. were prepared and reactions were 
addition of 0-2 ml. enzyme stock to 5 ml. apy 
reaction mixture. 
Mitochondria were prepared from guinea, pig 




















tion for experiments involving intact mitochon bh 

N-benzoyl-t-arginine ethyl ester hydrochloride < 
prepared and analysed by Hammond and Gutfround’. 
Adenosine triphosphate 2Na4H,0 was obtained from 
Sigma Chemical Co., St. Louis, United States, and was 
found to be better than 98 per cent pure. ‘Anele R’ rasgents 
and glass distilled water were used to make up the other 
components of the reaction mixtures. 

Method of recording pH changes. Fig. 1 is a schematic 
drawing of the arrangement of instruments used for 
recording changes in mV due to change of gH. The 
combined calomel and glass electrode (Ingold tyf 
Pye Instruments, Ltd., Cambridge) was immer 
a ‘Perspex’ reaction chamber mounted on a u 
stirrer in a water-bath. Unless otherwise stat. 
were carried out at 25°. The electrodes 













668. 


Combined electrodes 
Pye-Ingold type 450 


Glass 


Calomel 








Pye potentiomerer 
O-18VE05 mV 








ImA, L5KA 
Recorder 


High impedence 








Low impedence 
Input switch on—ve 


Vibron 33B (Electronic Instruments Ltd.} 


Schematic representation of circuit for pH recording 


Fig. k 


ized? with a solution 0-1 M KH,PO,, 0-1 M Na,HPO,,. 
pH 6-671 which is approximately in the centre of the 
pH-range used. The accuracy of absolute pH measure- 
ments of the reaction mixtures as determined with the 
instruments specified in Fig. 1 is likely to be of the order 
of 0-01 pH unit (0-59 mV). The stability of the equipment 
permits the measurement of pH changes with an accuracy 
of 0-001 pH unit. Our method of calibration of individual 
experiments did not rely on any absolute accuracy in 
terms of pH or mV but only on stability and reversibility 
of the equipment. 

Our method of carrying out and interpreting a kinetic 
experiment involving the liberation of hydrogen ions is 
‘hest illustrated with the record given in Fig. 2. After 
‘the electrode. was calibrated by taking a reading in mV 
with. the standard phosphate buffer, the reaction mixture 

(8 ml. of triethanolamine hydrochloride mM, potassium 
chloride 0:1 M and N-benzoyl L-arginine ethyl ester mM) 
was pipetted into the reaction vessel. An ‘Agla’ micro- 
syringe containing 0-1 M sodium hydroxide was used to 
adjust the pH of the solution to 7-9. The last two or 
three additions of alkali were always used as calibrations 
in terms of ymoles/mV and these ealibrations were used to 
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Oscilloscope record of rapid pH change 


0 02 ae eee he 


Fig. 3. 








“Fig. 2. 0-1 ml. of solution containing 0-04 mg trypsin _ 








course of hydronen i ion a aoto ton 
change in mV. At the point indicated 


was added and a linear record of mV against time is” 
obtained for the initial rate of hydrolysis of the ester. 
This was a relatively rapid and sensitive run. The 
response time of the equipment, including the speed of 
addition and mixing of enzyme to start the reaction, was 
tested as follows. The output of the ‘Vibron’ millivolt- 
meter was connected to an oscilloscope across an adjust- 
able 5-kQ resistance and a photograph of the oscilloscope 
was taken during the addition of alkali (0-2 ml.) to buffer 
(5 ml.) as indicated in Fig. 3. This record indicates that 
by the simple procedure of adding enzyme. from a 0-2 mil. 
pipette manually with a teat, observation on a reaction 


` could be madé within 0-2 sec from the start of such an 


addition. 

Fig. 4 illustrates the application of the method to 
studies of ATPase in complex systems. The record shows 
pH changes during the hydrolysis of ATP by guinea pig 
liver mitochondria on stimulation with DNP. ‘The effect 


of succinate oxidation on the ATPase activity of intact ~ 


mitochondria is also demonstrated. A comparison of the: 
higher buffer concentration in this experiment as com- 
pared with that illustrated in Fig. 2 shows that the ATPase 
run was deliberately carried out at low sensitivity and 
high concentration of mitochondria so as to enable us to 
demonstrate the effect of respiration and the attainment 
of anaerobiosis. Control experiments showed that under 
the conditions of this experiment in the absence of ATP, 
the addition of DNP and/or succinate causes no significant 
pH change, ; 
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Studies of the hexokinase reaction. The pH dependence 
of the proton yield of the hexokinase reaction, During 
the hydrolysis of ATP to ADP and inorganic phosphate 
or the phosphate transfer from ATP to glucose to. form 
ADP and glucose-6-phosphate, the ratio of hydrogen ions 
liberated to ATP reacted is pH dependent. This has been 
discussed in some detail by Alberty, Smith and Bock*. 
In alkaline solutions the ratio becomes unity; in acidic 
solutions it approaches zero. A plot of the ratio against 
pH resembles a titration curve and its precise form is a 
function of the ionization constants of all reactants and 
products. For the interpretation of kinetic data in terms. 
of the rate of liberation of hydrogen ions in solutions 
below about pH 7-6 precise curves for the ratio at defined 
ionic strength and composition are required... Figs: 5 
gives the curve obtained for the conditions used in our 
studies of the pH dependence of the hexokinase reaction. 
The three sets of points represent three series of experi- 
ments with different. stock solutions of ATP. Excess 
glucose and ATP were treated with hexokinase at different. 
pH, allowed to react to completion and titrated back to- 
the initial pH with standard NaOH solution. Experiments 
on the kinetic behaviour. of hexokinase in solutions of 
different composition were carried out at pH- 7-5. or 
above, when corrections become small. The effect of 
temperature on the ratio is likely to be small since the 
heat of ionization of phosphate groups is very small. 

pH dependence of the hexokinase reaction. =- Previous 
investigations of the pH dependence of the hexokinase 
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‘catalysed reaction by Sols, de la Fuente, Villar-Palasi and 
 Asensio™ and Kaji, Trayser and Colowick"' were followed 
either by the analysis of samples taken from the reaction 
anixture or by continuous estimation of glucose-6-phos- 
by the reduction of NADP in the presence of glucose- 
osphato dehydrogenase. Such complex methods 
iable to much random error, as well as to systematic 
ror as the reaction mixture or other conditions of the 
ments change. The two curves presented in Fig. 6 
Simpler function of reaction velocity against pH. 
been found in the previous investigations. The 
pH 8 aro not included in the curve because 
nactivation in alkaline solutions would make 
terpretation difficult. A comparison of the two 












Relative ral 


6 To 8 9 10 
pH 
“Fig: 6. PR dependence of the hexokinase reaction. Glucose, 88 mM; 
O ATP = O87 mM; @, ATP = 5-19 mM 
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sets of data obtained at 0-87 mM and 5-19:mM 
as well as Michaelis constant determinations 
and 7-4, indicate that pH influences the apparent 
constant of ATP. This can be due to a variety of | 
ena to be discussed later on. 

Role of Mg** in the hexokinase reaction. 
has an absolute requirement for some divale 
could either be due to the need for such jo: 
enzyme combination or to their. esser 
subsequent catalytic phosphate transfe 
ments recorded in Fig. 7 were designed to- 
between these two effects. If Mg** were requir 
enzyme combination the reaction velocity at lov 
concentration should be independent of ATP co 
tion. In contrast to this our experimental rasul 
that when the concentration of Mg** is well below 
the reaction velocity is inversely proportional to tke 
concentration. A probable explanation for these n 
is discussed later. 
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Fig. 7. Hexokinase: effect of Me** at different ATP concentrations 


Studies of the effect of Be?* on the hexokinase roaetion 
showed that at concentrations equivalent to A 
rate of the reaction is 33 per cent of that in 
of Be**. The percentage inhibition on ad 
lium chloride is the same whether magnesi 
is present at equivalent concentration or only 
concentration of beryllium chloride. 

-Effect of temperature on. the reaction. A compar 
the reaction velocity at 25° and 35° showed tha 
the rate was increased by a factor of 2-7 at. 
temperature, while at pH 7-4 thei inerease was by 
of 1-65. 

Effects of ionic strength. No. significant chan 
velocity were observed on omission of potassi 
from the reaction mixture. The use of solu 
ionic strength is, however, advantageous for stal 
from the glass electrode. 














Discussion 


The method used in the experiments deseribed m this 
article does not involve any original principle. 

however, useful to present a deseription of the proe 
for obtaining accurate pH records and calibrating 
in terms of the rate of hydrogen ion production er dixap- 
pearance in a variety of systems of different complexities. 
It is important to show that meaningful and ac ure 
data can be obtained by a simple method whiel 
one to follow reaction rates in terms of pH chang 
range of time scales from fractions of seconds t 
minutes, without any additions and—except for 
reactions—without stirring during the p 
reaction. The application of direct 















gtudy of ATPase in a wide vari riety of php ological rytome 
should be possible. The rapid response time and sensi- 
tivity of the method allows one to follow the very early 
stages of the reaction and transient changes in the course 
of events such as illustrated in Fig. 4. If results obtained 
by the pH recording method and by analysis of free 
inorganic phosphate are compared questions such as those 
asked by Wheeler and Whittam! about the possible 
existence of phosphorylated intermediates during the 
hydrolysis of ATP might be answered. 

The relation between the pH of the reaction and the 
ratio [H+] liberated/[product] is used in this article in a 
purely operational manner for the interpretation of the 
experiments on the hexokinase catalysed reaction. For 
different reactions of ATP a curve such as that given in 
Fig. 5 has to be obtained and its precise form will depend 
on the ionization constants of the reactants and product 
in a medium of the particular ionic composition used for 

-. the experiments. Fortunately correction factors become 
small under all conditions when reactions involving 
_ phosphate transfer from ATP aro studied at pH 7-5 or 
vabove, | 

The pH dependence of the velocity of the hexokinase 
catalysed reaction eannot be interpreted easily in terms of 
ionizable: groups on the catalytic or binding site of the 
enzyme. Even in the case of proteolytic enzymes, where 
such characterization was successful, many precautions 
have to be taken!®. The reactions of hexokinase are 
complicated, in addition, by a number of pH dependent 
changes of both enzyme and substrate. Over the range of 
pH studied by us and by Kaji et al“! and Sols et al.19 ATP 
will be distributed in varying proportions'* among the 
following ionic species ATPMg?-, ATPHMg-, ATPH?- 
with negligible amounts of ATPMg, when the total con- 
centration of ATP was equal to the total concentration 
of Mg**. It is not yet known which of these forms of 
ATP is a substrate, inhibitor or non-reactive species for 
: hexokinase, though some information about the role 

of Mgt- will be discussed here. It is also known that 
- the hexokinase molecule undergoes aggregation reactions 
which depend on pH as well as a number of other factors". 

- "We have found (Andrews, Hammond and Gutfreund, 
unpublished information) that the gel-filtration method of 
Andrews!* applied to hexokinase solutions indicates 
enzyme aggregation between pH 7-6, even at the dilute 
protein concentrations used for enzyme assays. The pH 
independence of the reaction at high concentrations of 
ATPMg*- would be consistent. with the type of active 
site postulated by Watts and Rabin?’ for creatine phos- 
phokinase. Taking into account our own kinetic results 
and Barnard and Ramel's'* experiments on the tempera- 
ture. dependence of the reactivity of essential —SH groups 
of the enzyme, one can make a tentative proposal for the 
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chemical enzyme-glucose or enzyme-phosphate compound 
does not occur as an intermediate, but it is likely that a 
compulsory sequence of events involves & reaction of the 
enzyme with glucose to make the active site reactive for 
phosphate transfer from ATP (see Hammesand Kochavi™, 
and Hammes, private communication). This type of 
mechanism was predicted for hexokinase by the induced 
fit theory of Koshland?! to explain lack of reactivity of 
the enzyme with ATP and water in the absence of glucose. 

Our data of the Mg*+ concentration dependence of the 
hexokinase reaction at various concentrations of ATP 
indicate that Mg?+ is not required for the combination of 
ATP with the enzyme but for the subsequent phosphate 
transfer reaction. ATP*- acts as a competitive inhibitor 
for ATPMg?- in the enzyme —ATP combination. This is 
shown by the fact that the reaction velocity at equivalent 
ATPMg*- concentration is inversely proportional to the 
concomitant concentration of ATP*-. Thisis in agreement 
with the studies of the effect of Mg*- and Ca*- on the 
hexokinase reaction by Hammes and Kochavi?? and it 
gives an interesting lead for further investigations into 
the mechanisms of a number of enzyme systems with an: 
absolute requirement. for divalent ions. 

These investigations were, in part, supported by grant 
FG-UK-124-61 U.S. Department of Agriculture Public 
Law 480. The Royal Society Committee for research in 
schools is giving support to the work at Marlborough 
College. 
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_. FARANODAL APPARATUS OF PERIPHERAL MYELINATED NERVE 
FIBRES OF MAMMALS 


By P. L. WILLIAMS and D. N. LANDON 
Department of Anatomy, Guy’s Hospital Medical School, London, S.E.1 







the uncomplicated internodal regions of peripheral 
inated nerve fibres of mammals, the axon and its 
f compact. myelin are approximately cylindrical 
an ‘their ultra-structure as revealed by electron micro- 
scopy is woll known! *. Less attention has been paid to 
the distribution, dimensions and degree of organization 
of Schwann cell cytoplasm in these regions. Between the 
adjacent unit membranes bounding the axon and the 
inner Schwann cell surface exists a gap of some 200 Å, 





and between the inner unit membrane. of the Schwann 
cell and the innermost lamella of compact myelin is a 
layer of cytoplasm traversed by the internal mosaxon: 
This cytoplasmic layer varies in thickness and sometimes - 
shows. small localized accumulations of cytoplasm, but in 
the larger myelinated nerve fibres it is usually very 


-attenuated (200-300. A thick) and devoid of organelles or 


obvious imternal structure. This description applies 
equally to the cytoplasmic layer traversed by the external 








Specimens from a muscle nerve of the rabbit 


Pig. 1. 
A, teased fibre fixed with osmium tetroxide, showing ridging of para- 
nodal bulbs; B, transverse section of bulb (modified Flemming-Wolter 
technique) showing J crenation; C, fresh-frozen section stained 
with Lufts KMnO, solution showing paranodal crenation 
Scale line = 10y in each case 


mesaxon which exists between the outermost lamella of 
compact myelin and the external unit membrane of the 
Schwann cell. 

Deviations from the cylindrical form of the compact 
myelin sheath occur opposite the nucleus of the Schwann 
cell, in the immediate juxtanodal region of myelin ter- 
mination where ‘helical uncoiling’ of the myelin lamellæ 
oceurs*, throughout the much more extensive paranodal 
bulbs** and possibly opposite incisures of Schmidt- 
Lantermann’. In all these sites accumulations of Schwann 
eytoplasm occur, but the work recorded here indicates that 
the most massive accumulation of highly organized cyto- 
plasm occurs in and near the paranodal bulbs, and that 
this is accompanied by a distinctive alteration in the form 
of the myelin sheath and subjacent axon. Using conven- 
tional light microscopy, a number of observers have noted 
that as the paranodal bulbs aro approached, the myelin 
sheath loses its cylindrical form and develops a series of 
surface irregularities in the form of ridges with intervening 
grooves*:’-!°, These have also been noted on low-power 
electron micrographs* together with occasional longi- 
tudinally disposed tubular projections or invaginations of 
the paranodal sheath. In general, the ridges are longi- 
tudinally disposed along the fibre, although a low spiral 
form has also been described’. Tho reciprocal curvature 
of the inner aspect of the sheath has been noted’. but the 
significance of this paranodal crenation in relation to the 
ultra-structure of tho satellite cell as a whole, its influence 
on the form of the subjacent axon and its possible func- 
tional significance in relation to nodal physiology have 
not been discussed. 

Light microscopy (transmitted illumination, phase and 
interference contrast) of teased nerve fibres, both fresh, 
unfixed, and after formalin or osmium tetroxide fixation, 
often reveals an external longitudinal ridging of the 
myelin sheath (Fig. 14). In the larger mammalian fibres 
(15-20p total internodal diameter) these ridges and their 
intervening grooves are first obvious 3-4u from the mid- 
nodal point, they become most prominent over the 
maximum convexity of the paranodal bulbs and then 
gradually diminish to fade away some 40-50, from the 
node. In 6p transverse sections of both fixed-stained 
nerve (a modified Flemming-Wélter technique"), and 
fresh-frozen unfixed nerve cut in a cryostat’, the pattern 
of longitudinal folding of the sheath is well seen (Fig. 
1B, C). Commonly four ridges with intervening grooves 
develop. but fibres with three or five ridges are seen 
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occasionally. Usually the ridges and grooves are straight 
and parallel to the fibre axis, but irregular and spiralized 
forms are not infrequent. The internal surface of the 
sheath is reciprocally curved, and using phase and inter- 
ference contrast, silver impregnation and electron micro 
scopy it is seen that the surface of the axon closely 
follows this curvature and assumes a highly fluted form 
(Fig. 2). 

It is well known that in peripheral nerve trunks the 
dimensions of the proximal paranodal bulb (that is, that 
nearer the cell body) are greater than those of the distal 
bulb**, It was decided, therefore, to investigate this 
asymmetry quantitatively using serial 6 fresh frozen 
sections of tho nervus gastrocnemius medialis of the 
rabbit. The proximal and distal ends of the nerve were 
carefully noted before sectioning. Each section was 
photographed (for details of the preparative technique 
and photography seo rofs. 12, 14) and afterwards the 
negatives were used to project the successive images of 
individual fibres on to card of uniform thickness at a high 
magnification (x 10,000). The internal and external 
limits of the myelin sheath were traced and thereafter 
using a map distance indicator (for perimetry) and 
weighing techniques (for cross-sectional areas) estimates 
were made of the cross-sectional area of the axon, and th: 
whole fibre and of the perimeter of the axon and the 
whole fibre. For each fibre, estimates were made on five 
sections through the uncomplicated internode and there 
after at 6u intervals through the crenated region. Forty 
paranodal bulbs from large myelinated fibres (16 ISu 
total internodal diameter) were examined in this manner. 
Each parameter was expressed as a percentage of the 
internodal mean and thereafter the pooled data for the 
proximal and distal bulbs were plotted separately. 
Because of the ultrastructural findings (vide infra) it is 
considered that estimates of axon cross-sectional area and 
of axon perimeter (assumed for light microscopy to be 
coincident with the internal border of the myelin sheath 
considered together give the best index of the degree ot 
crenation (Fig. 34, B). In the proximal bulb there is a 
substantial increase in the cross-sectional area of the axon 
(compared with the mean cross-sectional areas of the 
internodal axon)—such an increase does not occur in the 
distal bulb. In both bulbs there is crenation of the myelin 
sheath and fluting of the axon; but in the proximal bulb 
the grooves in the myelin sheath are deeper and the 
intervening ridges more prominent, and this is reflected 
in a greater degree of fluting of the subjacent axon. 

To examine the ultra-structure of the paranodal region. 
sciatic nerves from the mouse and saphenous nerves from 





Fig. 2. Artist's impression of paranodal bulbs 
A, silhouette of bulbs showing asymmetry; B, surface contour of bulbs: 
A ‘ace — fy miai axon 
e = 104 
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the rat were fixed in buffered osmium tetroxide solution 
or in Lufts potassium permanganate and were embedded 
in ‘Araldite’. Transverse and longitudinal ultrathin sec- 
tions were cut and examined in an RCA EMU 32 electron 
microscope. The features observed in the light microscope 
preparations were confirmed and amplified. The para- 
nodal axon is highly fluted, is limited externally by a 
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orimeter 
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Distance from nodal point (x) 


Fig. 3. Quantitative examination of nodal asymmetry (details, see text) 
Vertical lines indicate S.E. @ (upper), proximal; x (lower), distal 








Fig. 4. Electron micrographs of osmium tetroxide fixed nerve embedded 
in ‘Araldite’ 
A, paranodal myelin—note slight irregularity of lamella—radial repeat 
distance 136 A; B, internodal myelin from immediately adjacent fibre— 
radia) repeat distance 111 A; a, axoplasm; m, myelin; sc, Schwann 
cell cytoplasm 
Seale = 0-25 


NATURE 


May 18, 1963 Vou. 19s 





Fig. 5. Low-power electron micrograph of transverse section through a 
paranode 
m, Crenated myelin sheath; a, fluted axon; se, columns of Schwann 
cell cytoplasm; mi, mitochondria 
Scale = 2y 





Fig. 6. Low-power electron micrograph of paraxial longitudinal section 
through a paranode 
m, Ridge of myelin; a, containing axoplasm; se, Schwann cell cyto- 
plasmie columns; mi, containing numerous mitochondria 
Scale = 2y 


unit membrane and its matrix contains fine longitudinally 
disposed filaments (100 A diameter), membrane bound 
vesicular profiles and occasional mitochondria. The 
200 A gap between the unit membranes of the axon and 
Schwann cell observed in the internode persists in the 
crenated region, as does the attenuated layer of Schwann 
cytoplasm between the innermost membrane of the 
Schwann cell and the innermost lamella of compact 
myelin. The crenated sheath exhibits the typical lamellar 
pattern of myelin, but here the compaction is somewhat. 
irregular and not so complete as in the internode (Fig. 4) 

the radial repeat distance increasing some 20 per cent 
(for example, in Fig. 4—internode 111 A, paranode 136 A). 
This increase does not appear to affect the major dense 
lines or intraperiod lines but is seen in the intervening 
less dense zones. Over the convexity of the external 
ridges of the myelin sheath the external unit membrane 
of the Schwann cell approaches the outermost lamella of 
compact myelin closely, an extremely fine cytoplasmic 
layer intervening (200-300 A). However, the external 
unit membrane passes directly from the convexity of one 
ridge to the adjacent ones, bridging over the intervening 
deep grooves and preserving a roughly cylindrical form 
for the satellite cell-axon complex (Figs. 5 and 6). The 
grooves are filled with abundant Schwann cell cytoplasm 
containing irregularly disposed filaments 200 A in dia- 
meter, but most prominently numerous mitochondria (up 
to 100 have been observed in a single complete transverse 
section through a paranode). Estimates of mitochondrial 
profiles have been made in transverse and longitudinal 
sections of these cytoplasmic columns. A node of Ranvier 
on a large myelinated nerve fibre may have roughly one 
to three thousand associated mitochondria (in the two 
neighbouring paranodal bulbs). Similar estimates for the 
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Fig. 7. Higher-power electron micrograph of transverse section through 
a Schwann cell Topa column at the paranode 
m, Myelin; a, axoplasm; sc, Schwann cytoplasm; mi, contained mito- 
chondria; b, kamp membrane 
= ly 


coextensive axoplasm suggest the much lower figuro of 
50-100. Previous observers have described a slight 
increase in the concentration of mitochondria in the nodal 
axoplasm?**; others'®© have similarly described the 
presence of mitochondria in the Sehwann cell cytoplasm 
near the node; these were few in number in the examples 
illustrated. However, no previous reference has been 
made to the columns of Schwann cytoplasm at the 
paranode and their high content of organelles. As the 
columns of Schwann cytoplasm approach the node they 
expand and merge to form a collar of cytoplasm over the 
zone of termination of the myelin lamella from which 
arise the finger-like projections of cytoplasm which sur- 
round the axon at the node. These have been described*:*.* 
as irregular, interdigitating processes of Schwann cell 
cytoplasm, possessing a limiting unit membrane, no 
obvious internal structure and bearing no particular 
relationship to the axonal membrane at the node. It will 
be shown elsewhere that in large mammalian nodes these 
processes are often highly regular in form and distribu- 
tion, possessing a specific internal structure and that they 
-enter into intimate apposition with specific reception areas 
- on the axon membrane. 

The paranodal apparatus therefore comprises a complex 
series of alterations of the form and quantitative relation- 
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ships of both axon and myelin sheath with the develop- 
ment of columns of Schwann cell cytoplasm containing a 
large population of mitochondria. It seems likely that 
these altered relationships will affect the current dis- 
tribution in the neighbourhood of the node, for example, 
in the proximal bulb, a reduced impedance in the axon 
due to its increased cross-sectional area. Further, the 
crenation of the paranodal sheath may well lead to an 
inereased capacitative leak of current which may be offset 
by the increased radial repeat distance of the paranodal 
myelin. The paranodal bulb is not a simple fusiform 
dilation of both axon and its sheaths; thus termes 
such as external and internal diameter, and theories 
of genesis of the bulb based on this assumption* are 
not meaningful. 

Recently, much attention has been directed to the inter- 
related economies of the neurone and its satellite cella *, 
It is tentatively suggested that the large mitochondrial 
population of the Schwann cell cytoplasmic columns may 
provide an important energy source which may be used 
by the surface membrane of the axon at the node (for 
example, in the ionic pump mechanism). A possible route 
for the transference of energy-rich compounds is provided 
by the nodal processes, which may also be operative in 
the interchange of other materials between the satellite 
cell cytoplasm and the axon. 
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INFLUENCE OF THE SIZE OF ENCLOSURE ON THE 
DEVELOPMENT OF MYOPATHY IN THE CAPTIVE 
ROTTNEST QUOKKA 


By B. A. KAKULAS 
Department of Pathology, University of Western Australia, Perth 


HE captive Rottnest quokka (Setonix brachyurus) is 

prone to develop a form of myopathy which is cured 
by treatment with oral «-tocopherol'. The impression 
was gained that a markedly higher incidence of the condi- 
tion occurred in animals held in small pens and cages 
than in those housed in larger enclosures other conditions 
(sex, age. diet) being similar. 

Forty-eight female quokkas captured at Rottnest three 
weeks earlier and allowed a period of acclimatization 
were used in the investigation. The animals (av.wt. 
2-3 kg) were placed in groups of four, matched according 
to weight and age, into separate enclosure units (Fig. 1). 
The quokkas were maintained on high-protein ‘sheep 


cubes’ and water, this diet being known to lead consist- 
ently to paralysis of the hind limbs’. Each quokka was 
weighed and examined for signs of paralysis weekly and 
so far as possible handled to the same degree. 

The investigation began on December 2, 1961, and 
ended on June 16, 1962. Muscle biopsies were performed 
on all animals on February 24, 1962, and afterwards on 
those quokkas which developed signs of paralysis. Necrop- 
sies were performed on all animals which died, and all 
survivors were biopsied on June 16, 1962. 

The following criteria were used for the grading of the 
histopathological lesions of muscle: — = normal histo- 
logical appearance; + = segmental necrosis of sareo- 
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The experiment commenced on December 2, 1961. 
* Died 13.2.62. 
The criteria for grading the severity of the muscle lesion are given in the text. 





“Fable 2, INCIDENCE AND SEVERITY OF MUSCLE LESIONS IN ANIMALS HELD IN MEDIUM ENCLOSURES © 
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rt sign of paralysis in any: of these animals at the time of writing. 







jllular reaction found in only one muele normal on microscopic examination of both biopsies. 
entire microscope section; ++ = segmental while the remainder showed only minimal chang 
-one muscle fibro; +++ = severe (Table 3). ; 
virtually all musele fibres affected. The difference in the inode of death and paralysis 
qu kkas in the small and medium-sized en- the three enclosure sizes is highly si t 
all lost weight, and either developed paralysis, n = 2, P< 0-001), and the difference 
had a positive muscle biopsy at the conclusion ` four grades of myopathy recognized i is even i ore marke 
xperiment (Tables 1 and 2). The 16 animals in - (x? = 45:05, n = 6, P<0-001). Sympt and effect 
a large nelosures: gained weight and. remained quite did not differ significantly, however, between. th 
“healthy. In many of these: the musole was s completely and medium-size enclosures. There was no evid 
difference among replicates of the same enclosure s 

In view of the arrangement of the pens, it is impc ssibl 
to exelude entirely the possibility that the observed 
difference was due to a variation between one end of the 
experimental area and the other, rather than to the size 
of the enclosures. Possible variations, however, were — 
looked for and excluded so far as possible. Such an 
explanation seems therefore very unlikely, . and one can. 
-` deduce fairly that size of enclosure is an important factor 
in the development i in the quokka, of a myopathy known to 
respond to treatment with vitamin E. The specifi 
of the lesion produced by reduction of enclosure size 
remarkable, the requirement of animals for « tocop! 
apparently rising. Administration of vitamin E 
completely. effective i in preventing paralysis i in anini in 
‘similar and even smaller enclosures: i o 

-I thank Prof. R. E. J. ten Seldam for thi u 
Prof. H. Waring for facilities in- the Department 
Zoology, and Dr. I. Kaldor for advice. Dr. D. Goo 
of the Commonwealth Scientific and Industrial Reses 
Organization kindly assisted in the. planning of- 

nt and undertook the statistical analysis. I 

fr. C. Owen; Department of Pathology. for 
Th “work: was. supported by a medical: 
rant from the University of Western. Australia aS 









































































Fig. 1. Plan of enclosure showing size, shape and i esignation Pa 
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LOCOMOTION OF AMOEBA PROTEUS 











ENTRAL problem in cell biology is cellular 
movement and locomotion. Many workers investi- 
the locomotion of amoebe and several mechanisms 
“been proposed to account for the phenomena 
ved», We have come to the conclusion that a 
factory account of amoeboid locomotion must 
ommodate observations first made by Dellinger? many 
years ago. It has become clear during our work on the 
control of amoeboid locomotion that to examine an 
amoebæ in the usual way under a coverslip, in a capillary 
< tube, or a shallow glass chamber gives a very incomplete 
_ picture of the situation. We have.re-investigated the 
< sequence of events in locomotion using Dellinger’s method 
observing amoebe from the side and without a coverslip 
near to the amoebex. In g moral, Dellinger’s description is 
nfirmed and our work has revealed additional facts. 
Wo have used Amoeba proteus starved for 24 h, washed 
in Chalkley’s solution on clean glass. Amoeba 
g's College strain) and Pelomyxa carolinensis 
examined. The amoebæ were observed either in 
mber, (Fig. Ds which allowed observation from 
and the top, or in a chamber with a prism which 
side: view of the amoeba, bien 2). 





























Using such rey ee the components of the 
oecomotory system which can be identified include: (1) 








o (8) the formation of small adhesive pseudopods from the 
ventral surface of the main pseudopod. These stick to 
the bottom, do not change their position and support the 










pseudopods from the substratum and their incorporation 
into a tail region which is carried off the bottom. 

_ An amoeba can migrate only when it is in contact with 
a solid substratum, we include a surface film in this 


Be oe British Council Scholar, 
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an extension of surface to provide a main exploratory - 
_ pseudopod which is not in contact with the substratum; 
(2) streaming of cytoplasm into the exploring pseudopod; — 


amoeba ; (4) the eventual detachment.of these supporting: 














































definition. The migration involves attaching ant 
the small adherent and supporting pseudopoc 
the substratum in-succession. A non-locomot: 
can change its form as it stands up in the w 
but cannot migrate unless it attaches itself at 
on the substratum and detaches the ori 
pseudopod. A normal locomoting Amoeba pr 
from the side in Fig. 4. The large exploring ps 
with active cytoplasmic streaming is formed t 
water. Such exploring pseudopods seem to be c 
in contact with the bottom when observed | 
this is an illusion. It is only when these pseudopods 
extended and large and fall towards the sub 
perhaps by their own. weight, that they ad 
bottom by forming a small pseudopod. Th 
Fig. 5 shows the behaviour of the. i 
pseudopods. These are perpendicular 
mid-region of the eell but are 
forwards when at the rear anc 
does not appear that these sup 
and push the amoeba forward. It 
are stretched by a pull from the main b 
leave some part of their adhering tips be 
they are detached: At the instant of detach: 
tail region moves forward suddenly; and 
extends to the advancing tip of the exploring 
This is the explanation of the often jerky : 
amoebæ viewed from above. These supporting m 
in some situations can extend and appear 
amoeba when it stands upright (Fig. 6). "The 
tips of the pseudopods do not change their p 
substratum, but as they come to occupy th 
coll their proximal ends come closer toget! 
that the region of surface at the base of 
undergoes a contraction or. shrinkage. 
pseudopods persist for some time (usu 
upward along the tail and shortening before t 
The distance between the detached pseudo; 
at a similar rate to the. forward movem 
which our analysis of ciné films shov 








retracted its A opis | aro en on 
surface of the amoeba until they join the 
relics are. markers for the surface and indion £ 


extended. surface: Our- observations of the ate 
of amoebe stained with a fluorescent protein indica 
this is the probable course of events’. 

“The behaviour of the surface undulations of migraring 
fibroblasts described by Abercrombie and Ambrose’ 
suggests that these undulations are equivalent to the 
adherent supporting pseudopods of amoebæ. 

The initial event.in the formation of both the exploring 
and supporting pseudopods is the development of e- 
hyaline bleb at the surface. This is not accom 
first by any change in the particulate cytoplasm, 
that these initial stages are not dependent on 
at the rear! or in a fountain zone*. . Surface 











Fig. 3. Side view of standing amoeba taken from just above the 
horizontal. The attached region is partly mirrored im the glass 
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Fig. 4. Side view of amoeba locomoting from left to right 


the actual site of formation appears to be the initial stage. 
Our observations lead us to doubt that cytoplasmic 
streaming results from contraction of cytoplasm in the 


tail region’. One or more pseudopods can be induced from — 


the tail either with Hydra tissue’, or by the action of an 
anion exchange resin*. thus dividing the cytoplasmic 
flow into two opposite directions. An amoeba can by this 
means be formed into a variety of shapes including a 
dumbbell shape with a smooth connecting bridge (Fig. 7). 
In this case both ends are advancing in opposite directions 
and the only part of the cell which could be a tail is the 
bridge. This region gives off cytoplasm to both ends 





Fig. 5. Side view of locomoting amoeba to show behaviour of adhering 
supporting pseudopods 





Fig. 6. Tracings from serial photographs to show amoeba standing up 
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without showing any signs of wrinkling or contraction. 
When this region of cytoplasm is exhausted the whole of 
the cytoplasm moves alternately in one or the other 
direction. This movement is channelled through the 
narrow bridge which does not change its shape under the 
force of the movement or show any zone of cortical gel. 
We must conclude from this that moving cytoplasm itself 
is not able to change the shape of the cell and that the 
shape is a consequence of the state of the surface 
membrano. It is probable that the cytoplasmic movement 
is in response to an electrical signal from the membrane. 
It is known that the pseudopod inducing substances 
depolarize the membrane®, and the resulting local depolar- 
ization current may be the signal for attracting cytoplasmic 
movement into the extending pseudopod or the signal 
may be electrostatic. When amoebæ are fed with small 
granules of anion exchange resin the vacuoles containing 
these granules accumulate at the back in a round sac 
(Fig. 8). These round tails are dragged forward sliding 
on the substratum or raised up in the water. Such a 
region shows no signs of contraction to push the cyto- 
plasm forwards; on the contrary, some cytoplasm rushes 
back intermittently while the main forward streaming 
continues. 





Fig. 7. Print taken from Plus x reversal ciné film showing an amoeba 
controlled by two pieces of Hydra tissue. The glass pipette is indicating 
the narrow connecting bridge of cytoplasm | 





Fig. 8. Side view of amoeba containing vacuoles of anion exchange 
resin. The arrows indicate cytoplasmic flow 


We do not consider that there is yet a sufficient body 
of evidence to support any comprehensive theory of 
amoeboid locomotion. It is clear that the advancing 
surface plays a major part in locomotion due to its exten- 
sion, change of electric charge, and its property of adhesion. 
The locomotory pattern we describe for Amoeba proteus is 
essentially similar to that described for fibroblasts by 
Abercrombie". 

We thank Dr. S. E. Hawkins and Mrs. J. L. Stewart for 
supplying the amoebæ. 


1 Goldacre, R, J., Intern, Rev, Cytol., 1, 135 (1952). 


2 Allen, R. D., The Cell, edit, by Brachet, J., and Mirsky, A, E., 2, 135 
(Academic Press, 1961). 


? Bell, L. G. E., J. Theoret. Biol., 1, 104 (1961). 

* Dellinger, O. P., J. Exp. Zool., 3, 337 (1906). 

* Jeon, K. W., and Bell, L. G. E. (in preparation). 

* Abercrombie, M., and Ambrose, E. J., Cancer Res., 

* Jeon, K. W., and Bell, L, G. E., Exp. Cell Res., 

* Jeon, K. W. (in preparation). 

° Binney, M. 8., Bell, L. G. E., and Jeon, K. W., Exp, Cell Res., 28, 208 
(1962). 


18 Abercrombie, M., Exp. Cell Res., 


22, 525 (1962). 
27, 350 (1962). 


Supp. 8, 188 (1961). 


No, 4681 May 18, 1963 


LETTERS TO 


GEOPHYSICS 


<- Potassium -Argon Ages of Some Rocks 
eos from Viti Levu, Fiji 


| SEVERAL potassium—argon age determinations have been 
| made on rocks from western Viti Levu, Fiji. The results 
_ are given in Table 1. The age measurements are thought 
E accurate to better than + 3 per cent. 
intrusion of hornblende granodiorite about 7 miles 
ig by 24 miles wide crops out 8 miles east of Nandi. 
rtholomew! mapped this intrusion as a member of the 
olo Phitonics, which are regarded as Middle Miocene. 
ə Measured potassium—argon age (Table 1, GA 456) is 
33 m.y. corresponding to Lower to Middle Oligocene®*. 
© Bartholomew suggested that the andesite flows cropping 
out adjacent to the: granodiorite are younger than the 
intrusion; however, later work* has shown that the 
granodiorite intrudes the lava flows. Owing to marked 
alteration none of the andesites was suitable for age 
determination. Isolated outcrops of limestone, dated as 
Upper Eocene and Lower Oligocene on fossil evidence! , 
occur associated with these andosites, which are therefore 
regarded as Upper Eocene or younger. Unconformably 
overlying the andesites are Mio-Pliocene sediments. 
Hence, the measured potassium—argon age of the grano- 
diorite is in accord with the stratigraphy. 















Table 1, POTASSICM-ARGON RESTLTS FROM FIJIAN Rocks 
. Average Air cor- 

l Specimen Mineral Potassium © potassium ‘*Ar*/*K rection Age 
CONO (wt. %) (wt. % (%) my.) 
GA 456. Horn- 

Se blende 0:294, 0-208 0-296 > 000196 61 33 
59 Blotite 7°63, 7-68 7°65 0-000309 58 538 
GA 460 Biotite “P32, 733 7:325 0-000317 63 Bed 

GA 457 Blotite. 773, 7-75 774 0000207 66 5-0 
GA 453° Biotite 7-48, 7-49 7485 0000282 61 48 
Aem (584 x 107 yr, Age 472 x 107 yr, “Ar*, radiogenic com- 
ponent. 

GA 456: Hornblende granodiorite, 4 mile south of Yavuna Village: 
117° 32-5’ E., 17° 60’ $. 


GA 459. Augite-biotite~andesite, Lomoloma quarry, 7 miles north of 
Nandi. 177° 27-1’ E., 17° 42-6 S. 
GA 460: Augite-hiotite-andesite, north side of Sambeto Range, } mile 
gaat of Lomoloma; 7% miles north of Nandi. 177° 26-0’ E., 
GA 457: Augite-biotite-monzonite, Nggalimbua Creek, 12 miles north- 
l east of Nandele. 177° 35-2’ E.: 17° 427 8, 
GA 458: Augite-biotite-monzonite, Nggalimbua. Creek, 2 miles north- 
east of Nandele, 177° 35-4” E., 17° 42:6’ 8. 
~The Sambeto Volcanics, a formation within the Suva 
_. Series, form the rugged Sambeto Range, north-east of 
- Nandi. They consist mainly of augite~biotite—andesite 
Java flows and agglomerates’. Biotite separated from 
two specimens of the andesite (Table 1, GA 459, GA 460) 
yield an age of 5-35+ 0-1 m.y.; this.is Upper Pliocene*:*. 
< Numerous foraminifera, corals and molluscs, which occur 
in tuffaceous sediments of the Suva Series underlying and 
overlying the Sambeto Volcanics, indicate that the 
sediments are not older than Upper Miocene and that 
they are probably Pliocene':*, The foraminifer Pullenia- 
tina obliquiloculata, found in a tuff overlying the Sambeto 
Voleanics, almost certainly indicates a Lower Pliocene 


age, according to Eames, Banner and Blow in Bartholo-. 


mew. However, the potassium-argon data strongly 
suggest that these beds are Upper Pliocene. The apparent, 
diserepancy may be the result of very substantial loss of 
radiogenic argon from the biotites, or the age derived from 
the fossil evidence may be incorrect. Loss of argon from 
the -biotites is considered. to be unlikely because the 
biotites are quite unaltered and, although the rocks are 
folded, there is no evidence of metamorphism. Pulleniatina 
obliquiloculata has a range from Upper Miocene to 
Recent?*, or Pliocene to Recent’; hence, the presence of 
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this fossil in the Suva Series is not incor 
Upper Pliocene age indicated by the 
potassium-argon. It is suggested therefor, 
of the potassium-argon results, that the Suva 
least in part of Upper Pliocene age. j 

Two miles north-east of Nandele a plu 
biotite~monzonite, about 14 miles in diame 
This plug is intrusive into the Suva Series; and 
GA 457 and GA 458 give an age of 4044-1 n 
intrusion. The monzonite and the Sar : 
have been correlated because of their 
similarities’, and, although the monzonite 
younger than the Sambeto Voleanies, the pote 
ages are consistent with the view that they are | : 
related. This monzonite plug is one of the vo 
plutonie rocks found in the Earth’s erust*?, 

I thank the Geological Survey of Fiji thee 
courtesy of R. E. Houtz for assistance. and TP thay 
Houtz and M. J. Rickard for discussions. Ta 
A. R. Lloyd for guidance on palwontologival gi 


[an McDoriuany. 
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Photometric Observations of the Aurora 
of October 28, 1961, at Sacramento Peak, 
New Mexico 


Ix a previous communication! the unusual fluctuations 
of the airglow green line, 5577 A [OT], at Sacrar 
Peak, New Mexico, during the night of October 2 
1961 (0200-1100 October 29, v.r.), were reported *.— 
has now reported some observations of the g a 
Lauder, New Zealand (latitude 45° S. geograp 
geomagnetic), for the previous night when a brig 
was observed in both the northern and gout 
spheres. .Here the Sacramento Peak photon: 
vations for this night are reported. Lew 
covers the time period up to about 1235 z 
28, while the Sacramento Peak observations 
1155 v.t., and it is therefore possible to male @ eo) 
between the northern and southern hemisphere 
during a coneurrent time period. Inthe present corni 
cation all times are U.T. 

Very little information has been published on 
simultaneous optical behaviour of aurora in the x 
and southern hemispheres. De Witt® has pub 
investigation of the occurrence of aurora in geo 
cally conjugate areas using several nights of International 
Geophysical Year all-sky camera data. So far as. D aty 
aware, however, the only published comparison of pi 
metric data taken simultaneously in the northern 
southern hemispheres is that of Roach, Barb 
Duncan‘, who discussed the position of the red 
are of July 8. 1958, at three non-conjugaie stati 
comparison of the overlapping (in time). < 
Lauder, New Zealand, and Sacramento Peg 
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Fig, 1. 577 A [Oi] zenith intensities in. Rayleighs. at Sacramento 


Peak, New Mexico, for October 28, 1961 


would therefore seem to be of interest. The two stations 

-are non-conjugate magnetically and the interest derives 

from the comparison of the temporal behaviour. 
- The Sacramento Peak 5577 A [OI] zenith intensities, 
in Rayleighs, uncorrected. for absorption, are shown in 
Fig: 1. Yor the night of October 27-28, 1961. The intensity 
variation up to 0900 is typical of that expected for the 
normal diurnal variation. I wish to direct attention 
on the period from 1000-1200 during which auroral 
activity occurred in New Zealand. Between 1000 and 1020 
the green line intensity shows a definite increase and 
remains at this higher level up to the last observation 
at 1150.. That this period corresponds to auroral activity 



































1055 UT 


1030 UT 


` Intensity (arbitrary units) 


TBs O955UT 


0920. UT 





` Azimuthal dependency 
Eeo Zad 1155 C.T. at a zenith 
are in arbitrary units and are to. 
The base line for each trace. is inc ested 


-The fluctuations on the succeeding night, when only a glow 
was. TRENY reported, can thus not be attributed to th 
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‘is shown more alearly. by the röcord of tho 6300 A {or 
airglow emission. In mid-latitude aurore the red line is —__ 

normally enhanced ‘very considerably while the green 

Furthermore, 


line shows only a small enhancement. 
the red line, at Sacramento Peak, is normally enhanced. 
towards the north-north-east during an aurora. In 
Fig. 2 the azimuthal dependency of the red line emission: 
for a zenith angle of 80° is shown for the times between 
0955 and 1155 v.r. for which data are available. Tt 
will be noted that the northern enhancement, indicating 
auroral activity, begins between 0955 and 1025 w.t., 
in accord with the increase in green line intensity in the 
same period. The green line zenith intensity, however, 
shows a small maximum at 1130 u.r. while the northern 
enhancement of the red line was still increasing when 
observations ceased at 1155. The red line zenith intensity 
shows a normal behaviour during most of the night. 
At 0725 (prior to the sudden commencement of the mag- 
netic storm at 0810) the red line intensity increases. The 
highest red line zenith intensity occurs: at 0955, the last 
observation before the northern enhancement becomes 
noticeable. Unfortunately,.the red line measurements 
were made at half-hourly intervals with a gap between 
0755 and 0955 and the intensity changes with time can 
only be followed very crudely. 

The available observations of visual aurora in the U.S. 
(C. Gartlein, private communication) are consistent with 
the photometric observations. Unfortunately, no visual 
results are available prior to 1030, due to rain and fog. 
At that time the sky cleared showing aurora. At 1045: 
the aurora became more extensive and at 1100 red colour 
patches appeared in the north-east and north-west. At 
1110, at Bagley, Minnesota, the aurora consisted of an 
enormous rayed band with rays of 30°-90° elevation. 
At Sacramento Peak no visual aurora was observed. 
during the night. 

It is interesting to compare these results with the New 
Zealand observations taken at a geomagnetic latitude 
more than 8° greater than Sacramento Peak. In New 
Zealand the green line intensity remained at the normal 
airglow level until 1141, though the aurora to the south 
had been bright for an hour or more. The increase in 
green line intensity at Sacramento Peak at 1020 thus ` 
appears to correspond in time to the appearance of the 
bright aurora south of Lauder, though the increase of — 
green line intensity at Lauder did not appear until later. 
The Sacramento Peak data show a small maximum at 
1130 which corresponds. well to the Lauder intensity 
maximum. Furthermore the ratio of -intensities before 
and after the increase appears to be about the, same at 


Lauder and Sacramento Peak. The intensity pulse at 


about 1140 at Lauder is associated with the appearance 
of rays at the zenith by Lewis: This pulse occurs over an 
interval of about 10 min, and such a pulse could very > 


well be missed at Sacramento Peak, where the data are. ; 


for 10-min intervals. 


The foregoing observations may be summarized as o | 


follows: the northern enhancement of the red line at 
Sacramento Peak corresponds, in time, at least approxi 
mately, to the appearance of the visual aurora in both the . 
northern and southern hemispheres.. There appears to be — 
a time-difference of the order of Lh between the en- 
haneenna of the green. line-in the northern and southern 


hemispheres. The green line enhancement, as is typical on 


of mid-latitude aurore, was considerably less than the _ 
red. line enhancement. 





the temporal behaviour of the event. 


One final comment may be made. Examination. of a 


Fig..1 shows that on the night when the: visual aurora 


occurred the sirglow green line intensity showed very little - ao 


fluctuation in the sense. of the previous communicatio 











-It would be of considerable. oe 
interest to compare other. data from. other stations in © __ 
either hemisphere, if this were available, in order to study oe 
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ae draal variations in savored luminosity. The fluctuations 
on October 29 are, indeed, unique in the Sacramento 
Peak records, 
_ I thank Dr. C. T. Lewis, who sent me a pre-publication 
" copy of his letter, and Prof. C. Gartlein for the data on 
a sual aurora in the northern hemisphere. 


S.-M. SILVERMAN 


: Spaco Physics Latois, g 

d "orco Cambridge Research Laboratories, 

Bedford, Mass. 

communication! the Jegend for the ordinate of Fig. 1. which 

ured in the original tracing, was inadvertently left out in the published 
intensities for that figure are in Rayleighs, uncorrected for 

or scattering, 3 

rman, $. M., Nature, 185, 481 (1962), 

©. T., Nature, 197,992 (1963). 

Witt, R:N., J. Geophys. Res,, 67,1347 (1962). 

maar E Barbier, D., and ‘Duncan, Ro Ax, Ann. Géophys., 18, 390 
























PHYSICS 
- Group Motions i in appcetims and Doppler 


Eh Taw discovery of the Méssbauer effect ue given fresh 

- „interest to the discussion of relativistic. Doppler effects? 
The purpose of this communication is to establish certain 

exact results in a very simple way. 

Consider a space-time which admits a time-like group of 

otions, given infinitesimally by: 


dat = Xt dw (1) 


here Xr is a -veetor field and dw an infinitesimal constant 
uffixes range 1-4 and the summation convention 

here). Let C’ and C be two paths of this group 
rents A’ and A on these world lines and 
eodesic A'A. On application of (1), A’ is 
and. 4 to B; the geodesic A'A becomes the 
B’B, and these two geodesics have the same 
“absolute measure (space-time ‘length’). The measures (or 
_ proper time elements) of A ‘BY and AB are respectively : 


ds’ = X’ dw, de = X dw (2) 








where: 
X? = (= gr X X Jan, X? = (gra XIX’) 4 (3) 
ogre being the metrie tensor of space-time. 
_ Suppose now that A'A is a null geodesic. Then all its 
oe transforms under (1) are null geodesies; in particular, 
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- about the a-axis (Fig. 2). The world-lines o 























B'B is a null geodesic. If C’ and C are the wor! 
source of light (or other electromagnetic disturt 
a receiver, we may regard A’A and B’B as the histo 
two adjacent wave crests. Then the absolute 
periods of emission and. reception are respective 
and +=ds, and so the ratio of the frequencies ofr 
and emission is: 
yy = vjr =de jds = XX 
these frequencies being measured in the ini 
rest frames of the receiver and the emitter. 
the Doppler effect, all we need is the rat: 
Consider now, in flat space-time with gr 
—1), a disk rotating with constant an; 


of the disk are paths for the group of motior 
with: 

Xi = —oa*, X? = ox! X= .0,X4 = 1 
Let a source C’ and a receiver C be carried roun 
disk, at distances R’ and R from its centre. 
(3) and (5) we have: 

XxX’ =(1- Ro), X = (l — Rupp (y 
and so, by (4), the ratio of the frequencies of reception anil: 
emission is: ' 


hen by 


y L — RNN 
> = GS) 


This formula is exact. Note that the Dopple 
depends only on the distances #’ and R, and not at 
the Papas angular positions of source and ree 
If the source and receiver are equidistant Ù 
centre of the disk, there is no Doppler effect (v= 
Sincé the space-time of a stationary gr 

admits a group of motions (X!'=X?=A*=0, . 
foregoing method gives at once the Doppler effec 
source and receiver which have paths of th: 
for world-lines. We have then X = {g'ur ani 

(-ga)”. $ 

J Les RGR 


School of Theoretical Physics, 
Dublin Institute for Advanced Studies, 
Dublin 2 


? Frauenfelder, H., The” Méssbauer Effect, 62 (Benjamin, New York. 1962), 





Longitudinal Sound Velocity in Columns of 
Granular Ammonium Perchlorate of Low 
Loading Density 


Tue longitudinal sound velocity in columns of grey 
ammonium perchlorate at an average loading de 
0-9340-07 g/e.c. was measured. The particle 
bution of the salt is shown in Fig. i. ee 5 
point (by weight) was lép. ed 











%, Weight less than diameter 





1,000 


100 


1 10 
` Diameter (4) 
gi, Particle size distribution analysis of ammonium perchlorate 


"The velocity was calculated from a. determination of 
ir the time, ts required for an acoustic disturbance to traverse 

a known distance, da in the sample. t; was determined 
o by sending acoustic pulses simultaneously through the 
sample column and a mercury column of variable length, 
dug. The pulses were produced by two parallel-connec sted 
 P£LT-4: piezoslectric transducers energized by 400-V 
square pulses of 0-6 usec. duration at a repetition rate of 
60/sec. The output from the transducers was an approxi- 
mately sinusoidal mechanical wave of 1 megacycle/sec 
frequency. The transmitted mechanical waves were 
detected with similar PZT-4 transducers... The outputs 
from the detection transducers were displayed simul- 
taneously on an oscilloscope, triggered by the generating 

ulse. 

The length of the mercury columns was adjusted so that 
the first-rise points of the received wave forms were 


coincident, Then for that. value of dig the total transit - 


timoa through the two paths were equal: 
; ts + tose = tHg + lo Hg (1) 


whos tug is the transit time through the mercury 
` column. tes and tog are measured time delays at zero 
lumn thickness (that is, when transducer pairs are 
a irectly i in contact with each other) for the sample and 
- mereury transducer pairs, respectively. The transit time 
ae through the sample column is calculated from the equation: 


t= (dagl Ung) +ioHg— tos (2) 


where Ugg is the known longitudinal sound velocity of 
mercury, and dyg is measured. The sound velocity Us 
in the sample is: 


on a (3) 
= duel U Hg) + totg toss 
Tho value of Ugg is 1-446 mm/usec at 25° C, and is rela- 
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Fig. 2. Transit time ¢, versus column height d, 
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y tively. insensitive to temperaturo changes (= 0000465 aS 


mm/ysee/” Che . 

The ammonium perchlorate was confined ina 16-mm 
diameter ‘Lucite’ tube which was acoustically decoupled 
from the bottom transducer by a 12-mm thick ring of 
‘Styrofoam’. The bottom transducer was firmly against 
the bottom of the salt column, while the opposite 
(receiving) transducer rode on top of the particle bed with 
a loading pressure of 444 .g/em?. The sample height was 
increased in increments by adding weighed amounts of 
salt to the cylinder. Column heights were measured with 
a cathetometer. The average loading density was 093+ 


0-07 g/e.e. The increment densities were in the range 


0-76-1-16 g/c.c. Transit time ¿s is plotted versus column 
height d, in Fig. 2. Sound velocity, U;, given by the 
slope Ads/ Ats, is 0-57 + 0-01 mm/ysec. 

This work was supported in part by the U.S. Air Force 
Office of Scientific Research, under contract AF49 
(638)-1124, 


R. ©. GOETTELMAN 
Marsoris W. Evans 


Stanford Research Institute, 
Menlo Park, California. 


Electron Attachment in Oxygen 


THE various collisional processes of electron. attachment 
in electronegative gases are of interest in the examination 
of the proporties of ionized gases not only in gas discharge 
tubes but also in the upper atmosphere, so that the data 
on attachment cross-sections are important. When. the 
electric field E is high enough to produce ionization. by: 
electrons by collision, the attachment cross-sections cannot.» 
be measured by the direct methods possible at low electron: 
energies. At high electron. energies, however, the total 
cross-section can be ealeulated from data on the coefficient 
of attachment defined in a way analogous to that of g, 


the coefficient of primary ionization. The coefficient of ... 


attachment must be computed from measurements on the 
growth of ionization currents, preferably between. parallel 
plates. In ‘the presence of attachment the steady-state. 
spatial growth of ionization in a uniform electric field at a 
constant value of E/p (p the gas pressure) can be repre- 
sented by: 


I _ (u’ +2) 94 fa’ — ada a 
I 1 = (ojx (ett 1) a) eee 
where J is the amplified ionization current, at an electrode 
separation d, resulting from a small externally maintained: 
current I,(-~10-! A), «’ isthe apparent primary ionization 
coefficient, w a generalized secondary ionization coefficient 
and a, the total attachment coefficient representing the 
action of several possible attachment processes. 

The computed values of the coefficients depend on the 
fitting of curves representing the growth of ionization to 


the experimental data on ionization currents. In partis a 


cular, determination of coefficients (either of ionization or 
attachment) from an expression like (1) clearly depends: 


on the. treatment of the factor I, because this cannot be 


measured directly as can the gas amplified currents I; 
this aspect of the problem has been dealt with in previous 
communications!-*. 
The purpose of this communication is to give results 
for the attachment coefficient in oxygen recently obtained 
in this laboratory for values of the electric field such that 
ionization by collision was also occurring. Using the 
apparatus and experimental procedure used previously 
for air!4, experimental data on the spatial growth of 
ionization were obtained for oxygen at a pressure of about 
100 mm mercury, for values of H/p in the range 34 <E/p< 
38 V (cm mm mercury). ‘The experimental data obtained -< 
were treated on the basis of the relation (1) using the 
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Fig.l. Graph of a’/p, E/p for oxygen. +, ref. 5; ©, ref.7; O, ref.6; 
x, present investigation 
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Fig. 2. Graph of ap, Elp for oxygen. Symbols same as Fig. 1 
general procedure described in detail previously!. The 
fitting of a growth curve to the experimental observations 
was carried out by the method of least squares using an 
IBM 1620 computer. The values previously obtained? 
in this laboratory for the attachment coefficient in air 
were also checked using the method of least squares on 
the computer, and were fully confirmed. 

For comparison, the values for the primary ionization 
and attachment coefficients obtained in previously 
published investigations on oxygen in this range of E/p 
by other investigators are also given in Figs. 1 and 2. It 
can be seen that all the values of the apparent primary 
ionization coefficient obtained are in good agreement. 
However, the previous values of the attachment coefficient 
obtained over a range of values of H/p by Harrison and 
Geballe® and by Prasad and Craggs! are higher than those 
given here. There is a particular value of #/p for which 
«’= 0, and DeBitteto and Fisher’ found this to be 35-4 V 
(em mm mercury)! in oxygen at a pressure of 300 mm 
mercury; the corresponding value of the attachment 
coefficient they obtained is also given in Fig. 2 and found 


NATURE 


681 


to be not very different from that obtained at the same 
value of E/p in the present work. 


J. Durron 
F. LLEWELLYN-JONES 
G. B. MORGAN 


Department of Physics, 
University College of Swansea. 
1 Dutton, J., Harris, F. M., and Llewellyn-Jones, F., Proc. Phys. `oe.. 81. 
52 (1863). 


2 Crompton, R. W., Dutton, J., and Haydon, S. C., Proc. Phys. Sor., 69, 2 
(1956). 


3 Jones, Eiflonydd, and Liewellyn-Jones, F., Proc. Phys. Soc., 80, 450 (1962). 

i Dutton, J., Llewellyn-Jones, F., and Palmer, R. W., Proc. Phys. 30c.. 78, 
569 (1961). 

5 Harrison, M. A., and Geballe, R., Phys. Rev., 91, 1 (1958). 

¢ Prasad, A. N., and Craggs, J. D., Prec. Phys. Soc., 77, 385 (19810). 

* DeBitetto, D. J., and Fisher, L. H., Phys. Rev., 111, 390 (19501. 


CHEMISTRY 


A Quantitative Gas Stream Splitting 
Injection System suitable for Use with 
Capillary Columns 


CAPILLARY columns have considerable advantages in 
gas liquid chromatography over the conventional packed 
columns. However, in order to obtain the advantages 
from capillary columns, charges of a few micrograms 
must be used. Such small charges impose severe restric- 
tions on the type of injection system that may be 
utilized. Several methods for injecting samples have 
been suggested and the most popular and successful so 
far has been the gas stream splitter. Although much has 
been published on the subject of capillary columns, 
only a small proportion of the work has dealt with the 
principle of injection, and those papers which havo dealt 
with the quantitative aspects have generally confined 
their investigations to hydrocarbon mixtures! *. The 
stream splitter described here embodies an improved 
means of vaporizing liquid samples which are introduced. 
Further, its quantitative characteristics have been exam- 
ined with samples containing components of widely 
different chemical class. 
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Sample size (r). 


The form of the splitter is shown in Fig. 1 and consists 
essentially of two concentric tubes, the cross-sectional 
area of their openings being in the ratio of a thousand 
to one for a gas stream split of the same ratio. The 
central tube is actually the first few centimetres of the 
capillary column itself, so that the fraction of sample 
entering it is not presented to any surface other than that 
of the chromatographic column. The wider surrounding 
tube leads eventually to a needle valve and exit to the 
Atmosphere. The needle valve and the pressure regulator 
controlling the carrier gas supply to the splitter serve to 
set the column flow rate and the split ratio. 

Liquid samples are introduced by a ul. syringe through a 
silicone seal and discharged on to a heated metal gauze. 
The vaporized sample is then swept by the carrier gas past 
-the column entrance. Gauze was chosen as a suitable 
-material on which to discharge the syringe for several 
reasons. It is necessary for the needle tip to come into 
contact with a solid surface to remove the liquid droplet 
formed when the syringe is discharged. The gauze 
serves this purpose while at the same time allowing the 
droplet to spread by surface tension and so present a 
relatively large surface area to the carrier gas passing 
over it. Another advantage of the use of gauze is that 
it can conveniently be heated by passing a low-voltage 
current through it. In this way the liquid sample is 
rapidly vaporized into the carrier gas stream with the 
minimum time of contact with the hot surface. 

The splitter was assessed in the following manner. 

It was connected to a short glass capillary column and 4 
flame ionization detector. Various measured volumes 
ranging from 0-2 to 1 ul. of a mixture of ethanol, n-butyl 
acetate and cumene were introduced into the splitter. 
Recorder response in terms of peak area was plotted 
against the calculated amounts of component introduced 
and showed a linear relationship, passing close to the 
origin. Regression lines from a series of injections were 
obtained and the slopes representing n-butyl acetate 
and cumene compared with that of ethanol (Fig. 2). 
These ratios represent relative response factors and, for 
a given set of conditions, should be independent of the 
proportions in which the components are present. This 
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was verified by repeating with mixtures of an alternative 


composition. Typical results obtained are shown in 
Table 1. 
Table 1 
Composition % wt. 

Ethanol 15-6 26-6 

n-Butyl acetate 341 29-4 

Cumene 50-3 44-0 

Relative response factors 
n-Butyl acetate: ethanol 1:22 1°22 
Cumene: ethanol 2-01 2°00 


By replacing the flame ionization detector with an 
argon ionization detector, and introducing samples which 
had been diluted in stages with an additional component, 
it was shown that the splitter was capable of dealing 
with a wide range of sample size. A graph of peak area 
against sample size, covering the range of 0-005-0-5 ug 
of component, was continuous over four dilution ranges. 

D. R. CLARKE 

W. G. Pye and Co., Ltd., 

York Street, Cambridge. 


1 Rouayheb, G. M., Folmer, O. F., and Hamilton, W. C., Anal. Cham. Acta, 
26 (4), 378 (1962). 

* Ettre, L. S., and Averill, W., Anal. Chem., 38 (6), 680 (1961). 

3 Halasz, I, and Schneider, W., Anal. Chem., 88 (8), 978 (1961). 


Cryoscopic Effect and Molecular Volume 


THE phenomenon of separation and graded cencentra- 
tion of solutes on freezing and thawing a column of solution 
has already been reported'. An investigation of the 
various factors influencing the cryoscopic effect, as this 
phenomenon has been called, was undertaken. Among the 
several factors examined, the relative influence of specific 
gravity and of molecular weight of the solute points to a 
revealing conclusion of basic character. 

The effect of molecular weight and of specific gravity on 
the cryoscopic effect was examined by freezing and thawing 
a mixture of solutes of different molecular weights and 
specific gravities. A solution of alum (aluminium and 
potassium sulphates), copper sulphate and ferrous sulphate 
of a strength of 1 g of crystalin 100 ml. of the mixture was 
frozen and thawed in a 500-ml. cylinder in an ice-cream 
freezing cabinet at —15° to —16° C. Samples of 20 ml. 
were collected at six different levels of the column and 
analysed for (sulphate idn being common to all) potas- 
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Table 1, CRYOSCOPIO EFFECT IN A MIXTURE oF SOLUTES OF DIFFERING MOLECULAR WEIGHTS AND SPECIFIC GRAVITIES 






































——s 
Solute concentration in 20-ml. portion (as anhydrous salt) 
Sf a Potassium sulphate Aluminium sulphate Ferrous sulphate Copper sulphate 
. Maar! 
gin100 mi. % oforiginal | ginl00ml. % oforiginal | ginl00ml. % oforiginal | gin100 mI. % of original 
9 0-1214 128 0-0304 17 0-0904 16 0:0397 G1 
135 0:3785 404 01952 115 0-2324 40 0:2129 21-0 
320 0-2433 259 0:7486 422 0-3744 69 09151 140-0 
500 00399 40 00272 15 2:4917 460 2:1502 329-0 
Original solution 0:1887 100 0-3604 100 0-5469 100 0-6396 100 
Molecular weight 174-25 342, 52 159-6 
Specific gravity 2-662 271 3:287 3-606 
Digpersion ratio 5/16 15/17 28-7 53°9 f 














siumŝ, iron and aluminium?+. Copper was estimated after 
displacement by zine, by dissolving it in nitric acid and 
igniting the. nitrate to cupric oxide’. The distribution of 
compounds of different molecular weights and specific 
gravities in the column after thawing is shown in Table 1. 

The spectrum of solutes in the thawed column of the 
mixture shows (Table 1) that components of higher 
specific gravity (crystal density) tend to collect more 
towards the bottom and less towards the top, and vice 
versa. There appears, however, a discrepancy, in the 
distribution of the components when they are compared 
in terms of their absolute masses at each level. Copper 
sulphate, in spite of a higher specific gravity than that of 
iron, prevails less than iron in the bottom-most portion. 
This apparent departure, however, disappears at once 
when the components at the various levels in the column 
are compared in terms of their ‘dispersion ratios’—the 
ratio of the concentration of the component at the bottom 
of the column to that at the top. An entirely orderly 
relationship emerges, as seen in Fig. 1, between the dis- 
persion ratio and the specific gravity (crystal density). 
There is no such relationship, however, between the mole- 
cular weight and the dispersion ratio. 

This observation throws doubt on the validity of the 
current theoretical method of deriving the molecular 
volume of a compound as a quotient of its molecular 
weight and crystal density®. For, since crystal density is 
directly related to the dispersion ratio, molecular weight 
should, if the procedure be correct, bear an inverse rela- 
ticaship to it, which appears, however, contrary to experi- 
mental findings. The anomaly also signifies that (1) the 
molecular volume derived from the formula is not the 
volume of the molecule, in the sense that molecular weight 
is the weight of the molecule, and (2) the molecular volume 
includes the intermolecular space around the individual 
molecule within the crystal. The anomaly may also have 
other implications. 

T thank Mr. R. N. Sood for assistance in the chemical 
analyses, and Mr. R. K. Chona for making available the 
freezing cabinet for the experiments. 

K. S. Ranearpa 


Central Water and Power Commission, 
New Delhi, India. 
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4-5 Scott, W. W., Standard Methods of Chemical Analysis, 54, 858, 470, 474 
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Detection of Sulphur Compounds on Paper 
Chromatograms 


A METHOD for the qualitative analysis of sulphoxides 
on paper chromatograms, based on the well-known 
property of these compounds to oxidize hydroiodic acid 
to free iodine, has recently been published by Thompson 
et al.1. In the course of our work on the metabolism of 
some sulphur compounds, we had the opportunity, some 
years ago, to adapt the same reaction to paper chroma- 


tography, and to test its specificity over a wide range 
of cystine and cystamine derivatives*-6, 

The reaction is performed by spraying the developed 
chromatogram with a freshly prepared solution of acid 
potassium iodide (20 g in 100 ml. 2 N hydrochloric acid). 
A positive reaction is indicated by the slow appearance 
on the chromatogram of a red-brown spot on a yellow 
background. The reaction is very sensitive (5 ug com- 
pounds can easily be detected), but not specific for 
sulphoxides. A positive reaction is, in fact, also givon by 
sulphur compounds oxidized to the sulphinic-level, such 
as hypotaurine and cysteine sulphinic acid, or by thio- 
sulphonates such as alanine thiosulphonic acid and thio- 
taurine (Table 1). It seems, therefore, that the reaction 
Table 1. DETECTION OF SULPHUR COMPOUNDS ON PAPER CHROMATOGRAMS 

BY MEANS OF AOID POTASSIUM IODIDE SOLUTION 
Compound * Reaction 
RSH ~ 


dh 
fs 
FELL tHE HI 


R-SO.-Rt i 
* fi aa 
t Z represents CA O POM s se spotted Sn, ae paper. During 
chromatography they are changed to R-SO,H + R-S-S-R. 
¢ Only lanthionine sulphone has been assayed. 
occurs in general by partially oxidized sulphur derivatives. 
Nevertheless, the reaction is so sensitive and simple that 
it may prove very useful for the screening of the oxidation- 
level of sulphur compounds, especially if coupled with 
other tests applicable on paper, such as those performed 
with iodoplatinate or with Folin-Marenzi’s reagent and 
others described in a previous communication’. 
i CARLO DE Marco 
Istituto di Chimica Biologica, 
Università di Roma. 
1 Thompson, J. F., Arnold, W. N., and Morris, C. J., Nature, 197, 381 (1963), 
2 Cavallini, D., Mondovi, B., and De Marco, C., G. Biochim., 1, 465 (1952). 
3 Cavallini, D., Mondovi, B., and De Marco, C., G. Biochim., 2, 338 (1953). 
+ Cavallini, D., De Marco, C., and Mondovi, B., J. Biol. Chem.,216, 577 (1955). 
5 Cavallini, D., De Marco, C., and Mondovi, B., J. Biol. Chem., 284, 854 


(1959). 
* De Marco, C., Coletta, M., and Mondovi, B., Ital. J. Biochem., 9, 77 (1980). 


Temperature-dependence of the Heat of 
Mixing of Two n-Alkanes 


For any of a wide variety of pairs of n-alkanes it is 
known}? that at 20°C the heat of mixing is positive. 
Until about two years ago it was assumed on the basis of 
the measurements by van der Waals and Hermans? that 
as the temperature was increased the heat of mixing of 
any pair decreased, markedly at first, but remained 
positive. Then we published? some measurements of the 
heat of mixing of n-hexane + n-hexadecane at 20°, 30°, 40°. 
and 50°C. At 20°C our measurements were in fair 
agreement with those of van der Waals and Hermans. 
The temperature-dependence of our measurements was, 
however, strikingly different from that found by them for 
other pairs. By extrapolation of our results? and on 
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Fig. 1. Heat of mixing Ha at given composition plotted against tem- 
perature T for pairs of n-alkanes, The numbers are the numbers of 
carbon atoms in the n-alkanes, and wis the mole fraction of n-hexadecane. 
The squares are the measurements of van der Waals and Hermans 
(ref. 1). The small circles are the measurements of McGlashan and 


Morcom (ref. 2). The larger circles are our new measurements 


theoretical grounds‘ we predicted that for n-hexane+ 
n-hexadecane the heat of mixing should change sign at 
about 64° C and become negative at higher temperatures. 
That prediction became the subject of a wager (of a good 
dinner) between members of the ‘Liquids Club’ at the 
Shell Laboratory in Amsterdam and one of us (M. L. M.) 
in Reading, and has recently been publicly challenged on 
theoretical grounds by Holleman and Hijmans®. We have 
now used a modified version of our calorimeter? to make a 
few measurements on equimolar mixtures of n-hexane + 
n-hexadecane at 40°, 75°, and 100° C. The results of these 
new measurements are shown plotted against temperature 
in Fig. 1 together with the results of all the previous 
measurements made at more than one temperature. 


J. A. ERIEND 
J. A. LARKIN 
ALICE MAROUDAS 
M. L. MOGLASHAN 
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BIOCHEMISTRY 


Dehydroxylation of Caffeic Acid by Rat 
and Rabbit Cacal Contents and Sheep 
Rumen Liquor 


Tue dehydroxylation of 3,4-dihydroxyphenylacetic acid 
(homoprotocatechuic acid) to-m-hydroxyphenylacetic acid 
in the animal body was first reported by Booth ef al.1, and 
was confirmed by Scheline eż al.*, with 3,4-dihydroxy- 
phenylacetic acid labelled with carbon-14. A claim has 
been made recently® that noradrenaline is converted to 
m-hydroxyphenylacetic acid in guinea pigs; such a con- 
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version involves not only dehydroxylation in the aromatic 
nucleus but also in the aliphatic side-chain of noradren- 
aline. 

Dehydroxylation is also a reaction of 3,4-dihydroxy- 
cinnamic acid (caffeic acid) in the rat, the main product of 
dehydroxylation in this ease being m-hydroxyphenyl- 
propionic acid’. Since m-hydroxyphenylpropionic acid 
appeared in the urine irrespective of whether the caffeic 
acid was administered orally or by intraperitoneal injec- 
tion, it seemed that the reaction was not dependent on 
gut micro-organisms. However, Shaw et al. recently 
reported that the excretion of m-hydroxypheny] acids was 
delayed with respect to the time of ingestion of caffeic acid 
and, furthermore, they observed that if human beings or 
rats were given neomycin orally prior to the ingestion of 
caffeic acid, then the m-hydroxypheny] acids disappeared 
from the urine. These observations suggested that intes- 
tinal micro-organisms might be involved in the production 
of urinary m-hydroxyphenyl acids. So far as we are 
aware, no one has demonstrated that caffeic acid is 
dehydroxylated by micro-organisms outside the anirnal 
body. 

Using the paper-chromatographie procedure already 
described by one of ust, m-hydroxyphenylpropionic acid 
was not detected in the urine of rats subsisting on a purified 
diet containing caffeic acid (2 mg/g diet) and neomycin 
(2 mg/g diet), thus confirming the findings of Shaw et al.. 
Dehydroxylation of caffeic acid was also prevented by the 
addition of the intestinal antiseptic, “Dimol’®, to the rat 
diet. 

We next examined the effect of incubating caffeic acid 
with preparations of the cæcal contents of rats subsisting 
on a stock diet. Tho cecal contents of a rat were suspen- 
ded in a tube in 0-14 M phosphate buffer (40 ml.) of pH 7, 
then filtered through cheese cloth, and the filtrate incu- 
bated with caffeic acid (20 mg) at 39° for 3-18 h. The 
incubate was agitated with a stream of carbon dioxide or 
nitrogen gas. A number of such preparations were set up 
and, after incubation, the contents of each tube were 
acidified to pH 2 with a few drops of strong hydrochloric 
acid, saturated with sodium chloride, and extracted with 
ether. The extracts were evaporated in vacuo and the 
residue dissolved in a little acetone. Suitable aliquots of 
the acetone solution were examined by two-dimensional 
paper chromatography as previously described‘. 

When. the ineubates contained no added caffeic acid, 
the only phenolic acid detected on the chromatograms was 
p-hydroxyphenylacetic acid. When the incubates con- 
tained added caffeic acid, three phenolic acids in addition 
to unchanged caffeic acid were detected. These were 
3,4-dihydroxyphenylpropionic acid, m-hydroxyphenyl- 
propionic acid and m-hydroxycinnamic acid (m-coumaric 
acid). When the intestinal antiseptic ‘Dimo? was added 
to the incubates containing caffeic acid, no dehydroxv- 
lated products were detected and this suggested that the 
dehydroxylation was a reaction of micro-organisms in the 
ceeal extracts. These experiments were repeated with 
rabbit cecal contents with similar results. Experiments 
were also carried out with extracts of sheep rumen con- 
tents. The latter were soaked in phosphate buffer (pH 7) 
and filtered through cheese cloth, and the filtrate used as 
the incubation medium. The same dehydroxylation 
products of caffeic acid were formed as with rat and rabbit 
cecal contents. Recently, Scott et al.” have shown that 
when u-[U-“C]tyrosine is incubated with sheep rumen 
liquor, #*C-phenylpropionic acid is a major product, thus 
suggesting that tyrosine or a metabolite of it is dehydroxy- 
lated by sheep rumen micro-organisms. 

The optimal conditions for microbial dehydroxylation of 
caffeic acid have not yet been worked out, but our experi- 
ments suggest that about 5 per cent of the added caffeic 
acid is dehydroxylated in 18 hin our experiments. How- 
ever, these results clearly demonstrate that dehydroxy- 
lation of caffeic acid to m-hydroxyphenylpropionie and 
m-coumaric acids can be accomplished by micro-organisms 
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occurring in the cecum of the rat and rabbit and in the 
rumen of the sheep. Experiments are now in progress 
with the view of identifying the organisms responsible and 
so far we have found that they are not inhibited by sul- 
phanilamide but are inhibited by ‘Dimol’. 
. A. N. Boorn* 
R. T. WILLIAMS 
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Department of Biochemistry, 
St. Mary’s Hospital Medical School, 
London, W.2. 
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Mobilization of Fat Body Glycogen by an 
Extract of Corpus Cardiacum 


HUMORAL involvement in the carbohydrate metabolism 
of Periplaneta americana (L.) has been reported by 
Steele!, who demonstrated a 150 per cent increase in blood 
trehalose and a drop in blood glucose following injection 
of an aqueous extract of the corpus cardiacum. Tho work 
recorded here, conducted as part of an overall investiga- 
tion of the regulation of sugar utilization in the South 
American cockroach, Blaberus discoidalis (Serville), con- 
firms the rise in trehalose, but reveals also a significant 
increase in blood glucose and a concomitant decrease in fat 
body glycogen. 

Gland extracts were prepared after Steele’s method and 
injected intra-abdominally in 50 ul. of distilled water. 
Blood sugar determinations (trehalose and glucose) were 
made on individual cockroaches by the method of Fried- 
man’. For this purpose 1 ul. of blood was removed from an 
antenna, thoroughly chilled to prevent coagulation, 
diluted, deproteinized, centrifuged, and the supernatant 
made up to volume for the subsequent analyses. Glycogen 
obtained from the fat body was determined by the 
method of Good, Kramer and Somogyi’. 

Results in Table 1 establish the significant elevation of 
both trehalose and glucose produced by the injection of 
the equivalent of 0-1 pair of corpora cardiaca (CC). An 
extract of corpus allatum (CA) prepared as the equivalent 
of one pair per injection is ineffective at the 5 per cent 
level. The lack of activity of the corpus allatum is a 
happy circumstance, since analysis of its function in any 
process in this animal will be complicated by anatomical 
arrangements which make it impossible to obtain the 
gland completely free of corpus cardiacum. 

It is clear from the results in columns 1 and 2 of Table 1 
that an increase in free trehalose does not come about at 
the expense of free blood glucose, since this is also raised. 
There is, however, some indication of the possible origin of 


Table 1. EFFEOT OF INJECTION OF EXTRACTS ON BLOOD SUGAR AND FAT 
BODY GLYCOGEN 


Mean changes in blood sugar con- 
centration over 5 h post-injection 
period (mg}ml,) 


Mean value of fat 
body glycogen 5 h 
after injection 


Injection Trehalose Glucose (ugimg dry-weight) 
Water 

(4)* -0-7 2-0 118-4 
None 

(4) -10 (P3=>0-10)f 1:4 (P=>0-10) 989 (P=>0-10)t 


CA extract 
(8 2-3 (P= > 0-05) 15 (P= > 0-10) 
€C extract 


(8) 23-7 (P= <0-002) 7-6 (P= <6-02) 
* No. of individuals. 
Significance of change compared with change incurred on injection of 
water (‘Student’s’ t-test). 
t Significance of difference of mean from that of water-injected animais 
Student's’ t-test). 


80-4 (P= > 0-05) 
45-9 (P= <0-001) 
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both these compounds. Column 3 of Table 1 contains 
the results of analyses of fat body glycogen mado 5 h after 
injecting the named substances, and it may bo seen that 
there is a substantial decrease in glycogen within the 
period in which the blood sugars are incroasing. This 
information, coupled with the knowledge that in the 
locust’, at least, trehalose is synthesized from glucoso in 
this organ, leads to the reasonable hypothesis that corpus 
cardiacum extract exerts its influence on glycogen syn- 
thesis and/or degradation in fat body. The regulatory 
capacity of the extract is, therefore, at present under 
investigation. It may be notod in passing that the effect 
is not mediated through other cephalic glandular material, 
since the extract is active on injection into the body 
cavity when the head of the animal is tied off. 

This work was partially supported by David Ross 
pre-doctoral grant No. 2258 from Purdue University, to 
one of us (W. S. B.). 

W. S. Bowers * 
S. FRIEDMAN 


Department of Entomology, 
Purdue University, 
West Lafayette, Indiana. 


* Present address: Entomology Research Division, Insect Physiology 
Laboratory, U.S. Department of Agriculture, Beltsville, Maryland. 
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L-Phenylalanine : an Organ Specific, Stereo- 
specific Inhibitor of Human Intestinal 
Alkaline Phosphatase 


Human alkaline phosphatase of intestine but not of 
liver, bile, bone, lung, kidney and spleen is almost com- 
pletely (78 per cent) inhibited by n-phenylalanine and is 
not so affected by p-phenylalanine. 

Specimens of fresh human tissue taken at autopsy wore 
each processed for alkaline phosphatase as described 
earlier'. These partially purified enzyme preparations 
were assayed in the presence of 0-005 M p-phenylalanine 
and of 0-005 M L-phenylalanine (Calbiochem, Los Angoles). 


Table 1. SPECIFICITY OF [INHIBITION BY PHENYLALANINE 
(zg of phosphorus liberated from f-glycerophosphate* in 2 h) 


No phenyl- 0-005 M 0-005 M % inhibition 
alanine D-phenylalanine L-phenylalanine D-L/D x 100 

Intestine 29 3-05 0-8 74 
18-0 20°25 4:6 77 
5°35 515 11 79 
5-95 6'15 1:25 79 

Gastro- 
intestinal 11-7 146 44 72 
washings 12-5 146 4-9 67 
Liver 41 3:7 3°35 9 
2°85 3:0 2-55 15 
Bile 4'45 42 3-75 10 
75 10-15 9-4 8 
6°95 76 7-25 5 
Rib 1:3 15 1:8 13 
Vertebra 1-0 1:2 1:3 0 
Vertebra 2:3 225 2°25 0 
Kidney 15 1-25 1-1 12 
Lung 1-45 1:45 1-2 17 
Lung 2-0 2-2 1-9 13 
Spleen 73 7-45 6°85 8 
7:25 75 7:15 5 
4:35 42 4-2 0 
4-74 46 4-15 10 


* Assays were done according to Fishman, Green and Inglis procedure 
(ref. 1), modified from Shinowara, Jones and Reinhart (ref. 2). 


Table 1 gives the results obtained with a numbor of 
human. tissues, from which results it is clear that only 
alkaline phosphatase of the intestine (as well as washings 
of the stomach and intestine) is strongly inhibited by 
L-phenylalanine as compared. with p-phenylalanine, which 
is not an inhibitor of any preparation tested. There is, 
therefore, a double specificity, one dependent on the 
organ source of alkaline phosphatase and the other 
exclusively the property of one stereoisomeric form of 
phenylalanine. 
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That this inhibition is consistently in the vicinity of 
80 per cent is demonstrated in experiments listed in 
Table 2. This is true not only with 6-glycerophosphate 
but also with the other widely used phosphatase substrate, 
phenylphosphate. 

Table 2. STEREOSPECIFIO INHIBITION OF HUMAN INTESTINAL ALKALINE 
PHOSPHATASE ACTIVITY 


Substrate Phenylalanine (0:005 M) 

Exp. No. L- D- 
B-Glycerophosphate 

(assayed as in Table 1) 


% inhibition 
D-L/D x 100 


ug-Phosphorus/2 h 


1 1:50 6-9 78 
2 3-15 14°05 77 
3 1-50 6-3 76 
4 0:70 3-45 80 
5 0-35 1-75 80 
6 0-70 3-35 79 
7 135 5-95 71. 
8 1-16 5'15 79 
Phenyl phosphate 
(0-009 M) (ref. 3) vg-Phenol/i h í 
9 3-05 14-07 79 
10 4°19 19-24 78 
11 221 9-99 78 


When a known amount of intestinal alkaline phos- 
phatase is mixed with liver and bone enzyme in varying 
proportions, it can be measured quantitatively by utiliz- 
ing the stereospecific inhibitor L-phenylalanine, as shown 
in Table 3. 


Table 8. RECOVERY OF INTESTINAL ALKALINE PHOSPHATASE FROM MIXTURES 
{ug of phosphorus liberated from f-glycerophosphate in 2 h) 


Alkaline phosphatase 


Tissue mixture (liver + bone 1 : 1) Intestinal enzyme 


Added Found 
1:56 2-60 2-60 
1:55 1-67 1-98 
z 1-55 0-82 0-75 
1-20 2-47 2-54 
1:20 1-57 1-45 
1-20 0°85 0-88 


The fact that certain compounds, including amino-acids, 
are organ-specific inhibitors of rat intestine alkaline 
phosphatase and others are ‘organ-sparing’ inhibitors of 
the rat liver enzyme was reported from this laboratory!+. 
It was evident, then, that the structural requirements for 
phenylalanine as an organ-specific inhibitor were remark- 
ably exact. 

Human and rat intestinal alkaline phosphatases share 
many distinctive properties. Thus, both show a substrate 
preference for o-carboxyphenylphosphate, both are speci- 
fically inhibited by djenkolate and L-phenylalanine, both 
undergo intestine-sparing inhibition by taurocholate, apo- 
cholate and cholate. They differ in that magnesium ions 
activate the rat enzyme more than the human one and L- 
phenylalanine is a stronger inhibitor for the human enzyme. 

The exclusive inhibition of intestinal alkaline phos- 
phatase by L-phenylalanine and not p-phenylalanine 
suggests & unique difference in the catalytic site of the 
intestinal enzyme from that of the enzyme prepared from 
other sources. Finally, advantage has been taken of the 
L-phenylalanine inhibitor to design a method for measuring 
human serum alkaline phosphatase of intestinal origin’. 

We thank Drs. E. H. MacMahon and G. Gherardi for 
their interest in this work and for providing the human 
tissues. 

This work was supported by grants from the American 
Cancer Society (P-106) and from the National Cancer 
Institute, National Institutes of Health (CS—9734). 
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Determination of Cholinesterase Inhibition 
with the Use of a Choline-dependent Strain 
of Neurospora crassa 


As small quantities of choline can be determined by the 
use of a cholineless mutant of Neurospora crassa’ and 
choline is a more powerful growth promoter of this 
organism than acetylcholine?, a method has been developed 
for the quantitative determination of organophosphorus 
cholinesterase inhibitors, by measuring the growth of 
this micro-organism in a medium, containing acetylcholine 
and cholinesterase, in the presence of the inhibitor. The 
latter diminishes or abolishes the formation of choline 
and thereby reduces the growth of this mutant. The mass 
of mycelium (dry weight) produced in a liquid medium 
and the rate of progression of the mycelium on an agar 
surface were used to measure the growth. 

Neurospora crassa (strain 14078, ATCC) was maintained 
on @ complete agar medium. Conidia from a 7-day-old 
culture served as inoculum. Incubations were carried out 
at 28° ©. 

For the ‘dry weight method’ a test solution was prepared 
from 0-4 ml. of acetylcholine chloride (ACh) solution 
(250 ug/ml.) and 0-4 ml. of a mixture of equal parts of 
acetylcholinesterase (AChE) (10 units) from bovine 
erythrocytes (Sigma) and diisopropyl fluorophosphate 
(DFP) in varying concentrations, the mixture having been. 
incubated during 30 min. The test solution was incubated 
for a further 30 min. 0-4 ml. was then added to 49-6 ml. 
of a basal liquid medium? in 250-ml. Erlenmeyer flasks of 
equal base and an inoculum consisting of 105 conidia 
suspended in 0-2 ml. of distilled water was introduced. 
After 2 days, the mycelia were collected, vacuum-dried 
and weighed. 
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Fig. 1. The influence of DFP on the growth of Neurospora crassa 
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For the ‘rate of progression method’ 0-4 ml. of a similar 
test solution was added to 17-6 ml. of the basal medium 
containing 2 per cent agar at 50° C. Exactly 15 ml. of this 
mixture were then transferred to a growth tube. The tube 
was inoculated with dry conidia and the rate of progression 
of mycelium growth calculated in mm/h. 

Equal growth of Neurospora crassa mycelia was obtained 
by the addition of choline and of an ACh-AChE mixture 
to the system, provided that the amount of choline added 
was equivalent to the amount of ACh split by the action 
of AChE (Table 1). The addition of ACh alone to the 
medium produced only limited growth of mycelia, in 
accordance with the observations of Horowitz et al.? for 
similar mutants. 


we 
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Table 1. COMPARATIVE GROWTH OF Neurospora crassa—CHOLINELESS 100 R ES 
MUTANT 
Amount added to 50 ml. of ' 
basal medium Mycelium, dry weight (mg) 
Choline s (83, 4 ug) 514 b 
ACh (50 ug 33 = 80 
ACh (50 2g) + ChE (5 units) 52-0 3 
The progressive inhibition of mycelial growth with $ 
increasing concentrations of DFP is shown in Fig. 1. The 3 
4 correlations for the weight and length (logarithmically & 60 
transformed) are highly significant‘, the 20 fiducial limits 
giving r= 0-76. 
G. SCHATZBERG-PORATH 
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Israel Institute for Biological Research, 10 20 30 40 
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Effect of pH and Chloride lons on Plasma 
Kininase Activity 


PREVIOUS experiments on the influence of metal ions 
on plasma kininase activity were performed by incubating 
the enzyme with synthetic bradykinin in magnesium-free 
Tyrode solution at pH 7-4-7:61. However, we wondered 
whether these conditions were optimal for testing the 
activity of kininase preparations from different origins. 
Edery and Lewis? found in their experiments a strong 
influence of pH on kininase activity of pseudoglobulin 
prepared from dog or ox plasma. Therefore, we oxamined 
the bradykinin-destroying activity of our kininase prepar- 
ation from guinea pig serum? in 0-1 M sodium phosphate 
buffers at different pH values. Above pH 8 the buffer 
capacity of phosphate solutions is very low, and no other 
more suitable buffers were found for higher pH values, as 
these buffers interfere with the isolated guinea pig ileum 
used for the estimation of bradykinin. Kininase activity 
was expressed as the reciprocal of the time (min) in which 
50 per cent of the initial amount of bradykinin had beon 
inactivated. This half-life was determined as follows: 
2-5 ml. of phosphate buffer containing 1 ug bradykinin 
was incubated at 34° C with 1 mg or 0-5 mg crude kininase 
preparation. At various times of incubation 0-2 ml. of this 
mixture was tested for bradykinin alternately with 0-2 ml. 
of a bradykinin solution (200 ng/ml.) in the same buffer 
and kept under the same circumstances. 

Surprisingly, kininase activity was much higher in 
Tyrode solution than in sodium phosphate buffer with the 
same pH. Kininase activity in a phosphate buffer with 
0-9 per cent of sodium chloride was the same as in Tyrode 
solution. These findings made us suspect that chloride ions 
are essential for optimal kininase activity. Fig. 1 shows 
the influence of increasing concentrations of chloride ions 
on kininase activity at pH 8; this becomes maximal at a 
chloride ion concentration of 0-02 M. The half-life of 
bradvkinin at this concentration of chloride ions was 19-5 
min (mean of three experiments) ; the reciprocal of this 
value was taken as 100. Furthermore. Fig. 1 shows that 
kininase activity increases rapidly with the first small 
inerements of chloride ions. The activity of the enzyme 
in a medium completely free of chloride ions may be 
lower than indicated in Fig. 1, as our crude kininase prepar- 
ation is contaminated with traces of this ion. 


Concentration of CI- (mM) 


Fig. 1. Influence of chloride ions at pH 8 and 34° C on the bradykinin- 

dekoro activity of crude kininase prepared from guinea pig seruni. 

Kininase activity in the presence ot or 02 M chloride ions was taken 
as Ji 


100 
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Fig. 2. Influence of pH on the bradykinin-destroying activity of 

crude kininase at 34° C in 0-1 M sodium phosphate buffer without (O) 

and with 002M sodium chloride (@). Kininase activity at pH 8 
and in presence of chloride ions was taken as 100 


These findings induced us to estimate the influence of 
pH on kininase activity in phosphate buffers without and 
with 0-02 M sodium chloride; the concentration of crudo 
kininaso was 400 and 200 ug/ml. incubate respectively. 
Since the breakdown of bradykinin was much slower in 
the absence of chloride ions than in their presence, wo 
doubled the concentration of kininase in the chloride-frce 
incubation mixtures. In plotting our results we doubled 
the half-life values found with the double dose of kininase. 
This we considered permissible, as kininase activity was 
found to be linearly proportional to its concentration in 
the relevant range. 

As shown in Fig. 2, kininase activity is maximal at pH 8 
under our experimental conditions both with and without 
added chloride ions. However, at pH 6 the kininase was 
inactive irrespective of the presence of chloride ions; evon 
after incubation for 1 h there was no appreciable loss of 
bradykinin. 

The activity at pH 8 in the presence of chloride ions was 
taken as 100; the mean half-life of bradykinin in six 
incubations was 18-9 min. 

From these findings we concluded that estimation of 
kininase activity should be carried out at pH 8 in tho 
presence of at least 0-02 M sodium chloride. As the 
estimation of the substrate bradykinin is based on its 
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effect on isolated guinea pig ileum, it is advisable to use 
Tyrode solution as a medium for the incubations. 

We thank Dr. J. van Noordwijk for advice. The 
synthetic bradykinin was kindly supplied by Dr. R. Berde, 
Sandoz A. G., Basle. . 

P. N. Aarsen 
A. KEMP 
Department of Pharmacotherapeutics, 
University of Amsterdam. 
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Rapid Estimation of Amino-acids 


Durine an investigation of the physiology of the 
pitcher of Nepenthes, methods suitable for a field labora- 
tory were required for estimating amino-acids produced 
during ‘digestion’ and for estimating the uptake of 
amino-acids by the pitcher. The ninhydrin reaction in its 
usual form was too slow (Milton and Waters! specify 
100° C for 1 h) and the only colorimeter available was 
unsuited to field use. 

The possibility of measuring the rate of the reaction, 
instead of the total amount of pigment formed, was 
therefore investigated. 

A test-tube containing a solution of known amounts of 
ninhydrin and glycine in phosphate buffer was placed 
m a boiling water bath and the time taken for the appear- 
ance of a perceptible colow measured. This time was 
linearly related to the reciprocal of the product of the 
concentration. of ninhydrin and the concentration of amino- 
acid (Fig. 1). This relation has been found to be valid 
over an eight-fold range of amino-acid and ninhydrin 
concentration. The rate of reaction was critically depen- 
dent on the degree of agitation of the sample. Consistent 
results were obtained only when the test-tube rested on 
the bottom of the water bath; presumably this caused 
reproducible convection currents in the reaction, mixture. 
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Usually 1 ml. of an unknown glycine solution (about 
0-05-0-25 mg/ml.) was added to 1 ml. of a standard solu- 

tion of ninhydrin (2 mg/ml.) in a pH 7-0 M/15 phosphate 
buffer in a 5/8-in. test-tube. When the colour appeared 
too slowly or too quickly for convenience, the test was 
repeated with a stronger or weaker ninhydrin solution 
as appropriate. The initial colour change was more 
reliably detected when a blank tube, containing buffer 
or water only, was included. 

Although the reaction described is of limited applica- 
tion, the measurement of the rate of reaction instead of 
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total reaction may be useful when speed is more important 
than precision. 
B. ORCHARD 
Rothamsted Experimental Station, 
Harpenden, Herts. 


1 Milton, R. F., and Waters, W. A., Methods of Quantitative Microanalysis 
(Edward Arnold and Co., London, 1949). 


Neutral Glycolipids of Human Blood Serum, 
Spleen and Liver 


TEx glycolipids of organs outside the central nervous 
system have been subject to sporadic investigations only. 
For many years it has been well known that in Gaucher’s 
disease there is a strong accumulation of cerebrosides in 
spleen. These are glucocerebrosides and not galacto- 
cerebrosides, the normal constituents of normal brain!. 
More complex glycosphingosides—ceramide-dihexosides 
and aminoglycolipids—have been isolated from spleen 
and red blood cells*-’. With modern chromatographic 
methods an investigation of the whole glycolipid profile 
of red blood cell stroma and spleen in different mammals 
is carried out by Yamakawa and collaborators®:’. 
Independently of the Japanese group we are investigating 
the glycosphingolipid profile of human blood serum liver 
and spleen. 

Serum is poured into 5 vol. of ethanol, the extract is 
evaporated and the lipids re-extracted with chloroform] 
methanol 2:1, v/v. The lipids of lyophilized or acetone- 
dried spleen or liver are extracted by boiling chloroform/ 
methanol 2:1, v/v. The lipid extracts of serum, liver and 
spleen are evaporated, hydrolysed with 0-5 M potassium 
hydroxide in water at 35° C 16 h and acidified to pH 4-5. 
The lipids are extracted with chloroform—methanol and 
the glycolipids separated by chromatography on silicic 
acid with chloroform—methanol mixtures!*. The total 
glycolipids are separated into neutral and acid fractions 
by chromatography on diethylaminoethyl (DEAE) 
celluloset. The neutral glycolipids are then fractionated 
on columns of magnesium silicate (‘Florisil’) or silicic acid, 
or on thin-layer plates of silica-gel G (ref. 12). 

Four neutral glycolipid fractions (Table 1) have been 
isolated from each source. All consisted of a ceramide 
linked to a carbohydrate moiety. They have been tenta- 
tively identified as ceramide- monohexosides (cerebro- 
sides), -dihexosides, -trihexosides and -trihexoside-N- 
acetylhexosamine. The investigation reported here has 
confirmed that normal human serum, liver and spleen® 
cerebrosides contain glucose instead of galactose. In the 
ceramide-dihexosides the carbohydrate moiety is lactose. 
Under release of galactose only the trihexosides could be 
converted by mild acid hydrolysis to mono- and dihoxo- 
sides with the same Rr-values as of the normally occurring 
ones. The linkage of the second galactose to the lactose 
unit is still unknown. 

Makita and Yamakawa? and Rapport, Skipski and 
Sweeley® have only been able to find saturated fatty 
acids in their spleen glycolipids, but Radin and Akeahori!4 
reported the presence of nervonic acid in Gaucher cerebro- 
sides. Fig. 1 shows two spots of mono-, di- and tri- 
hexosides in our samples. The faster moving spot contains 
the hexosides with normal fatty acids, and the slower 


Table 1. RELATIVE DISTRIBUTION, COMPOSITION AND Ry VALUES OF 
NEUTRAL GLYCOLIPIDS OF HUMAN BLOOD SERUM, LIVER AND SPLEEN 
Relative distribution Molar ratio 
Glycolipid (per cent) Nitrogen Sugars Rr 

Liver Spleen Hexose values * 

Ceramide- 

monohexoside 40-50 15-20 10-15 1:1 Gincosel nas 
Ceramide- 45-55 65-75 50-60 1:2 Glucose i 0-39 
dihexoside Galactose 1 0-35 
Ceramide- 5-10 7-10 12-18 1:3 Glueosel 0-25 
trihexoside Galactose 2 0-22 
Aminoglyco- 2-5 8-12 12-18 2:3 Glucose i O14 
lipid Galactose 2 


Galactosamine 1 
* For explanation, see Fig. 1. 
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moving one with hydroxy acids. Contrary to the brain 
galactocerebrosides, the glucocerebrosides of human serum, 
liver and spleen contain much less hydroxy acids than 
normal acids. The hydroxy fatty acids comprise only 
1/5 of the total fatty acids. No hydroxy fatty acids have 
been found in the amino sugar-containing glycolipids. 
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Fig. 1. 
anol-water (65 : 25 : 4 v/v) for 1 h at 20°. 
perchloric acid (ref. 16). 
with hydroxy fatty acids. 
and A, B, C and 

and 117/60 to human brain cerebrosides 


The hexosamine of the aminoglycolipids has been 
shown to be galactosamine for human red blood cell stroma 
and spleen*4. In our preparations of aminoglycolipids 
from serum, liver and spleen only galactosamine was 
detected by paper chromatography’. 

By isolation of the individual glycolipids and determ- 
ination of their components, and by thin-layer chroma- 
tography we have demonstrated similar glycolipids in 
blood serum, spleen and liver, whereas their distributions 
differ. In serum, mono- and di-hexosides exist in about 
equal amounts with relatively small amounts of trihexo- 
sides and aminoglycolipids. The liver contains mainly 
dihexosides and rather small amounts of the other three. 
The dihexosides predominate in spleen but relatively 
large amounts of trihexosides and aminoglycolipids occur. 
Similar figuros have been reported for the glycolipid 
profile in blood cells*, and it is probable that the spleen 
glycolipids are derived to a large extent from blood cell 
stroma. 

ELISABET SVENNERHOLM 
Lars SVENNERHOLM 
Department of Medical Biochemistry, 
University of Gothenburg, Sweden. 
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Thin-layer chromatogram of neutral glycolipids, developed in chloroform-meth- 
. Spray reagent: ammonium molybdate- 
The slower moving spot in each pair contains glycolipids 
S, L and M refer to serum, liver and spleen, respectively, 
D to ceramide-, mono-, di- and tri-hexoside and amino-glycolipid, 
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Difference Spectrum of Diisopropylphosphoryl- 
trypsin versus Trypsin 


DEFERENCE spectra of diisopropylphosphoryl-«- 
chymotrypsin versus «-chymotrypsin (Fig. 1) and of 
monoacetyl-«-chymotrypsin versus -chymotrypsin have 
been described in earlier papers!?. Evid- 
ence was presentedè* which indicates that 
these difference spectra, with maxima at 
290 my, are due to conformational changes 
brought about by interaction of the sub- 
strate with chymotrypsin. In this com- 
munication, the difference spectrum of 
diisopropylphosphoryl-trypsin (DIP-trypsin 
versus trypsin will be described. A solution 
containing approximately 1 mg/m! of 
trypsin (twice crystallized, salt-free, Worth- 
ington Biochemical Corporation, Freehold. 
New Jersey) was adjusted to pH 7-4. Exact 
aliquots of this solution were pipetted into 
matched cells which were placed into the 
reference and sample compartment of a 
Cary model 14 spectrophotometer. .\ 20 
fold excess of diisopropylphosphorofluoridate 
(DFP) in anhydrous isopropanol was added 
to the sample cell and an appropriate amount 
of isopropanol to the reference cell. The 
resulting difference spectrum, with a major 
peak at 287 mp, can be seen in Fiz. | 
Spectra were recorded 4-20 min after 
the addition of DFP. No further spvctral 
changes occur after 4 min, indicating that the observa- 
tions are not due to changes in the control solution. 
such as autolysis of trypsin. 

A difference spectrum does not appear when trypsinogen 
(chromatographically purified. Worthington Biochemical 
Corporation) is substituted for trypsin in the foregoing 
procedure. However, when trypsinogen is first activated 
to trypsin at pH 7:1 (ref. 5) in the presenco of 0-2 M 
calcium chloride, a difference spectrum identical to that 
in Fig. 1 is found. This demonstrates that the diffe renco 
spectrum is related to the specific phosphorylation uf the 
active site of trypsin and is not caused by an unspecific 
reaction of DFP with the side-chains of trypsin. 

Denaturation of DIP-trypsin and trypsin in 8 M urea 
at pH 4-5, 7-5, and 8-5 causes disappearance of the diffor- 
ence spectrum. Thus the difference spectrum is not duc 
to a chemical reaction of DFP with trypsin. The relation- 
ship between AOD,,, and enzyme concentration follows 
Beer’s Law, so intermolecular interactions or instrumental 
artefacts? may be discounted. The molar extinction 
difference coefficient at pH 7:0 is 400 (1 em light path) at 
287 my. Large changes in ionic strength. ranging from 
0-001 M to 1 M, do not affect the difference spectrum: 
consequently a chargo effect is unlikely. The position and 
absorption intensity of the difference spectrum of DIP- 
trypsin versus trypsin depends on hydrogen ion concen- 
tration, unlike the difference spectrum of diisopropy}- 
phosphoryl-«-chymotrypsin versus «-chymoirypsin which 
is essentially pH independent. 

Chymotrypsin contains seven tryptophans and four 
tyrosines’, while trypsin contains four tryptophyl* and 


0-03 
a 0-02 
o 
N Ool 
0 
280 290 300 
4 (my) 
Fig. 1. Ultra-violet difference spectra. DIP-trypsin versus trypsin 
(solid line). Appro: tely 3:2 x 10-° M, pH 7-4, 0-1 M éris-(hydroxv- 


methy])-amino methane ema 0-02 M CaCl,; DIP-a-chymotrypsin 
versus a-chymotrypsin (broken line). Approximately 3-6 x 10-- M 
PH 7-0, aqueous solution 
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nine tyrosyl® residues. Therefore, any conformational 
change induced by the phosphorylation of the active site 
of the enzyme would be reflected more easily by changes 
of the tryptophyl spectra in chymotrypsin and by changes 
of the tyrosyl spectra in trypsin. It should be noted that 
the DIP-trypsin versus trypsin difference spectrum exhi- 
bits a maximum at 285-287 my (Fig. 1). From the posi- 
tion of this peak, it is probable that tyrosyl residues are 
responsible for the difference spectrum?°. 
This work was supported by the U.S. Office of Naval 
Research. 
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Intensification of Absorption Spectra 


Keilin and Hartree! have described the sharpening and 
intensification of absorption spectra of hem compounds 
which occurred on making the observation at liquid air 
temperatures. They observed that the intensification was 
due to light scattering by the ice crystals and could be 
duplicated by placing the cytochrome in a kaolin suspen- 
sion. They also described a procedure for freezing the 
cytochrome in a glycero]—water mixture to a glass followed 
by devitrification by warming slightly and then refreezing 
the translucent material to give ten-fold intensification. 

Usually a five-fold intensification of absorption occurs 
on quick freezing a cytochrome in aqueous solution. A 
technique has been developed that permits approximately 
forty-fold intensification without additives. 

Small ice pellets were prepared from aqueous solution of 
reduced cytochromes by forcing the solution from a 
syringe through a fine needle (22 gauge) into a container of 
liquid nitrogen. Care was taken to keep the syringe in 
motion so that the droplets did not coalesce as they froze. 
The pellets formed ranged from 2 mm to a small fraction 
of a millimetre. 

The pellets settled to the bottom of the container and 
were collected and placed in a Potter-Elvehjem homo- 
genizer? that had been pre-cooled in liquid nitrogen. 
Homogenization by hand operation of the pestle gave an 
extremely fine ‘snow’. The ‘snow’ was firmly tamped 
into a cuvette with plastic windows and placed in alow- 
temperature attachment for the Cary model 11 spectro- 
photometer’. 

Fig. 1 shows the intensification of absorption that occurs 
at various stages of the process already described. The 
25° spectrum was made in the same 5-mm light path 
cuvette that was used for the low-temperature spectra and 
with a water blank in the reference beam. The low- 
temperature spectra were made with three layers of thin 
cellulose tissues in the reference beam. Direct comparison 
gives a twenty-fold intensification. However, when the 
packed snow melted, the solution about half filled the 
cuvette; thus the total intensification achieved was more 
than forty-fold. 

Since exact reproduction of the homogenization and 
tamping is difficult to achieve, we believe that this pro- 
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500 525 550 575 
my 
Fig. Absorption spectra of cytochrome ¢ reduced by cysteine. 
A; "Ab “25° Cc; ‘yee pellets as collected at 81° K; C, less than 


1 mm Z; b , tamped ‘snow’ from homogenization. All spectra 
were made on aliquots of the same solution and in the same cuvette 


cedure would be most useful in qualitative identification 
of pigments in very dilute solutions, or in cases where only 
minute amounts of a pigment could be obtained. In many 
cases it would be possible to make this type of observation 
without contamination of the pigment solution and with 
negligible loss. 

This work was supported in part by a Public Health 
Service research career award (GM-—K3-15,514) to 
W. B. E. and a Publie Health Service grant (RG 6241) 
from the Division of General Medical Sciences. 
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Failure of Progestogens to prolong Pregnancy 
in the Guinea Pig 


PROGESTERONE treatment in cases of threatened 
abortion and premature labour has been of little thera- 
peutic value!-*. These rather unexpected results, in 
view of the now classical work of Corner and Allen‘, have 
brought into question the plausibility of the “‘progesterone 
theory for the maintenance of pregnancy” when applied 
to the human being*. Recent development of the con- 
cept of the local action of progesterone’-!*, however, has 
provided grounds for considering pregnancy maintenance 
in terms of a ‘basic mechanism’"', which allows for species 
variation with regard to ovariectomy and response to 
oxytocin and progesterone treatment. This theory states 
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that the significant physiological level of progesterone in 
the uterus is a function of placental progesterone which 
diffuses directly to the myometrium. Under these con- 
ditions the systemic progesterone-level assumes a propor- 
tionately less important role in pregnancy maintenance. 
According to this theory, then, the local concentration 
gradient of progesterone in the myometrium surrounding 
the placenta results in asynchronous activity? and a 
general lowering of excitability, conduction and pharma- 
cological reactivity™, hence the local progesterone ‘block’ 
to the onset of parturition’. 

When ovariectomy is used as the critical test for 
placental control of pregnancy, the rat, mouse and 
rabbit?}*.14 abort, while the human being**-!’ and guinea 
pigi®*2 are able to maintain pregnancy to term. This 
fundamental similarity in the endocrine control of preg- 
nancy in the guinea pig and human being provides an 
opportunity to examine further the effect of exogenous 
progesterone treatment on pregnancy under conditions 
where the only required source of progesterone is the 
placenta. Experiments were therefore designed to determ- 
ine the effectiveness of progesterone in delaying or 
blocking parturition in the guinea pig. 

Heterogenetic female guinea pigs were placed with 
breeding males on the evening of cestrous and checked for 
vaginal plugs the following morning. Day 1 of pregnancy 

_ was considered that day on which the plug was found. The 
pregnant animals were housed three to a cage until treat- 
ment was started, at which time they were isolated. The 
non-treated guinea pigs were isolated 1-2 weeks before 
delivery. All treatments were started between 55 and 65 
days of pregnancy. 


Table 1. EFFECT OF PROGESTERONE AND ‘PROVERA’ ON THE LENGTH OF 
GESTATION IN THE GUINEA Pig 
Day of* 
No. of preg nancy Pregnancy 
Treatment animals Vehicle Route treatment (days. 
started Length Range 
None 14 — — — 69-3 64-72 
On 4 oil = subcu- 
taneous’ 55-65 69-2 68-70 
2 mg progesterone f 5 oil subcu- 
twice dail taneous 55-61 68-2 65-70 
4. mg progesterone f 5 oil = subcu- 
twice dail, taneous 55-60 68-4 65-71 
10 mg progesterone 1 oil subcu- 
twice daily taneous 60 69 — 
4 mg progesterone } 5 oil intra- 
three times daily muscular 65 68:5 67-71 
10 mg progesterono 4 oil intra- 
twice d muscular 70:5 69-71 
2 mg ‘Provera’ 5 suspen- subcu- 
twice dally sion taneous 60-65 69-0 68-70 
Table 2. EFFECT OF CUSTROGEN AND PROGESTERONE ON THE LENGTH OF 


GESTATION IN THE GUINEA PIG 


Day of 
pregnancy* Pregnancy 


` No. of 
Treatment animals Vehicle 


Route treatment (days) 
started Length Paige 

2 mg progesterone t 

0-2 ug estradiol 2 oil subcu- 

twice daily taneous 55-60 68-0 67-69 
2 mg progesterone ft . 

0-5 ug estradiol 1 oil  subeu- 3 

twice daily taneous 85 72 — 
2 mg progesterone ¢ 

1-0 ag estradiol 2 oil subcu- 

twice daily taneous 65 70-0 69-71 
2 mg progesterone t 

2-0 ug cestradiol 1 oil subeu- 

twice daily taneous 65 68-0 — 


The results of the first experiment are given in Table 1 
and indicate that neither progesterone nor ‘Provera’ 
delayed the time of delivery. Although the length of 
gestation in the normal guinea pig is influenced by litter- 
size, litter-weight, litter-order and genetic strain?*-*5, the 
average values obtained in this experiment were amazingly 
similar for both the controls and the treated groups. 
Daily treatment with dosages varying from 4 to 20 mg of 
progesterone or 4 mg of ‘Provera’ failed to prolong gesta- 
tion time. The normal guinea pig showed an average 
gestation period of 69-3 days with a range of 64-72 days. 
In no instance did any of the treated guinea pigs show a 
gestation period of longer than, 72 days. 
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Since a combination of estrogen and progesterono has 
been demonstrated to be most effective in the main- 
tenance of pregnancy in the castrated rat?! and tho cas- 
trated mouse?’, a comparable treatment was tested in the 
pregnant guinea pig. Treatment was started on days 
56-65 of gestation and consisted of progesterone, 4 mg/day. 
and various levels of cestradiol ranging from 0-4 to 4:0 ug 
(Table 2). Although this experiment utilized only one or 
two guinea pigs for each injection schedule, it is obvious 
that the results indicate a failure to prolong gestation. 

In view of these negative results, several important 
questions remain unanswered. Was the dosage high 
enough ? Is the guinea pig (and possibly the human being) 
different from other species, such as the rabbit and rat, in 
its requirements for progesterone during gestation ? 

Csapo1 has suggested that any differences between the 
response of the human being and rabbit to systemic pro- 
gesterone treatment may be accounted for in terms of 
progesterone metabolism, elimination and transport. 
These factors may also explain the present results in tho 
guinea pig as compared with the response of the rabbit and 
rat to exogenous progesterone®’?*8, In terms of required 
dosages it should be pointed out that progesterone output 
in women may be in the neighbourhood of 200-600 mg/ 
day**! (Vande Weile and Liebman (personal com- 
munication), ef. Kuriyama and Csapo"), which is consider- 
ably higher than the therapeutic dosage generally used. 
On the other hand, a comparison of the dosages used here 
in the guinea pig with the dosages found succossful for 
pregnancy maintenance in the rabbit indicato that on a 
body-weight basis we were using dosages as high as 20 
times greater than the effective dose in the rabbit. Theso 
negative results in the guinea pig also agree with tho 
findings of Bengtsson and Schofield®*, who reported a 
partial failure to prolong gestation in sheep with pro- 
gestogens. 

Failure of progesterone to be effective in the human 
being has also been attributed to insensitivity of the myo- 
metrium to progesterone and/or a change in the metabol- 
ism of progesterone at term5*. The work of Hendricks 
et al.*4 in which intra-amniotically administered proges- 
terone decreased uterine sensitivity to oxytocin substan- 
tially rules out decreased uterine sensitivity to progester- 
one in this species. That there is a change in progestorone 
metabolism near term in the human being, however, was 
shown by the fact that increasingly smaller amounts of 
exogenous progesterone are recovered as pregnanediol**. 

While the majority of information suggests that exo- 
genous systemic progesterone has little effect on uterine 
activity or oxytocin sensitivity in the human being", 
Bengtsson®* has demonstrated a blocking action of pro- 
gesterone in terms of decreased oxytocin sensitivity when 
given intramuscularly in oil in cases of formalin-induced 
therapeutic abortion at 12-20 weeks’ gestation. 

The present results in the guinea pig and similar results 
by Brenner and Hendricks?! in the human being suggest 
that, in species in which the luteal shift is complete, 
exogenous progesterone exercises little influence on myo- 
metrial excitability and parturition mechanisms when 
administered systemically at term. Effective systemic 
elimination of progesterone, which may also be character- 
istic of species in which the placenta has complete control 
of pregnancy maintenance, metabolic changes in the 
progesterone molecule, short-term treatment and inade- 
quate doses may all be contributing factors. 

To provide the concentration of progesterone necessary 
for inhibition of parturition in the guinea pig a more 
direct route to the myometrium must be established. 
Evidence for the effectiveness of locally applied pro- 
gesterone in the human being has appeared in preliminary 
reports on the therapeutic value of progesterone and 
6-methyl-17-aceto-oxyprogesterone injected directly into 
the uterus in cases of threatened abortion®?:38, 

This work was aided in part by grant No. GAZ-07831 
from the U.S. National Institutes of Health. 
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The progesterone was supplied by the Schering Corpora- 
tion, Bloomfield, New Jersey, and the ‘Provera’ by 
Upjohn and Co., Kalamazoo, Michigan. 
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Effect of Undercutting on the 
Acetylcholinesterase and Choline 
Acetyltransferase Activity in the Cat’s 
Cerebral Cortex 


Ir has been shown that the mammalian cerebral cortex 
contains a substantial amount of acetylcholinesterase?* 
and choline acetyltransferase**. Moreover, large quanti- 
ties of acetylcholine are released from the cortex®®. 

Many cells, especially in the deeper layers of the cortex, 
are excited strongly by acetylcholine; their properties 
have been described in some detail recently’:*. There is 
some evidence that they may be innervated by cholinergic 
fibres, but it is not clear whether such fibres are entirely 
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intracortical or whether they originate from cell bodies in 
subcortical or distant cortical regions. 

We have tried to obtain some information on this point 
by undercutting, with full aseptic precautions, slabs of 
cortex in the suprasylvian and pericruciate areas of cats. 
The blood supply of the partly isolated pieces of cortex is 
not abolished and therefore one would not expect any 
wholly intracortical neurones or corticofugal fibres to 
degenerate. 

The state of the postulated cholinergic fibres was exam- 
ined after 1-5 weeks by testing their ability to show a 
normal acetylcholinesterase reaction in histochemical 
preparations (as described by Krnjević and Silver’), and 
by estimating the amount of choline acetyltransferase 
activity in the slab (using the method of Bull, Hebb and 
Ratkovié). In all cases the cholinesterase staining in 
general was much reduced, and fibres in particular no 
longer showed the normal pattern still retained in the 
corresponding contralateral areas. Only a few fibres were 
visible; they were stained unevenly and ran a much more 
irregular course than usual. 

The choline acetyltransferase activity in 7 undercut 
areas in 4 cats (after 3-16 days) was only 17-3 per cent 
(range 6-1-28-6 per cent) of that in the corresponding 
control areas of the other hemisphere. This reduction in 
activity, which was not due to the presence of an inhibitory 
factor, is comparable with the changes observed in peri- 
pheral cholinergic nerves after section}. 

We concluded from these findings that cholinergic fibres 
which probably innervate cortical cells travel into the 
cortex from deep nuclei or distant cortical regions. 


CATHERINE O. Hess 
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Partial Recovery of Glutamic-oxaloacetic 
Transaminase Activity in the Infarcted Areas 
of the Myocardium in Rabbits during 
Stimulation of Protein Synthesis 


THERE are very high concentrations of glutamic- 
oxaloacetic transaminase (GOT) in the hearts of animals, 
including man, as compared with other organs and 
tissues!?. This fact underlines the importance of the 
process of transamination connected with the respiratory 
cycle during metabolism and myocardial functions. 

A number of investigators found that the content of 
GOT in the infarcted cardiac tissue in dogs was consider- 
ably reduced?-5. These investigations were mainly of 
diagnostic value. Taking into account the physiological 
role of the transamination system I undertook a more 
detailed investigation of the degradation of GOT in 
necrotic tissue during infarction of cardiac muscle. I also 
tried to recover the enzymatic activity in the area by 
stimulating synthesis of protein with a complex of 
biologically active substances (methionine, ATP, vitamins 
B, and Bip RNA, DNA). Earlier investigations made in 
this laboratory revealed that the similar complex acceler- 
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ated processes of repair in the case of experimental damage 
and experimental cardial infarction in various animals’. 

43 chinchilla rabbits weighing 2-5-3-0 kg were used. 
Cardiac infarction was produced by ligating the descending 
branch of the left coronary artery on the level of its upper 
and middle third parts. During different periods after 
ligation the animals wero killed, the heart was immediately 
removed, washed with a cold physiological solution, and 
portions of the tissue were homogenized in ice-cold 0-77 M 
potassium phosphate buffer, pH 7-45. The activity of 
GOT in the homogenized tissue was determined by the 
colorimetric method of Tonhazy et al.’, slightly modified. 
Protein was determined by the method of Lowry et al.*. 
The normal level of protein content in the tissue of the 
left ventricle of the heart was on the average 21-3-21-6 
per cent; activity of GOT in the different areas of the 
frontal wall of the left ventricle changed by 3-5 per cent. 
One day after ligation of the coronary artery the GOT 
activity of the injured area of myocardium as compared 
with that in unaffected area at the apex of the left ventricle 
of the same heart decreased on the average by 23 per cent 
{P <0-001). On the fifth day the decrease in the enzymatic 
activity in the necrotic tissue amounted to 50-75 per cent 
(P < 0-001), and the level of the protein content dropped 
by more than half. 

When examining the mechanism of the decrease of 
enzymatic activity in the infarcted area I found that this 
process is caused not only by the decrease of the total 
amount of protein in the necrotic tissues but also by a 
decrease of the specific activity of GOT. On the fifth day 
after cardiac infarction the specific activity of GOT is 
reduced in the injured area as compared with the enzym- 
atic activity in the unaffected apex of the same heart by 
20-60 per cent (Fig. 1, Nos. 1-5). The decrease in enzym- 
atic activity in these rabbits was due to disintegration or 
overflow into the blood of the protein of the GOT, since 
addition of pyridoxal-5-phosphate to the tissue homogen- 
ates did not involve an increase of the enzymatic activity. 








Treated 


UOT activity (%) Protein (%) 





1 2 3 4 5 8 7 8 9 10 
No. of animals 


Fig. 1. Influence of pyridoxal-5-phosphate on the specific GOT activity 
from infarcted areas and the protein content in injured tissue in treated 
and untreated rabbits on the fifth day after ligation of coronary artery. 
Percentage of GOT activity with (black) and without (oblique hatching) 
addition of pyridoxal-5-phosphate (as compared with activity at the 
apex of the left ventricle of the same heart); horizontal hatching, the 
level of protein content in the same injured areas. Condition of incuba- 
tion: 0-14 ml. of homogenate, containing 0-583 mg of tissue, was in- 
cubated for 10 min at 37° C with a ml. of the substrate mixture which 
was prepared in 0°77 M potassium phosphate buffer, pH 7:45, and 
contained 50 umole I-aspartate and 66 umole a-ketoglutarate; control 
tubes (black) also included 30 xg of pyridoxal-5-phosphate which 
by itself did not influence the colour intensity in these amounts 


To stimulate synthesis of protein in the infarcted area, 
some animals were injected subcutanously with an experi- 
mental complex, which (per daily dose) contained: 
methionine (50 mg), ATP (5 mg), vitamin B, (10 mg), 
vitamin B,, (30 ug), RNA (20 mg) and DNA (10 mg). In 
the treated rabbits in infarcted areas the absolute GOT 
activity was reduced; however, I found that on the fifth 
day after ligation of the coronary artery the tissue from 
the infarcted area was activated by pyridoxal-5-phosphate 
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(Fig. 1, Nos. 6-10). As is seen from Fig. 1, the specific 
content of the GOT apoenzyme from the infarcted area 
in the treated rabbits Nos. 6, 8 and 9 approach the normal 
level. In one rabbit (No. 8) the extent of GOT activation 
due to addition of pyridoxal-5-phosphate to samples 
exceeded 100 per cent. The results of experimonts indicate 
that under the influence of the complex used formation 
of the transaminase apoenzyme de novo occurs. This 
conclusion is confirmed by the results of simultancous 
increase of the total protein amount in the infarcted area 
in the treated animals. The level of the protein content 
in the infarcted tissue from the damaged aroa in rabbits 
treated during five days was between 12-0 and 16-7 per 
cent as compared with 9-3-11-6 per cent in the untreated 
animals. 

In another series of experiments, three of the six treated 
rabbits, one day before killing, were injected subcutane- 
ously with 0-5 g of pyridoxine to increase the amount of 
pyridoxal-5-phosphate being formed in the body. In 
treated animals that received large doses of pyridoxine. 
the percentage of the GOT activation due to addition of 
pyridoxal-5-phosphate to the tissue samples was at 
minimum (within 0-0-7-1 per cent), and in the rabbits 
receiving 10 mg of pyridoxine daily for five days thy 
activation was considerable (17-44 per cent). This fact 
seems to be accounted for by the low rate of pyridoxine 
conversion to pyridoxal-5-phosphate in the heart and in 
this connexion the slow saturation of the transaminase 
being formed by the co-factor. 

From these results it may be concluded that application 
of the treatment complex intensifies protein synthesis in 
the injured myocardial muscle and promotes the formation 
of the GOT apoenzyme, the specific activity of which in 
some animals in case of saturation with pyridoxal- 
5-phosphate in vitro or in vivo approaches to normal 
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Mole Ratios of the Neurohypophysial 
Hormones in the Vertebrate Neural Lobe 


Tue ratio of the pressor-antidiuretic to oxytocic activity 
in extracts of mammalian posterior pituitary glands has 
often been used to express the ratio of the hormonss 
present. Such calculations seem admissible since vaso- 
pressin has only a small oxytocic activity and oxytocin a 
small pressor-antidiuretic activity'?; moreover, the molo- 
cular weights of the two peptides are nearly identical. 
Similar calculations cannot, however, be applied to 
non-mammalian vertebrates. 

All the lower vertebrates so far investigated?“ (with 
the exception of the elasmobranch fishes**) olaborato 
arginine vasotocin as their pressor-antidiuretic hormone. 
Most of these vertebrate groups produce also a second 
neurohypophysial hormone which in bioassays has 
pronounced oxytocie but little pressor-antidiuretic action. 
The second hormone in the choanichthyes’, amphibians’. 
reptiles! and birds? has the pharmacological characteristics 
of oxytocin; the ‘second hormone’ in teleosts, ichthyo- 
tocin!®, has been shown to be ser‘-ileu’-oxytocin”. 
Arginine vasotocin has nearly as much oxytocic as pressor- 
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antidiuretic potency. The oxytocic activity of an unfrac- 
tionated extract of a non-mammalian gland is therefore 
due to both hormones. The proportion of pressor to 
oxytocic activity of purified arginine vasotocin is known* 
and thus the vasotocin content of a crude extract can be 
calculated. Any oxytocic activity not accounted for by 
vasotocin may then be ascribed to the second hormone 
and the hormone ratio established. 

Since the biological activities per mole of the active 
peptides have been determined?*, activity ratios through- 
mee the vertebrate phylum can now be converted into mole 
ratios. 

Fig. 1 shows mole ratios in neurohypophysial extracts 
for all the major groups of vertebrates. Judging from the 
limited material available tho ratios between certain 
groups differ significantly (for example between teleosts 
and amphibians (P < 0-005) ), but the ratios of the species 
within each group are remarkably similar in view of the 
variations in the absolute amounts of hormones stored 
(see legend to Fig. 1). For example, the herring gull? 
stores 10 times as much hormone/kg body-weight as the 
chicken‘, but the mole ratios are very similar. Again, 
there is a wide variation in the absolute hormone content 
of the glands of eutherian mammals but the mole ratios 
are much the same, even, in new-born animals** 
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Fig 1. Mole ratios in the neural lobe of the vertebrate classes. 


ecies and their mole ratios gin parentheses) used in Table 1 are 

as RTA ows: (a) Teleosts: ont (2:7), salmon* (8:7), eel® (1- Pd pike’ 
{1:7), carp? eee 3), cod? (3-3); 0- Chonnichthyes: African lungfish’ (0 pie 5 

4c) Amphibians: Rana escu 5:0), Rana temporaria® (8'3), Rana 

catesbiana® (6- 4), Bufo bufot (T 4), Bujo americanus? (4:3), Triturus 
a estris? (12-0); ay Fontis: ace tt snaket (6: 1), Testudo graeca* (3-9), 
onia mydas® (7-6); herring gull! (8-6), 
Monotremes: Echidna 


mouse!® (1:3), guinea pig’? (2:4), ra bt 
(1:2), horse (0:8), elephant? (0 8), 0 camel”! (3-6), ’sheop®® ee 9), ox?? ch t) 


The mole ratio of the neurohypophysial hormones 
seems to be not only typical for the species but probably 
also for higher taxonomic groups. In other words, it 
appears to be an inherited characteristic. The types of 
active peptides elaborated by the neurohypophysis seem 
to be one factor implicated in the determination of the 
mole ratio; amphibians, reptiles and birds which synthe- 
size arginine vasotocin and oxytocin have on the whole the 
same ratio (P>0-7) while the teleosts which synthesize 
arginine vasotocin and ichthyotocin, and the mammals 
which elaborate vasopressin and oxytocin, have different 
ones. However, mole ratios may still differ when the same 
hormones are present. This is well exemplified in the 
mammals. The mean ratio of the marsupial species 
investigated (4-2 + 0-64) is significantly different (P < 0-001) 
from that of the eutherian mammals (1-3 + 0-16). Differ- 
ences have also been found between members of the same 
mammalian order. Calculated from the results of Adam- 
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sons et al.?1, the mole ratio in the camel is approximately 
8-6. Recently Ferguson and Heller! estimated the 
hormone content in the neurohypophysis of the llama, 
the only other living species of the Tylopoda, and found 
it to be similarly high (3-5). However, all the Ruminantia 
so far investigated have a mole ratio which is very close 
to the mean for the eutherian mammals. Difficulties are 
encountered in the interpretation of certain findings in 
rabbits and guinea pigs. It would seem 45.20 that the 
mole ratios in these species vary according to the strain, 
suggesting that genetic influences may be the main 
determinant. 


Table 1. HORMONE STORAGE IN THE NEURAL LOBE RELATED TO BODY- 


WEIGHT 
Pressor-antidiuretic 
Animal principle Oxytocis principle 
10- M/kg 10° M/kg 
Lamprey? 0-34 — 
Eelt "33 0-18 
Trout! O71 0-26 
Lungfish’ 010 0-16 
Og? (Rana esculenta) 6-2 12 
Roe. (Triturus alpestris) 12-7 10 
Toad‘ (Bufo bufo) 16-2 22 
Grass snake 23-8 3-9 
Herring gull 95 V1 
0-42, 0-06 
Dete fowl 1:2 0-18 
Wallaby'* (Setonia brachyurus} 29 0-52 
Mouse 7-0 55 
Rats 37 2-9 
Dog! 148 314-0 
Camel?! 5-7 16 


Table 1 shows the amounts of stored neurohypophysial 
hormones related to body-weight in a selected number of 
species throughout the vertebrate phylum (no results are 
available for the Chondrichthyes). Any but very pro- 
nounced differences have obviously to be disregarded 
since results in any one species are influenced by a variety 
of factors such as pre-mortal stress, season of year, and 
errors of assay. Even so, however, there appears to be a 
significant difference between fishes and tetrapods in the 
quantities of prossor-antidiuretic hormone stored per -~ 
unit body-weight. The differences may be a reflexion of 
the differing physiological importance of the neurohypo- 
physial hormones in the fishes and the other classes of 
vertebrates but this, as well as other functional and 
genetic determinants of the neurohypophysial hormone 
mole ratios in the vertebrates, remains to be established. 

I thank Prof. H. Heller for advice. 

B. K. FOLLETT 
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Pseudopregnancy in the Rat from Brief 
Treatment with Progesterone: Effect of 
isolation 


Tux fact that pseudopregnancy can be induced in tho 
rat by administration of cestrogen has long been known!. 
Tf given during cestrus, that is, on the day after ovulation, 
only a single moderately large injection is necessary?’. 
Alloiteau and Vignal‘ have reported that one large dose 
of progesterone during cestrus would similarly induce 
pseudopregnancy in the majority of cases. The same 
results were obtained with 5 daily injections of 2 mg 
beginning with cestrus. They further reported’ that 
4-5 daily injections of prolactin starting in cestrus initiated 

' pseudopregnancies that were self-sustaining after the 
injections were stopped, presumably the combined result 
of the luteotrophic action of prolactin and the positive 
feed-back action of progesterone with respect to secretion 
of prolactin by the animals’ own pituitaries. Rothchild 
and Schubert: recently confirmed the effect of the single 
10-mg dose of progesterone. While that work was in 
progress, the experiment was repeated in my colony and 
the results were again confirmed. However, as tho number 
of trials increased, a lower frequency of pseudopregnancy 
became apparent in animals having 4-day cycles 
Soopan with those in which the cycles lasted 5 

ays. ; 

In further trials the effect of isolation of the animals was 

also examined, in view of its reported influence on post 
partum pseudopregnancy’. When a parturient rat is 
immediately deprived of her litter, pseudopregnancy is 
said to fail if she is isolated for several days with vaginal 
smears omitted, whereas it is a regular occurrence when 
the animal is subjected to regular smearing and/or left in a 
common cage with other females. It seemed important to 
test the possible analogous effect of environmental stimuli 
on the frequency with which pseudopregnancy can be 
induced by progesterone administration. Thus, in the 
present report the results are compared in four principal 
categories: 4-day versus 5-day cyclic rats; and rats in 
isolation without smearing for a few days versus rats not 
isolated, regularly smeared. 
_ The animals were 115 adult virgin females of the locally 
inbred Osborne-Mendel derivative strain, each with an 
extended history of regular vaginal cycles. Vaginal 
smears were made daily by saline lavage, the Sunday 
smear being omitted only when its information would be 
of no value. In case the animal was isolated at the time 
of injection smearing was omitted for the next 4 days. 
The characteristic vaginal smear sequences which we 
observe in the 4-day and 5-day cyclic rats, respectively, 
have been described elsewhere briefly, but in sufficient 
detail to indicate the considerable range of variation 
encountered in the 5-day cycle®. Of particular moment is 
the fact that vaginal pro-castrus is significantly protracted 
in the usual 5-day cycle. Typically, on the ‘third day of 
dicestrus’ in the 5-day cycle the vaginal smear approaches 
that seen in pro-cestrus of the 4-day cycle, sometimes 
being frankly indistinguishable from it. On the following 
day (functional pro-cestrus) the composition of the smear 
has progressed to that of late pro-cestrus or even to early 
cornification. 

Progesterone (‘Proluton’, Schering) was administered by 
subcutaneous injection of a 25 mg/ml. solution in oil, 
usually as a single dose of 10 mg on the day of estrus 
(presumptive cestrus in the case of isolation experiments). 
Some rats were given 5 daily doses of 2 mg beginning at 
that time. All injections were made between 9 and 
11fa.m. 

Although no attempt was made to produce decidual 
reactions to uterine trauma, there is little doubt that the 
prolonged dicestrous intervals of 13-21 days were true 
pseudopregnancies. In most cases, at the first succeeding 
cestrus desquamated aggregates of mucified epithelial cells 
metachromatically stained with toluidine blue were to be 
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seen, clearly an indication of previous activity of the 
corpora lutea. Statistical significance of tho differences 
among experimental groups was estimated with the aid of 
the tables of Mainland and Murray’. 

The several experimental groups are displayed in 
Table 1, where it will be seen that more than 70 per cent 
of the 4-day cyclic rats receiving progesterone underwent 
pseudopregnancy when subjected to daily vaginal lavage 
and not isolated. The proportions were reversed, how- 
ever, when similar animals were isolated without vaginal 
lavage for 4-5 days from the time of injection during 
cestrus. The majority then continued to experienco 
cestrous cycles of normal duration, the lowered frequency 
of pseudopregnancies being significant at the 5 per cent 
level. On the other hand, most 5-day cyclic rats became 
pseudopregnant in either circumstance. 


Table 1. FREQUENCIES OF PSEUDOPREGNANOY IN RELATION TO CESTROUS 
CYCLE LENGTH AND TO ISOLATION 


Not isolated , Isolated 4-5 days 
Preceding Progesterone vaginal smears without vaginal smears 
cycles treatment No.of No. pseudo- No. of No. pseudo- 
(mg x days) rats pregnant rats pregnant 
4-day 2x65 12 9 (eo 9 1 (11%)* 
10 x1 25 18 (72%)t 25 10 (40%) t 
5-day 10 x1 1t 11 (100%) 15 13 (87%); 


Significance of differences: P < 0-05 for pairs marked *, + and $. 


Five 5-day cyclic rats were each injected with 0-4 ml. 
sesame oil during cestrus. They were not isolated and 
vaginal smears were taken daily. All continued to havo 
cestrous cycles without interruption. As an additional 
control, ten 4-day cyclic rats were subjectod to electrical 
stimulation of the cervix during cstrus and wore thon 
isolated for § days without being subjected to vaginal 
lavage. All became pseudopregnant. 

With respect to various phenomena of reproduction it is 
known that the sex steroids increase the sensitivity of the 
individual to external stimuli of different kinds and even 
to the effects of comparatively non-specific agents. Thus 
cestrone facilitates the pseudopregnancy response of rats 
injected with copper acetate’. Under certain conditions 
progesterone intensifies or supplements the action of 
cestrogen!*, notably in the induction of oestrous behaviour 
or in the closely related neural functions that lead to the 
ovulatory discharge of gonadotrophin from the hypo- 
physis?*41, The primary agent in these circumstances 
appears to be cestrogen, nevertheless. 

The greater tendency of the 5-day cyclic rat to become 
pseudopregnant after brief treatment with progesteronc 
may likewise be based in the primary action of cestrogen 
during the preceding days. Note was taken earlier of the 
fact that in the 5-day cycle pro-cstrous changes of the 
vagina are more protracted than in the 4-day cycle. It is 
also significant that the 5-day cyclic rat has a greater 
tendency toward ‘spontaneous’ pseudopregnancies than has 
the 4-day rat. Among 172 encountered during recent 
years, excluding cases in which information about the 
initiating cycle is inadequate and some with pseudo- 
pregnancies in repetition, only 14 (8-2 per cent) originated 
at the end of a 4-day cycle, all others at the end of a 5-day 
cycle. Thus, we may suppose that the relatively brief 
action of cestrogen during pro-cestrus in the 4-day cycle, 
aided by whatever intrinsic progestins may be prosont 
during that time, ‘sensitizes’ the animal in only moderato 
degree. If she is injected with progesterone soon after 
ovulation she will then usually become highly responsive 
for a time to ordinary handling, vaginal lavage, and con- 
tact with other females. The fact that 40 per cent of the 
4-day cyclic rats and nearly all the 5-day rats became 
pseudopregnant even when isolated after receiving pro- 
gesterone suggests that if the priming by intrinsic @strogen 
has been sufficiently intense or prolonged the addition of 
extrinsic progesterone may make the animal sensitive to 
highly non-specific stimuli, possibly to the sight, sound and 
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odours of animals in nearby cages or even to contact with 
the cage itself. 

No attempt was made in the present work to differen- 
tiate the effects of vaginal smearing and close contact with 
other female rats. This should be done, the results of 
more extreme isolation should be examined, and the role 
of the olfactory system should be given special con- 
sideration. 

This investigation was supported in part by a grant from 
the National Science Foundation (@9841). 
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Department of Anatomy, 
Duke University School of Medicine, 
Durham, 
North Carolina. 
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Detection of Halogenated Hydrocarbons 
in the Expired Air of Human Beings using the 
: Electron Capture Detector 
Tux infra-red analysis of expired ‘air from persons 
exposed to solvent vapours is affording toxicologists and 
physicians a means for specifically identifying the majority 
of organic solvents in the immediate post-exposure 
period!4, The length of time a specific compound may be 
detected in this post-exposure period is dependent on the 


sensitivity of detection, the magnitude and duration of . 


the exposure, and the rate of excretion and metabolism of 
the compound. 

In the caso of the halogenated hydrocarbons, this 
sensitivity of detection may be greatly increased by the 
use of the electron-capture-equipped gas chromatograph. 
This may extend the length of time during which many of 
these compounds may be detected in the expired breath 
to several weeks in the post-exposure period. 

A. series of timed human exposures to known concen- 
trations of trichloroethylene, 1,1,1-trichloroethane, and 
tetrachloroethylene vapour was conducted in an exposure 
chamber measuring 32 ft. x 13 ft. x 8 ft. This room had 
a continuous, positive air supply. The solvent was metered 
into the room and its atmospheric concentration simul- 
taneously determined by three methods: (1) infra-red 
analysis utilizing a Perkin-Elmer model 12C infra-red 
spectrometer equipped with a 10-m path-length gas 
cell (Perkin-Elmer Corp., Norwalk, Conn.); (2) a modified 
Davis halide meter®; (3) by adsorption of known volumes 
of air on silica gel, with subsequent combustion and 
analysis by Volhard titration’. 

Samples of air expired were collected in 6-1. volume 
‘Saran’ bags at appropriate intervals in the post-exposure 
period. 

Gas-liquid chromatography was used for separating the 
components of the breath samples. The electron-capture 
cell detected the chlorinated solvent, and its concentration 
was determined by comparing its peak height with a 
standard curve. 

The gas chromatograph used in these experiments was 
an ‘Aerograph Hy-Fl A600B’ with electron capture 
(Wilkens Instrument and Research, Inc., Walnut Creek, 
California). Gas-tight syringes were used to transfer the 
breath aliquot from the ‘Saran’ bags to the chromato- 
graph. Stainless stoel 6-ft., 1/8 in. outer diameter columns 
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packed with ‘Apiezon L’ or ‘Carbowax 20 M’ alkaline on 
‘Chromosorb R’ were used. Temperature of the column 
and rate of flow of the carrier gas were adjusted to obtain 
the best separation of trichloroethylene, 1,1,1-trichloro- 
ethane, and tetrachloroethylene. 

The limits of detection for trichloroethylene in air 
ranged from 2 to 10 parts per billion. With a standard of 
1-35 parts per million trichloroethylene in air, the peak 
height was reproducible with a 2c of less than 1 scale 
division in 60. The limits of detection for 1,1,1-trichloro- 
ethane, or tetrachloroethylene in air ranged from 1 to 5 
parts per billion. 

Fig. 1 shows the concentration of three chlorinated 
solvents in the breath of one subject. The exposure to 
trichloroethylene occurred six months prior to the 
exposure to a mixture of 1,1,1-trichloroethane and tetra- 
chloroethylene. Trichloroethylene was detectable in 
breath for 330 h following exposure. Infra-red analysis in 
a 10-m path-length gas cell allowed detection for 36 h 
while a hydrogen flame-equipped gas chromatograph 
allowod detection for approximately 48 h. 
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Fig. 1. Expired air concentration following vapour exposure for 7 h a 

day for 6 days to: trichloroethylene, 200 p.p.m. (O); 1,1,1-Trichloro- 

ethane, 370 p.p.m. (@), and simultaneously tetrachloroethylene, 
180 p.p.m. (A) 
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1,1,1-Trichloroethane and tetrachloroethylene were 
detectable for 800 h following exposure. Infra-red 
analysis would have allowed detection for approximately 
250 h. 

The electron capture detector, by virtue of its exquisite 
sensitivity to the presence of halogenated compounds, 
provides a method for the detection of many of these 
compounds in the subject’s breath weeks after exposure. 
As the detector is relatively insensitive to non-halogenated, 
hydrocarbons, alcohols, ketones, and aldehydes, the 
number of potential interfering substances is greatly 
reduced. Since the detector lacks linearity at higher con- 
centrations, care must be taken that only samples of low 
concentration are used. The latter requirement plus the 
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small size of sample required, makes the method idéal for 

experimental animal investigations. 
Ricwarp D. Stewart 
James D. Swank 
CHARLES B. ROBERTS 
Huex C. Dopp 
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HAMATOLOGY 


Incidence of the Blood Group Antigen Di? in the 
Tuscarora Indians of North America 


THE presence of the Die blood group antigen among 
various Indian tribes native to South and Central America 
has been well established, the incidence -ranging from 
3-7 to 45:8 per cent. Rare exceptions are the two docu- 
mented groups where no Di(a+) examples have been 
demonstrated’*. In North American Indians it has been 
found in 10-8 per cent of Chippewas of northern Minne- 
sota®, 8-6 per cent of Crees of northern Manitoba‘, 6-0 per 
cont of Bloods of southern Alberta’, 0-35 per cent of 
Athabascans of Alaska‘, 5:6 per cent of Penobscots of 
Maine’ and 0-00 per cent of Cherokees of Oklahoma’. 

The Tuscaroras were the last of the Six Nations to be 
admitted to the Iroquois League, the others being tho 
Mohawks, Oneidas, Onondagas, Cayugas and Senecas. 
Their traditions assert that they are descendants of the 
original family of Iroquois leaving the parent group to 
migrate west to Lake Erie and then to the Mississippi 
River. Some of the band crossed the river and became 
lost to history. Those remaining on the eastern bank 
then travelled south and east to the Carolina sea-coast, 
settling in the region of the Neuse River. Driven out of 
this area by colonists and other Indians in the second 
decade of the eighteenth century, they were admitted 
to the Council of the Iroquois League in 1715 under 
sponsorship of the Oneidas and resided in the area bounded 
by the Unadella, Chenango and Susquehanna Rivers. 
Later, the Senecas gave land to the Tuscaroras in the 
western part of New York State where they reside at 
present on the Tuscarora Reservation north-east of 
Niagara Falls in Niagara County’. The present population 
of the Tuscarora, Reservation represents some admixture 
principally with Whites and to a lesser extent with Indians 
of other nations. 

Blood specimens were obtained from 53 unselected 
individuals living on the reservation. All samples were 
tested for the presence of the Di? antigen using an anti-Di® 
serum (Woj) produced by isoimmunization of pregnancy 
which resulted in hemolytic disease of the new-born, this 
case representing the first example of the Di antigen 
and its antibody in a Caucasian family’®. Of the 53 
examined, six, or 11-3 per cent, were Di(a+). Inter- 
views permitted only a division of the group into pure 
Tuscarora and those having admixture with other racial 
or Indian groups. Of the 34 considered to be full-blooded, 
three, or 8-8 per cent, were Di(a+); of the 19 in the 
admixture group, three, or 15-8 per cent, were Difa+). 
The higher incidence in the latter group probably reflects 
its small size as well as the fact that sampling was not 
selected to exclude relatives. 

Certain additional blood group determinations were 
carried out using anti-A, -A,, -B, -D, -C, -E, -c, -e, -M, 
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Table 1. FREQUENCY oF ABO, MN, Rh, KELL AND DIEGO IN 53 RESIDENTS OF THE TUSCARORA INDIAN RESERVATION 
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-N, -K and anti-Mi?. The results of these examinations, 
together with those obtained using anti-Di*, are presented 
in Table 1. 

The incidence of 11-3 per cent Di(a +) individuals among 
the Tuscaroras of Western New York is the highest yet 
reported in Indians of North America. 


James F. Monn 
REGINALD M. LAMBERT 
CHESTER M. ZMIJEWSKI 
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Direct ABO Group Determination of 
Bloodstains on a Micro Scale by Batch 
Procedure 


THE direct group determination of bloodstains in the 
ABO system is possible either by the mixed agglutination 
method! or the absorption-elution method?-*. Certain 
of these techniques*-‘'* tend to be time-consuming because 
of the repeated individual manipulation of the materials 
being tested. 

The technique described here enables grouping by both 
the mixed agglutination method and the absorption- 
elution method to be carried out on a micro scale by batch 
procedure. This is a distinct advantage in those methods 
which entail the microscopic investigation of agglutination 
results. A synthetic resin mountant is used td fasten 
bloodstained fibres to the wells of cavity slides. Advan- 
tage is taken of the discovery by Nickolls and Pereira’ 
that prior fixation is unnecessary. 

A fibre sample is obtained by shaving a blood-stained 
material with a razor blade or by cutting out a strand 
approximately 1-2 mm in length. The bloodstained 
fibres are teased apart with dissecting needles so that they 
are relatively free from one another. Although it is 
possible to test single fibres, it is not generally necessary 
to work with such a small sample: approximately 20 
fibres can conveniently be handled with fine pointed 
forceps and a sample of this size is more frequently used in 
testing for each of the antigens A, B and H. 

(1) Place a very thin smear (1-2 mm?) of MAC mountant 
(G. T. Gurr, Ltd., London) in each of the three wells of a 
cavity slide (3 in. x 1 in., 12 mm wells). (2) Press the fibre 
sample lightly on to the surface of the MAC so that the 
fibres adhere without becoming occluded by the mountant. 
(3) Place in an oven at 50° © for 1-2htodry. (4) Dispense 
one drop of anti-A, anti-B and anti-H into the three 
cavities so that the fibre sample is completely covered. 
(A thin glass rod is useful for this purpose.) Allow to 
absorb for 1h in a moist chamber. (A suitable chamber is 
described elsewhere®.) (5) Continue absorption in a 
refrigerator at 4° C for 0-5 h. (6) Flood each slide indi- 
vidually with cold (4° C) saline to remove excess antibody 
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and place in a stainless steel rack. (7) Wash by raising and 
lowering the rack 10-15 times in 300-400 ml. of cold saline. 
Place the rack in some clean, cold saline in a refrigerator 
for 10 min. Repeat the process of washing, remove 
the slides from the rack, blot dry with filter paper. (8) 
Dispense 30—40 ul. 0-1 per cent v/v A;, B and O red blood 
cell suspensions into the relevant cavities. (9) Elute at 
50°-55° C for 10-12 min in a pre-heated moist chamber. 
(10) Remove from the oven, rotate the slides, allow to cool, 
read the results after 15-20 min. 

No interference due to the MAC mountant has ever 
been experienced: even so, an MAC blank is run in 
parallel with the tests, together with the appropriate 
fibre and positive controls. 

Using a 0-1 per cent suspension of indicator cells, the 
results are typical of the absorption-elution method*,’, 
positive results being indicated by the presence of free 
agglutinates of red cells in the suspension. If, however, a 
more concentrated cell suspension is used (for example, 
1-0 per cent) the results are often typical of the mixed 
agglutination method. A positive result is indicated by 
the presence of red cells adhering to the blood-stained 
fibres in a cell suspension virtually free from agglutinates. 
The results using the higher concentration of cells have 
not been so consistently satisfactory, using normal anti- 
sera, as those obtained by using the lower concentration. 
I have had no opportunity of using immune antisera. 

It-is interesting to note that Ogata used a 2 per cont 
suspension and Coombs and Dodd a L per cent suspension 
of indicator cells. Nickolls and Pereira recommended 0-5 
per cent, and stated in their results that there was heavy 
agglutination, some of which was adhering to the fibres. 
Kind advised the use of a 2 per cent suspension; but his 
original method was not a micro-technique. The quantity 
of antigen on test (and consequently also that of the eluted 
antibody) was much larger. 

The results are most easily explained by considering the 
heterogeneous nature of the antibody populations. 
Goodman®:* and Kind!’ have shown that a human iso- 
antibody consists of a broad spectrum of closely related 
antibodies which vary in their degree of reactivity with the 
antigenic substances. Goodman suggests that this is due 
to their degree of complementarity with the antigens: 
certainly their avidity and reaction speeds vary. A stain 
saturated with antibody will release the substances with 
the smallest degree of reactivity first. Those antibodies 
which are more strongly reactive dissociate more slowly. 
In the micro test described here, using a low concentra- 
tion of indicator cells, the antibody~antigen ratio is 
relatively high. The least avid antibodies, which disso- 
ciate first, elute and cause free agglutinates of red cells to 
form. The red cell receptors are either satisfied or blocked 
by the time the more avid antibodies are ready to react 
and consequently free agglutinates, typical of the absorp- 
tion-elution test, are the only result. 

When a more concentrated suspension of indicator cells 
is used, the antibody-antigen ratio is reduced. The fastest- 
eluting (that is, the least avid) antibodies are diluted by 
antigen to such an extent that either the agglutinates 
which form are very small or the indicator cells are only 
partially satisfied because of insufficient antibody being 
present to form agglutinates. The more avid antibodies, 
which dissociate to a much smaller degree, now combine 
with the red cells the receptors of which are only partially 
satisfied to form agglutinates attached to the bloodstained 
fibres. This result typifies the mixed agglutination test. 

It will be appreciated that the indicator cell strengths 
given here will not necessarily be those required to give 
identical results in parallel tests with other antisera. The 
quantity of antibody eluted and its avidity are factors 
which must be determined empirically. Sera containing 
mainly avid antibodies will bias the test in favour of the 
mixed agglutination result: other sera containing a larger 
proportion of non-avid antibodies will favour the absorp- 
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tion-elution result. I have encountered one anti-B 
serum which was quite unusable for the absorption- 
elution test, although in liquid grouping tests it performed 
satisfactorily. 
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PATHOLOGY 


Influence of Initial Tissue Metabolism on 
the Experimental Blastomogenesis Process 


THE correlation of glycolysis and respiration in malig- 
nant cells differs from that of their normal precursors!. 
The metabolism of a tumour-bearing organism also 
assumes features peculiar to the tumour*. In this 
connexion I examined the process of formation of induced 
tumour in tissues which were morphologically homo- 
geneous but differed in levels of glycolysis and respiration. 

The same dose of carcinogen (9,10 dimethyl-1,2-benzan- 
thracene) was administrated in thoracic or femoral muscles 
of roosters. These striated muscles are distinguished by 
the character of carbohydrate—phosphorus metabolism: in 
thoracic (white) muscle anaerobic glycolysis predominates, 
in femoral (red) muscle, respiration®. 

For the purpose of the investigation of carcinogenesis in 
red and white muscles the site of carcinogen administration 
was investigated by histochemical and histological 
methods. The fowls were killed at different periods of 
time after the injection of carcinogen. 

Changes of activity of succinie dehydrogenase and 
glucose-6-phosphate dehydrogenase were most significant 
in the course of the precancerous period. They appeared 
very quickly after the injection of carcinogen. The 
activity of succinic dehydrogenase was suppressed in both 
muscles, but the suppression of succinic dehydrogenase 
activity was stronger in the white muscle. Further, the 
activity of this enzyme was restored in red muscle. In 
the white muscle the restoration was not observed. 
Alterations of glucose-6-phosphate dehydrogenase activity 
occurred approximately at the same period, and, as a rule, 
the level of the activity changed in the opposite direction 
compared with succinic dehydrogenase. Activity of the 
former enzyme increased in the same degree as the activity 
of the latter decreased. In conformity with that the 
restoration of succinic dehydrogenase activity occurred 
simultaneously with lowering of glucose-6-phosphate 
dehydrogenase activity to its initial level. 

The morphological investigation also revealed definite 
differences between the reaction of white and red muscles 
to the carcinogen. These differences primarily concerned 
the intensity of cell reaction at the site of carcinogen ad- 
ministration which was stronger in the red muscle. The 
resorption of carcinogen was accelerated owing to this fact. 
In white muscle fibres degenerative changes predominated, 
whereas in red muscle regenerative reaction arose very 
early. The separation of carcinogen in white muscle 
consisted mainly in the formation of a connective tissue 
capsule which prevented it from being extracted out of the 
site of administration of the carcinogen. 

In my experiments, tumours (mostly rhabdomiosar- 
comas) occurred only in the thoracic muscle, that is, in the 


NATURE 


699 


tissue which is characterized by intensive glycolysis and 
low respiration-level. 

Tumour formation in the white muscle originated from 
almost morphologically unchanged muscle fibres at some 
distance from carcinogenic depot. Undifferentiated 
muscle elements which appeared quickly after the car- 
cinogen injury of muscle tissue did not take part in the 
tumour formation. One could observe the separation of 
atypical cells from muscle fibres which still preserved cross- 
striation. However, the histochemical investigation 
showed that the succinic dehydrogenase and glucose-6- 
phosphate dehydrogenase activities in such fibres corre- 
sponded to the level of activity of these enzymes in 
tumours. 

Thus certain metabolic changes apparently precede 
the formation of malignant tumours, and the initial meta- 
bolism which is near to the tumorous one facilitates 
carcinogenesis. 

O. M. PozpNyaxoyv 
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Purification of Psittacosis Agent with Anion 
Exchange Cellulose— ‘ECTEOLA’* 


IN our investigations of the 6BC strain of psittacosis it 
became necessary to obtain large quantities of highly 
purified suspensions of organisms with a high infectivity 
titre. At first we used a line of the 6BC strain adapted to 
growth in the allantoic cavity of embryonated eggs from 
which the organisms were extracted by differential eentri- 
fugation and trypsinization. The yield of organisras was 
always small and the final preparations were heavily 
contaminated with host material. The use of fluoro- 
carbon (‘Genetron 113’) according to the method of 
Gessler et al.* resulted in almost complete lossofinfeectivity. 

The use of a yolk-sac-adapted strain of 6BC provided 
yields of organisms which were remarkably higher. 
However, the method of purification using trypsin and 
differential centrifugation, though having little effect on 
the infectivity of the final product, failed to achieve the 
degree of purity desired. Extraction of the organisms 
with high salt concentrations? yielded preparations of 
high purity but almost completely devoid of infectivity. 





Fig. 1. Acridine orange stain of ‘ECTEOLA’ purified psittacosis, 


strain 6BC 
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Table 1, EFFEOT OF VARIOUS METHODS OF EXTRACTION ON THE INFECTIVITY 
OF Psrrras , STRAIN 6BC 
Methods of purification® Log LD, t 

1 Untreated homogenate -—7-20 

2 ho —7:35 

3 3M Sodium Caise (ret. 2) < —2-20 

A ‘Genetron (113sy’ (ron 1 oi 5 < =32 

5b Low-speod supernate of ‘Colite’ homogenate = 568 

6a ‘ECTEOLA’ ho 64 -724 

6b Low-speed supe of ‘ECTEOLA’ homogenate —724 

* The infective material was obtained from yolk sacs. In procedures 3, 

4, 5 and 6 all preparations were pre aed. 
Sg are expressed in terms of the original volume of the untreated 


te. LD calculated di the f , L. J., and 
= Meee according to method of Reed, L. J., an 
t Homogenate prior to low-speed centrifugation. 


The technique of purification described by Hoyer et al.* 
using cellulose anion exchange columns seemed to offer 
some advantage except that the yields obtained were much 
too small. The following modification of this method 
proved most satisfactory for our purpose. 
Yolk sac, yolk and allantoic fluid from infected embryon- 
ated eggs are collected aseptically and centrifuged at 
16,000g for 2h. The cloudy supernate and fatty pellicle 
are discarded and the sediment resuspended to approxim- 
ately one-half of the original volume in filtered M/15 
phosphate buffered saline, pH 7-0 (1 part buffer to 4 parts 
isotonic saline). Filtered trypsin solution (Difco 1 : 250) 
is added to a final concentration of 1 per cent. The 
mixture is blended thoroughly in a Servall Omni-Mixer at 
14,000 r.p.m. and incubated at 37° C for 30 min with 
occasional mixing. Except for trypsinization, all the other 
procedures are carried out at 4° C. Tho material is centri- 
fuged at 37,000g for 60 min, the cloudy supernate dis- 
carded and the trypsinization procedure repeated. After 
the final trypsinization the sediment of the 37,000g 
centrifugation is made up to one-third of the original 
volume in phosphate buffered saline, pH 7:0, blended 
thoroughly, centrifuged at 400g for 15 min and the 
supernate decanted carefully. For each 30 ml. of super- 
nate 1 g of ‘ECTEOLA? is added, the mixture is blended 
and centrifuged at 400g for 15 min. The slightly turbid 
supernate is pipetted off and centrifuged at 37,000g for 
30min. The supernate is discarded and the tightly packed 
sediment thoroughly resuspended in one-twentieth of the 
original volume in phosphate buffered saline, pH 7-0. 
Further purification is achieved by submitting the prepar- 
ation to a second ‘ECTEOLA’ treatment. One gram 
‘ECTEOLA’ is added to each 20 ml. of suspension and the 
procedure carried out as described here. The final 
sediment is resuspended in one-thirtieth of the original 
volume in phosphate buffered saline, pH 7:0. At this 
stage the preparation is highly purified (Fig. 1), highly 
infective (Table 1), strongly reactive as an antigen in the 
complement fixation test and shows no signs of anticom- 
plementary activity. The use of ‘Celite’* under similar 
conditions results in preparations of high purity, but the 
yields are considerably smaller than those obtained with 
‘ECTEOLA’ (Table 1). 
The procedure should prove useful in the purification of 
viruses, rickettsie and other members of the psittacosis— 
LGV group. 
This work was supported by research grant A1l—03011 
from the National Institute of Allergy and Infectious 
Diseases, U.S. Public Health Service. 
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Fine Structure of the Solenocyte Tree in 
Priapulus caudatus 


During an examination of the anatomy and fine 
structure of the excretory system of Priapulus caudatus, 
several unexpected details were discovered. 

The most detailed descriptions of the excretory system, 
especially the solenocytes, are those given by 
Schauinsland', Moltschanov?, and most recently by 
Liiling*. From the urogenital pore of the male, the excre- 
tory duct runs forward parallel to the gut, at some distance 
from the opening it takes up the genital duct, and immed- 
iately afterwards it branches into two or several ducts. 
These ducts expand into several nephridial sacs, into which 
the solenocyte trees open. 

A solenocyte tree typically consists of a trunk which 
ramifies into main branches and a system of side branches. 
Distally in the tree each minute tube is closed by an end 
cell (or two), which is in fact the solenocyte, as defined by 
Goodrich‘. In the light microscope a striation is seen in the 
lumina of the branches and the trunk, which is obviously 
due to the flagella which reach from the solenocytes almost 
into the nephridial sac. Most of the solenocyte trees open 
into the nephridial sac through a filtering pad. The pad 
consists of tall cells provided with microvilli and arranged 
on septa, which project into the nephridial sac. The 
excretory product from the solenocyte trees thus must pass 
through the interseptal spaces that are filled with flagella 
and microvilli. In some trees the tall pad cells have moved 
into the proximal part of the trunk. 

A second structure was found that superficially looks 
much like the solenocyte trees, but which on close 
inspection is found to display several marked differences. 
No flagella but densely packed secretory droplets were seen 
in the lumina (Fig. 1). The communication with the 
nephridial sac is direct (not through a pad), the lumina 
of trunk and main branches are wide and tho wall com- 
paratively thin (lumina narrow and walls comparatively 
thick in solenocyte trees). 





Fig. 1. Diagrams of: A, the urogenital system of a male; B, of the 


reid excita facts Je Altering ppd wna duct me 
cell; e.d., exere uct; J.P., ; . uct; m.0., 
main branch; rf oir sac; 8, 80! : Hay side branch; 
s.d., secretory droplets; ¢., trunk; w.c., wall cells (of nephridial sac) 


e.b.c., End bulb 


The droplets seen in these glandular trees seem to be 
secreted by the end-bulb cells, which in their localization 
correspond to the solenocytes. A distinct membrane is 
seen around the droplets, and an apocrine type of secretion 
is therefore suggested. Only three of these secretory trees 
were found in a specimen of which a continuous series of 
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Fig. 2. Longitudinal section through distal part of solenocyte tree. 
Five sole tes are seen, one of them in cross-section through nucleus. 
Note many long microvilli in the tube. Nuclei and various structures 
fn the cytoplasm, for example, vacuoles, are clearly visible (e. x 6,500) 





Fig. 3. Cross-section of a branch with five wall cells (E), connected 

by the fenestrated membrane (C). The lumen is filled with microvilli 

(A) and flagella (B). Around the tube the structureless electron dense 

membrane (D). Various organelles and inclusions are seen in the cell 
bodies (c, x 12,500) 





sections was made. ‘The situation of these trees is 
marked in Fig. 1. A, upper right nephridial saes. 

A glandular tree was seen in sections of Priapulus 
bicaudatus Kor. and Dan. kindly placed at my disposal by 
Dr. Elise Wesenberg-Lund, Zoological Musewm, Copen 
hagen. So far only the fine structure of the solenocyte tree 
was investigated, as no glandular tree was found in the 
ultra-thin sections. Each solenocyte possesses a flagellum, 
which is often provided with a double set of axial flament 
complexes, and a varying number of microvilli (Fig. 2). 
The wall cells of the branches and the trunk in the 
solenocyte trees possess microvilli, too, and im cross- 
sections it is seen that the lumina are tightly packed with 
microvilli and a minor number of flagella (Fig. 3). 

In the distal tubules of the solenocyte tree only two 
cells are seen in cross-sections, while in the branches and 
the trunk up to five cells or more take part in the formation 
of the tube. Only part of a tube is lined with the cell 
bodies proper. The spaces between them are closed by 
fenestrated membranous outgrowths which measure 
about 600 A. The pores measure about 300 A in diameter. 
On the outer side of the tubes (towards the cmlom) a thin 
electron dense line without any visible structure was 
found. The microvilli within the solenocyte tree are 
exceptionally long, measuring more than 15u. (I have not 
been able to follow them for their full length). In the 
interseptal spaces in the filtering pad the microvilli seem 
to be rather shorter, and in the brush border that lines the 
lumen of the nephridial sac they measure about 4p. 
With few exceptions pinocytosis was observed only at the 
bases of the microvilli in the solenocyte trees, while in the 
brush border in the filtering pad a heavy pinocytosis was 
observed into the microvilli themselves. 

Material for this investigation was provided by Marine 
Biological Laboratory, Helsingør, and Kristineberg 
Zoological Station, Fiskebäckskil. 
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Copenhagen Ø. 
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A Striated Intercellular Material in Rat 
Brain 


A UNIQUE intercellular material has been found beneath 
the subcommissural organ of brains of young adult 
albino rats of both sexes and of two strains. In general, 
the spaces around cerebral arterioles and venules are boun- 
ded by typical basement membrane and contain occasional 
fibrocytes, small bundles of collagen and macrophages 
However, at the vascular poles of the cells of the 
subcommissural organ, a remarkable striated material 
frequently occupies the perivascular space and may also 
be seen intercellularly as much as 4-5, from a vessel. The 
space around cerebral capillaries is ordinarily oceupied 
solely by basement membrane, but in this very localized 
area the space may become widened. The basement 
membrane then splits into endothelial and parenchyma! 
laminæ which contain between them the striated inter- 
cellular material. 

Four zones of varying electron density define the 
symmetrical periodic structure of the striated intercellular 
material. Tho densest band is 100 A wide, and repeats 
every 1070 A (990-1090 A) to form the macroperied (A in 
Fig. 1). Each major period is bisected by a less-lense 
band 70 A in width (B in Fig. 1), and each of the halves 
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thus formed contains a central, less-distinct band 
approximately 200 A wide (C in Fig. 1). Four electron- 
lucent zones or interbands comprise the remainder of the 
period. This periodicity remains constant in transverse, 
sagittal and horizontal sections through the subcom- 
missural organ, leading to a narrow range of measure- 
ments, and suggesting that the striated material is 
organized in thin sheets or laminated plates which intersect 
at various angles (Fig. 2). Amorphous material of similar 
density sometimes appears adjacent to tho striated 
material, and may represent a section through one 
of the plates parallel or oblique to its dense bands. 
The brains have been fixed by intravascular perfusion of 
phosphate-buffered glutaraldehyde! or osmium tetroxide 
solutions, and the configuration of the banding is 
unaffected by variation among fixatives. In addition, the 
material has similar affinities for electron stains such as 
uranyl acetate, alkaline lead salts and phosphotungstic 
acid. 

Perivascular basoment membranes apparently are 
continuous with the striated material and limit its 
extension toward the vessel and toward the parenchyma. 
The sheets terminate in a variety of ways where they 
are not bounded by a basement membrane: they 
may directly appose or merge with: (a) other plates 
of striated intercellular material; (b) amorphous inter- 
cellular material; (c) perivascular space containing 
typical collagen fibres; or (d) the plasmalemmas of 
cells of the subcommissural cells. The new material 
often interconnects the plasmalemmas of two or more 
subecommissural cells near their vascular poles. In 
such regions there is an indentation of the cell of the 
subcommissural organ to accept each of the densest bands 
(A in Fig. 2) of the striated material, with those bands 
of intermediate density (B in Fig. 2) ending on alternating 
projections of the cell membrane. This appearance of 
‘scalloping’ suggests that the material may insert into 
or exert some force on the cell membranes at these 
points. Where two sheets or plates appose one another, 
their densest bands (A in Figs. 1 and 2) in some cases 
appear to join, irrespective of the angle at which they 
intersect. 





Fig. 1. Striated nianon material in pericapillary space beneath 
t 


beommissural organ (x 57,400) 
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Fig. 2. Moulding of subcommissural organ cell membranes to ‘fit’ inter- 
cellular striated material. cells are of the subcor ‘al organ, 
near their vascular poles (x 71,750) 


Though present only at the vascular poles of the cells 
of the subcommissural organ, the striated intercellular 
material does not require the apposition of any element 
of the vessel for its integrity; it is seen a few microns 
removed from the perivascular space. However, it has 
never been seen at any distance from a cell of the 
subcommissural organ (for example, in relationship to the 
perivascular plasmalommas of astrocytes or their associated 
basement membranes). 

Jakus** observed two types of fibrous material in 
Descemot’s membrane of the cornea which have the same 
macroperiod as the new material, but which display quite 
different intraperiod banding. She suggested that the 
fibres might be an in situ form of long-spacing collagen, 
similar in some respects to long-spacing collagen obtained 
in vitro“. Striated intercellular material does not appear 
as fibres or fibrils, though it does appear in some peri- 
vascular spaces which also contain fibrocytes and ordinary 
collagen fibres. Also it does bear a general resemblance 
to long-spacing collagen. This suggests that the striated 
material is a unique type of long-spacing extracellular 
protein material, possibly related to collagen. Of broader 
cytological interest are the possibilities that this material 
is an unusual morphological specialization mediating 
molecular exchanges between a secretory epithelium 
and blood vessels, and that it constitutes a novel inter- 
connecting structure between cells in an epithelium and/or 
between epithelial cells and the perivascular basement 
membrane. These possibilities are being explored in the 
context of a broader investigation of the subeommissural 
organ under various experimental conditions. 

Tho striated intercellular material apparently was not 
observed in other electron microscopic investigations of 
the subcommissural organ in the guinea pig and rat*, 
bull’, and hagfish*. Although the striated material 
may be present only in this small area, the sampling of 
animal tissues, particularly nervous tissue, with modern 
methods of electron microscopy is still too incomplete 
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to warrant any definite conclusions regarding the dis- 
tribution of this material among species and organs. 
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RADIOBIOLOGY 


Effect of Diethylenetriami 
Acid and Pol 
Polymer on 


I lycolethyl oui 
ropylenoglycolethylene Oxide 
xcretion of Inhaled #’PuO, 


in Dogs 


Tue harmful effects of inhaled plutonium have 
beon demonstrated in numerous experiments with 
animals'+. These investigations emphasized the need for 
methods of removing plutonium in tho event that it is 
deposited in the respiratory tract of human beings. This 
reports the results of tests with ‘Pluronics F68’ (poly- 
propylenoglycolethylene oxide polymer) (Wyandotte 
Chemical Co., Wyandotte, Michigan) and DTPA (di- 
ethylenotriamine-pentaacetic acid) (provided by Geigy 
Research Laboratories, Yonkers, New York) ‘in dogs 
to determine their effectiveness in removing plutonium 
following inhalation of **PuO,. ‘Pluronics F68’ is a 
surface active agent and is relatively non-toxic. Accord- 
ing to the manufacturer the LD,, dose for acute oral 
toxicity is 15 g/kg, and no toxic symptoms occur in 
dogs given 0-1 g/kg intravenously. DTPA is a chelating 
agent which has been shown to increase the excretion 
of intravenously administered plutonium in rats*. It 
has also been shown to increase the excretion of pluto- 
nium by human beings’. However, since the route of 
entry, the body burden, and the chemical form of the 
plutonium were not known in the case of the human 
exposures, the effectiveness of DTPA in removing inhaled 
plutonium has not been specifically evaluated. 

Eight 12-year-old beagle dogs were exposed to 
**PuO, aerosols by methods previously described’. 
Following exposure to **PuQ,, each group of two beagle 


URINARY 
EXCRETION 


PER CENT OF BOOY BURDEN EXCRETED IN FECES 
° o 
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HS Effect of ‘Pluronies’, ‘Pluronies' plus resin (gum arabic) and 
DTPA on excretion of plutonium-239 in dogs after inhalation of ™PuO, 
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Body burden of plutonium-239 
(% total deposited) 
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© Treated with OTPA 

a Treatat with Piuronics 

V Treated with Pluronics + Resin 


5 10 15 
Time (days after exposure to ™Pu0,) 


Effect of DTPA and ‘Pluronies’ on whole-body clearance of 
inhaled **PuO, in dogs 


Fig. 2. 
dogs were exposed to an aerosol produced from an aqueous 
solution of one of the following: 25 per cent Nay Ca salt 
of DTPA, 10 per cent ‘Pluronics’, or 8 per cent ‘Pluronies" 
plus 2 per cent gum arabic. 1 h treatments were given 
daily for 15 days, and after 17 days the dogs were killed. 
A group of two dogs was not treated. Urine and fæces 
were collected each day from each dog for ***Pu analysis. 
Excretion data from each pair of dogs were pooled and 
curves were fitted by least squares analysis with 95 per 
cent confidence limits (Fig. 1). The plutonium-239 
excretion rates of dogs treated with ‘Pluronics’ were con- 
sistently greater than those of the untreated dogs. DTPA 
was less effective than ‘Pluronics’ in promoting excretion 
of plutonium-239, and was not as effective as was expected 
from cerium studies*. Although ‘Pluronics’ increased the 
rate of excretion of plutonium, there was not a large effect 
on total body burden (Fig. 2). Plutonium reteation in 
dogs treated with “Pluronics’ decreased slightly more 
rapidly than in dogs treated with DTPA and the untreated 
controls. There was some indication that ‘Pluronics’ and, 
to a lesser extent, DTPA may have increased the trans- 
location of plutonium from the lungs to other tissues in the 
body (Table 1).~ There were, however, no statistically 
significant differences in the distribution of plutonium in 
the tissues, other than in the lymph nodes. 

The results indicate that neither DTPA nor ‘Pluronics’ 
is very effective in removing **PuO, from the lungs. 
The results obtained with ‘Pluronics’ may suggest the 
most profitable course to follow in future work. Par- 
ticularly attractive is its relatively low toxicity. 


Table 1. DISTRIBUTION OF PLUTONIUM-230 IN Tissues OF Doos 17 Days 
AFTER EXPOSURE TO ™*PUO, AEROSOLS (PERCENTAGE OF BODY BURDES)* 


Treated with 
“Pluronios’ 
plus resin + 


O44 + O25 


Treated with Treated with 
DTPA+ 'Pluronics’ + 


O74 + O12 


Tissue Untreated 


Bronchial 
ier nodes 

All other 
lymph nodes 


24 + 0-06 O55 + 042 


Spleen 


Lung 
Kidney 


Adrenals 


Liver 
0-085 


* Values are the mean and the standard error of two dogs in each group 
The total body burdens of the untreated animals were 38 and S1 se- 
of the DTPA treated animals, 1-1 and 0-31 ye.; of the ‘Pluronies’ treated 
animals, 0-18 and 0041 pe.; and ‘Pluronics’ plus resin treated animals, 
011 and 0:47 pe, 


t Treatments consisted of daily exposures to aerosols produced from 
ueous solutions of DTPA; 10 per cent ‘Pluronies FOS; or 8 per cent 
*Pluronics’, plus 2 per cent gum arabie, 





aluminium). 
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Variation of Radiation Sensitivity of 
Paramecium aurelia as a Function of Time 
of Irradiation in the Interdivision Growth 
Cycle 
Tue larger ciliate protozoa provide a system which is 
particularly favourable for the investigation of the 
relationship between radiation sensitivity and events in 
vegetative growth and division. Individual animals can 
be isolated in the visible stages of cell division in sufficient 
numbers to provide a synchronized population for experi- 
mentation. Synchronization in this manner produces a 
minimum of the growth abnormalities which occur when 
synchronization is produced by such means as heat shock 
< or antibiotics. 

This type of synchronization has permitted the determ- 
ination of the time of DNA synthesis’ in Paramecium 
-aurelia during interdivisional growth as well as the course 

of dry weight increase*. Kimball and his associates have 

- also shown that the sensitivity of P, aurelia to the 
- mutaganie effects of ionizing radiation varies greatly 
` during the interdivision growth cycle, and that this 
‘variation approximately coincides! with the beginning of 
DNA synthosis in. the macronucleus which occurs about 
-halfway through the interdivision period. The relation- 
ship of the lethal effects of X-rays and ultra-violet light to 
time of irradiation in the interdivision cycle can be determ- 
` inod in cultures synchronized in the manner already 
indicated. 

A strain of P. aurelia which was isolated from Texas 
water was grown in lettuce media with Escherichia coli B/r 
as tho food organism. Animals were selected during their 
gellular. division and were allowed to. grow in normal 

media to the desired phase for radiation. Interdivision 
‘times wore approximately 64 h and. were determined 

< exactly for each experiment. The X-ray source was a 

General. Electric ‘Maxitron’ (half-value layer 4-5 mm 
The dose rate was determined by ferrous 

- sulphate chemical. dosimetry to be 15-krads/min. Ultra- 

violet light from. General Electric germicidal lamps 
< (2537 A) was delivered at dose rates of 10-40 ergs/mm?/ 
- see; these dose rates were determined by a calibrated 

photocell. Following irradiation, isolated animals were 
placed in depression slides and were observed until large 
cultures were produced or until the line died out. 
(he maximum number of animals which could live in a 

depression slide was determined by the amount of food 
_. supplied; usually the number ranged from 40 to 200 
.- animals. Sixteen progeny was the minimum number of 
-progeny to be considered a survivor; however, after more 
than four progeny had descended from an irradiated 
individual they continued to grow until limited by the 
food supply. 2 





The survival results wore analysed to determine the- 
LD,, and the 95 per cent confidence limits of LD; using 








. ee 
| 





a g TI | l | 
fa | T T i A -r79 T j 
È E 5,000 72 —o tet T $ 
38 SE : 
Š > 2,500 b 
= | 
1 E nO a ae RE ree RCE ees IAEE era a 
20 40 60 80 
Percentage of interdivision cycle completed 
Fig. 1. Variation of LD Paramecium. aurelia irradiated with X-rays 


and ultra-violet light during the interdivision growth cycle. The eyele 

is considered. to start with. the separation of the dividing animals. 

Circles with upward pointing arrows are plotted at the highest. dose 

used in experiments where less than half the animals died at the highest. 

doses used, The LDz is evidently near or above this dose-level, Lines 
showing the trend of the response are fitted by eye 


a logit type analysis. The actual computations were done 
on an IBM 1620 electronic computer. The results are 
illustrated in Fig. 1; LD,» is plotted as a function of the 
percentage of the interdivision growth cycle which the 
animals had completed at the time of irradiation. About 
100 isolated animals were used to determine each point in 
the figure. The separation of the two daughters was taken 
as the start of the cycle. 

One may conclude that the X-irradiated animals show 
only slight variation in radiation sensitivity through the 
interdivision cycle. Ultra-violet irradiated animals tend 


to be most sensitive shortly after division and gradually 


increase in their resistance to radiation. X-ray sensitivity 
does not seem to be related to DNA synthesis; however, a 


relationship between ultra-violet sensitivity and DNA = 


synthesis may be possible. Results obtained from the 
ultra-violet, experiments were more erratic than those- 
obtained from the X-ray experiments. This difference 
might be a consequence of a more uniform deposition of- 


radiant energy throughout the body of the X-irradiated | © 


animals. The results reported here tend to support the - 


hypothesis‘ that animals requiring extreme doses of. i 


radiation, particularly ionizing radiation, may be killed by 
cytoplasmic radiation damage rather than by damage to 
the cellular DNA. ee 
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BIOLOGY 


Adaptation of Horse Sickness Virus to Tissue 
Culture i 
In a previous paper it was briefly stated that, the horse > 
sickness virus (HSV) may be adapted to the hamster — 
kidney cellst. The purpose of this communication is to: 
describe the interaction between virus and cells and the 


-development of infectivity during a single growth-cycle - 
of the virus. . a 
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The LD,, of ten passages in hamster kidney cells are given 
in Table 1. 

In two different experiments 60 tubes of hamster 
kidney cells were infected. After an adsorption period of 
45 min at 37° C, with 0-1 ml. of undiluted culture of the 
fourth passage, the culture was washed with two changes 
of phosphate-buffered saline, 1 ml. of fresh medium was 
then added and incubation at 37° C was continued. 

Immediately after the second washing and at fixed 
intervals thereafter, four tubes were removed from the 
incubator and the pooled medium inoculated in mice 
(Fig. 1). 

It can be seen that in the first hour of incubation there 
is an increase in titre and from then a decrease up to 8 h. 
A rapid increase in titre then occurs between $ and 12 h. 
These data suggest the occurrence of an eclipse period with 
HSV virus. This eclipse phase is followed by the release of 
a large amount of a new virus. the maximum yield being 
obtained at the fourth day. The morphological changes in 
infected cell sheet advance gradually until the complete 
degeneration of the cells, which occurs on the fourth day. 

We thank Dr. Mohebzadeh for her assistance, and Dr. 
P. D. Cooper, chief, Virus Research Unit, Medical Resarch 
Council, Carshalton, Surrey, for his advice. 

This paper is published with the approval of Dr. A. 
Rafyi, director of this Institute. 

H. Mrrcnamsy 
; H. TAsSLIMI 
The Razi Serum and Vaccine Institute, 
Karadj, Iran. 
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Adult Tolerance induced by 6-Methyl 
Mercaptopurine to a Canine Renal Homograft 


ADULT acquired tolerance for an organ homotransplant 
can be achieved between unrelated animals only if the 
immunological mechanisms of the transplantation reaction 
are reduced or suppressed. Antimetabolites have been 
used to extend renal homograft survival for prolonged 
periods, but once the drug has been withdrawn, rejection 
has been the immediate result. In a further attempt to 
prolong canine renal homograft survival, the effect of 
6-methy! mercaptopurine (6-methyl MP) was investigated. 
A preliminary report of this work has been published?. 

In pairs of adult female mongrel dogs, both host kidneys 
were removed and a reciprocal renal homotransplant was 
placed in the pelvis of each animal. Beginning the day of 
operation, the 6-methyl MP was given orally: 10 mg/kg 
“4 2 days, 5 mg/kg for 4 days and 2-5 mg/kg/day there- 
after. 

Ten such untreated dogs had an average survival of 15 
days, range 9-25 (ref. 10). In a series of nine dogs treated 
with 6-methyl MP, eight dogs lived for 18, 26, 28, 29, 30, 
35, 42 and 68 days (average survival of 34 days). These 
dogs died from uremia due to homograft rejection. The 
ninth dog is still alive after 570 days. 

In the surviving dog, renal biopsies on days 168 and 198 
were without evidence of rejection. 

The 6-methy] MP was discontinued in this dog on the 
198th day, at which time the kidney was of normal sizo: 
the blood urea nitrogen was 26 mg/100 ml.; the urine had 
a specific gravity of 1-042 and was negative for protein; 
the dog had a hematocrit of 32 and a normal white blood 
cell count. During the next 90 days, the blood urea 
nitrogen remained in the range of 22 mg/100 ml. From 
days 289 to 309, the blood urea nitrogen rose to 90 mg/100 
ml. On day 309, an operation revealed marked hydro- 
nephrosis due to a partially obstructed ureter which was 
repaired, A renal biopsy at that time showed no evidence 
of homograft rejection, but dilated tubules were seen, 
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Fig. 1. Biopsy on day 309, revealing dilated tubules and no evidence 
of homograft rejection. Hematoxylin and eosin (x e. 53), 


indicative of hydronephrosis (Fig. 1). The blood urea 
nitrogen had fallen to 70 mg/100 ml. on day 321, 67 on 
day 440, and 45 on day 565. 

It appears reasonable to assume that adult acquired 
tolerance to the kidney has been achieved in this dog by 
tho administration of 6-methyl MP on the basis of survival 
of the dog 372 days after discontinuing the drug and the 
absence of microscopic evidence of the rejection pattern 
in three biopsies. Pierce and Varco? have a similar result 
with 6-mereaptopurine (6-MP). 

Medawar and Mitchison? have hypothesized certain 
factors which are necessary for the development of adult 
acquired tolerance. The maintenance of tolerance depends 
on the persistence of the transplantation antigens. Cells 
capable of being made tolerant do occur in adult animals 
as well as in embryos and new-born animals. The effect 
of antigens on the new-born mouse is to induce tolerance 
to those antigens. In the adult animal, the effect of the 
antigen may be 2-fold: (a) to evoke an immune response 
from those mature cells which will respond to the antigen; 
(b) tolerance in the immature developing cells. 

In the experiments recorded here, the 6-methyl MP 
was administered to inhibit the inductive phase of anti- 
body formation. Although this inhibition is usually not 
complete, the renal homograft is able to withstand the 
markedly reduced response because of its organ size 
(antigenic mass) without functional impairment. The size 
of the transplanted graft is critical so far as prolonged 
survival in these circumstances is concerned, for skin 
grafts (Zukoski, unpublished results) applied at the same 
time as the renal homograft are rejected while the kidney 
continues to function. In this manner the host’s immune 
responso may be rendered ineffectual in destroying the 
transplant. In the presence of the antimetabolite, 
sensitized lymphoid cells are no longer induced; and those 
present may be killed by the antimetabolite as they 
proliferate in the regional nodes and in the renal homo- 
graft. or just live out their natural life span of 100-120 
days*. Thus the immature lymphoid cells mature in an 
environment in which they recognize the transplant as 
self and no future sensitization occurs. Once the sensitized 
cells have disappeared, there is no further need for the 
antimetabolite. Therefore, the longer the homograft 
persists up to an undefined point (about six months), the 
greater the opportunity for adult acquired tolerance to 
be achieved in the presence of the antimetabolite. The 
reports of Vos and Weyzen* and Martinez et al.’ lend 
support to this thesis. 

Other explanations for this result have been put forth. 
The experimental results of Fisher and Schewe* with 
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prolonged skin graft survival in pyridoxine-deficient rats 
suggest another hypothesis to explain this type of result. 
Woodruff’s® ‘critical period’ would perhaps explain our 
experimental result. 
A persistance of the graft for an unknown length of 
time in the presence of the antimetabolite is required 
before tolerance can be achieved. In the previous experi- 
ments, we found that discontinuing the antimetabolite 
after thirty days’? allowed the kidney to be promptly 
rejected. Pierce and Varco continued their 6-MP for 8 
months before achieving tolerance; in our instance, 
6-5 months. However, Calne e al.) reported that anti- 
metabolite therapy for up to eight months still did not 
allow tolerance to develop with their therapy. The 
necessity for stopping the drug can be questioned provided 
the animal is active and healthy while taking the medica- 
tion and kidney function is good. For a given dog, a 
method for determining the optimum dosage of anti- 
metabolite most likely to permit prolonged survival and 
tolerance has not been established. 
According to our theoretical explanation, this dog 
should accept skin or another kidney from the donor of 
this .surviving kidney transplant. Unfortunately, the 
donor rejected this dog’s kidney and died at 25 days. 
Therefore we cannot prove whether this is true tolerance 
or some other type of acceptance. 
Adult tolerance to a canine renal homograft has been 
induced through the use of 6-methyl mercaptopurine. 
This dog is alive 570 days after transplanting the kidney 
and 372 days after stopping the drug. Note added in proof. 
This dog is still alive after 650 days with a ‘blood urea 
nitrogen’ value of 45. 
We thank Dr. G. Hitchings and his associates at 
Burroughs Wellcome Co., Inc., for the 6-methyl mer- 
captopurine, and Mr. Raymond M. Jones for assistance. 
CHARLES F. ZUKOSEI 
James M. CALLAWAY 
Surgical Service, 
Veterans Administration Hospital and Department of 
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Vanderbilt University School of Medicine, Nashville, 
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Food input and Energy Extraction Efficiency 
in Carassius auratus 


WHILE considerable work has been carried out on the 
exchanges of energy within the larger domestic animals? 
little work has been done on the lower vertebrates. Some 
workers?-4 have investigated the efficiency of growth in 
fish, others® have investigated various aspects of tem- 
perature adaptation in these animals. During the course 
of an investigation in this laboratory into the complete 
energy ‘balance sheet’ of goldfish at different temperatures 
an interesting relationship was discovered between food 
input and energy extraction efficiency. 


Groups of six fish of approximately the same length - 


{6-7 cm) were placed in 41. of ordinary tap water in small, 
polythene basins. They were fed regularly, on alternate 
days, on a known wet weight of standard cultures of live 
Enchytraeus albidus. Prior to the experiments, these 
groups of fish had been living at the same temperature and 
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Fig. 1. Relation between the food input and the efficiency of energy 


extraction in Carassius auratus at 21:5° 


level of nutrition for at least one week. The basins were 
kept aerated in a constant temperature room, lighted 
electrically for 10 h daily. The temperature of the water 
was 21-5°+0-5° C. 

Eight determinations of the calorific value of dried 
whiteworm were made, which gave an average value of 
5,800 (S.H.=58) cal/g. The water content of the worms 
was also determined, thus enabling the calorific value of 
the live worms fed during the experiment to be caleulatod. 
The energy lost by excretion and defecation was determ- 
ined by evaporating to dryness the entire 4 1. in which 
each group of fish had been living, and afterwards com- 
busting weighed samples of the deposit (three estimations 
in each case) in a Parr microbomb calorimeter (22 mil.). 
which was used throughout this work. It was thus 
possible to calculate the energy extraction efficiency in 
each case and to compare the results obtained with the 
level of nutrition (Fig. 1). The energy extraction efficiency 


(per cent) is given by 42 x 100, where A = total calories 


in food eaten, and B = total calories lost in fæces and urine 
(plus minor additional losses which, for the purposes of 
these experiments, can be neglected). 

It will be observed that there is a positive correlation 
between food input and extraction efficiency, within the 
limits of 1-5 mg dried worm/g fish/day. This correlation 
may only hold good near the maintenance-level of nutrition 
(approximately 3 mg dried worm/g fish/day), sinea in 
cases of very high food input in trout‘ the worms are said 
to pass through the alimentary canal barely touched by 
the digestive juices. This would seem to suggost that 
there is an optimum level of nutrition at which the 
greatest proportion of available energy is extracted. 

Further experiments are now in progress to determine 
the proportion of energy lost as heat, and to compare the 
effects of different temperatures on the various levels of 
energy exchange. 

This work is being supported by a grant from the 
Department of Scientific and Industrial Research. 


P. M. C. Davies 
Department of Zoology. 
Trinity College, 
Dublin. 
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Iron, Porphyrins and Chlorophyll 


Inon is essential for chlorophyll formation’. A reason- 
able hypothesis is that this element acts in the conversion 
of coproporphyrinogen (COPROgen) to protoporphyrin 
(PROTO)?5, We have tested this hypothesis and find the 
results contrary to expectation. 

The plausibility of what may be called the COPROgen 
hypothesis stems originally from the finding of 
Pappenheimer and Johnson‘ that iron is essential for toxin 
production by Corynebacterium diphtheriae. Since then 
it has been found that these bacteria, when iron-deficient, 
apparently develop a metabolic lesion between COPRO 
and PROTO and consequently produce large quantities of 
COPRO; this response is shared by a wide variety of 
micro-organisms. As Granick and Mauzerall’ havo 
pointed out, all the available evidence points to the view 
that free porphyrins (or rather porphyrinogens) are 
precursors of chlorophyll; it naturally follows that a 
lesion in the porphyrin pathway would affect chlorophyll 
synthesis. 

We have found that Euglena gracilis is an advantageous 
test object for studying chlorophyll synthesis. The alga 
may be grown heterotrophically on glutamate-ethanol® 
under low light intensity (25-50 ft.-candles) at 25°. After 
the desired growth has been achieved, the cells are 
washed and resuspended in 10-? M potassium phosphate 
buffer, pH 6-8, and shaken under high light intensity 
(1,000-1,500 ft.-candles). Under these latter conditions 
the cells synthesize chlorophyll vigorously, but show no 
net increase in protein. Thus chlorophyll synthesis may 
be divorced from growth. Chlorophyll was estimated from 
the absorbancy at 663 my of aliquots extracted in 80 per 
cent acetone. 

After the components of the medium were purified, we 
could demonstrate iron requirements for growth and for 
chlorophyll formation. At the lowest levels of iron, 
growth was inhibited (shaded part of Fig. 1). There was 
also a region of iron concentration throughout which 
growth was normal (unshaded part of Fig. 1); in part of 
this region of normal growth, capacity for chlorophyll 
formation was decreased. By confining the alga to the 
region of normal growth, we avoided complications due to 
consequences of growth inhibition. 

From the COPROgen hypothesis one can deduce 
directly that the rate of chlorophyll synthesis in iron 
deficiency would be limited by the rate of PROTO form- 
ation. We expected specifically that the rate of PROTO 
formation would decrease with decreasing iron content, 
starting at some critical iron content which would be 
equal to, or greater than, the level that was critical for 
chlorophyll formation. 

To test this hypothesis, we incubated suspensions of 
frozen and thawed Huglena of varying iron content with 
2 x 10-4 M porphobilinogen in 0-06 M potassium phosphate, 
pH 6-8, and estimated the resulting free porphyrins. 
Separation was carried out by a modification of the extrac- 
tion procedure of Dresel and Falk’ and the chromato- 
graphie method recommended by Eriksen. The several 
porphyrin components were eluted and the amounts 
determined spectrophotometrically at their Soret peaks. 
No unusual accumulations of COPRO were observed at 
any of the iron-levels reported here. On the contrary, the 
rates of COPRO formation decreased slightly with decreas- 
ing cell iron. At the same time, the iron-deficient cells, 
although defective in their capacity to form chlorophyll, 
produced PROTO at rates equal to or greater than the 
iron-sufficient controls (Fig. 1). R 

From tho COPROgen hypothesis we expected that the 
rates of PROTO formation would decrease with decreas- 
ing iron concentration. Our results are clearly at variance 
with these expectations. While one can imagine a variety 
of ad hoc modifications to make the hypothesis fit the data, 
we believe that the COPROgen hypothesis is unlikely to 
prove correct. 
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Fig. 1. Rates of chlorophyll and protoporphyrin formation at varying 

levels of cell iron. The different symbols represent data from separate 

experiments. The PROTO.curve and the rising part of the chlorophyll 
curve are least mean square regressions 
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There are hypotheses assigning the action of iron to 
ALA formation directly or indirectly. Our experiments 
do not bear on these alternative suggestions. 

We thank Drs. W. R. Robbins and H. E. Clark for their 
suggestions and help throughout the course of this work, 
and Dr. Samuel Granick for advice. We also wish to 
thank Dr. Granick for a purified preparation of PROTO 
and Dr. S. F. MacDonald for gifts.of porphobilinogen. 

This work was supported in part by grant No. G9815 
from the National Science Foundation to Dr. Robbins. 
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Age of the Baobab Tree 


Tx baobab tree Adansonia digitata L. (family Bomb- 
acaceae) has been variously estimated as being several 
hundred to several thousand years old. The French 
botanist Adanson, after whom the tree was named, con- 
tended that some specimens were as much as 5,000 years 
old}, 

It has, however, never been established that the baobab 
produces annual rings, and such estimates must therefore 
be regarded as largely guesswork?. Since many of these 
trees are more than 20 ft. in diameter and some even in 
excess of 30 ft.1:?, the labour involved in obtaining a 
complete section and producing a sufficiently smooth sur- 
face to count the rings accurately would in any event 
be enormous, and it is doubtful whether this has ever 
been attempted. Moreover, many of the really larger 
baobabs have hollow centres due to natural causes or as 
a result of human intervention!?, thus rendering any 
attempt at ring-counting impossible. 

As a result of bush-clearing operations at Lake Kariba 
we were fortunate enough to obtain a sample of wood 
from the heart of a 15-ft. diameter baobab tree (at a 
height of about 2 ft. above ground-level) which was 
kindly supplied to us by Mr. E. Swart. The tree was 
felled during 1960 near the confluence of the Sengwe 
and Zambesi Rivers (16° 55’ 8.; 28° 05’ E.). Samples 
were also obtained from a point midway between the 
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centre and the outside of tho tree and from a point 
directly adjacent to the bark- 

We have measured the radiocarbon content of all 
three samples and deduced their ages using a carbon-14 
half-life of 5,568 years. The heartwood gave an age of 
1,010 + 100 years B.P., and the sample midway between 
the centre and the outside of the tree gave an age of 
740 + 100 years B.P. - 

The sample adjacent to the bark which probably 
covered some 4 or 5 years of growth gave an activity 
of 1—2 per cent higher than that of age corrected 1,890 
wood. 

The indications are that the tree examined grew more 
slowly over the outer 74 ft. of its diameter, and there 
thus appears to be no reason why some of the really 
large baobabs should not be several thousand years old. 

The average annual increase in radius over the last 
34 ft. (1:14 m) of the total radius works out at 12 x 
3-75 x 25-4/740 = 1-5 mm. 

The actual measured average ring-width over the last 
20 em of growth was about 1-1 mm, which is not incom- 
patible with the view that the rings are annual rings 
and that the tree did increase in radius more slowly 
during the latter half of its life. The baobab does have a 
very definite annual growth cycle, being completely bare 
of leaves during the dry season. 

If it were not for the fact that so many of the really 
large baobabs are hollow they might well be ideal samples 
on which to determine the variation in the radiocarbon 
content of the atmosphere over the past few thousand 
years. 

I thank Miss E. A. Heggarty for help in the radiocarbon 
measurements. 

E. R. Swarr 
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Changes in Metabolism of isolated Root 
Systems of Soy Bean 


Ir is a familiar difficulty in work on nitrogen-fixation 
by excised root nodules that the capacity to fix nitrogen 
decreases rapidly. This may be due either to a shortage 
of some essential metabolite: or to an accumulation of 
some intermediary during the fixation process. 

From the findings of Bond? and of Wieringa and 
Bakhuis? it was concluded that at least part of the fixed 
nitrogen is transported through the xylem. So it seemed 
worth while to examine nitrogen fixation in excised root 
systems by following the delivery of amino-acids by root 
nodules to the transpiration stream. So, after excision 
of the shoot, such a stream was induced artificially by 
applying either: (1) a high pressure (of 0-5~-0-75 atm.) to 
the root system or (2) a lower pressure (of about 1 atm.) 
at the surface of the wound. 

Soy beans (Glycine max Merr.) were grown on Bond’s 
medium‘. The amount of amino-acids in the ‘exudate’ 
was determined according to the method of Moore and 
Stein’. The delivery of amino-acids to this artificial 
transpiration stream was found to decrease rapidly (up 
to 85 per cent within a few hours after excision of the 
shoot). 

However, such a rapid decline appeared not to be 
restricted to nitrogen-fixing nodulated plants, because 
the same phenomenon was observed in non-nodulated 
plants in a medium containing NO; or NHj. With the 
latter plants, this decrease might be due either to a 
reduction in the capacity to take up the nitrogen needed 
(NO;/NH}) or to a reduction in the capacity to assimilate 
the inorganic nitrogen absorbed. 
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Therefore NO;3-/NHj-upteke, and respiration of the 
root system, of plants grown on the NO;-containing 
medium of Hoagland and Arnon‘ were determined before 
and after excision of the shoot. For the sake of com- 
parison, the uptake of phosphate was determined as well. 

To follow the respiration, both output of carbon dioxide 
and uptake of oxygen were determined. The two kinds of 
apparatus used for measuring carbon dioxide output were 
‘Ultragas-3’ (Wosthoff, Bochum, Germany) and ‘Uras’ 
(Hartmann and Braun, Frankfurt am Main, Germany). 
The ‘Magnos’ apparatus of Hartmann and Braun was used 
to determine uptake of oxygen. The ‘constant flow’ toch- 
nique’ was used for measuring the rate of ion uptake. 
Concentrations of phosphate, nitrate and ammonium were 
determined according to the methods recommended by 
Allport’. 

The results obtained might be summarized as follows: 
(1) Within 1 h after excision there is a rapid decline in 
respiration (50 per cent or more), after which a now. 
‘pseudo’ steady-state is reached in which the respiratory 
rate falls extremely slowly. (2) Changes in ion uptake vary 
with the nature of the ion: the uptake of nitrate and 
ammonium decreases rapidly, sometimes so rapidly that 
uptake comes to a standstill within a few hours; the uptake 
of phosphate is scarcely influenced. 

The question arises whether this reduction in uptake of 
nitrate and ammonium is due to the elimination of a com- 
ponent in ion uptake which is linked to the transpiration 
stream?!°, Therefore experiments were performed in 
which the xylem was left intact’ and only the phloem was 
removed by cutting a ring, some inches high, from the 
base of the stem. 

Plants treated in this way showed the same phenomena. 
It was concluded that it is the active uptake of nitrato and 
ammonium which decreases rapidly, presumably by lack 
of assimilates normally supplied through the phloem. 

Looking for æ relation between the phenomena men- 
tioned in 1 and 2, I took into consideration that any 
decrease in respiration will be coupled with: (a) reduction 
in the energy supply needed for active uptake; (b) roduc- 
tion in reducing power; (c) reduction in the amount of 
«-keto-acids needed for amination. 

The question then arises as to which of those factors 
can be ascribed the decrease in uptake of ammonium and 
nitrate. 

Point (a) must be rejected because it does not explain 
the absence of a similar reduction in phosphate uptake. 
On the other hand, point (b) is at variance with the equal 
reduction in uptake of both nitrate and ammonium. The 
cause of the decrease was therefore sought in a discon- 
tinuation in the supply of «-keto-acids (c). In more 
specific terms this means that this decrease was ascribed, 
not to the mechanism of uptake proper, but to the subse- 
quent processes of amination. This is in accordance with 
the results of Lycklama”. 

The obvious inference from these considerations was to 
examine whether or not this reduction in uptako of 
nitrate and ammonium could be counteracted by adding 
these «-keto-acids or their precursors, that is, by adding 
acids of the Krebs cycle. 

To start with it had to be established to what oxtent 
these acids entered the roots, any enhancing effect on 
respiration being considered as evidence for penetration 
of the acids. 

For reasons of permeability, experiments were per- 
formed at low pH (3-5-4). Lowering the pH to these 
values did not reduce the respiration of the root systems; 
a finding which was in contrast with our exporience with 
excised root tips in Warburg manometric experiments. 

Of the acids of the Krebs cycle thus tested, succinic acid 
was especially effective. Addition of this weak acid in a 
concentration of 0-025 M, and excision of the shoot at the 
same time, resulted in an increase in respiration, remaining 
for hours at a level higher than before (as measured by 
uptake of oxygen and output of carbon dioxide). 
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With regard to the resulting effect on ammonium- 
uptake, it was found that addition of this weak acid 
tended to counteract the effect of excision of the shoot, 
although it did not do so completely. Again a decrease in 
uptake was found, but to a lesser extent (only about 35 
per cent). This work is being continued with other acids. 

I thank the Director of the Laboratorium voor Bloom- 
bollenonderzoek at Lisse for the use the ‘Uras’ and the 
‘“Magnos’ apparatus. 

A. L. KOSTER 
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University of Leyden. 
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Kinetin as an Antagonist of the Toxic Effect 
of Pseudomonas tabaci 


Tux wildfire disease of tobacco, caused by Pseudomonas 
tabaci (Wolf and Foster) Stevens, is characterized by the 
development of chlorotic halos around the infection sites. 
This symptom is induced by a bacterial toxin. The toxic 
compound proved to be a structural analogue of methio- 
nine’. Strangely enough, its effect could be overcome by 
methionine only in model experiments with Chlorella 
vulgaris*. The mode of action of the wildfire toxin in 
tobacco leaves, therefore, remained obscure. 

To throw some light on this problem, investigations of 
the metabolic alterations in tobacco leaves induced by the 
toxie effect of Ps. tabaci were undertaken’. In this 
communication results of investigations on the protein 
metabolism of tobacco tissues treated with toxin-contain- 
ing culture filtrates are presented. It was found that in 
leaves of intact tobacco plants injected with culture 
filtrates of Ps. tabaci the soluble protein content decreases, 
whereas the free amino-acid and ammonia content in- 
creases (Table 1). Proteins were determined according to 
Lowry et al.*, total free amino-acids were assayed by a 
copper method’, and ammonia content was estimated by 
micro-diffusion in Conway units. 


Table 1. PROTEIN, FREE AMINO-ACID AND AMMONIA CONTENT OF TOBACCO 
HAL¥-LEAVES TREATED WITH TOXIN-CONTAINING CULTURE FILTRATE OF 
Pseudomonas tabaci AND WITH NUTRIENT MEDIUM RESPECTIVELY 


Protein mg/g Amino-N e/g Ammonia 
Exp. No, fresh wt. fresh wt, i fresh whe as 
Cc T C T C P 
1 14-0 73 87 24 570 
2 9-0 6-6 26 120 10 460 
3 9-7 6-6 40 105 17 510 


C. Tissues treated with Czapek-Dox nutrient medium; T, tissues treated 


with toxin-containing culture filtrate. 


The results indicate that the balance of protein syn- 
thesis and breakdown is shifted in favour of increased 
decomposition of protein. The development of the chlorotic 
symptom and the changes of protein metabolism which 
occur under the effect of the wildfire toxin are very 
similar to those occurring in detached (or senescent) 
leaves. As in the latter both chlorosis and breakdown of 


EFFEOT OF KINETIN ON THE PROTEIN CONTENT OF TOBACCO 


Table 2. 
LEAVES TREATED WITH TOXIN-CONTAINING CULTURE FILTRATH OF Pseudo- 
monas tabaci 
Protein mg/g fresh wt. 
Exp. No. Half-leaves sprayed with 
Water 10“ M kinetin 
5'1 9-9 
2 4:3 9-9 
65 12-0 
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Fig. 1. Counter-action by kinetin of the toxic effect induced by culture 
filtrate of Pseudomonas tabact injected into tobacco leaf. Left half 
sprayed with water, right half sprayed with 10 M kinetin 


protein can be counteracted by kinetin’ * the effect of this 
compound on the metabolism of tobacco leaves treated 
with toxin-containing culture filtrates was investigated. 
Leaves were injected with culture filtrates of Ps. tabaci and 
half-leaves were sprayed with 10-5 M kinetin. Control 
halves were sprayed with water. The treatments were 
repeated three times in 24-h intervals. It may be seen 
from Fig. 1 that in the kinetin-treated half-leaf the toxin- 
induced chlorosis fails to develop. Further investigations 
have shown that the deleterious effect of the wildfire 
toxin on the protein-level is also fully counteracted by 
kinetin (Table 2), - 

The results described here clearly indicate that the 
protein metabolism of tho host is adversely affected by the 
toxin of Ps. tabaci but still do not give a final answer to the 
problem of the primary point of attack. 

The results obtained are compatible with the idea that 
the toxin-induced damage to protein metabolism in 
tobacco may be due to competitive antagonism. However. 
serious consideration must be given to alternative explana- 
tions as well. Recent results indicate that both the 
decrease of protein-level in detached leaves and its 
reversal by kinetin are associated with a concomitant 
change in ribonucleic acid (RNA) concentration. The 
RNA/protein ratio remains always constant®. These 
results suggest that the alterations of protein metabolism 
both in detached and in kinetin-treated leaves may be 
secondary in nature and may be evoked by primary 
changes in RNA metabolism. The similarity of protein 
metabolism in detached and in intact toxin-treated leaves 
is striking. Their response to kinetin is also identical. 
Therefore, investigations on the effect of the wildfire toxin 
on RNA metabolism seem to be necessary. Investigations 
in this direction are prompted particularly by the recent 
observations that the ribonuclease activity in extracts 
from tobacco tissues treated with toxin-containing culture 
filtrates of Ps. tabaci is markedly increased. 
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Distribution of Deoxyribonuclease in Anti-R 
Pneumococcal Sera and its Relation to Trans- 
formation Reaction 


In previous communications dealing with the mechanism 
and the external factors required in transformation of 
type in Pnewmococcus it was shown! that in some cases a 
positive transformation result can only be achieved by 
properly activating and then inactivating the donor DNA 
together with small doses of pancreatic DNase in the 
presence both of an inhibitor (sodium citrate) and an 
activator of the DNase (Mg*+). As it was shown later’, 
this intricate system had to be used in such cases where 
anti-R pneumococcal sera with a high residual intrinsic 
activity of DNase after heat inactivation have been used 
in the transformation medium. Although the importance 
of the citrate as an inhibitor of the DNase appeared to be 
explained, the question of minute amounts of DNase 
being absolutely indispensable in 
this system remained quite obscure. 
It seemed as if a complete blockade 
of the DNase caused by citrate was 
not desirable for the transforma- 
tion reaction. The present study 
is concerned with the problem of 
the distribution of DNase in various 
fractions of the anti-R pneumococ- 
cal sera used in our transformation 
experiménts and aims to approach 
nearer to the question of the 
possibly active role of DNase in the 
transformation reaction. 

The preparation of anti-R sera 
has been described in one of our 
previous publications’. Fig. 1 
demonstrates a typical serum (No. 
422) with a low DNase activity in all 
fractions of the serum after inacti- 
vation at a temperature of 61°— 
63° C for 30 min, ranging from 
zero reading (@-globulin fraction) 
to 0:01 and 0:02 ug of DNase in 
1 ml. of the examined system in the 
a and y-globulin ‘and albumin 
fraction respectively. By increas- 
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65° C. for 30 min (Fig. 4) there appears a conspicu- 
ous drop to zero reading in the y- and ß-globulin fraction 
of the serum, whereas in the «-globulin and albumin 
fraction, though the DNase activity is reduced, it 
still remains at 0-01 and 0-02 ug respectively in 1 ml. 
of the system examined. It can be again emphasized 
that sera with a, similar high residual intrinsic DNase 
activity do not support the transformation of the 
polysaccharide capsule when inactivated at 61°-63° C 
for 30 min but only when inactivated at 65° C for 30 
min or even at 70° C for 30 min and only in the presence 
of salts with univalent cations in the transformation 
medium’. When inactivated at 61°-63° C the afore- 
mentioned system had to be used (DNA, DNase. citrate. 
Mg?*). 

It can be further stated that the DNaso which is 
normally distributed in all fractions of the anti-R pneumo- 
coccal sera remains in all examined cases even after 
inactivation at higher temperature in the albumin fraction 
of the serum, that is, in that fraction which is indispens- 
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ing the inactivation temperature 02 
up to 65° C for 30 min (Fig. 2) the 
DNase activity in the y-globulin 
fraction of the serum is reduced to 
zero reading whereas in the B- and 
a-globulin fraction of the serum it 
remains approximately the same 
and is slightly reduced in the 
albumin fraction. It may, how- 
ever, be stated that sera with similar 
distribution of low residual in- 
trinsic activity of DNase, such as 
that which is demonstrated, sup- 
port the transformation of a poly- 
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saccharide capsulo marker when 
inactivated at 61°-63° C by using 
salts with univalent cations in the 
transformation medium’. 

Fig. 3 shows a typical serum (No. 
425) with a high residual intrinsic 
DNase activity after inactivation at 
a temperature of 61°-63° C for 30 
min. 0:05 pg and more DNase is 
present in 1 ml. of the system in all 
globulin fractions and in the albu- 
min fraction the value is slightly 
lower (0:03 ug). By increasing the 
inactivation temperature up to 


Figs. 1-4. Relationship of the electrophoretic distribution of protein to the distribution of deoxy- 
ribonuclease activity in sera. The distribution of the fractions which refers to all figures: in ths 
direction from zero to the cathode—f- and y-globulin, around the zero point a-globulin, while from 
zero to the anode is the albumin fraction. The şlectrophoretic division of the rabbit anti-R sera in 
agar gel by the method of Gordon ef al, modified by Kořínek and Paluska (ref. 4). 1 per cent ‘Difco’ 
agar gel in a veronal buffer # 0-05, pH 8'6, heated and poured on a plate of the size 25 cm x 15 cm 
so as to obtain a layer of 2-5 mm (100 ml. of agar on one plate). 2 ml. of the examined serum heated 
to 45° © mixed with 2 ml. of 2 per cent agar of the same temperature and this sample put on to the 
plate at the starting window. The division lasted 16 h under the voltage of 1-5 V/cm at laboratory 
temperature. The agar block was then sliced into segments measuring 1 cm in conformity with 
the coloured impression on Whatman No. 1. Afterwards the segments were eluated in 3 ml. of ‘Neu- 
peptone’ dialysate broth of a pH 7-5 at 4° C for 24 h, and then their protein content and enzymatic 
activity were measured 
The determination of the protein content was carried out by the Folin—Ciocalteau phenol reaction 
modified by Ackermann ef al. (ref. 5). Human serum was used as standard. The DNase activity 
was measured by the alcohol precipitation test using the method of McCarty (ref. 6). The substrate 
solution was prepared with a content of 0-02 per cent of sodium deoxyribonucleate of chick eyrthro- 
cytes and 0-005 M magnesium sulphate in 0:025 M veronal buffer of pH 7°5, For the preparation of 
the enzymatic standard, pancreatic DNase (lyophilized sample, Vegyszergy4r, Budapest) was diluted 
in dialysed ‘Neopeptone’ broth of pH 7:5 in order to obtain the final concentration of the deoxy- 
ribonuclease within the range of 0-01-0-05 ug in 1 ml. of the system which is being determined 


712 


able’-'° or at least an accessory factor" for the trans- 
formation reaction in Pneumococcus. 

In further experiments which are now in progress with 
the transformation of a marker which can be quantita- 
tively expressed, we want to see whether these small 
amounts of DNase if properly counterbalanced by various 
anti-factors in transformation medium are harmful or 
essential for the transformation reaction to proceed. 

We thank Mr. J. Kořínek of the Institute of Haematology 
and Blood Transfusion in Prague for advice while per- 
forming the electrophoretic determinations. We also 
thank Academician I. Malek for his interest, and Mr. I. 
Hilgert of the Institute of Experimental Biology and 
Genetics of the Czechoslovak Academy of Science for the 
sample of sodium deoxyribonucleate of chick erythrocytes. 
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Penicillin in Germ-free Guinea Pigs 


GUINEA pigs usually die within 7 days following the 
oral or parenteral administration of a single dose of 
penicillint. Some authors consider that death is due to a 
direct toxic effect of the drug?. However, following the 
administration of penicillin, the bacterial flora of the 
bowel changes from one which is predominantly Gram- 
positive to one which is mostly Gram-negative. Some 
authors consider that the animals die from the entero- 
colitis associated with this alteration in flora?4, rather 
than from a direct toxic effect of the drug. 

At the suggestion of Prof. Seoliger® we tested the effect 
of sodium penicillin G on Hartley guinea pigs raised in the 
germ-free as well as the conventional state. (The prin- 
ciples of laboratory animal care as promulgated by the 
National Society for Medical Research were observed.) 
The results of these experiments are summarized in 
Table 1. All the conventionally reared animals which died 
did so within 7 days after receiving penicillin, and exhibited 
gross and microscopic lesions of enterocolitis. Gram- 
negative organisms were isolated in large numbers from 
their cecal contents. In contrast, only one germ-free 
animal succumbed after receiving penicillin. The exact 
cause of death was not determined. It may not have been 
related to the administration of penicillin, since germ- 
free guinea pigs occasionally die unchallenged by any 
specific experimental regimen. 

We had noted previously that germ-free guinea pigs 
survive oral challenge with a strain of Escherichia coli 
isolated from a healthy human being*. Therefore, we next 
determined the effect of contaminating germ-free animals 


Table 1. DEATHS IN CONVENTIONAL AND GERM-FREE GUINEA PIGS 
F 


OLLOWING THE SUBOUTANEOUS INJECTION OF PENIOMLIN 


Dose Conventional Germ-free 
600 mg 6/11* 1/4 
120 79 0/3 

24 28/34 0/18 

48 9/15 

0-96 7115 
NaCl 0/8 


* Deaths/Total. 
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with a culture of E. colt isolated from a conventional 
animal which became moribund and exhibited entero- 
colitis 5 days after receiving penicillin. In this particular 
animal Æ. coli was the only Gram-negative organism 
cultured from the ileum or cecum. All the 6 germ-free 
guinea pigs contaminated with this culture were appar- 
ently well for one week. At the end of that time, 3 were 
injected with a single 600-mg dose of penicillin and the 
remaining 3 received saline. All survived for 7 days and, 
when killed, large numbers of E. coli were present in their 
intestinal tracts. These animals exhibited no gross or 
microscopic evidence of enterocolitis. 

The limited data presented indicate that germ-free 
guinea pigs are more resistant to the effects of penicillin 
than are their conventionally reared counterparts. In 
this regard our observations fail to support the thesis 
that conventional animals succumb because of a direct 
toxic action of the drug, for one would expect the germ- 
free animal also to be susceptible to such an action. On 
the basis of Seeliger’s work®t and the results reported 
here it is likely that alteration of the intestinal flora plays 
a part in bringing about the death of penicillin-treated, 
conventionally reared guinea pigs. However, the fact that 
the presence of large numbers of Gram-negative organisms 
in the intestine did not cause death of what were once 
germ-free guinea pigs indicates that other factors must 


bei i d. 
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Selective Inhibition of Nucleic Acid Synthesis in 
Mycobacterium tuberculosis by Isoniazid 


Tae physiological basis of the bactericidal action of 
isoniazid (isonicotinic acid hydrazide) on Mycobacterium 
tuberculosis is unknown, although several hypotheses 
have been proposed!-4, The work recorded here on the 
effect of isoniazid on macromolecule synthesis in this 
organism was prompted by the finding that isoniazid is 
bactericidal only for actively growing cellsë. 

Cultures of the BCG (Phipps) strain of Mycobacterium 
tuberculosis were grown with shaking at 37° in 7H10 
medium® containing 0-05 per cent ‘Tween 80’. Growth 
was followed turbidimetrically or by means of viable 
counts on 7H10 plates. Isoniazid and radioactive phos- 
phate or sulphate were added during the exponential 
phase of growth. At this time and periodically afterwards, 
40-ml. samples were withdrawn and centrifuged for 
chomical analysis of the bacterial colls. Smears were 
stained by the Ziehl—Neelson cold staining procedure’ 
to eusure freedom from contamination and to follow the 
progressive loss of acid fastness’. The bacteria were 
fractionated by the Schmidt Thannhauser procedure’. 
After acidification of the alkali extract, RNA was determ- 
ined spectrophotometrically at 260 my and incorporation 
of phosphorus-32 was assayed after adsorption of the 
nucleotides on to ‘Norit A’. DNA was measured by 
Burton’s method’, incorporation of phosphorus-32 
‘Norit’ adsorption. Protein was determined as described 
by Lowry”, its sulphur-35 content by plating the protein 
fraction. The residue remaining after removal of protein 
contained cell-wall mucopeptide as shown by chroma- 
tography after hydrolysis; incorporation of 'C-alanine 
into this fraction was taken as a measure of cell wall 
biosynthesis. Incorporation of phosphorus-32 into 
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Fig. 1. Effect of isoniazid (INH, 1 ug/ml.) and chloramphenicol (CMP, 

10 ug/ml.) on the viability of Mycobacterium tuberculosis BCG. Com- 

po were added to growing cultures at Oh. A, plus INH; B, plus 
INH and COMP; C, plus CMP; D, control 
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Fig. 2. Effect of isoniazid (1 mg/ml.) on the synthesis of RNA, DNA 
and protein in Mycobacterium tuberculosis BOG. 


Relative increase = concentration at t h 
concentration at 0 h 


Left, ‘no isoniazid; right, isoniazid added. ©, Protein; D, RNA; 
A, DNA 


inorganic polyphosphate and phospholipids was estimated 
as described earlier". 

When isoniazid (1 ug/ml.) was added to a growing 
culture of BOG, the turbidity continued to increase to a 
value about twice the original. At the 
same time there was a precipitous decline “ 
of the viable count (Fig. 1). Determina- 
tion of the dry weight of the bacterial 
cells indicated inhibition of growth after 
a 50 per cent increase in mass. Under 
our conditions, acid-fastness was lost 
progressively over 12 h, being 90 per cent 
complete by this time. Chemical estima- 
tion of protein and nucleic acids indicated 
that protein synthesis continued for 24 h 
despite the presence of isoniazid, while 
accumulation of DNA and RNA was 
inhibited (Fig. 2). 

Isotope investigations on the effect of 
isoniazid on the synthesis of various 
macromolecules confirmed the early in- 
hibition of nucleic acid synthesis. As 
shown in Fig. 3, the rate of incorporation 


C.p.m. x 10° per 40 ml, 
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of *§-sulphate into total cell protein was unaffected 
by isoniazid for the first 12 h. However, a marked 
reduction of incorporation of phosphorus-32 into both 
DNA and RNA was apparent, as early as 3 h after addition 
of the drug. Isoniazid had no effect on the incorporation of 
phosphorus-32 into the acid-insoluble inorganic polyphos- 
phate fraction. Incorporation of alanine-1-'C into cell-wall 
mucopeptide continued for 24 h after addition of 1 pg/ml. 
of isoniazid, and to the same extent as in the control cul- 
ture. Isoniazid at this level did, however, bring about a 
decrease in the rate of incorporation of phosphorus-32 into 
the ethanol-soluble phospholipid, beginning after about 
9h. If isoniazid prevents the division of treated cells 
but not the synthesis of. protein, this may perhaps reflect 
a reduction in the rate of expansion of the cell surface. 

Very similar results were obtained with 0-2 pg/ml. 
isoniazid. At this level, which is comparable with the 
minimal lethal dose for our strain of BCG (0-1 pg/ml.), 
both DNA and RNA synthesis were inhibited, while 
protein synthesis was unaffected. Isoniazid at 10 ug/ml. 
produced virtually the same degree of inhibition as at 
l pg/ml.; the slow but consistent incorporation of 
phosphorus-32 into DNA (Fig. 3) was still observed. 

Since net synthesis of protein, cell wall mucopeptide, 
phospholipid and RNA continued in isoniazid-inhibited 
bacteria in the virtual absence of DNA synthesis, a 
situation was created which is formally analogous to the 
‘unbalanced growth’ of thymineless mutants of EZ. coli 
during thymine starvation". This growth is lethal, though 
the nature of the lethal event is by no means clear’. 
The proposition that isoniazid is bactericidal for Myco- 
bacterium tuberculosis by virtue of the selective inhibition 
of nucleic acid synthesis is supported by the observation 
that the dissociation of macromolecule synthesis is an 
early event (preceding the loss of acid-fastness) and may 
be brought about by levels of isoniazid close to the 
minimal lethal dose for our strain of BCG. More direct 
evidence is presented in Fig. 1: addition of chloram- 
phenico] (10 ug/ml, a bacteriostatic level under our 
conditions) together with isoniazid prevented the rapid 
loss of viable -units brought about by isoniazid alone. 
Some measure of protection against the bactericidal effect 
of isoniazid was provided by chloramphenicol even if 
added after the isoniazid, provided this was done during 
the first 12 h. Protection against isoniazid with another 
inhibitor of protein synthesis, terramycin, has been 
described by Mackaness and Smith. 

The results presented here thus confirm and extond 
observations made by Tsukamura and Mizuno! and by 
Wimpenny™. It appears that isoniazid should be added 
to the growing lst of antimicrobial agents known to 
dissociate the synthesis of protein from that of nucloic 
acids and that the selective inhibition of nucleic acid 
synthesis is closely related to the bactericidal action of 
this chemotherapeutic agent. 
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Fig. 8. Effect of isoniazid (1 ug/ml.) on the incorporation of **P-phosphate into nucleic 
acids and ™S-sulphate into protein of My obacterium tuberculosis i 
tracers were added at 0 h. Left, DNA-* 


BOG. Isoniazid and 
P; centre, RNA-*P; right, protein-™S. A, 
control; B, plus INH 
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Slime Polysaccharides of the 
Enterobacteriaceae 


A PREVIOUS note! described the stimulation of slime 
formation in the Enterobacteriaceae at room temperature 
by the addition of phosphate to the medium. When the 
phosphate was used at a concentration of 0-2 M, many 
organisms not usually recognized as possessing the pro- 
perty formed abundant slime, and those able to produce 
it without the addition of phosphate showed much 
heavier yields when phosphate was added. This work 
showed slime formation to be a widespread property in 
the Enterobacteriaceae although, under the conditions 
of culture ordinarily used, it is not usually manifested. 

The method we have used for the quantitative prepara- 
tion of slime for purposes of isolation and purification 
is to grow the culture under test as a confluent lawn on a 
solid medium containing acid casein hydrolysate rein- 
forced with tryptophan and sodium lactate, the phos- 
phate being added as 0-2 M Sörensen buffer at pH 7-0. 
Petri dishes of 14 em diameter are used, and incubation 
is at 23° ©. Such plates yield a white, opaque, mucoid 
growth, easily collected after 48 h. The slime is separated 
from the culture by emulsification in 0-85 per cent so- 
dium chloride, followed by repeated centrifugation to 
eliminate the bacterial bodies. The material is purified 
by successive dialyses and precipitations with acetone. 
It is finally dissolved in distilled water and freeze-dried. 
Slimes have been isolated in this way from the following 
organisms: Salmonella paratyphi B, S. dublin, S. deversoir, 
Arizona and Escherichia coli. The bulky white substances 
resulting from purification contain less than 0-5 per cent 
nitrogen (probably contaminant material) and no detec- 
table phosphorus. The yield is up to about 0-5 g from 
3 1. of solid medium (30 Petri dishes). 

The purified slimes dissolve slowly in water to give clear 
or faintly opalescent solutions of high viscosity. All the 
slimes so far examined have the same chemical composi- 
tion, qualitatively at least. This applies both to those 
isolated from organisms producing slime only on our 
special media, and to those elaborated by naturally 
mucoid strains of S. paratyphi B and E. colt. They are 
polysaccharides containing glucose, galactose, fucose and 
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a uronic acid. Investigation of slime produced by Æ. 
coli K-12 suggests that this acid is an aldobiuronic acid 
consisting of galactose and glucuronic acid. There is a 
close similarity in the quantitative composition of all 
the slimes examined. It is thus apparent that all the 
organisms mentioned synthesize slime polysaccharides 
that are similar if not identical. 

Immunological examination of these slimes is in- 
complete, but our experiments indicate that they are 
serologically related though possibly not identical. This 
relationship is present in slimes isolated from naturally 
mucoid strains of S. paratyphi B and E. coli as well as 
in those from organisms requiring special conditions for 
slime production. These findings recall those of Henriksen? 
and Henriksen and Josephson? with polysaccharides 
isolated from slime-producing and mucoid strains of 
salmonellae and F. coli. 

So far as the organisms requiring special media are 
concerned, earlier work had suggested that the presence of 
phosphate was necessary for slime production, but on 
further investigation this proved to be incorrect: Several 
other electrolytes were tested as substitutes for phosphate, 
and all were found to stimulate slime formation. The 
chlorides and sulphates of Nat, K+, NH,+ and Mgi+ 
were tested, alone and in all possible combinations, and 
were found to be uniformly effective. Other conditions 
being equal, the effectiveness of slime production varied 
directly with the salt concentration, and this was true 
whether the salts were used alone or in combination. 
When the concentrations of the individual salts were each 
too low to induce slime formation, the mixed salts did 
so, provided that their total concentration was adequate. 
Production was maximal in total salt concentrations of 
about 0-4-0-5 M. Concentrations above 0-5 M also induced 
high slime synthesis, but were increasingly inhibitory 
to bacterial growth, so that net polysaccharide yields were 
smaller. 

It was thought that the stimulation of slime production 
might be due to high external osmotic pressure. If this 
were so, non-ionizable solutes might also stimulate slime 
synthesis. Because they are not ionized, however, 
they should be less active than electrolytes at similar 
molarities. Sucrose was used to test this hypothesis. 
Molar sucrose (34 per cent) had a powerful inhibitory 
effect on growth of the bacteria tested, but concentrations 
from 0-6 M down to 0:2 M stimulated slime formation, 
though not so actively as did the electrolytes at similar 
molarities. The quantity of slime produced again varied 
directly with the concentration of the solute. Concentra- 
tions below 0:2 M were ineffective. At such low sucrose 
concentrations, however, it was easy to provoke the 
production of the polysaccharide by adding concentra- 
tions of NaCl that were in themselves inadequate to 
initiate slime formation. These observations support the 
hypothesis that osmotic effect plays a major part in 
activating the slime-productive pathway. With a strain 
of S. dublin as the test organism, slime formation occurred. 
only at concentrations of solutes having an osmotic 
pressure of about 7—10 atmospheres or higher. 

Penetration of the cell wall by the solutes mentioned 
here is negligible or very small. Glycerol freely pene- 
trates this barrier, and high concentrations of glycerol 
do not stimulate slime formation. This is in keeping 
with the hypothesis that high external osmotic pressure 
is an important factor in the initiation of slime synthesis. 

Humidity was also found to exercise a considerable 
influence. Provided that adequate salt concentrations 
were present, slime production varied inversely with the 
humidity of the surface of the medium. 

Whether slime production leads to the formation of a 
capsule or merely to an amorphous matrix of polysac- 
charide in which the organisms are embedded, it seems 
possible that its synthesis is a protective phenomenon, 
perhaps an attempt to stabilize the immediate environ- 
ment of the cells. For example, it may limit loss of water. 
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which would explain its abundant production on dry 
media, and in the presence of a high external osmotic 
pressure. This hypothesis is under investigation. Further 
observations will be published at a later date. 
We thank the Medical Research Council for a grant 
in support of this work. 
E. S. ANDERSON 
A. H. ROGERS 


Enteric Referenco Laboratory, 
Public Health Laboratory Service, 
Colindale Avenue, London, N.W.9. 

ı Anderson, E. 8,, Nature, 190, 284 (1961). 


? Henriksen, $. D., Acta Path. Microbiol. Scand., 27, 107 (1950). 


? Henriksen, 8. D., and Josephson, J. O., Acta Path. Microbiol. Scand., 
28, 343 (1951). 


VIROLOGY 


A Variant MEF, Strain of Type II Poliovirus 
readily grown in Chicken Embyros and retaining 
Pathogenicity for Monkey-kidney Tissue Cultures 
and Mice 


A STOOL specimen was obtained from a subject (G.O.) 
5 days after his ingestion of a trivalent poliovirus vaccine?. 
A 20 per cent suspension of the stool was prepared in 
buffered saline and centrifuged for 1 h at 6,000 r.p.m. 
The resulting supernatant fluid was treated with penicillin 
(200 vu/ml.) and streptomycin (200 ug/ml.) and left at 
room temperature for 1 h. It was then injected into 4 
tubes of monkey-kidney tissue cultures (MKTC), prepared 
in stationary tubes by the method of Youngner*. Each 
tube received 0-1 ml. of the fluid. The cultures showed a 
cytopathic effect in 6-7 days. The cytopathic agent was 
again passed in MKTC and then identified as Type II 
poliovirus by neutralization tests with specific poliovirus 
antisera prepared by the Testing Department of Lederlé 
Laboratories. 

Undiluted material from the second passage of the virus 
in MKTC was used to establish it in 7-day-old embryonated 
hen eggs. Each yolk sac was inoculated with 1-0 ml. of 
the material. The eggs were then incubated at 36° C for 
5 days. The embryos were collected and used to prepare 
a 20 per cent suspension in buffered saline which was 
centrifuged for 15 min at 1,500 r.p.m. The resulting 
supernatant fluid was used to pass the virus in 7-day-old 
embryonated eggs. Each yolk sac received 0-5 ml. of the 
fluid. These eggs were also incubated at 36° C for 5 days. 
Serial passage in chicken embryos was continued similarly 
for a total of 21 times. None of the inoculated embryos 
died as a result of virus multiplication or had macroscopic 
lesions when collected. Neutralization tests of material 
from the 3rd, 6th, 12th, 18th and 21st passages confirmed 
the identity of the virus as Type II polio. 

In order to compare the pathogenicity of this G.O. 
strain with that of both the MHF, Type II component 


NATURE 


-1 
or 


107 e- 
MKTC 

10° 
= 10 
£ 
g 10 aa 5 
~ P on 
> e ? te Se. 
ï don j / “S am, Ne „SUCKLING MICE 

f j 
107 a i 10-12gr MICE 





5 7 9 21 


11 
Chicken-embryo passages 
Fig. 1. Virus titrations (7’;CID;)/ml.) of various chicken-embryo passages 
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of the G.O. strain of Type II poliovirus in monkey-kidney tissue 
cultures (MK TC) and adult and suckling mice 


of the aat vaccine? and another ME F, strain adapted 
to the chicken embryo‘, parallel titrations were carried 
out in MKTC and in mice 1 day and 21 days of age, and 
neurovirulence was tested in monkeys. For the tests in 
MKTC and mice, 10-fold dilutions of the 20 per cent 
suspensions of chicken-embryo material infected with the 
G.O. strain were prepared. Each dilution was injected 
into each of 3 tubes of MKTC, each tube receiving 0-1 ml., 
and intracerebrally into each of 6 to 8 mice of a day-old 
litter and into six 21-day-old mice, each mouse receiving 
0:03 ml. The inoculated MKTC tubes were read 6-7 days 
later. The inoculated mice were observed for 21 days. 
Virus determinations were made by the method of Reed 
and Muench’. For neurovirulence tests 20 and 10 per cent 
suspensions of material from the 21st passage of the G.O. 
strain were inoculated intrathalamically into rhesus 
monkeys weighing 3-5 lb. Each suspension was inoculated 
into 5 monkeys, each monkey receiving a total of 1-0 ml., 
with 0-5 ml. injected into each side of the thalamic region. 
The monkeys were observed for 21 days and then killed. 
Their brains and spinal cords were collected and investiga- 
ted histopathologically by Dr. Erwin L. Jungherr by 
methods previously described‘. 

A definite cytopathic effect was seen in the inoculated 
MKTC, and the virus was more pathogenic for that host 
than for the inoculated mice (Fig. 1). None of the inocu- 
lated monkeys showed any clinical sign during tho 
observation period or had any pathological lesion of tho 
central nervous system (Table 1). The cause of death of 
the one monkey which died is unknown. 

Although this strain resembled the other chicken-embryo 
adapted MHF, strain in its loss of neurovirulence for 
intracerebrally inoculated monkeys, unlike the other strain 
it retained the pathogenicity for MKTC and intra- 
cerebrally inoculated mice of the MEF, component of 
the vaccine. The combination of lack of neurovirulence 


Table 1. RESULTS OF INTRATHALAMIO INOCULATION OF RHESUS MONKEYS WITH 1 ML.* OF A 20 OR 10 PER CENT SUSPENSION OF THE 21ST CHICKEN-EMBRYO 


PASSAGE OF THE G.O 


. Strain or TYPE If POLIOVIRUS 




















Thalamic Pathological lesions 
Monkey Suspension Clinical rack Brain ‘ervical ar 
No. inoculated t signs Left Right stem Left Right Left Right 
1 20% - + - - - - - - 
2 ” = + = = P E & a 
3- <a - + + - - - - - 
4 Si - + + - - _ - - 
5 + = + + - E = - - 
8 10% Dt + + - - = - = 
7 ” = + = - = = = = 
8 s - + + - - ~ - - 
9 ss > + + - - - - - 
L 10 ” - E + a a - - A 











. was inoculated into each side of the thalamic region. 
20 per cent suspension contained 10’ TCID 
bat 


D,f fou d dead 12 days after inoculation. Cause of death unknown. 


sọ Of Virus per ml., the 10 per cent suspension 10°. 
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for monkeys and the ability to multiply in MKTC and 
mice as well as in chicken embryos found in the G.O. strain 
seems to offer advantages for a Type II poliovirus vaccine. 
Manvurxt Rooa-GaRcra 
Viral and Rickettsial Research Section, 
Lederle Laboratories, American Cyanamid Co., 
Pearl River, New York. 
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VETERINARY SCIENCES 


Influence of Anabolic Steroids versus Effect of 
Glucose on Muscular Degeneration in Pigs 


T literature on the problem of muscular degeneration 
in pigs has offered various hypotheses, though a definite 
cause for this condition or an effective control method 
has not yet been found’. It is questionable whether 
the nutritional muscular dystrophy found in Sweden‘ 
shows any etiological relation with the aforementioned 
abnormality. 

American research workers in particular®-? have 
shown that, at the moment of slaughter, the glycogen- 
level partly determines whether the meat will be white, 
weak and wet, or good in colour, firm and not weepy. 

Reference must also be made to the fact that Bendall® 
regards the quality of the sarcolemma as an important 
causal factor in the rapid post-mortem decrease in the 
pH of degenerated meat. One of us? proved that, after 
the animal’s death, there are distinct differences between 
degenerated meat and meat originating from normal 
samples with regard to the quantities of the various 
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three-week intervals, the last dose being administered 
twelve days before slaughter. 

It is known from the literature that these and other 
anabolic steroids cause distinct retention of ‘nitrogen** 
in man. 

After slaughter the m.long.dorsi was examined on 
muscle degeneration both visually and with the aid of the 
aforementioned transmission value method. 

The results are given in Table 1. 

The agreement between visual examination and trans- 
mission value determinations proved to be rather good. 
The correlation coefficient (r) was 0:75. The difference 
between the average transmission value of the “‘Durabolin’ 
group and the glucose group was significant (P<0-05). 
Calculation according to the x? method revealed that 
on the basis of visual examination the ratio between 
normal samples and those considered as degenerated 
did not differ significantly between groups (0-20 > P > 0-10). 
Significant differences, however, occurred on the basis 
of the results of the transmission value determination. If 
samples with a transmission value <30 are considered 
normal, there is a significant difference between the 
relative groups in the relation between the quantity of 
normal and abnormal animals (0-001 < P < 0-01). Besides, 
it appeared that significant differences also exist between 
the groups as regards the ratio between degenerated and 
non-degenerated samples, considering the samples with a 
transmission value >60 as being degenerated (0-02<P 
<0-05). In other words, there were distinct differences 
between the groups both as regards the number of degen- 
erated samples and the number of normal samples. 

From the foregoing we may conclude that: 

(1) When examining the degree of muscle degeneration 
in pigs the transmission value method provides a sharper 
distinction than visual examination. 

(2) The influence on muscle protein metabolism, 
attributed to anabolic steroids, may favourably affect 
muscle degeneration, while, on the other hand, this 
abnormality is promoted by the administration of glucose. 


Table 1 








No. (per cent) of normal samples 


No. (per cent) of degenerated samples 














Average 




















Total 
Group Visual Transmission value <30 Visual Transmission value > 60 No. sransmiasidn 
per value 
N (per cent) N (per cent) N (per cent) (per cent) group 
| *Durabolin’ 5 (46) 4 (37) 3 (27) 3 (27) 11 58 + 8&8 
Control 5 (30) - m: 6 (35) 9 (53) 17 74 t59 
Glucose 1 (1) - {i 7 (64) 9 (82) 1l 83 + 52 








proteins soluble in water and the quantities of sarco- 
plasma and myofibrillary proteins. 

These differences form the basis of a physico-chemical 
method by which the degree of degeneration can be 
expressed’, In a nephelometer (Bausch and Lomb) 
at a wave-length of 600 my tho percentage of light 
measured is transmitted through a watery solution of 
the meat extract, which, with the aid of a phosphate 
buffer, has been brought to the iso-electric point. This 
method is called the transmission value-method. An 
important point gained is that, instead of the different 
figures obtained by pH measurement, free water determ- 
ination and ‘total colour’ measurement, one single 
transmission value-figure will suffice and, further, the 
difference between degenerated and normal samples is 
better accentuated. We used this method in an experi- 
ment with female pigs of the Netherlands Landrace, on 
one hand trying to increase the glycogen-level of the 


muscles (24 and 12 h before slaughter about 5 g glucose/kg | 


body-weight was added to the feed), on the other hand 
making efforts to increase the muscle protein by means 
of ‘Durabolin’ (nandrolon-phenyl propionate) (supplied 
by Organon N.V. at Oss) injections. This anabolic 
steroid was injected four times (each dose 50 mg) with 





It is worth mentioning that under the conditions of the 
experiment various animals in the control group showed 
symptoms of muscle degeneration in the m.long.dorsi. 

P. C. Harr 

D. KROESKE 

W. SYBESMA 

H. E. v. D. VEEN 

Research Institute for Animal Husbandry, 
‘Schoonoord’, 
Driobergseweg 10 D, Zeist, 
The Netherlands. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 20 


UNIVERSITY OF LONDON (at the Wright-Fleming Institute of Micro- 
biology, St. Mary’s Hospital Medical School, Paddington, London, W.2), 
at 5 p.m.—Dr. M. Simonsen: “The Fate of Grafted Immunologically Com- 
petent Cells”, (Third of a series of four Almroth Wright Lectures.)* 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5.80 p.m.—Prof. 8. Körner; ‘Generalization and Idealization”. 


Tuesday, May 2! 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 10.30 a.m.—Annual General Meeting, followed 
by a full-day meeting on “Tropical Crops”. 


UNIVERSITY oF LONDON (at Imperial College of Science and Technology, 
Prince Consort Road, London, 8.W.7), at 5.30 p.m.—Prof. B. S. Scorer: 
“In Search of an Atmosphere” (Inaugural Lecture). 


NIVERSITY OF LONDON (at Senate House, London, W.C.1), at 5.30 p.m. 
—Sir William Slater: “Man and his Food” (Sanderson-Wells Lecture). * 


Tuesday, May 21—Friday, May 24 


EIGHTEENTH RADIO AND ELECTRONIO COMPONENT SHOW (at Olympia, 
London). * 


Wednesday, May 22 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
P.G.S8 (ab Savoy Place, London, W.C.2), at 2.80 p.m. and 5.30 p.m.— 
Discussion on “What Mathematics should be Taught to Engineering 

udents ?” 


ROYAL STATISTIOAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.15 p.m. 
—Dr. P. G. Moore: “A Statistical Approach to the Allocation of Technical 
Effort in some Industrial Situations”. 


UNIVERSITY OF LONDON (in the Physics Lecture Theatre, Birkbeck 
College, Malet Street, London, W.C.1), at 6 p.m,—Prof. C. H. Dowker: 
“The Decimal System” * (Inaugural Lecture.) 


Socrery OF CHEMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave Square, 
London, §.W.1), at 6.15 p.m.—Annual General Meeting. 


PLASTICS INSTITUTE, ENGINEERING SUB-GROVP (at the Wellcome Building, 
Euston Road, London, N.W.1, at 6.80 p.m.—Mr. N. Simmons: “Moulds 
for Automatic Compression Presses”. 


Thursday, May 23 


ROYAL SOCIETY ft Burlington House, Piccadilly, London, W.1), at 
ae Sa a E. L. Hahn (University of California): “Spin Resonance 
‘alorimetry. - 


UNIVERSITY OF LONDON (in the Bearsted Lecture Theatre, London 
Hospital Medical College, ‘Turner Street, London, E.1), at 5 p.m.—Prof. 
W. Bargmann (Kiel): “Cytology of Milk Secretion”. * 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London. 
W.1), at 5.380 p.m.—~Dr. H. Lowery: “Libraries in the Soviet Union”. 


Friday, May 24 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London 
W.1), at 5 p.m.—Anniversary Meeting. Presidential Address: “The In- 
flation of Taxonomy”. 


ROYAL INSTITUTION (at 21 Albemarie Street, London, W.1), at 9 p.m.— 
Prof, Sanborn C. Brown (Massachusetts Institute of Technology): “Count 
Rumford as a Scientist”. 


Saturday, May 25 


ASSOCIATION OF CLINICAL BiOCHEMISTS, SOUTHERN REGION (at the 
Royal Sussex County Hospital, Brighton), at 2 p.m.—Meeting on “Clinical 
Applications of Gas Chromatography”. 


Monday, May 27 


UNIVERSITY OF LONDON (at the Wright-Fleming Institute of Micro- 
biology, St. Mary’s Hospital Medical School, Paddington, London, W.2), 
at 5 p.m.—Dr. R. R. A. Coombs: “The Sero-Morphology of Man”. (Last 
of a series of four Almroth Wright Lectures.)* 


UNIVERSITY OF LONDON (in Physics Lecture Theatre No. 2, Imperial 
College of Science and Technology, Prince Consort Road, London, 8.W.7), 
at 5.80 p.m.—Prof, Olli Lehto (University of Helsinki): “Recent Develop- 
ments in the Theory of Quasi Conformal Mappings”, * 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

Heap (Senior Principal Scientific Officer grade) (with considerable ex- 
perience in physiological research or in the allied sciences, and preferably 
experience in the running of a large research department) OF THE PHYSIOLOGY 
DEPARTMENT—The Secretary, The Rowett Research Institute, Bucksburn, 
Aberdeen (May 24). 

LEOTURER (man or woman) IN MATHEMATICS—The Principal, Borough 
Road College, Isleworth, Middlesex (May 24). 

DEMONSTRATORS (graduates) IN AGRICULTURE (two vacancies), to 
assist with experiments and for general duties on the University farms— 
The Registrar, The University, Leeds 2 (May 25). _ 

LECTURER IN BIOOHEMISTRY—The Registrar, Trinity College, Dublin 2, 
Republic of Ireland (May 27). 

ASsIsTANT LECTURER (Grade III) IN_ CHEMICAL PHYSIOLOGY—The 
Registrar and Secretary, The University, Bristol (May 29). 
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LECTURER (Grade II) (with a registrable dental qualification) IN 
PAYSIOLOGY—The Registrar and Secretary, The University, Bristol (May 29). 

ASSISTANT LECTURER IN EMBRYOLOGY, to undertake teaching and 
research in the Department of Anatomy and Embryology (Prof. J. Z. 
FS ren ot Secretary, University College, Gower Street, London, W.C.1 
(May 30), 

ASSISTANT LECTURER (with experience in physiology) IN ZooLoGY; and 
an ASSISTANT LECTURER IN PHysics-—-The Academic Registrar, Hatfield 
College of Technology, Hatfield, Herts (May 30). 

RESEARCH ASSISTANTS (2) (graduates in agricultural botany, botany and 
and genetics) IN THE DEPARTMENT OF AGRICULTURAL BOTANY, for work 
in any one of the following fields: microbiology and plant pathology plant 
genetics; or crop physiology—-The Registrar, University College of Wales, 
Aberystwyth (May 30). : 

ASSISTANT LECTURERS (2) IN GEOGRAPHY —The Registrar, The University, 
Manchester 13 (May 31). 

ASSISTANT LECTURERS (2) (preferably with interests in structural geology. 
metamorphic petrology or sedimentary petrology) IN THE DEPARTMENT 
OF GEOLOGY—The Secretary, The University, Edinburgh (May 31). 

ASSOCIATE PROFESSORS or SENIOR LECTURERS IN ANATOMY AND 
PHARMACOLOGY; and SENIOR LECTURERS IN HisToLoay/EsBRYOLOGY, 
VETERINARY ANATOMY, VETERINARY PHYSIOLOGY, and CLINICAL BIO- 
OHEMISTRY at Massey University College of Manawatu, Palmerston North, 
New Zealand—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1, or Massey University College (May 31). 

ORGANIC CHEMIST (with @ good honours degree and research experience) 
IN THE DEPARTMENT OF HOP RESEAROH, for research on problems related 
to the hop plant—The Secretary, Wye College (University of London), 
near Ashford, Kent (May 31). 

RESEARCH FELLOW IN PHYSICAL METALLURGY, for work in connexion 
with the deformation and fabrication of metals—The Registrar, University 
College of Swansea, Singleton Park, Swansea (May 31). 

ASSISTANT LECTURER IN THE DEPARTMENT OF ZOOLOGY—The Registrar. 
University College of South Wales and Monmouthshire, Cathays Park, 
Cardiff (June 1). 

RESEARCH ASSISTANT (with a university degree or equivalent) IN THE 
DEPARTMENT OF AERONAUTIOS AND ASTRONAUTICS, to work on intensity 
flow in internal combustion engines—The Secretary and Registrar, The 
University, Southampton (June 1 

OFFICIAL FELLOWSHIP AND PRAELECTORSHIP IN MATHESIATICS-—The 
Provost, The Queen’s College, Oxford (June 3). i 

LECTURER or ASSISTANT LEOTURER (with an interest in the philosophy 
of religion) Iv PHILOSOPHY—The Registrar, University College of North 
Wales, Bangor, North Wales (Jurie 4). 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF 
PsycoHoLoay—The Secretary, The University, Edinburgh (June 5). y 

SENIOR RESEARCH OFFICER (with experience iu economics or agri- 
culture with agricultural economics) IN THE FARM ECONOMIOS BRANCH— 
The Secretary, School of Agriculture, The University, Cambridge (June 5). 

ASSISTANT LECTURER (Grade III); and a JUNIOR FELLOW IN THE DE- 
PARTMENT OF BoTANY—The Registrar, The University, Bristol 8 (June 7). 

RESEARCH ASSISTANT (preferably with an honours degree in zoology 
or medical sciences, and a knowledge of German) IN THE DEPARTMENT OF 
ANATOMY (Prof. J. Z. Young), for work mainly on the central nervous 
yon Secretary, University College, Gower Street, London, W.C.1 

une 7). 

PosTDOOTORAL RESEARCH FELLOW (preferably with experience of nuclear 
Magnetic resonance pulse methods) IN THE DEPARTMENT OF NATURAL 
PHILOSOPHY, St. Salvator’s College, for work on relaxation time measure- 
ments oy spin-echo techniques—The Secretary, The University, St. Andrews, 
Scotland (June 8). 

UNIVERSITY. LECTURER IN PSYCHOPATHOLOGY IN THE DEPARTMENTS OF 
EXPERIMENTAL PSYCHOLOGY and OF MEpIoINE—Secretary of the Appoint- 
ments Committee, Office of the General Board, The Old Schools, The Univer- 
sity, Cambridge (June 8). A X 

LECTURER or ASSISTANT LEOTURER (with a medical qualification or a 
good honours degree in pharmacology, and preferably experience or interest 
in neuropharmacology) IN PHaRMACOLOGY—The Registrar, The University. 
Leeds 2 (June 10). = 

SENIOR LECTURER or LECTURER IN Puysics; and a LECTURER IN 
GEOLOGY at the University of Ibadan, Nigeria—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (June 12). 

POSTDOCTORAL RESEARCH ASSISTANT, to investigate the surface properties 
of clean metals and semi-conductors and their subsequent reactions with 
gases—Dr. M. W. Roberts, Department of Chemistry, David Keir Building, 
ae Spens University, Stranmillis Road, Belfast 9, Northern Ireland 

une 14), 

. SENIOR LECTURER or LECTURER (registered medical practitioner) IN THE 
CoreC a oF PATHOLOGY—The Secretary, The University, Aberdeen 

une . 

CHAIR OF VETERINARY ANATOMY at the Royal Veterinary College—The 
Condoms Registrar, University of London, Senate House, London, W.C.i 

une 17). x 

PROFESSOR OF NUCLEAR STRUCTURE—The Registrar, University Registry. 
Oxford (June 20). 5 

RESEARCH DEMONSTRATOR (graduate in botany or biochemistry, and 
interested in research in plant physiology and in working towards a higher 
degree) IN THE DEPARTMENT OF BOTANY—Prof. Carr, Department of Botany. 
The Queen’s University, Belfast, Northern Ireland (June 30). 

DIRECTOR OF THE GRASSLAND RESEARCH InsrituTE—The Secretary. 
ie oe Research Institute, Hurley, Maidenhead, Berks (Septem- 

er 15). 

BiocuEmisr (either postgraduate or with a Ph.D.) with the Agricultural 
Research Council Unit for Microbiology, to participate in research on 
bacterial metabolism—Prof. S. R. Elsden, Department of Microbiology. 
The University, Sheffield. 

JUNIOR RESEARCH FELLOW; and a RESEARCH FELLOW, for research 
Yn the field of physics of ionizing radiation as applied to medicine-——The 
Secretary, Royal Free Hospital School of Medicine (University of London). 
8 Hunter Street, London, W.C.1. 

LEOTURER or an ASSISTANT LECTURER (Grade B) IN MATHEMATICS 
The Secretary, Sir John Cass College, Jewry Street, London, E.C.3, 

MASTER TO TEACH MATHEMATICS throughout the School—The Head- 
master, Bristol Grammar School, Elton Road, Bristol 8. 

READER IN STATISTICS; and a LEOTURER IN ANALOGUE COMPUTING — 
The Secretary, Northampton College of Advanced Technology, St. John 
Street, London, E.C.1. 

SENIOR LECTURER IN SocIOLOGY—The Warden, University of London 
Goldsmiths’ College, New Cross, Londcn, 8.5.14. 
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SENIOR LECTURERS AND LECTURERS (with a degree or equivalent quali- 
fication in chemical engineering, physics or mathematics, and relevant 
industrial, research or teaching experience) IN CHEMICAL ENGINEERING— 
The Academic Registrar, Loughborough College of Technology, Lough- 
borough, Leicestershire, quoting Ref. 16/@. 


REPORTS and other PUBLICATIONS 


(not included in the monthiy Books Supplement) 


Great Britain and Ireland 


Government of Northern Ireland: Ministry of Agriculture. Leaflet No. 
110: Diseases and Pests of Tomatoes. Pp. 14. (Belfast: Ministry of 


Agriculture, 1963.) ira 
Difficult Housing Estates. By Roger Wilson. (Tavistock Pamphlet 
No. 5). Pp. 48. (London: Tavistock Publications, 1963.) 5s. [174 

The Macaulay Institute for Soil Research. Annual Report, 1961-1962. 


Pp. 55+1 plate. (Craigiebuckler, Aberdeen: The Macaulay Institute for 


Soil Research, 1963.) py 
Flora of Tropical East Africa. Edited by Dr. C. E. Hubbard and E. 
Milne-Redhead. Convolvulaceae. By Dr. B. Verdcourt. Pp. 161. (Lon- 


don: Crown Agents for Oversea Governments and Administrations, 1009) 


Lis. 4 
1892: The Next Step. (Report of the BACIE Goter 


Cmnd. 
London, 15th January, 1963.) Pp. 78. (London: British Association for 
1963.) 128. 6d.; (88. mire 


Commercial and Industrial Education, 
members), 

British Conference on Automation and Computation. Automation 
and British Industry—First Report of the Research and Development 
Panel. Pp. 10. (London: British Conference on Automation and Com- 
putation, 1963.) _ (174 

The Royal Society. British National Committee for Co-operation in 
Geophysics. Proposed United Kingdom Contribution to the International 
Years of the Quiet Sun 1964-65, Submitted to the Second CIG-IQSY Assem- 
pe Rome, 18-22 March 1963). Pp. 24. (London: The Royal Society, 


A (174 
Department of Scfentific and Industrial Research. Classified Geological 
Photographs selected from the Collections of the Geological Survey and 
Museum. By Margaret O, Morris. Third edition, revised by Patricia M. 
Statham. Pp. viiit+126, (London: H.M. Stationery Office, 1963.) KH 


net. E 
The Theory of Relationships. By H. W. Heason. Pp. 17. (Swinbrook, 
Burford: The Radionic Association, 1963.) 2s. 6d. 174 

University of London. University College Annual Report, 1961-1962. 
Pp. 105. (London: University College, 1963.) (174 

Conference of the Universities of the United Kingdom 1962: Report of 
Proceedings——Alternatives to University Education; Relations Between 
the Univorsities and Industry. Pp. 92. (London: Association of Univer- 
sities of the British Commonwealth, 1963.) 5s. (174 

Fhe Journal of Modern African Studies, Vol. 1, No, 1, (March 1968). 
Pp. ii+ 1-188. Subscription rate: 853. net per annual volume of four parts. 
(U.S. 6.60 dollars), Single issue 10s. 6d. (London: Cambridge University 
Press, 1968.) [174 
Henry Wiggan and Co., Lid. Wiggan Welding Materials, Pp.17. (Here- 
ford: Henry Wiggin and Co., Lid., 1968.) 174 

The Scottish Field Studies Association. Annual Report, 1962. The 
Larger Fungi of the Garve Area. By R. Watling. The Geography of the 
Strathpetfer Area. By Joy Tivy. Pp. 44+4 plates. (Glasgow: The Scottish 
Field Studies Association, 1963.) 4s. [174 

The International Nickel Company (Mond), Ltd. Improved Gunmentals 
for Quality Castings. Pp. 46. (London: The International Nickel Company 
(Mond), Ltd., 1963.) [174 

Annual Report of the Sheffield City Museum for the year ended 31st 
March 1962. Pp. 16+8 plates. (Sheffield: The Museum, 1963.) [174 

Practical Methods for the Microbiological Assay of the Vitamin B-Complex 
and Amino-Acids. By Dr, E.C. Barton-Wright. (Reprinted from Laboratory 
Practice.) Pp.52. (London: United Trade Press, Ltd.,1963.) 10s. 6d. [174 

Wool Industries Research Association. Publication No. 221: Report 
of the Director of Research for 1962. Pp. 44. (Leeds: Wool Industries 
Research Association, 1963.) 174 

Man in his World. By K. W. Monsarrat. Pp. 13. (Liverpool: K. W. 
Monsarrat, 29 Aigburth Drive, 1963.) 174 

Ciba (A,R.L.), Ltd. Technical Notes, No. 242, (February, 1963): Hardee 
and Weydeo Boards. Pp. 8. (Duxford: Ciba (A.R.L.), Ltd., 1963.) [174 

Ministry of Housing and Local Government. Conference on Water 
Resources in the North-West. Pp. ii+46. (London: H.M. Stationery 
Office, 1963.) 4s. 6d. net, (174 


Other Countries 


United States Department of the Interior: Geological Survey. Bulletin 
1111-H: Geological Reconnaissance of the Yukon Flats District, Alaska. 
By Jobn R. Williams. Pp. tii+ 289-331 + plate42. Bulletin 1133-B: Geology 
and Hydrology of the Site of the Hallam Nuclear Power Facility, Nebraska, 
By C. F, Keech. Ep. iv+51+4 plates. Bulletin 1166-D: Geophysical 
Abstracts No, 191, October-December, 1962. By James W., Clarke, Dorothy 
B. Vitaliano, Virginia S. Neuschel, and others. Pp. ilit+ 473-649. 40 cents. 
Water-Supply Paper 1575-1: Hydrology of Small Watersheds in Western 
States. By H. V. Peterson. Pp. iv+217-356+ plates 18 and 19. Water- 
Supply Paper 1536-H: Electric Analog of Three-Dimensional Flow to Wells 
and Its Application to Unconfirmed Aquifers. By Robert W. Stallman. 
Pp, iv+205-242. Water-Supply Paper 1539-E: Ground-Water Geology and 
Hydrology of the Maynard Area, Massachusetts. By N. M. Perlmutter. 
With a section on an Aquifer Test in Deposits of Glacial Outwash. By N. J. 
Lusezynski, Pp. iv+69+44 plates. ater-Supply Paper 1539-L: Geology 
and Ground-Water Resources of the Fairfax Quadrangle, Virginia. By Paul 
M. Johnston. Pp. v+61+2 plates. Water-Supply Paper 1580-B: Factors 
Influencing the Occurrence of Floods tn a Humid Region of Diverse Terrain. 
By Manuel A. Benson. Pp. iv+64+plate 1. Water-Supply Paper 1619-D: 
Ground-Water Resources of the Coastal Sand-Dune Area, North of Coos 
Bay, Oregon. By 8. G. Brown and R. C. Newcomb. Pp, iv+32+42 plates. 
Water-Supply Paper 1751: Surface Water Supply of Mariana, Carolina and 
Samoa Islands Through June 1960. Prepared under the direction of B. L, 
Hendricks, w v+107. Geophysical Abstracts, No. 192, January, 1963. 
By James W. Clarke, Dorothy B. Vitaliano, Vir S. Neuschel, and others. 
Pp. ifi+9l. 35 cents. (Washington, D.C.: vernment Printing Office, 
1962 and 1963.) . [194 
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Comité Consultatif de Photométrie auprès du Comité International 
des Poids et Mesures, 5e Session—1962 (14-16 Mal). . 106. Comité 
Consultatif d’Blectricité auprès du Comité International des Poids et Mesures. 
Se Session—1961 (5 Octobre). Pp.106. (Paris: Gauthier-Villars, 1963.) [194 

World Health Organization. Technical Report Series. No. 250: Urban 
Health Services—Fifth Report of the Expert Committee on Public Health 
Administration. Pp. 85. 2 Sw. francs; 3s. 6d/; 0.60 dollars. No. 251: 
Cancer Control—First Report of an Expert Committee. Pp. 27. 1 Sw. 
franc; 1s. 9d.; 0.30 dollars. No. 252: Training of Psychiatrists—Twelfth 
Report of the Expert Committee on Mental Health. Pp, 89. 2 Sw, francs; 
3s. 6d.; 0.60 dollars. (Geneva: World Health Organization; London: 
H.M. Stationery Office, 1963.) [194 

Annals of the New York Academy of Sciences. Vol. 100, Part 1: The 
Pigment Cell—Molecular, Biological, and Clinical Aspects. Pp. 1-496. 
By Vernon Riley, Joseph G., Fortnet and 46 other authors. Vol. 100, Part 2: 
The Pigment Cell—Molecular, Biological, and Clinical Aspects. Pp. 497- 
1124. By Vernon Riley, Joseph G. Fortnet and 70 other authors. (New 
York: New York Academy of Sciences, 1963.) 194 

Faculty of Science, Osaka University. Annual Report of Scientific 
oer 10,1962. Pp. 116. (Osaka: Faculty of Science, Osaka Univer: 
sity, : 

University of Sydney: School of Agriculture. Report No. 6: Water 
Harvesting and Planned Pasture Production at Badgery’s Creek. By F. C. 
Crofts, H. J. Geddes and O. G. Carter. Pp. 47. (Sydney: The University 
School of Agriculture, 1968.) [194 

Bulletin of the American Museum of Natural History. Vol. 124, Article 7: 
The Genus Calosoma in Central America, The Antilles, and South America 
(Coleoptera, Carabidae). By Tatiana Gidaspow. Pp. 275-314. (New 
York: American Museum of Natural History, 1963.) 1 dollar. [194 

Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 114, No. 3470: A Revision of the North American Annelid 
Worms of the Genus Cambarincola (Oligochasta: Branchiodbellidae). By 
Richard L. Hoffman. Pp, 271-827. Vol. 114, No. 3471; Geographic Varia- 
tion in the Thrush Hylocichla ustulata. By Gorman M. Bond, Pp. 873-388. 
(Washington, D.C.: Government Printing Office, 1968.) {194 

United States Department of the Interior: Geological Survey. Geo- 
physical Abstracts, No. 193, February 1963. By James W, Clarke, Dorothy 
B. Vitaliano, Virginia S. Neuschel, and others. Pp. iii+93-188. 35 cents. 
Water-Supply Paper 1496-D: Occurrence and Distribution of Strontium in 
Natural Water. By Marvin W.Skougstad and C. Albert Horr. Pp.tii+65-97 
Water Supply Paper 1619-0: Problems of Utilizing Ground Water in the 
West-Side Business District of Portland, Oregon. By 8. G. Brown, A 
iv+42+2 plates. (Washington, D.C.: Printing sire 


1963.) 

United States Department of the Interior: Geological Survey. Profes- 
sional Paper 257-B: Lake Bonnoville—Geology of Southern Utah Valley, 
Utah. By Harold J. Bissell. Pp. ili+101-1380+plate 5. Professional 
Paper 304-A: Seismic and Gravity Surveys of Naval Petroleum Reserve 
No. 4 and Adjoining Areas, Alaska. By John R. Woolson. Pp. iv+25+9 
plates. Professional Paper 816-G: An Aeromagnotic Reconnaissance of the 
Cook Inlet Area, Alaska. By Arthur Grantz, Isidore Zietz, and Gordon E. 
Andreasen, Pp. {li+117-134+plates 18-22, Professional Paper 382-B: 
Geologic Effects of the High-Explosive Tests in the USGS Tunnel Area, 
Nevada Test Site. By J. M. Cattermole and W. R. Hansen, Pp. iii+-31+ 
plates 1-6. Professional Paper 414-E: Algebraic and Graphic Methods for 
Evaluating Discordant Lead-Isotope Ages. By L. R. Stieff, T. W. Stern and 
R. N. Eicher, Pp. iii+27. Professional Paper 434-0: Use of Correlation to 
Improve Estimates of the Mean-and Variance. By Myron B. Fiering. Pp. 
jH+9. Professional Paper 440-Y: Data of Geochemistry. Sixth edition. 
ter Y: Marine Evaporites. By Frederick H. Stewart, Pp. vit 52+ 
plato, }. (Washington, D.C.: Government Printing Office, 1962 ana 


A 94 
Mitteilungen der Prihistorischen Kommission der Österreichischen 
Akademi der Wissenschaften, Band 10. Pp. iv+162. (Wien: Hermann 
Béhlaus NACHE., 1960-1962.) [194 

Biologische Bundesanstalt fir Land- und Forstwirtschaft in Berlin- 
Dahlem. Bibliographie der Pflanzenschutzliteratur, 1958, 1 Teil. (Biblio- 


Government 


graphy of Plant Protection.) Pp.xxxii +856. (Berlin-Dahlem: Biologische 
Bundesanstalt fiir Land- und Forstwirtschaft, 1962.) 75 D.M. (194 
University of California Publications in Geological Sciences. Vol. 38 


No.4: Geology ofa Part of the Central Guatemalan Cordillera. By Alexander 
R. McBirnoy. Pp. 177-242 (plates 20-27). 2 dollars. Vol. 42, No. 5: 
Stratigraphy and Zeolitic Diagenesis of the John Day Formation of Oregon. 
By Richard L. Hay. Pp. 199-262 (5 plates). 1.50 dollars. (Berkeley and 
Los Angeles: University of California Press; London: Cambridge Univer- 
sity Press, 1963.) s 
Annals of the New York Academy of Sciences. Vol. 93, Article 20: 
Recent Advances in the Measurement of Anxiety, Neuroticism, and the 
Psychotic Syndromes. By Raymond Cattell, Ivan H. Scheier, and Maurice 
Lorr. Pp. 813-856. Vol, 106, Article 1: Current Status of Tuberculosis. 
By E. Brunberg and 24 other authors, Pp. 1-156. (New York: New York 
Academy of Sciences, 1962 and 1963.) [194 
East African Common Services Organization. Wast African Institute 
for Medical Research—Annual Report, 1961-1962. Pp. iii+46. (Mwanza, 
Tanganyika: East African Institute for Medical Research, 1962,) 3s. [194 
Iceland. Atvinnudeild Haskolans—Fiskideild. (The University Research 
Institute—Department of Fisheries). Rit Fiskideildar, Vol. IV, Nr. 1: 
The Aegir Redfish Larvae Expeditions to the Irminger Sea in May 1961 
ie ek Observations. By Unnsteinn Stefansson. Pp, 35. 
(Reykjavik: Atvinnudeild Haskolans—Iiskideild, 1963.) [194 
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THE ‘MIKROPS’ 
PROJEKTASCOPE 


(Reg. design No. 907551) 








Prices from 
£49. 10. 0. to 
£86. 5. 0. 


Ask for 
leaflet PK/PN 


Dua! purpose microprojector and 
microscope. 


Exceptionally easy to use. 


The latest addition to our range of 
microprojectors. 


FLATTERS & GARNETT LYD. 
309 Oxford Rd. Manchester 13 


Part of our extensive service to Biologists 















Take BIG, BRIGHT 3-D PICTURES 


i with this 
STERES 
CAMERA 


Here’s stereoscopic photomicrography 
at your fingertips ! This famous Graflex 
Stereo GraphicR with mount-adapter 
assembly fits all StereoZoom Micro- 
scopes. Just swing it into place 
whenever you want to take a stereo 
picture—for reference, consuitation, 
records. For visual microscopy, just 
swing it out of the way again. It’s ready 
whenever you need it. 








ay 


SEE EVERY VIVID DETAIL 
with ths STEREO 
VIEWER 


Shows pictures taken with the 
Stereo Camera ona bright ground 
glass diffusion screen. Adjustable 
focus and built-in battery. 





Descriptive literature 
available on request 
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from 
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Whenever you require Quartz Glass remember 
that Engelhard stock this material in standard 
tubes and rods, as well as capillaries, joints, 
graded seals, plates and discs. Engelhard are also 
suppliers of chemical plant, bi-stills, laboratory 
ware, schlieren-free window material up to 24” 


diameter and all other acoustic and optical 
grades. 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s. for the first line and 
6s. per line thereafter. Lines in capitals or 
containing words in capitals 12s. per line. 
Semi-displayed £4 16s. per single column 
inch. Colour (orange) £15 extra. 1s. is 
charged for. the re-direction of replies to 
advertisements with a box number. 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO: T. G. Scott and Son, 
Limited, 1 Clement’s Inn, Strand, London, 
W.C.2. Telephone: HOLborn 4743. Tele- 
grams: Textualist, Estrand, London. 


APPOINTMENTS VACANT 





AUSTRALIAN NATIONAL 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 


THE JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 

Applications are invited from Physical Chemists 
and Physical Organic Chemists for a Research 
Fellowship in the Department of Medical Chem- 
istry. The successful applicant will be required 
to work in one of the following fields: (i) quanti- 
tative studies of the binding of metal ions in 
solution by organic ligands; (ii) kinetics of the 
reversible hydration of heterocyclic substances by 
rapid-reaction techniques; (iii) cryoscopy; (iv) 
ultra-violet, infra-red and Raman spectroscopy of 
aromatic N-heterocyclic, and tautomerizable sub- 
stances, The senior investigators concerned are 
Dr. D. D. Perrin, (i), Gi) and Gii); and Dr. E. 
Spinner (iv). Applicants should have the degree 
of Doctor of Philosophy or equivalent research 
experience. The salary range for Research 
Fellows is £A1,656 to £A2,450 per annum, and 
appointment is made for three years, with pos- 
sible extension to the maximum of five years. 
Reasonable travel expenses will be paid, and 
assistance with housing provided. Superannua- 
tion is on the F.S.S.U. pattern. 

Further particulars should be obtained from 
the Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Marl- 
borough House, Pall Mall, London, S.W.1. Ap- 
plicatons close in Australia and London on June 


HILL FARMING RESEARCH 


ORGANIZATION 
STATISTICIAN 

Applications are invited from honours gradu- 
ates in Mathematics, with special qualifications in 
Statistics, for an appointment as Statistician in 
the grade of Senior Scientific Officer or Scientific 
Officer, The successful applicant will be ap- 
pointed to the staff of thé Agricultural Research 
Council’s Unit of Statistics at Aberdeen but he 
will be located at the Hill Farming Research 
Organization’s headquarters in Edinburgh and 
will there be responsible for the statistical work 
im connection with the Organization’s research 
programme, In addition, it may be necessary 
for him to assist, from time to time, with work 
arising at other agricultural research institutes in 
Scotland. The grade and starting salary attach- 
ing to the appointment will be determined by the 
age and experience of the successful applicant, 

, the present salary scales being as follows: Senior 
Scientific Officer, £1,396 to £1,720 per annum: 
Scientific Officer, £768 to £1,271 per annum. It 
is expected that these salary scales will be revised 
in the near future. Superannuation arrangements 
will be provided under the F.S.S.U. 

Further particulars and application forms may 
be obtained from the Secretary, Hill Farming Re- 
search Organization, 48 Palmerston Place, Edin- 
burgh 12. Closing date: May 31, 1963. oe 
a 

UNIVERSITY OF CAMBRIDGE 

Applications are invited for the office of Uni- 
versity Biochemist to Addenbrooke’s Hospital. 
The University Biochemist is a member of the 
staff of the Department of Biochemistry. He is 
responsible, under the general direction of the 
Professor of -Biochemistry, for the Biochemical 
Services of Addenbrooke’s Hospital, and is ex- 
pected to undertake research and teaching in 
the Department of Biochemistry. The appoint- 
ment Will take effect as soon as can be arranged 
after July 1, 1963. Stipend £2,750 (currently 
under upward revision), with superannuation 
(F.S.S.U.) and children’s allowances. A limited 
contribution may be made towards removal ex- 
penses. 

Applications (ten copies), together with the 
names of not more than three referees, should be 
sent to T. D. Kellaway, Secretary of the Appoint- 
ing Committee, Department of Pathology, Tennis 
Court Road, Cambridge, as soon as possible, but 
will be received up to June 18, 1963. 





AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF ENTOMOLOGY 


ENTOMOLOGIST 
—FRUIT FLY INVESTIGATIONS 


Applications are invited for appointment to a position of Research Officer with the 
Organization’s Division of Entomology, located at Canberra, A.C.T.. The successful appli- 
cants will be located at the Zoology Department, University of Sydney, N.S.W. 


The Division is the main centre in Australia for research on insects and is actively 
engaged on many problems of economic importance ; the professional staff numbers about 
fifty. The Division’s research programme embraces all aspects of entomological research, 
with particular emphasis at the present time in the fields of population dynamics and the 
ecology of pest species, physiology and biochemistry of insects, insect taxonomy, and` bio- 
logical control. As part of its work on the ecology of pest species the Division is carrying 
out an active and expanding programme of research on the ecology, behaviour and bio- 
logical control of the Queensland Fruit Fly, a trypetide (Dacus tyroni), which is one of 
Australia’s major insect pests. Already several professional officers, together with sup- 
porting staff, are engaged on various aspects of this work. A large experimental orchard 
is available for field experiments, and a wide range of facilities can be provided for 


laboratory experiments, 


` 


The appointee will be required to investigate the natural dispersal of fruit fiy popula- 


tions. 


This work will include studies of such aspects as movement through various types 


of vegetation, especially dry bushland, the importance of open fields or water as barriers, 
the effect of age and sex on rate of dispersal, and environmental factors affecting emigration 


from a breeding site. 


Applicants should possess a Ph.D. in Entomology or Zoology, or have had postgraduate 
research experience of an equivalent standard and duration supported by satisfactory 


evidence of research ability. 


SALARY: Dependent upon qualifications and experience within the range: 
£A1,541 to £A2,296 per annum. 


Salary for women will be £A188 per annum less than corresponding rates for men. 


Promotion within C.S.I.R.O. is by merit and may go beyond the upper limit of the scale 


within which the appointment is made. 


By mutual arrangement, the appointment may be either for an indefinite period or for a 


fixed term of three years. 


Fares paid for the appointee and his dependent family and return fares to point of 
origin will be paid for an appointee who accepts appointment for a fixed term. Further 


particulars supplied on application to: 


Mr. P. F. Butler, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 


Africa House, Kingsway, London, W.C.2, 


to whom applications (quoting Appointment No.: 180/188) should be addressed by June 
15, 1963. 


UNIVERSITY OF GLASGOW 
LECTURESHIPS IN EXPERIMENTAL AND 
THEORETICAL PHYSICS 


Applications are invited for Lectureships in 
Experimental and Theoretical Physics. Salary 
scale: Senior Lecturer, £2,070 to £2,550/£2,700: 
Lecturer, £1,250 to £1,830/£2,150. Grade of ap- 
pointment and initial salary according to experi- 
ence and qualifications. F.S.S.U. and family 
allowance benefits. Successful applicants will be 
expected to prosecute research preferably in 
nuclear or elementary particle physics in addition 
to teaching duties. g 

Applications (eight copies), including the names 
of two referees, should be lodged not later than 
June 1, 1963, with the undersigned, from whom 
further particulars may be obtained. 

ROBT. T. HUTCHESON, 
Secretary of University Court. 





UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR - 

Applications are invited for the post of Lec- 
turer or Assistant Lecturer in the Department of 
Pure Mathematics. The salary scales are for a 
Lecturer, £1,250 by £60 to £1,670 by £80 to 
£2,150, and for an Assistant Lecturer, £1,000 by 
£50 to £1,150 with F.S.S.U. benefits and family 
allowances, É 

Applications (two copies), giving details of 
age, qualifications and experience, together with 
the names of three referees, should be sent by 
June 6 to the Registrar, from whom further par- 
ticulars may be obtained. 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GEOLOGY 
TECHNICAL OFFICER 


Applications are invited for the post of Tech- 
nical Officer for the spectrographic laboratory in 
the Department of Geology. The work will be 
concerned with the analysis of rocks and minerals 
including silicates. Experience of X-ray and/or 
optical spectrographic analysis is essential and 
the minimum qualifications are a university de- 
gree or higher national certificate. Salary scale: 
£800 by £50 to £1,100 per annum. The post is 
subject to superannuation. 

Applications, giving full information, and quot- 
ing Reference No. TO/G/4/63, should be sent 
to The Secretary to the University, University of 
Edinburgh, Old College, South Bridge, Edin- 
burgh, not later than May 31, 1963. 


UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF VETERINARY 
a PATHOLOGY 


RESEARCH ASSISTANT IN VETERINARY 
MICROBIOLOGY 


A Research Assistant will be required in Sep- 
tember to join a group working on the patho- 
genesis of enteric infections. A veterinary degree 
will bé an advantage but the post is available to 
graduates in microbiology with a special interest 
in immunology. The work will be supported by 
a grant from the British Egg Marketing Board, 
and the salary will be £500 to £700 according to 
qualifications. 

Applications should be sent to the Registrar, 
the University, Liverpool 3, by May 31, 1963. 
Quoting reference number CV/318/N. 
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Possible Applications of the Mass-energy Cycle on a 
Micro- and Macro-scopic Scale in the Universe.— 
W. D. G. Cox; John L. Hughes 
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Position of the Radio Sources Cassiopeia A and Cygnus 
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Effect of Extracts from the Urine of Schizophrenic 
Patients on the Evoked Cortical Response in the 
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Mechanism of Calcium-induced Positive Chronotropic 
Effect in Isolated Mammalian Atria.—M. Midrio and 
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Salivary Excretion and Inactivation of Some Ponicil- 
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PHARMACOLOGY 


para-Hydroxybenzaldehyde in Human Viscera. 
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Laboratory Specialities 


Two specialised pieces of equipment from the 
Hearson range. 


Vacuum Embedding Baths 


Available with either a single or double pan. 
These baths are electrically heated and for use 
on A.C. only, temperature is controlled by the 
improved hydraulic thermostat. Pans are made 
either 54” or 74” diameter and the chamber is 
effectively sealed by a polished plate glass cover 
resting on a rubber washer. 

Prices from £28 5s. 


Slide Drying Hot Plates 


A “must” for the histologist—designed for 
microscope slide drying, these hot plates are 
made with either a stainless-steel or polished 
copper working surface. Two sizes are avail- 
able—12” x 10” or 24”Xx10”, Electrically 
heated thermostatically controlled to within 
+1°C. over a working range of 40° C. 
Prices from £17 10s. 


Please send for illustrated literature. 


CHARLES HEARSON & CO. LTD. 
WILLOW WALK, BERMONDSEY, S.E.1. 
Bermondsey 4494. 


CYGNET meets the 


demands of science 








eee B ns 
+ f; s = 


Ae $ 


Murex Ltd., Rainham, Architects: P. Ednie & Parmers, A.R.I.B.A., London 





We equip many of this country’s most important laboratories, 
Progressive design, superb craftsmanship and versatility of 
arrangement contribute to the maximum efficiency of our installa- 
tions. Specially selected timbers are used for our furniture 
and we can supply single units or complete installations at 
` highly competitive prices. Our design experts work in close 
collaboration with the architect in the submission of plans, 
And Cygnet’s complete consultative service is always available. 


CYGNET JOINERY LTD. 


HIGHER SWAN LANE + BOLTON 
TELEPHONE: BOLTON 62121 (10 Iines) 
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Established in 1820 





New volumes in 
GRIFFIN’S STATISTICAL MONOGRAPHS 
AND COURSES 


BASIC IDEAS OF SCIENTIFIC SAMPLING 
Alan Stuart 


No.4 A completely non-mathematical treatment of 
bd sampling—-unique in its approach. 18s net 


A COURSE IN THE GEOMETRY OF 
n DIMENSIONS Maurice G. Kendali 


No. 8 A course for statisticians and of value to applied 
. mathematicians and physicists. lós net 


RANDOM WAVELETS AND CYBERNETIC 
SYSTEMS Enders Robinson 


For electronics engineers and applied mathema- 
ticians. Treats ‘“‘all-pass’’ systems and the 
concept of “minimum delay’’. 34s net 






No. 3 


GEOMETRICAL PROBABILITY 
Maurice G. Kendall & P, A. P. Moran 


The first unified treatment—applications in 
No. 10 statistics, astronomy, physics, biology, and 
forestry. 285 net 


INTRODUCTION TO SYMBOLIC 
PROGRAMMING Peter Wegner 


No. II Use and translation of computer languages—with 
id special regard to FAP and FORTRAN. 38s net 


Send for 16 pp. brochure on Books and Monographs on Statistics 
42 DRURY LANE WC2 


LONDON 






45) PRECISION INSTRUMENTS 


Jamin Refractometer 
for liquids or gases 









Average accuracy in measurement of refractive 
index is approximately 0-000001 for gases and 
0-000002 for liquids. 


The elimination of all spring adjustment to the 
mirrors results in great stability and freedom from 
vibration. Worm wheel gearing actuates the com- 
pensator. Tubes up to 50 cm. length can be used. 


Please ask for particulars “N” 


vá] HORNSEY RISE, LONDON, N.i?. . PHONE: ARCHWAY 2270, 


‘ 


Sole Distributors in U.K. for Schott Monochromatic Interference Filters 
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MEDICAL AID TO THE DEVELOPING COUNTRIES 


OLLOWING on a conference held at the Royal College 

of Surgeons of England in 1961, a nominating com- 
mittee formed an independent Working Party under the 
chairmanship of Sir Arthur Porritt, president of the Royal 
College of Surgeons, to consider at a professional level the 
methods by which British medicine can contribute to the 
development of medical scienee and the medical services 
in the developing countries, particularly those of the 
British Commonwealth. Discussion was chiefly confined 
to Africa, the Middle East and Asia. The members of 
the Working Party were eminent medical men, including 
those with experience of medical administration and 
medical practice overseas. Observers representing the 
Department of Technical Co-operation, the Ministry 
of Health and the Department of Health for Scotland 
attended the meetings. 

The Report of the Working Party * contains a number of 
interesting observations and recommendations. Generally, 
it is considered that in comparison with other nations, 
particularly the United States and the U.S.S.R., Groat 
Britain is falling behind in its contributions to the medical 
advance of the developing countries. Remembering 
the great work done by British medical pioneers overseas 
this is a sad reflexion. At the same time, it is believed 
that the British medical profession can play a much 
greater part in helping these countries and that such help 
is genuinely desired by most of them. The best and most 

-economical way to give this help is to raise the standards 
of medical teaching at their own teaching centres, and to 
train their own teachers, so that this central influence may 
permeate the whole of their medical systems. 

The Report then discusses the following subjects: (1) 
Intake of overseas undergraduates for medical training 
in this country. No central bodv for admissions is recom- 
mended. 

(2) Intake of overseas postgraduates for medical train- 
ing*and experience in Great Britain. It is recommended 
that overseas postgraduates seeking hospital posts in the 
National Health Service of Great Britain should, on 
arrival, undergo a short period of clinical assessment, on 
a voluntary basis, before allocation. 

(3) The outflow of British medical graduates to the 
developing countries. The Report here deals with profes- 
sorial or senior visits, the value of overseas experience for 
British medical postgraduates, secondments of registrars 
and lecturers for service overseas and financial aid. 

(4) Medical aid in the fields of public health and rural 
medicine. On this subject the memorandum by Dr. 
E. T. C. Spooner, dean of the London School of Hygiene 
and Tropical Medicine (Appendix ITI), gives important 
and useful information. 

(5) Medical aid in the fields of nursing, midwifery and 
other ancillary services. 

In conclusion, hopes were expressed that the most 
urgent attention would be given to the proposals of the 
Working Party, and that temporary considerations of 
economy would not be allowed to delay the implementa- 
tion of measures which become daily more necessary. 

* Department of Technical Co-operation. Medical Aid to the Developing 


Countries: Report by a Worki arty, . vi+38, (London: H.M.S8.0., 
1962.) 2s. net. bs eRe ‘ 3 


With the completion of the Report, the Working Party 
handed over its task to a Medical Advisory Committee of 
the Department of Technical Co-operation. 

In connexion with this important report it should be 
observed that for many years the question of medical aid 
has been the concern of the British Postgraduate Medical 
School, the British Postgraduate Medical Federation, the 
British Council, British Medical Schools, British schools of 
tropical medicine, Government departments and other 
bodies, each and all of whom have contributed in various 
ways to promulgate medical knowledge overseas, and to 
provide facilities for undergraduate and postgraduate 
medical study in the United Kingdom for mombers of 
the British Commonwealth. To-day the problem has 
become more urgent and pressing. The proposals of the 
Working Party, the fruit of knowledge and experience, 
should help greatly to bring British medical aid on an 
extended and desirable scale to the developing countries. 


PLANT POLYPLOIDY AND MUTATION 


Mutations and Polyploidy in Plant Breeding 

By Arne Hagberg and Erik Akerberg. Pp. 150. (London, 
Melbourne, Toronto: Heinemann Educational Books Ltd., 
1962.) 30s. 


HIS book is described as an introductory survey 

of the polyploidy and mutation research, and its 
practical results, with reference to the cytogenetic section 
of the Swedish Seed Association. It is written for plant 
breeders and others interested in applied genetics, thongh 
the authors hope it may be of some use to students of 
genetics and plant breeding. There are nine chapters 
and an introduction within the compass of 123 pagos; 
an appendix of nine pages giving notes on a number of 
cultivated plants grown in Sweden; an appendix, which 
is a glossary of certain scientific terms, mainly cytological 
and genetic; and a short bibliography of 18 items. 

Obviously, within such a small compass, and consider- 
ing the number and potential scope of the chapters, it is 
necessary to choose the material very carefully, but the 
authors are well aware that it has not been possible to 
deal adequately with a great number of important con- 
siderations and state repeatedly that they cannot devolop 
their treatment of particular subjects because of lack 
of space. This is a pity, and will undoubtedly prove 
frustrating to students; it would have been more satis- 
factory in planning this book to have allowed more 
space, or alternatively to have omitted certain parts. 
For example, one may question whether the elementary 
genetics need have been included, or whether tho list 
of domestic plants and the glossary are particularly 
useful for this book. The list of domestic plants has some 
peculiar lapses, also, such as the inclusion of the broad 
bean under Phaseolus vulgaris, and of mangels, rutabage. 
and turnip under Legumes. 

Nevertheless, the book is valuable and interesting in 
giving a clear account of the Swedish work, because the 
Swedes have been responsible for more work on the 
utilization in plant breeding of induced polyploidy and 
induced mutations than the breeders in any other coun- 
try. They have also co-ordinated research on the scien- 
tific aspects of cytogenetics of polyploidy and mutations 
with the breeding work, and the account given in this 
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book blends the two very satisfactorily. The discus- 
sions of the part played by the so-called classical methods 
of breeding, in contrast to the limitations and possibilities 
of what the authors call “chromosome engineering”, 
are well considered and provide a good perspective for the 
student in terms of the precise use of cytogenetic tech- 
niques for more exact breeding methods and the exploita- 
tion of new possibilities. 

The authors lay considerable stress on the obvious 
concern of plant breeders with the natural processes of 
the evolution of cultivated plants in the devising of 
methods and techniques for creating new genetic variation 
from which to select the improved genotypes for cultiva- 
tion. In this connexion, changes in genetic material are 
dealt with under the general heading of mutations, and 
include autopolyploidy, allopolyploidy, aneuploidy, dupli- 
cations and deficiencies, translocations and inversions, 
and gene mutations. This account acts as the introduc- 
tion to the chapters dealing with the induction of poly- 
ploids and with mutation breeding which are the really 
significant ones from the practical breeding point of 
view. Consideration is given to plants with asexual 
seed production and those vegetatively propagated, 
while a separate chapter is concerned with special muta- 
tion breeding problems. Sears work on alien chromo- 
some transference from Aegilops to Triticum is described 
in this chapter, but no reference is made to Riley’s 
researches and the recent ideas on the evolution of 
Triticum and the chromosomal control of diploidiza- 
tion. 

In spite of the examples given of the successful out- 
come of mutation and polyploid breeding in agricultural 
plants, this book illustrates clearly that there is still 
much to do in “chromosome engineering’ before the 
methods available can make serious impact on general 
plant breeding procedures, except in certain groups of 
crops and for special purposes. On the other hand, 
certain of the techniques offer a type of cytogenetic con- 
trol in handling genetic variability that is impossible 
on the well-tried ‘classical’ breeding methods. 

G. D. H. BELL 


ULTRASTRUCTURE IN BIOLOGY 


The Interpretation of Ultrastructure 

Edited by R. J. C. Harris. (Symposia of the International 
Society, for Cell Biology, Vol. 1). Pp. x+438. (New 
York: Academic Press, Inc.; London: Academic Press, 
Ine. (London), Ltd., 1962.) 100s. 


URING the past decade investigations of ultra-struc- 

ture, especially with the electron microscope, have pro- 
vided cell biologists with vast quantities of data. Much of 
this has been accepted without questioning its validity; 
only a few workers have posed the question of the need 
to develop some basic hypotheses for the interpretation 
of micrographs and for the assessment of electron micro- 
scope images in terms of structures which have reality 
in the living cell. The present volume presents the pro- 
ceedings of a symposium organized in Berne in September 
1961, by the International Society for Cell Biology, to 
consider such questions and to attempt an integration of 
ultra-structure with various functional and evolutionary 
aspects of biology. 

It is not possible in a short review to detail all the topics 
covered in the symposium; they include chemical fixation 
for electron microscopy, which is considered in detail in 
papers by Afzelius and Sjöstrand, while Leduc and 
Bernhard deal with water-soluble embedding media and 
their applications to ultra-structure cytochemistry. 

One feature of the papers in this book is the stress which 
is repeatedly laid on the correlation of electron micro- 
scopy with data obtained from other techniques. Finean, 
for example, considers membrane structure in terms of 
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X-ray diffraction data, while Ito compares the appearance 
of the endoplasmic reticulum in micrographs of germ cells 
with the phase-contrast images obtained from similar 
cells while they are still alive. He also presents some 
interesting observations on the post-mortem stability of 
cellular fine structure. 

Great interest is now developing in the application of 
cytochemical techniques to electron microscopy. In a 
paper which illustrates the value of combined electron 
microscopical biochemical and cytochemical studies, 
Novikoff et al. present the detailed results of a study of the 
nucleosidediphosphatase activity of cytomembranes; some 
interesting speculations on the role of these enzymes in 
the life of the cell are included. Holt and Hicks consider 
the problems associated with the application of standard 
cytochemical techniques for enzymes at the electron 


-microscope level, while Swift deals with the localization 


of nucleoproteins by autoradiography and metal-binding 
methods. Also included in the symposium are, among 
others, papers by Anderson and by Valentine and Horne 
on negative staining techniques, by Frey-Wyssling 
on the ultra-structure of plant cell walls and Stoeckenius 
on the molecular structure of lipid—water systems. One 
feature which recurs constantly in this volume is the 
presence of stimulating new ideas and suggestions for 
new approaches, as in Mercer’s contribution devoted 
to the evolution of intracellular membrane systems and 
Fernandez-Moran’s paper on low-temperature electron 
microscopy. 

The book is well produced with abundant plates of 
high quality; each paper includes a comprehensive list 
of references. There is an author index but no subject 
index. This book will almost certainly find its way on to 
the bookshelf of every cell biologist, despite the rather 
high price. S. BRADBURY 


MASTERS AND PUPILS 


-eee rer y moans oeny eee eee e 
Transactions of the International Ophthalmic Optical 
Congress, 1961 

Pp. xxiii+ 676. (London: Crosby Lockwood and Son, 

Ltd., 1962. Published for the British Optical Associa- 

tion, 1962.) 135s. 


Documenta Ophthalmologica 

Advances in Ophthalmology, Vol. 16. Edited by G. 
von Bahr, G. B. Bietti, J. ten Doesschate, H. Fischer-von 
Bünau, J. Francois, H. Goldmann, H. K. Müller, Jean 
Nordmann, A. J. Schaeffer and Arnold Sorsby. Pp. 
vii+ 450+ 24 plates. (The Hague: Dr. W. Junk, 1962.) 
75 guilders. 


Fortschritte der Augenheilkunde 

Vol. 12. (Advances in Ophthalmology/Progrés en 
Ophthalmologie). Redigiert von E. B. Streiff. (Biblio- 
theca Ophthalmologica, Fasc. 59). Pp. vi+ 381. (Basel 
und New York: S. Karger, 1962.) 70 Swiss frances. 


HE three books under review are approximately 

equal in price, but this is not true of their value. 
Two of them are hardy annuals; the third—the Frans- 
actions of the International Ophthalmic Optical Congress, 
1961—appears ten years after the previous issue. 
Those who argue that opticians neglect research will 
find their fears both confirmed and confounded—con- 
firmed when they read some of the uncritical work con- 
tained, for example, in the section on contact lenses, and 
confounded by the high-quality work emanating from 
British and especially American sources. The trouble 
with a volume such as this is two-fold: every paper 
presented at the congress is reproduced, and, what is 
worse, reproduced in full. Verbosity is a smoke-screen 
for self-consciousness, and by George! what a difference a 
whiff of editorial air would have made to this tome. 
This is not to convey the notion that it does not contain 
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any paper of merit. Le Grand, reproducing data by 
Bonnet on the cornea, is at his usual instructive best, 
Ball on dark-adaptation provocative, Feinberg on pupil- 
lography clearly introductory, Bennett in a historical 
paper as readable as ever. Problems which one had not 
previously thought about are high-lighted; there are, 
for example, the detailed causes of reading deficiency, 
mirror-writing, eye-movements in the reading of piano- 
music, or even corneal epithelium turnover. The volume 
can therefore be recommended provided the reader 
realizes that much of the wheat is admixed with quite 
some chaff. 

The sixteenth volume of Documenta Ophthalmologica 
is dedicated to the septuagenarian L. von Sallmann, but 
ranges over topics outside the fields of interest of this 
great man. There is the usual quota of ‘rare cases’. 
Bietti reports on @ case of senile choroido-retinal gyrate 
atrophy. The striking analogy between the electro- 
retinographic response—namely, its absence—and that 
found in a few cases of the non-senile counterpart of the 
disease suggests to the author that there are parallels 
between juvenile heredo-familial and senile tapeto- 
_retinal degenerations; perhaps they differ in degree. 
Briickner describes ophthalmological and entoptic ap- 
pearances following the use of light-coagulation of the 
retina which are at variance with the claim that coagula- 
tion is purely local in its effect. Zehetbauer et al. publish 
the first case in which Actinobacillus lignierest is demon- 
strated to have caused purulent conjunctivitis. Ocular 
physiology and anatomy are well represented. Hurvich 
and Jameson, often undeservedly belittled, publish an 
intriguing theory of red-green defects. It is rendered 
successful in its predictions by the acute choice of basic 
numerical constants, although it would not be surprising 
if the soil these are rooted in were to be severely ploughed 
one of these days. It is pleasant to see the resuscitation 
of electro-iontophoresis in the study of the permeability 
of scarred rabbit corneæ by Pillat et al. Pedler has some 
thoughtful observations to make on retinal anatomy with 
special reference to the question of the existence of 
radial fibres. A theory combining hemo- and aqueo- 
dynamics is propounded by Goldmann and applied to the 
corneo-scleral trabecular meshwork. Jayle makes the 
interesting observation that mesopic levels of luminance 
are of more value in diagnosis than the photopic or 
scotopic range, presumably because in mesopia the 
sensitivity of the retina is virtually independent of peri- 
metric angle. 

If any of these papers is just one of many published 
every month wherever the luxury of ocular research can 
be afforded, Nordmann’s review on the biology of the 
crystalline lens in Fortschritte der Augenheilkunde is unique. 
Unlike many similar reviews, not to say source-books, it is 
critical, presumably because the author has assimilated 
the papers he quotes. So extensive and so thorough 
is the survey that it is almost—but not quite—true to say 
thet if a paper is not discussed then it has not been written. 
Anyone who has read or owns Nordmann’s chef-d’e@uvre 
will wish to acquire this monumental supplement which 
brings it up to date. A paper by Berengo and Frezotti 
on ocular toxoplasmosis (illustrated by rather poor colour 
plates) rationalizes the etiology of a number of retinites, 
hitherto unexplained. The volume concludes with Macken- 
sen’s study of reading ability as a clinical test for function. 
Normal subjects and patients are subjected to oculo- 
graphy (in many ways preferable to the corneal retlex 
method which is described in the paper contained in the 
Transactions of the International Ophthalmic Optical 
Congress). The latter include cases of congenital dyslexia, 
hemianopia, amblyopia, and nystagmus. The author 
concludes that the acquired and individually typical 
method of scanning a line of type is subject to mental 
influences. 

By and large, all three volumes are well produced, 
adequately illustrated, and set in pleasing type. But 
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they would be lighter, not to say cheaper, if editors kept 
pointing a pencil at the contributors, and—conscious 
of the rudeness of the gesture—kept asking them ‘Is 
this word really necessary? ”. R. A. WEALE 


MODERN VIEWS ON WELDING 
METALLURGY 


The Metallurgy of Welding 

By Dr. E. Séférian. Translated by E. E. Bishop. Pp. 
xx+375. (London: Chapman and Hall, Ltd.. 1962.) 
708. net. 


Carbon Oxidation in the Weld Pool during the Metal- 
Arc Welding of Plain Carbon Steels 

An Investigation based on the Measurement of the Mixing 

Ratio of Base Metal to Metal from the Electrode. By 

Arne Apold. Pp. vii+136. (Oxford, London, New 

York and Paris: Pergamon Press, 1962). 35s. 


Pn ce admittedly a specialized subject in the 
field of metallurgy, welding is rarely given the 
prominence which its technological importance desurves. 
The scientific background has been covered by text-books 
before, but none has given complete satisfaction, nor 
raised the standing of this important subject. Monsieur 
Séférian goes a very long way to redress this balance and 
M. Apold shows how interesting a piece of applied physico- 
chemical research can be. 

The Metallurgy of Welding is a most comprehensive 
volume, including metallographic and thermodynamic 
principles pertinent to the argument. A considorable 
portion of Part 1 (which presents the background) is 
concerned with the electrode and its coating, and the 
effect of gas absorption in welding processes. Transforma- 
tions in iron-carbon alloys are dealt with in something of 
a hurry, so much so that an engineer having little metal- 
lurgical knowledge might be more confused than en- 
lightened. In the next chapter, on the structure of 
welds, this difficulty is resolved in terms more to tho 
liking of a technologist, with an exceptionally clear 
section on formation of the Widmanstadtten structure— 
a subject of much research by the author. Tho practical 
consequences of structural changes are also profusely 
illustrated. 

The section on electrode coatings provides much useful 
information in the form of simple graphs, for example, 
the variation of arc voltage with type of coating. There 
is an editorial mistake in this chapter, when plates of 
micrographs on structure are discovered in tho middle 
of thermodynamic arguments on sleg-metal equilibria. 
Not all the chemical data presented are taken from steel- 
making experiments, many of the curves and tables repre- 
sent work on actual welds, and in Part 2 the practical 
significance of the reactions occurring is considered in the 
light of so-called ‘weldability’. A curve showing solubility 
of nitrogen in iron as a function of temperature, with 
values for hydrogen in comparison, presents the sort of 
picture which teaches far more than an equilibrium 
diagram. Interaction between alloying elements and 
absorbed gases receives proper attention, with three- 
dimensional figures to include coating thickness. 

The cracking of welds is presented more technologically, 
and no attempt is made to deal with the mechanism of 
crack formation or propagation, nor the final aspect of 
fracture. Tests for cracking are well illustrated. and their 
merits discussed, but there is no real argument on the 
problem of residual stresses from a more fundamental 
point of view. The chief criticism of this book must centre 
round this failure to deal with mechanical effects in tho 
same way as the metallographic and chemical ones. 

The whole of Part 2 presents the adaptation of the 
principles outlined in previous chapters to practical 
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problems in terms of specific alloys and types of weld. 
These chapters are well argued, and easy to read. The 
illustrations and graphs are again simple to appreciate. 
On the whole, therefore, this book presents an excellent 
combination of scientific principle and technological 
practice, and as such can be highly recommended to 
anyone in the welding field, including the metallurgist. 
To those on the fringe, thisis also an excellent introduction. 
The translator has maintained an easy style, and one 
suspects that the author helped in this by writing a good 
text-book to begin with. 

The book by Arne Apold is really a research treatise 
on & very specialized topic—one of those covered in the 
previous book in obviously shortened form. Asa practical 
work on carbon balance in weld metal it is complete and 
reasonably authoritative. The author includes much 
valuable information on his experimental methods, 
including a statistical review of errors and sources of these. 
He concludes with theoretical “reflections” as he calls 
them, which scarcely compare with those of M. Séférian. 
Nevertheless, this is a book which will appeal to a limited 
clientele, those working in welding research or any 
similar physico-chemical type of problem with a multitude 
of possible variables. Finally, one can meditate on 
whether more publishers will be tempted to take up this 


aspect of converting research theses into books. Except _ 


where an international sale can be guaranteed, one 
suspects that this will not become too fashionable. 
C. R. TOTTE 


ANALYTICAL CHEMISTRY OF 
INDIUM 


The Analytical Chemistry of Indium 

Translated from tho Russian 
by J. T. Greaves. (International Series of Monographs 
on Analytical Chemistry, Vol. 5.) Pp. xvi+ 288. (Lon- 
don and New York: Pergamon Press,:1962.) 84s. net. 


N 1924 a world-wide survey of the laboratory stocks 

of indium revealed that the total world resources 
of this metal were one gram. It is not surprising there- 
fore that, because of its rarity, knowledge of its inorganic 
chemistry was slight and its analytical chemistry was 
almost non-existent. However, recent times have seen 
considerable development in the technological applica- 
tions of several of the once less familiar elements, and 
indium, together with such elements as beryllium, titanium 
and germanium, has grown in industrial importance. The 
expanding demand for indium in such widely differing 
fields as atomic energy, semi-conductor materials and 
corrosion-resistant alloys has been reflected in the increas- 
ing volume of its analytical literature. 

This present monograph, one of a useful series on ana- 
lytical topics, is a welcome compilation and organization 
of the diffused literature on this subject. Prof. Busev 
has, within the covers of this short work, described a 
great variety of the physical and chemical methods that 
are available for the separation and determination of 
indium. Such a collection of methods, with nearly 500 
references to the literature, would be valuable even if 
it were no more than an uncritical survey; however, 
the author has greatly enhanced the usefulness of this 
book by drawing on his own experience and the literature 
to evaluate many of the methods on the basis of relia- 
bility, sensitivity and selectivity. This is a necessary 
aid to the busy analyst if he is not to be overwhelmed by a 
flood of methods. Chosen procedures have been described 
in sufficient detail to enable the analyst to carry out a 
determination without the need of referring to the original 
paper, and in many descriptions attention has been paid 
to the preliminary work-up of mineral and industrial 
materials, consequently this book is a useful working 
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manual. Chemical separations which are of considerable 
importance in the analytical chemistry of indium, which 
has few specific reactions, are thoroughly reported, but 
the term ion-exchange does not occur and this technique 
is always included under the heading of chromatography. 

The author has placed emphasis on the theoretical 
side of analytical chemistry, his introductory chapter 
is on the chemico-analytical character of indium and he 
has been at pains throughout the book to relate analytical 
practice to chemical theory.: It is not surprising, therefore, 
to find that priority has been given to chemical reaction 
rather than working tool in the classification of material. 
So we find that while there are chapters devoted to 
methods based on the hydrolysis of salts, the formation. of 
complexes, the reduction of ions and so on, the important 
polarographic, chromatographic and ion-exchange tech- 
niques are to be found only in sub-sections of chapters. 
This is, of course, a perfectly logical method for the 
exposition of analytical chemistry but perhaps makes 
the book a little less convenient for reference. We 
find, for example, that the bulk of chromatographic and 
ion-exchange techniques are included in the chapter on 
complex halide formation; another short section on this 
topic is to be found elsewhere in the book but has un- 
fortunately escaped the index. 

There are few specific chemical reactions for indium 
and frequently it occurs in materials in only trace amounts, 
and it would appear from these considerations that purely 
physical methods of analysis are perhaps the most appro- 
priate. Although polarographic methods are dealt with 
extensively there is little on other physical methods. 
Altogether 29 pages suffice to describe the flame photo- 
metric spectrographic, X-ray fluorescent and radio- 
activation techniques; by contrast there is a long chapter 
of 47 pages on the hydroxy organic reagents which are 
perhaps not very specific for indium. 

The index is sparse and there are omissions, consequently 
it is necessary for the analyst to become thoroughly ac- 
quainted with this work to derive maximum benefit 
from it. However, this is without doubt a book of solid 
merit and, despite its unfortunately high price, is quite 
indispensable to any analyst interested in the analytical 
chemistry of indium. A. D. Witson 


MATHEMATICAL STATISTICS 


Mathematical Statistics È . 
By Prof. Samuel S. Wilks. Pp. xvi+644. (New York 
and London: John Wiley and Sons, Inc., 1962.) 113s. 


HIS is, without any doubt, an important addition 

to the rather sparse list of comprehensive text-books 
on mathematical statistics. In the British market it 
will be expected to compete with Cramer’s Mathematical 
Methods of Statistics and with Kendall and Stuart’s 
The Advanced Theory of Statistics, when the latter is 
complete. 

The slight differences in the titles indicate fairly well 
the various approaches of these authors. Where Cramer 
proves necessary basic results of set theory and measure 
theory, Wilks quotes them and provides references to 
proofs. Where Kendall and Stuart consider advanced 
statistical theory from the point of view of applying it to 
data, Wilks treats it more as a series of topics in mathe- 
matical analysis. In the preface he states as his policy 
that discussion of the interweaving of the mathematical 
results and the statistical methodology which rests on 
these results “has been kept deliberately at a minimal 
level”. This leads to a logical and connected exposition 
of mathematical results but not of statistical theory. 
In statistics, as in other branches of applied mathe- 
matics, a knowledge of the use given to the concepts 
introduced is necessary before the concepts can be fully 
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understood as more than abstract exercises. It would 
have been possible without undue extra length to intro- 
duce sufficient statistical ideas to render the book much 
more useful. 

This criticism does not imply that the book is a failure. 
It presents clearly the distributional theory of statistics. 
No book of this length can hope to cover comprehensively 
all aspects of such an expanding subject, but Prof. Wilks 
can be congratulated on the variety of topics he has been 
able to consider, and for the consistency with which they 
are organized. Among topics which are omitted, or 
which receive inadequate mention, are Bayes’s theorem, 
complete classes of distributions, general non-parametric 
results, and unbiased and invariant tests. 

The arrangement of the book is as follows. The first 
five chapters cover the modern foundations of probability 
theory, and the basic functions and results of distribution 
theory—random variables, distribution functions, mo- 
ments, generating functions and limit theorems. Then 
follow two chapters giving the properties of important 
special distributions, both discrete and continuous, 
and including references to queueing theory and related 
problems. Chapters 8 and 9 deal with sampling problems, 
sampling from an infinite population being—somewhat 
strangely—treated as the limit of sampling from a finite 
population. The next five chapters cover the classical 
theory of statistical inference: linear, non-parametric 
and parametrice estimation; and parametric and non- 
parametrice hypothesis testing. These suffer most from 
Prof. Wilks’s approach. The final chapters give excellent 
summaries of sequential analysis, decision functions, 
time series, and multivariate analysis. Each chapter 
contains a considerable number of excellent exercises, 
many of them important extensions to the theory. 

The mathematical arguments in the book are followed 
through lucidly and without distracting complications. 
In certain instances the proofs given are different from 
those usually chosen—mathematically superior, perhaps, 
but throwing much less light on the methodological 
reason behind the theorem. 

Prof. Wilks has written a mathematician’s book. 
Within these terms of reference it is generally of a very 
high standard, with occasional faults of detail. But 
it will be of little use to the practising statistician seeking 
why he should do certain things. The presentation of 
the book, as of the material, is in general excellent, 
but there are numerous minor misprints. 

R. M. Cormack 


THEORETICAL SEISMOLOGY 


Reflection and Refraction of Progressive Seismic Waves 
By Prof. L. Cagniard, translated. and revised by Edward 
A. Flinn and Č. Hewitt Dix. (International Series in the 
Earth Sciences) (1962.) 85s. 6d. 


ROF. L. CAGNIARD’S monograph Réflexion et 
réfraction des ondes séismiques progressives is a classic 
of theoretical seismology. Using techniques of great 
power and precision Cagniard was able to give a complete 
description of the complicated disturbance in a space 
composed of two welded perfectly elastic half-spaces of 
different elastic constants, following a pulse of arbitrary 
time-dependence from & point-source in one of them. 
Cagniard’s method starts with a Laplace transformation 
with regard to the time variable, and the crux of the 
analysis is a change of variable which recasts an integral 
giving the operational solution into the form of a Laplace 
transform. This enables the solution to be identified 
without use of the inversion theorem, short-cireuiting two 
integrations. 
Cagniard’s work was published in France just before 
the Second World War, and consequently remained 
unknown to the rest of the world for many years. 
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Moreover, the extensive discussion of problems of rigour, 
and the unusual treatment of the Laplace transform 
method that Cagniard used, made the monograph hard 
to read and use. Prof. C. H. Dix was one of the first 
to realize the importance of Cagniard’s work, and 
expounded its method in a series of papers in which he 
applied it to simpler problems. Now he has co-operated 
with E. A. Flinn to produce an English translation (by 
Flinn) of Cagniard’s book, with extensive notes (by C. H. 
Dix) on the first half of it. The translation is clear and 
smooth, the notation has been brought into line with 
common. usage, and the notes ease the reader’s progress 
through some of the intricate analysis. 

It is unfortunate that the plan of the book has allowed 
no more than mention of the simplification of Cagniard’s 
method by subsequent writers (such as Pekeris and do 
Hoop), and does not include discussion of the important 
question of the contribution to the solution from the 
neighbourhood of poles which do not lie on the top shoet 
of the Riemann surface containing the path of integra- 
tion—the so-called leaking modes of interface waves. 
Thus the volume under review is valuable in making 
Cagniard’s work more accessible, but should be read in 
conjunction with some of the references listed in Appendix 
TII of the book. E. R. Lapwoop 


PRÉCIS OF INVERTEBRATES 


Précis de Zoologie 

Par Prof. Pierre-P. Grassé, Prof. Raymond A. Poisson et 
Prof. Odette Tuzet. Tome 1: Invertébrés. Pp. viii+ 920. 
(Paris: Masson et Cie., 1961.) Broché 85 NF.; Cartonné 
toile 95 NF. 


HIS volume is the first of a planned series of Précis 

de Sciences Biologiques to appear under the gencral 
editorship of Prof. P. P. Grassé; they are intended to give 
a simplified, but exact, overall picture of the various 
biological sciences taught in science faculties and in high 
schools. 

This new book covers approximately the same ground 
as standard English texts for the university student hut 
the emphasis is rather different. The English system, of 
describing a few species from each phylum in considerable 
detail, involving curtailment and often inadequate con- 
sideration of classification and diversity of form, is not 
followed. Here the emphasis is on the phylum as a whole, 
resulting in reasonably well-balanced, synoptic, descriptive 
accounts of most of the invertebrate groups, although 
discussions of evolution, phylogeny and similar questions 
are either lacking or not sufficiently considered. 

Nevertheless, the 919 pages bring together a wealth of 
detailed knowledge on invertebrates, but as might be 
expected, considering the very large field covered by so 
few authors, some groups (notably, insects, echinoderms 
and tunicates) are well done, while others (for example, 
Platyhelminthes and Cnidaria) are far less satisfactory. 
Although the authors have not always managed to keep 
abreast of new developments and idoas, they havo 
included a welcome section on the Pogonophora and have 
devoted some space to the monoplacophoran molluse 
Neopilina and to the bivalved gastropod Berthelinia. 
There are many excellent illustrations from recent sources; 
somo, however, are of ancient vintage and a relatively 
small proportion have not been copied with sufficient care. 

This volume compares very favourably with general 
text-books:still in use and is a good deal better than many. 
It must, however, be pointed out that progress in the 
whole field of invertebrates is now so great that if a new 
text-book is to be really up to date, then it will havo to bo 
written by specialists in their respective fields, under a 
general editor who knows the teaching requirements. 

W. J. REES 
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Russian-English Dictionary of Modern Terms in Aero- 
.  nautics and Rocketry 

By Michael M. Konarski. Pp. xi+515. (London and 
New York: Pergamon Press, 1962.) 200s. net. 


VEN in these days of inflated prices one might expect 
to find either colour plates or luxurious paper and 
printing or, at the very least, gilt-edging in a volume 
costing £10. This volume has none of these things. One 
wonders then if the contents are of exceptional value. 
There are already several good Russian—English technical 
dictionaries which between them cover the subjects of 
aeronautics, radio, electronics and missiles which form 
the bulk of the entries in this new dictionary. There are, 
for example, the Russian-English Glossary of Aeronautical 
Terms issued by the U.S. Air Technical Intelligence Centre 
in 1956 and the Russian-English Glossary of Guided 
Missile, Rocket and Satellite Terms issued by the U.S. 
Library of Congress in 1958. The owner of these two 
volumes will not find many additional positive entries in 
the new one. By a positive entry I mean a phrase which 
has a technical meaning distinct from the word-by-word 
translation. 

A couple of mis-translations have been noted. ‘‘magnit- 
naya anomaliya” becomes “magnetic interference” where 
“magnetic anomaly” is correct, and “sputnik planety” 
becomes, for some reason, “a secondary planet” instead 
of “a planetary moon”. 

At the end of the book there are 20 pages of interesting 
information including the common English equivalents 
of Russian aerodynamic symbols and the Russian morse 
code. 

On the whole this is a comprehensive and accurate 
glossary of the main subjects covered and will be useful to 
newcomers who can afford the price. R. H. Merson 


Handbook of Medical Laboratory Formulæ 

By R. E. Silverton and M. J. Anderson. Pp. xii +676. 
(London: Butterworth and Co. (Publishers), Ltd., 1961.) 
90s. 


HIS book, which is divided into four main sections, 

namely, bacteriology and parasitology, histopathology, 
hematology and biochemistry, contains 762 different 
recipes and techniques. The first two sections contain 
formule for many media and stains for which the exact 
recipe is frequently difficult to locate; rather surprisingly, 
however, no information is given on any of the prepara- 
tions required for the handling of viruses. The value of 
these sections is, however, severely limited by the absence 
of any comments or criticisms on the relative values of 
the different methods as this may make it necessary for 
the user to consult the relevant text-book. These sections, 
however, are of some value in a laboratory engaged in 
a large amount of investigational bacteriological and 
hematological work. In the biochemical section many 
of the techniques reported are rather outdated and no 
concession has been made for laboratories possessing 
up-to-date facilities and instruments, as many ofthe more 
elegant methods of clinical biochemistry receive no 
mention. 

Each formula is given in considerable detail, but it 
seems unnecessary to state, after each preparation, that 
the solution should be bottled and labelled. Mistakes 
are few, but greater care should have been taken to avoid 
errors of the type where ammonium sulphate is referred 
to when ammonium sulphamate is the reagent required. 
The book contains six appendixes and a good index. 
Some of the information given in the appendixes is 
useful although there are seven pages on the concentra- 
tions of saturated solutions for which there seems to be 
little use. . 

A valuable feature of the book is that a literature 
reference is given for many of the techniques. 

W. A. M. DUNCAN 
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Introduction to Herpetology 

By Coleman J. Goin and Olive B. Goin. Pp. x+341. 
(San Francisco and London: W.H. Freeman and Company, 
1962.) 57s. 


HE modest title of this book belies the extent of its 

contents. Almost every aspect of herpetology is 
described with remarkable detail; structure of amphibians 
and reptiles, their origin, evolution, reproduction, behavi- 
our and geographical distribution, as well as the taxonomy 
of each order. 

Although intended primarily for college students who 
have already grasped the basic principles of biology, the 
Goins’ book can be thoroughly recommended to any one 
interested in herpetology, including teachers of zoology. 
It is authoritative and concise and has a clarity of 
expression which makes it not only an admirable reference 
book but also a stimulating and easily digested text-book. 
It is, besides, a thought-provoking work that makes one 
aware of the problems, particularly in classification, that 
still exist in herpetology. The classification chosen will be 
unfamiliar to many who are not spocialists in taxonomy, 
yet there is much to commend it. 

It is, of course, impossible to cover such a vast subject 
in 341 pages without some oversimplification, but brevity 
‘thas been compensated by suggestions for further reading. 
Errors or misleading statements are rare; but three 
concerning the antipodal fauna might be mentioned. The 
liopelmid frog is not the only frog known from New 
Zoaland, for at least three species of Hyla (tree frogs) have 
been introduced from Australia and have been established 
for nearly a century. The eggs of the tuatara are flexible 
and parchment-like, not hard shelled; furthermore, 
mating has been observed in the field as well as in 
captivity. A. G. C. Granpison 


A Manual of Cosmetic Analysis 

By Dr. Sylvan H. Newburger. Pp. vi+ 84. (Washington, 
D.C.: Association of Official Agricultural Chemists, Inc., 
1962.) 4.25 dollars. 


HIS volume consists of a collection of methods, some 

hitherto unpublished, developed by the staff of the 
Division of Color and Cosmetics of the U.S. Food and 
Drug Administration. Unlike the methods included in 
the Official Methods of Analysis, issued by the Association 
of Official Agricultural Chemists, these have not been the 
subject of collaborative investigation—a justifiable omis- 
sion in view of the rapidity with which new ingredients 
and preparations are developed and old ones become 
discarded—but they have obviously proved valuable in 
one of the foremost analytical] laboratories. 

The very wide range of products covered includes 
creams, shampoos, lipsticks, nail varnishes and the 
currently topical aerosol hair sprays to mention but some, 
and the fact that it has been possible to develop procedures 
for determining the nature and amounts of the ingredients 
in these frequently complex preparations is highly 
commended. Because of the variety of the ingredients, 
it is inevitable that for some products only general schemes 
for the isolation of fractions are given, but examples are 
‘discussed to give an indication of how to evaluate the 
results. In this respect infra-red and ultra-violet spectro- 
photometry and chromatography play an important 
part. 

The methods in this book are not for the novice; few of 
the procedures are rule-of-thumb and an analyst’s skill 
and intelligence are required to the full. The slimness of 
the manual does not truthfully reflect the likely value of 
the publication to all concerned in the analysis of complex 
formulated products in a wide field covering more than 
cosmetics. A minor criticism may be levelled at the cover; 
my copy is already showing signs of wear, and a stronger 
binding would have been advisable on a bench manual 
likely to be in constant use. 8. ©. Jory 
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MOLECULAR STRUCTURE OF HELICAL POLYCYTIDYLIC ACID 
By Dr. ROBERT LANGRIDGE* and Pror. ALEXANDER RICH 


Department of Biology, Massachusetts Institute of Technology, 
Cambridge 


HE synthetic polynucleotides are of considerable 

interest, because of their close relation to the naturally 
occurring nucleic acids. Both the natural and synthetic 
polymers are often capable of assuming more than one 
configuration, and a great deal of attention has been 
focused on these structural changes. All these molecules 
ean be found in an amorphous, random coil form in which 


Fig.1. X-ray diffraction pattern of polyeytidylic acid. 





there is no regular relation between the orientation ol 
successive nucleotides along the polymer chain. In a 
suitable environment, many polynucleotides are also ably 
to form elongated, helical molecules in which successiy: 
groups have a fixed position relative to each other. In 
this article, we report an X-ray diffraction study of the 
helical form of polycytidylic acid. 


The fibre axis is vertical and the fibre is tipped slightly to show the meridional reflexion 
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Fig, 2. Reciprocal lattice di 
0-6 are shown, and the indices At are appropriate for the hexa- 
gonal system, Systematic absences indicate that the fibre has crystal- 
lized in the rhombohedral lattice. Intensities are indicated by VS 
(very strong), S (strong), M (medium), W (weak), VW (very weak) 


am of polycytidylic acid. Layer lines 


Tho polycytidylic acid used in this investigation was 
prepared. enzymatically using methods which have been 
deseribed previously!. The polymer is stored in a dry, 
fibrous state and a specimen is prepared for X-ray diffrac- 
tion work by the addition of water or a suitable buffer to 
forma thick, gelatinous solution. The specimen is 
elongated in the gel-like state and, on air drying, produces 
a birefringent fibre. The fibres were 50-100u in diameter 
and were mounted in an X-ray diffraction camera sur- 
rounded by a helium atmosphere at a fixed relative 
humidity. A Hilger microfocus X-ray tube was used to 
generate the copper Ka-radiation?. 

Two types of X-ray diffraction patterns were obtained 
from polycytidylic acid. One of these is amorphous and 
shows no evidence of internal order with no sharp reflex- 
ions. This is associated with fibres which have very little 
or zero birefringence. However, other fibres were pre- 
pared which showed a high degree of negative birefringence 
(An=0-015) and a high degree of order in the X-ray 

diffraction pattern (Fig. 1). These two types of diffraction 
patterns could be obtained from the same sample of poly- 
cytidylic acid if the pH of the gel is varied. The amor- 
phous form appears when the gel is near neutral or 
slightly alkaline pH. On the other hand, when the pH is 
lowered to 5-5 or less, the ordered form of the diffraction 
pattern appears. These initial observations clearly 
suggested that the additions of protons may be important 
in bringing about an organized form of the polymer. 

The X-ray diffraction pattern shown in Fig. 1 is re- 
markable in many respects. It is among the most highly 
oriented crystalline diffraction patterns which have been 
obtained from synthetic polynucleotides. More than fifty 

"independent reflexions have been observed, indicating a 
degree of order which is fairly unusual among synthetic 
polynucleotides and is only surpassed by the X-ray 
diffraction patterns obtained from highly oriented DNA 
preparations®. However, in contrast to diffraction 
patterns from DNA or other synthetic polynucleotides, 
this pattern does not change when the relative humidity is 
varied from 0 to nearly 100 per cent. Thus, these mole- 
cules probably fit together closely with relatively few 
water molecules in the lattice. 
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or near meridional spacing at 3-11 A. The diffraction 
pattern has characteristic features which show that the 
molecule has a helical configuration’. Thus, there is a 
clear area on the meridian and a meridional spacing on 
the sixth layer line at 3-11 A, which represents the trans- 
lation of the asymmetric unit along the helical axis. 
The negative birefringence and the meridional spacing at 
3-11 A both suggest that the pyrimidine residues are 
oriented almost at right angles to the fibré axis. Since the 
pyrimidine thickness is 3-4 A, the rings must be tipped 
somewhat so that they are not exactly perpendicular to the 
axis. The interpretation is reinforced by the strong off 
meridional reflexions which occur on the fourth layer line. 

The X-ray reflexions can be indexed on a hexagonal 
lattice (Fig. 2). However, it can be seon that systematic 
absences occur when the reflexions are indexed in this 
manner. In particular, the absences indicate that the 
helical molecules are crystallizing in a rhombohedral 


lattice. The (100) reflexion indexed in the hexagonal. 


system occurs at a spacing of 20-25 A; hence each helical 
molecule of polycytidylic acid is surrounded by six 
nearest neighbours at a distance of 13-5 A, with alternate 
neighbours displaced by translations of one-third up and 
one-third down along the helical axis. 

Interpretation. The molecule exists in a helical form in 
which the apparent pitch is 18-65 A, and there appear to be 
six residues per helical turn, since the meridional reflexion 
falls on the sixth layer lme. Thus, adjacent asymmetric 
units in the polymer chain may be related by a translation 
of 3-11 A along the helix axis and a rotation of 60°. The 
X-ray diffraction pattern provides this kind of general 
information but does not unambiguously lead us to a direct 
solution of the structure. In particular, it does not tell us 
whether the helical molecule consists of one or more 
strands and whether the strands are parallel or not. The 
diameter of the molecule is approximately 13-5 A, and this 
suggests that it is probably not a single polynucleotide 
chain. For comparison, the two-stranded DNA molecule 
has a diameter of 20 A. However, it consists of both a 
purine and a pyrimidine residue hydrogen bonded. to- 
gether with the sugar phosphate chains extending from the 
base pairs. A pyrimidine-pyrimidine pair is substantially 
smaller than the purine~pyrimidine pair, so that a two- 
stranded polycytidylic acid molecule might have a smaller 
radius than DNA. If the molecule were two-stranded, 
then the two strands would have to have a configuration 
such that they were very close to each other and wound 
round a tight packing of pyrimidine residues. 


With these observations in mind, further investigations... 


were carried, out with molecular models. If the molecule 
were two-stranded, we still would have to make some 
assumptions to decide whether the two strands were 
paralled or anti-parallel. 
parallel, this would imply that adjacent nucleotides.in the 
polymer chain would be related to each other by a 60° 
rotation. A 
each other and related by a two-fold rotation axis, then: 
adjoining residues would be related by a 30° rotation. 
Many polynucleotides have structures in which adjacent 


-The X-ray diffraction pattern has a first: layer line: 
-spacing at 18-65 A, with six layer lines shown in Figel. - 
This pattern was obtained by tilting the fibre somewhat __ 
in order to show that the sixth layer line has a meridional © 


If the two strands were anti- 


However, if the two strands were parallel to- 


residues are related by rotations in the vicinity of 30°.” 


However, no polynucleotides have been found as yet with 


a rotation as large as 60°. These considerations all sugges-.. 


ted that the molecule is built up as a two-stranded helix 
with both strands parallel to each other and related by a 
two-fold rotation axis. 
considerations have considerable heuristic value, they 
eannot be cited as evidence. New experimental informa- 
tion was needed to resolve the problem. 

Disordered Helical Polycytidylic Acid. We decided to 
try. another experimental approach to this problem by 
attempting to obtain X-ray diffraction data from fibres of 


However, although such general. 
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Fig. 3, X-ray diffraction pattern of polycytidylic acid near pH 4. 


polyecytidylic acid which were somewhat less well organ- 
ized than that which produced the diffraction pattern in 
Fig. 1. The object of this approach was to attempt to 
destroy the symmetry in the molecule. 
the solution seemed to be a sensitive parameter, we 
decided to draw fibres from solutions which had a higher 
concentration of hydrogen ions. A gel was obtained at a 
lower pH (approximately 4), and an oriented fibre was 
obtained. This produced a less well-ordered diffraction 
pattern than that shown in Fig. 1; however, the pattern 
was also altered in a significant manner as shown in Fig. 3. 
Tt can be seen that at lower pH, a new layer line appears at 
a spacing of 37:3 A. Thus, the addition of more protons to 
the molecule destroyed the symmetry in the molecule 
which was responsible for producing a pseudo first layer 
line of 18-65 A. This showed that the reflexions at 18-65 A 
really arise from the second layer line and that the indi- 


The pattern is disordered compared with Fig. 1; 
appears at 37-3 A as shown by the horizontal arrows 


Since the pH of 


however, a new layer line 


vidual polynucleotide strands of the molecule actually 
have a helical periodicity of 37-3 A. This is hidden when 
the molecule is in its highly oriented crystalline form 
because of the symmetry of two strands related by a 
rotation of 180°. A moderate amount of protonation 


(pH 5-5) produces the well-ordered form while a higher 
degree of protonation breaks up this form. 
There is additional information present in the broad 


layer line at 37-3 A. The position of a diffraction maxi- 
mum from a helical structure is proportional to J,(2nrR 

where Jn is a Bessel function of order n, r is the radius of 
the diffracting unit, and R is the position of the reflexion 
in reciprocal space. By measuring the mean position of 
the diffuse reflexion on the first layer linə to obtain Æ, 
we can determine a weighted average radius (r) for that 
part of the molecule the symmetry of which is disturbed by 
the addition of more protons. On making this calculation, r 





Fi Hydrogen bonding between the cytosine bases in polycytidylic 
TE The two bases are located on a two-fold rotation ala, and they 
: are almost perpendicular to the helix axis, ‘The cytosine on the right 
; has an additional proton, as indicated by the + sign. However, the 
: poitive charge is probably distributed: over the pyrimiding ring. It 
“is likely that alternate bases aonga given polymer chain will tend to be 
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_ is found to be 3-4 A, which clearly suggests that the bases 
<c are located in the centre of the molecule and that their 
packing has been. disturbed by the addition of more 

protons. This has resulted in a loss of the two-fold 

rotational symmetry which they had in the ordered state. 

. Thus, this additional experimental information allows us 


to concludo that polycytidylie acid in the ordered helical 


_ form is a two-stranded molecule in which both strands are 
parallel and are related by a two-fold rotation axis. The 
o asymmetrie unit of eytidylic acid is related to its nearest 

- neighbour on the polymer chain by a translation of 3-11 A 
and a rotation of 30° 
_... Having obtained this information, our next problem is 

_ “to determine the exact manner in which the two strands 
_ are related by the two-fold rotation ‘axis. Since the 
_ molecule has a relatively small diameter, it was immedi- 
. ately apparent that a hydrogen bonding scheme such as 
that shown in Fig. 4 would tend to bring the two chains 
close together so that a compact form of the molecule 
could be made. This.is a rather unusual hydrogen-bonding 
arrangement in which three hydrogen bonds are formed by 
the addition of one proton for every two cytosine residues. 
This form of hydrogen bonding occurs in the solid state in 
the structure of cytosine-acetic acid as reported by Marsh, 
Bierstedt, and Eichhorn’. Not only does this type of 
hydrogen bonding satisfy the necessity for lowering the 
pH slightly to obtain the organized form of the helix, but 
it also readily explains why disorder was introduced by 
further protonation. Thus, the protonation of the other 
-cytosine would tend to break up the two-fold rotation axis 
of symmetry and produce a type of disorder which would 
produce the diffraction pattern shown in Fig. 3. 

A molecular model of this form of polycytidylic acid has 
been constructed in which the bases are tilted slightly from 
the helical axis in a propeller-like fashion to preserve the 
two-fold rotation axis. In this form the molecule packs 
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ightly and has a radius such that it can fit into the _ 
\ombohedral lattice. Preliminary Fourier ‘transform _ 


` calculations from a model of this type give a diffraction — 


pattern which agrees fairly well with the observed diffrac- 
tion data from the lower layer lines and moderately well: 


with the upper layer lines. Further work is now going on. 


to fit this molecule into the lattice and the results of this 

detailed molecular structure’ analysis will be described. 

elsewhere. . 
The molecule of polycytidylic acid fits very tightly into: 


its rhombohedral lattico. This explains the high degree — 
of erystallinity and also explains the fact that the diffrac- = __ 


tion pattern does not vary with relative humidity, since: 


there is room for very little water in the lattice. Thisis an oe 


unusual property of polynucleotides and is related to the — 
high symmetry present in the molecule. 

However, the lattice is not perfectly ordered. It can be 
seon that there is some. blurred diffraction intensity 


between the discrete spots on some of the layer lines. oo 


Although the domains in the fibre are largely made up. of 
molecules pointing either up or down, some of the mole: 


cules in these domains probably have directions which are ` 


opposite to those of their neighbours. This type of disorder. 


is associated with streaks along layer lines*. In addition, a 


weak reflexion can be seen to occur on the meridian of 
the third layer line. This refloxion would not be there if 
the helix were completely regular. It may arise if adja- 
cent bases are distorted in pairs periodically to produce a. 
spacing of 6-22 A along the helix axis: This typo of- 
disorder giving rise to meridional reflexions is not infre- 
quent in many helical polymers. 

The prediction that the stable helical form of poly- 


‘eytidylie acid is hemi-protonated (Fig. 4) has many : 


direct consequences which can be tested by experiments in; 
solution. ‘These experiments demonstrate that this helical 
form of polycytidylic acid persists in solution and will be |. 
reported elsewhere’. 

It'is interesting to compare the helical form of poly- 
eytidylic acid with the helical form of other polynucleo- 


tides. It is similar in some respects to the helical form of ~ 


polyadenylic acid which is only stable at a lower pH *. 
However, in contrast to polyadenylic acid, the additional 
proton which is added to stabilize the polycytidylic acid 
helix is involved directly in hydrogen bonding, while in 
polyadenylic acid, the contribution which the added 
proton makes to form the helix is predominantly electro- 
static in character. 

We thank R. Kretsinger and Y. T. Thatachari for their 
assistance in this work, which was supported by research 
grants from the U.S. National Institutes of Health and the 
U.S. National Science Foundation. 
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EVIDENCE FOR ABIOGENIC HYDROCARBONS 
By Pror. P. C. SYLVESTER-BRADLEY and R. J. KING 


Department of Geology, University of Leicester 


UELLER'!, commenting on Wilson’s abiogenic 
hypothesis for the origin of petroleum?, has claimed 

that “all known deposits of petroleum and related sub- 
stances ... are within sediments in general and shallow 
sea deposits in particular”. Although it is true that by 


far the greater number of oilfields are found in sediments, 

bitumens are known to occur widely in igneous and mota- 
morphic rocks, and commercial production from accumula- 

tions in the crystalline basement is proceeding actively in 
Venezuela. California, Kansas and Morocco’. 
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In the U. 5. S-R.; Kudryavtsevt, Kropotkin?, Petersil’ye® 
and. others arè combating the orthodox view that all 
petroleum is biogenic. The American translator of a 
hostile Russian review’ of Kudryavtsev’s book! expound- 
ing thè abiogenic hypothesis notes that these ideas 
op" would seem .. . absurd to most geologists”. In this 
oS controversy distributional evidence is of some importance 
and is here reviewed. 
_ Natural. gases emanating from gas-fields, and usually 
regarded as biogenic in origin, are sometimes associated 
with nitrogen and helium. Methane and other gaseous 
_ hydrocarbons not infrequently issue from the base- 
—ment?-**; usually these are associated with helium, 
ydrogen and nitrogen. If (as seems most likely) the 
drogen and nitrogen are juvenile, it is clearly 
hat the methane is also juvenile, and therefore 























e abiogenic theory for the origin of petroleum sup- 
_ poses that these inorganic hydrocarbon gases are some- 
_ how polymerized. Heavy hydrocarbons which show some 
evidence of abiogenic origin occur in three associations: 
(1) as thucholites with pitchblende or other radioactive 
associates, usually in pegmatites or ore-bodies; (2) as 
_. hydrothermal ‘minerals’; (3) as igneous hydrocarbons in 
«n association with alkaline or basic intrusions. 
(1) Oraniferous hydrocarbons (carburan, carbocer or 
ee thucholito) are found in pegmatites, granites, gneisses and 
schists, and have been recorded from iron-ore skarns of 
weden, the gold ores of the Witwatersrand and Canada 
and in mineral veins (chalcopyrite zone) of the Isle of 
It is these bitumens which show the high oxygen 
oted by Mueller’. Hydrocarbon gases are thought 
ve been polymerized by «-particles emanating from 
the radioactive constituents of the rock, and these hydro- 
earbons are likely to be abiogenic even in the orthodox 
























has recently described uraniferous asphalts 
jation with a galona horizon at the top of the 
ower Magnesian Limestone immediately below the Middle 
url in Nottinghamshire. The galena might be hydro- 
‘thermal, but Deans favours its derivation from syngenetic 
lead of Magnesian Limestone age. The asphalt seems to 
_ have been precipitated after the lead; lateral migration 
<o -from nearby oilfields is postulated. To these occurrences 
. -we-would add two. First, radioactive bitumen occurs as 
‘small globular masses (up to 6 mm) in the decalcified 
dolomite in the Carboniferous Limestone of Breedon 
Cloud, Leicestershire, just below the Triassic uncon- 
formity; associated are chalcocite, galena, calcite, dolo- 
mite, marcasite and a molybdenum mineral, with (as 
oxidation features) malachite, azurite, cerussite and 
goethite. The associated minerals aro often dendritic, 
` and are disseminated in the Triassic sands, or impregnate 
the cavernous dolomite, and would seem to have resulted 
from the redistribution of syngenetic minerals in the cover. 
Secondly, we have collected a strongly radioactive brittle 
bitumen intimately associated with dolomite veins, from 
the dumps of the Ty Gwyn Copper Mine, Great Ormes 
Head, Llandudno. Davies!! suggests the copper ores 
mined were redistributed from solutions derived from 
the overlying cupriferous limestone. The hydrocarbons 
“> deseribed in this paragraph may well have been poly- 
-merized by association with their radioactive contents, 
-o but it is difficult to account for the concentration of the 
-radioactive minerals. There is no evidence to suggest 
_ that the hydrocarbons are magmatic in origin, but their 
_ frequent association with calcite or dolomite is puzzling, 
for this is also the usual association of hydrothermal 
- hydrocarbons. It is also possible that these thucholites 
_ were once associated with a Permo-Triassic cover, and are 
„comparable with those deseribed from the Magnesian 
_ «Limestone. 
(2) Hydrothermal hydrocarbons have been called ‘Coal- 
_- blend’ in Norway and are found in fissures and veins, 
= some, if not all, of which are associated with Permian 
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igneous activity. These bitumens do not have such a 
high oxygen ratio as the thucholites, and are: not © 
active. The bitumen is intimately associated with ery 
of calcite and native silver in the Kongsberg silver moes 
and at Åmot (Modum) is brecciated, and interpenetrated — 
by later hydrothermal veins of calcite, quartz, chaleo- 
pyrite and chlorite. The fact that the bitumen is oe 
times interstitial within hydrothermal mine! 
other times is penetrated by later hydrothen i 
points to the inescapable conclusion that it is | 
thermal. Dons" believes the hydrocarbons to | 
juvenile in the parent magma, but points out t nat 
possible that they may have been derived from Uam. 
Silurian sediments if these were first assimilated by 
magma. Similar occurrences to those in Norway 
been reported from Sweden". Pratt*® has deseribed s 
hydrocarbons occupying small vug-like voids and form: 
slender filaments along minute fractures in. assoc 
with the mineralization of the Precambrian basemen in 
New Mexico. 

Mueller! has made a very thorough geochemical 
analysis of the bitumens associated with hydrothermal! 
veins cutting Carboniferous Limestone in Derbyshire but 
comes to conclusions different from those of Dons. He 
dismisses a magmatic origin on two counts, which we find 
very persuasive: (1) the bitumens can be grouped into 
three classes on the basis of their relative differentiation, 
and these three classes are found in their distri 
to be correlated with differences in the carbonaconus 
content of the shales which lie above the limestones-—th 
well-differentiated hydrocarbons being correlated 
shales with a low-volatile carbonaceous content, 
undifferentiated hydrocarbons with shales of high-val: 
carbonaceous content; (2) the deposition of Hituri 
the veins is concentrated i in the upper levels of the 
stone, not far below the unconformable contact with tt 
shales above. (This is not always true, for Dr, T. D. Ford 
informs us that in the Magpie Mine at Sheldon bituraen 
occurs 600 ft. below the present limestone surface.) Mualler 
supposes that the hydrothermal solutions are responsible 
for the synthesis of hydrocarbons by the hydrogenation 
of the carbon in the shales. The strength of his argumont 
partly depends on the degree of correlation between the 
two distributions (bitumen in the veins; carbon in: the 
shales), but the statistical evidence does not seem to have 
been published. 

A further difficulty of his theory is the necessity: to 









































postulate that the newly formed hydrocarbons moved 


down the veins, from the shale to the lirestane. at 
same time that the hydrothermal solutions were mo 
up. The field relations of the bitumens associated y 
the mineralization described by Mueller can be f 
elucidated by considering the extension of the syste: 

the south-east. Specimens retrieved from dump 








the old lead mines at Staunton Harold, Leiceste: hire, ae 


show that the bitumen formed about 35 per cent of 
gangue, and is intimately associated with dolomite, 
baryte, galena, blende, chalcopyrite and rare hemimor- 
phite. At Staunton Harold the Carboniferous Limestone 
is covered by Carboniferous shales, as in the occurrences 
noted by Mueller. Three miles north-east of Stunten 
Harold, at Ticknall, however, the shales above the lime- 
stone have in some places been removed before the deposi- 
tion of the Permo-Triassic sands, which immediately 
cover the limestone; the limestone in such places is 
dolomitized to a depth of 2-3 ft. The limestone is ent 
by a vein showing an intimate association of bitumen 
with dolomite, baryte, galena, blende, chaleopyrite and 
aurichalcite, but this mineralization is confined te the 
zone of dolomitization. Bitumen also occurs in as i 
tion with galena and chalcopyrite in the Permo- Triaasie 
sandstones. ae 
If this mineralization were hydrothermal, if mast i 
occurred after the overlying Namurian shales had l 
removed. However, the limestones of this a To 
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themselves interbedded with shales, presumably of Upper 
Viséan age, and these shales could provide a source of 
carbon. On the other hand, the mineralization could 
be due to a redistribution of syngenctic minerals of 
Permo-Triassic age; as, however, the hydrocarbons are not 
radioactive, they cannot be directly compared with those 
from the Magnesian Limestone or from Breedon described 
in the preceding paragraph. 

Fifteen miles east-south-east of Ticknall, at Mountsorrel, 
bitumen is found in one of the most spectacular occur- 
rences in Britain. Here it is associated with the Hercynian 
{or Carboniferous) basie dyke system which cuts the 
granodiorite. It occurs: (1) in compact masses up to 
40 em long, as vein-like bodies enclosed in bleached 
dolerite with no mineral associates; (2) in globular or 
spherulitic: masses of about 2-5 em diameter completely 
enclosed in dolomite and associated with goethite; (3) 
investing dolomite pseudomorphous after calcite; (4) as 

- oily films and liquid infillings in calcite geodes, often to 
complete capacity (the liquid evaporates when exposed to 
air, leaving a tarry residue). At least some of the bitu- 

“men would seem to be contemporaneous with the mineral- 
ization. The Mountsorrel granodiorite is now covered 
with Triassic sediments. The granodiorite itself has been 
shown to be Caledonian in age*’, so it could, in pre-Triassic 
times, have been covered with Namurian shales. It is 
therefore not impossible that Mueller’s hypothesis might 
account for the bitumens at Mountsorrél, but the 
evidence is far from conclusive and an abiogenic source 
seoms almost equally probable. We have found similar 
bitumens associated with baryte in hydrothermal veins 
in many of the Shropshire mines in the Shelve area, 
especially at Pennerley Mine and at Huglith Mine 
(Habberley); the bitumen is in all cases a late stage 
inia copper-baryte association which may itself be 
secondary. 

» (3) Igneous hydrocarbons have recently been described 
in some detail by Petersil’ye* from the nepheline syenite 
complex in the Kola Peninsula and consist of both bitu- 
mens and gases. Geochemical analysis shows that the 

“bitumens are similar to crude oils, and contain paraffin 
and aromatic hydrocarbons as well as oxygen, nitrogen and 
sulphur. The gases are methane, othane, propane, with 
occasional isobutane and small amounts of carbon 
monoxide and hydrogen. Petersil’ye concludes that the 
hydrocarbons are syngenctic, and were formed by the 
hydrogenation of dispersed carbon (or of carbon dioxide) 
during crystallization of the magma. Dons has described 
oil-bearing dolerite dykes from the Arendal district in 
Southern Norway. We have collected similar material 
infilling joints (shrinkage cracks?) in a thick dolerite 
dyke in the Builth Volcanic Series (Upper Quarry at 
Llanelwedd). The bitumen is associated with calcite. 
Some of the bitumens described as hydrothermal in the 
previous section are associated with dolerite dykes. It is 
difficult in these cases to determine whether the relation- 
ship of the bitumen should be regarded as hydrothermal, 
or as.a late stage of igneous intrusion. 

Dr. P. E. Kent informs us that the National Coal 
Board, in drilling at Harlequin, one mile east of Radcliffe- 
on-Trent, intersected a thick sill which yielded some 

hundreds of gallons of black oil from its joints. In this 
ease there seemed no reason to assume the oil had not 
migrated from the same source as that which supplied 
the Midland oilfields. 

The hydrocarbons found by Harington” in asbestos 
from South. Africa, Swaziland, Rhodesia and Australia 
seem unlikely to be abiogenic, for they are associated 
with amino-acids'®, and an organic environment (albeit 
of Precambrian age) can be postulated. 

The orthodox explanation for the presence of oil in 
reservoirs in basement rocks (mentioned in the first 
paragraph) is that this is biogenic, and has been derived 
from sedimentary sources by downward expulsion or 
lateral migration, or has been ‘sucked’ into the basement 





"by ‘dilatation’. ‘The most ardent adherents of the abio- 
-genic hypothesis, on the other hand, claim that the major 


$ - May 25, 1963 Vou t98 


part of all oil reservoirs is inorganic in origin, and gontains 
only minor organic constituents which were picked up'as_ 
the oil migrated upwards from the basement to the trap 
in which it is found. Among the most important of these - 
minor constituents are porphyrins. It is therefore of 


particular interest that carbonaceous meteorites have 


been found to contain not only hydrocarbons but; 
it is claimed, nitrogenous compounds of organic. 
nature?*°, Jf these results are confirmed, there can 
only be two explanations: either the carbonaceous 


contents were organically formed, and the meteorites). 


are fragments of a planet that once bore life; or both 
bitumens and nitrogenous compounds were abiogenically ` 
formed, 

We are not suggesting that the evidence we have quoted 
in this article is conclusive, but we do believe that it is 
sufficiently suggestive to admit the abiogenic theory to 
the status of a working hypothesis. No doubt the truth — 
is that some oil is derived from abiogenic sources, some 
from organic sources. The inorganic theory has some 
importance not only for its bearing on Wilson’s hypothesis 
of the lunar mariæ? but also as a contribution to the 
synthetic theory for the origin of life. If inorganie ‘fuel 
oils’ escaped from the crust into the primitive ocean, it is 
no longer necessary to postulate an incredibly dilute 
‘probiotic soup’ as the starting point for biopoesis®, for 
the oil will have floated, and eventually been washed 
ashore in the same way that present-day fuel oils, dis- 
charged. from ships at sea, besmear the coasts of Europe. 
Complex hydrocarbons are thus automatically concen- 
trated and delivered to the environment (tidal estuaries 
or deltas) which Bernal*?-** believes to be the most suitable 
for subsequent organic synthesis. The interface between 
oil and mud would form an ideal environment. for such 
synthesis, for the decomposition of relatively heavy 
hydrocarbons in a reducing environment would be exother- 
mal, with the emission of methane’, and would thus not 
only provide the materials for the synthesis of complex 
molecules but also the energy. Colloidal clay minerals 
would also be available in this environment as catalytic 
agents (‘proto-enzymes’). 

We thank Prof. J. D. Bernal, Mr. N. L. Falcon, Dr. P, E. 
Kent, Prof. K. Krejci-Graf and our colleagues in this 
Department for stimulating discussions. 

Note added in proof. Since writing the above, three 
further associations of hydrocarbons have come to our 
notice which we believe to be important. (1) It seems 
that hydrocarbons are frequently associated with the 
hydrothermal deposition of cinnabar. Cinnabar is usually 
considered to have been deposited under relatively low- 
temperature conditions. In the quicksilver deposits of 
Texas? hydrocarbons occur in such quantity as (in some. 
localities) to provide the fuel for furnacing. In California®* 
hydrocarbons have been described as essential constituents 
of ‘froth veins’ which occur as an integral part of the ore 
deposits, and consist of close-packed spherical shells of 
quartz or opal enclosing droplets of oil. In Spain®’ in the 
Almadeén ores bitumen has been recognized as the inter- 
stitial material in very dark quartzite occurring in dike- 
like masses that had previously been mistaken for ‘diabase’. 
(2) That small amounts of hydrocarbon are normal 
components of igneous magmas is strongly suggested by 
Goguel’s recent analysis of the gaseous inclusions within 
minerals of post-orogenic granites and pegmatites?#, 
(3) Finally, that juvenile methane does occur and forms 
a constituent of volcanic gases seems to have been 
established beyond doubt?®. 


* Mueller, G., Nature, 196, 13 (1962). 

2 Wilson, A. F., Nature, 196, 11 (1962), 

* Landes, K. L., Amoruso, J. J., Charlesworth, jun., L. J., Heany, F., 
Lesperance, P. J., Bull, Amer. Assoc. Petrol. Geol., 44, 1682 (1960). 

*Kudryavtsev, N, A., Nefti, gaz i tverdye v izvershennykh i metamorphi- 
cheskikh porodakh., Leningrad, 1959), 

ê Kropotkin, P. N., Origin of Life on the Earth, 84 (1959). 


and. 


No, 4882 May 25, 1963 


* Potersil’'ye, I. A., and Proskuryakova, Ye. B., Izv. dead. Sei, U.S.S.R. 
Geol. No. 4,55 (1961). (1962; Eng. transl). 
7 Teodorovieh, G. I., Intern. Geol. Rec., 4, 1040 (1962). 
* Pratt, W. R., and Rogers, R. G., Bull. Amer. Assoc. Petrol. Geol., 45, 
BOT GED. 
>G. E, and Bowle, S. H. U., Bull. Geol. Surv. Great Britain, 3, 















ee 3 
. © Deans, T., Miner. Mag., 82, 705 (1961). 
4 Dewey, H., and Eastwood, T., Spec. Rep. Min. Res. Great Britain, 30, 
Geol. Surv. Great Britain) (1925). ` 
A., Norsk. Geol. Tidsskr., 38, 249 (1958). 
t, H., Arsh, Sver, Geol. Undersik., 16, (1923). 
G. OR, Cong. @éol, Intern. ,19, (Alger), 12, 297 (1954). 
; Trans. Leie. Lit. Phil. Soc., 58, 18 (1959). 
n ond Podmore, J, 8., Geol, Mag., $8, 85 (1961). 

S., Nature, 198, 43 (1982). 
$., Science, 188, 521 (1962), 
Chem. Eng. News, 39 (21), 96 (1961). 
H., Nature, 191, 11387 (1961). 
e, ns New Biol., 16, 41 (1954). 
ernal, J. D., Proc. Phys. Soc, Lond., 82, 537 (1949). 
< “Bernal, J; D., Nature, 190, 129 (1961). 

4 Bernal, J. D., Oceanography, 95 (Amer. Assoc. Adv. Bei., 1961). 

w Yates, R, G., and Thompson, G. A., U.S. Geol. Sure. Prof. Pap.,114 (1959). 
‘** Batley, E. H., Bull. Geol. Soc. Amer., 70, 661 (1959). 

* Ransome, F. L., Econ. Geol., 16, 313 (1921). 

1 Goguel, R., Geochim. Cosmochim. Acta, 27, 155 (1963). 

» Krejci-Graf, K., Kali, verwandte Salze und Erdöl, Heft 20-23 (1984). 








- Comments by Prof. G. Mueller, Birkbeck College, 
University of London 


; Tem preceding article presents in a most instructive 
manner the problem of the ultimate genetical classification 

f hydrocarbons, and discusses much interesting evidence. 
The case for the abiogenic origin of the ‘uraniferous 
‘hydrocarbons’ seems to be very strong indeed; their high 
gon/hydrogen ratios are in sharp contrast with the 
ch lower values of all the known biogenic substances, 
d most of the localities are situated within large intru- 



















nposition, structure and physical properties of 
` the ‘hydrothermal’ and ‘igneous’ hydrocarbons are, on 
`. the other hand, well within the range of distillates, ete., 
of biogenic residues, and the small dimensions of the 
= igneous or hydrothermal structures within which they are 
found renders the probability of distillation from nearby 
. biogenic sediments rather likely. Another point which 
needs some consideration is the very sporadical distribu- 
tion of the hitherto known occurrences. Although many 
hydrothermal minerals are also rare, it would still be 
“difficult to account for the presence of detectable organic 
_ substances only in one out of a hundred or more hydro- 
. thermal veins or minor intrusions, if such would be original 
constituents of the magma, whereas chance coincidences of 
the structures with near-by or concealed, or by now 
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eroded carbonaceous sediments seem to explain better 
their scarcity. 

ing now to some details of the ‘hydrothermal 
bitumens of Derbyshire, the major occurrences of hydro- 
carbons proved to be invariably well within a few yards: 
below the abrupt termination of the veins at the limestone 
shale boundary; a few minor occurrences within deoper 
levels of the limestone could be correlated with markedly 
bituminous bands or shale partings in the 
fact that the ‘olefinite’ reds and droplets | | 
times as rich in uranium on their surfaco than the 
clearly indicates subsequent absorption of the e 
the locally distilled hydrocarbon phase. Many 
carbon globules appear in sections to be connec 
the country rock through ‘extrusion channels’, 
traverse the crust of hydrothermal minerals, indicating e _ 
mechanism of squirting the heavy polymer fractions of 
the hydrothermally distilled shale bitumens into the 
vein, through the growing minerals. The pressure gradient 
towards the vein would be provided with the libe BS 
gases, which, in turn, may explain the trend of migration 
of the heavy fractions to short distances beneath the 
impermeable shales, which acted as a barrier, both to the 
ascending mineralizing solutions and the gases. 

I agree with the authors that further statistical work on 
interrelations between the hydrocarbons in the shales 
and the hydrothermal veins would be useful in the goo 
on the other hand, the deposits so far studied in 
and quoted in my publication, clearly indicate t 
of increasing solubility of the ‘hydrothermal’ h 
carbons, with increasing liquid volatile yield from the 
shales. ean 

It seems that, on the whole, in the case of many ¢ 
‘hydrothermal’ and ‘igneous’ deposits evidences fo 
lation of biogenic sediments are very strong. Tf 
these hydrocarbons could be proved to be juverih 
predominantly juvenile, this would mean that there wo 
be two distinct types of abiogenic carbonaceous phases: 
(A). the tucholites, which presumably formed andor 
considerable pressure (depth) and in the presence of rm) eh. 
uranium; (B) a hitherto unknown proportion of the 
‘hydrothermal’ and ‘igneous’ types of the authors of the 
preceding article, which may have deposited at lower 
pressures and which structurally closely reserable the 
biogenic mobilisates. 

The problem of genesis of these second types could be 
eventually disentangled in the future with investigations 
of field relations, statistical work on interrelations be! 
the bitumens and nearby organie sediments, sot 
structures, such as the above-quoted ‘extrusia! 
which indicate the direction of migration, i 
working out chemical criteria in determining (prov 
abiogeni¢ and biogenic phases. ei 


























LONG-TERM CYCLES IN THE EVOLUTION OF 
THE CONTINENTS 


By Pror. J. SUTTON 


Department of Geology, Imperial College of Science and Technology, 
London, S.W.7 


EVERAL of the long-term geological processes which 

J occur in the Earth’s crust are known to have fluctu- 

` ated over periods of time longer than the periods of 200 
- million years or so often accepted as the intervals between 
successive orogenios. Gastil', for example, has shown 
that over the past. 3,000 m.y. igneous and metamorphic 
minerals were formed at unusually high rates during 


seven episodes, each of 200-400 m.y. duration, as comparee 
with the intervening periods. Radiometric determin: 
show that certain parts of the crust have acted as mobi 
belts (that is, they have been intermittently the s 
thick sedimentation, folding, regional metamor 
migmatization or widespread granitization) ever 
of as long as 750 m.y. before finally revert: 
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stable condition; such regions are exemplified by the 
Urals? or the Appalachians*. Structural analyses, coupled 
with radiometric age-determinations, have now made it 
possible to break down most of the large terrains of 
crystalline rocks into their constituent structural pro- 
vinces and it has become apparent that some of these 
provinces took as long as 800 m.y.** to evolve. The 
recent increase in radiometric data has brought out the 
striking fact that in widely separate parts of the world 
major structural provinces developed in the last 3,000 
m.y. began to form during one or other of three periods, 
none of which appears to have greatly exceeded 200 m.y. 
in duration. As each province is made up of a cluster of 
fold-belts which truncate older chains and are in turn cut 
by younger structures, this relationship indicates that 
in these three periods the pattern of mobile and stable 
regions throughout the crust underwent more drastic 
rearrangement than in the intervening longer stretches of 
time. Since the number of orogenic cycles which have 
occurred in the past 3,000 m.y. may be in the region of 
fifteen or more’, this suggests that we are dealing with 
some structural rhythm of longer duration than the 
orogenic cycle. , f 

The probable existence of such a long-term rhythm 
first emerged when investigators familiar with the struc- 
tural and magmatic history of Africa, Western Australia, 
Canada, India and the U.S.S.R. began to make intercon- 
tinental comparisons. Holmes’ was the first to direct 
attention to possible geochronological similarities between 
African, Indian and Australian provinces. Wilson et al.‘ 
have pointed out that the major structural divisions in 
Western Australia were evolved over periods of time 
comparable with those postulated for the formation of 
structural provinces in the Canadian Shield, a comparison 
confirmed by more recent work in Canada’. In discussing 
this recent work, Stockwell! has pointed out that the 
dating of the Superior, Churchill and Grenville Provinces 
of the Canadian Shield indicates chronological divisions 
similar to those proposed by Voitkevich® on the basis of 
reliable age determinations from the Baltic, Ukrainian, 
African, Indian and Australian Precambrian. Voitkevich 
distinguished four main geochronological divisions, starting 
at 2,650 + 150 m.y.; 1,800 + 90 m.y.; 1,030 + 50 m.y.; 
550 + 10 m.y., which he named the Shamvaian, Sveco- 
fonnid, Grenville and Indian Ocean orogenic cycles. The 
‘obvious similarity’ between the sequence of events in the 
Ukraine and Baltic Shields and that in other Preeambrian 
continental masses led Vinogradov and Tugarinov’® to 
propose a sub-division of the Precambrian, rather similar 
to that of Voitkevich. 


SCHEME OF SUB-DIVISIONS OF par sy a (Vinogradov and Tugarinov, 
1961 


600 + 50 
Upper Proterozoic 
1,100 + 106 
Lower Proterozoic 
1,900 + 100 
Archaean 
2,700 4 150 
a Katarchaean 
8,600 + 200 


Vinogradov and Tugarinov’s suggestion that these 
divisions might prove to be valid throughout the world 
receives support from the information summarized in 
‘Table 1, which gives the range of dates (youngest and oldest 
dated minerals from each structural province) reported 
from thé major Precambrian terrains; with the exception 

-of South America (for which adequate data are not avail- 
able) the figures cover every continent. It appears from 
“fable 1 that the main structural units established by 
geologists working in widely separated areas began their 
development in one of the following three periods: 


2,900 ~- 2,706 my, 
1,900 — 1,700 RLY. 
1.200 — 1,000 m.y. 
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Table 1. RANGES OF DATES IN TECTONIG PROVINCES (DATES ONLY PROM 


ANTARCTICA) 

mY. my. m.y. Ref. 

Scotland 2,800--2,200  1,700-—1,300 71,000—-750 38, 30 
400 
Baltic 2,900--1,900  1,900—1,250  1,100-~400 28 
Central Africa 2,700-—-2,000  1,850—1,500  1,100--475 4, 18, 40 
Canada 2,750-—2,300  1,850—1,550  1,200—-800 7 
Western U.S.A, 2,700—2,850  1,750-—1,200  1,000-—18 13, 41, 
42, 43 
Hast Asia 2,700--2,250  1,900—1,100 1,100650 30 
(N. China; Aldan) 
India 2,450—-2,300 1,650-1,300 1,150—-735 35, 45 
Australia 2,950-—-2,300 1,760—71,000 1,100—-100 6, 7 
Antaretica 1,800— -875 22 
Central 2,800-—2,000  2,000—1,500  1,200---500 44 
N. America —1,200 


Each period marks the start of a chain of connected 
events continuing for between 750 and 1,250 m.y.; the 
youngest cycle is still continuing, and there was no break 
at the beginning of the Cambrian. 

A different type of periodic change in the tectonic 
history of the Earth is marked by the incidence of con- 
tinental drift, or the movement of individual continental 
masses as opposed to polar wandering or shift of the crust 
as a whole relative to the mantle. In a paper which 
introduced the suggestion that continental drift might 
have occurred in Precambrian times, Runcorn developed 
a theory of continental drift in which periodic changes 
in the convection system of the mantle were related. to 
expansion of the Earth’s core. Runcorn’ afterwards 
pointed out that the times at which these-changes in the 
mantle should, on his calculations, be expected, in fact 
coincided with three marked peaks of igneous and meta- 
morphic activity recognized by Gastil’. These peaks 
occur between 2,750 and 2,450 m.y. between 1,900 and 
1,600 m.y. and between 1,150 and 900 m.y. Each covers 
the earliest 200-300 m.y. of the chronological divisions of 
Vinogradov and Tugarinov’’ and marks an early stage 
in the evolution of one of the structural divisions listed in 
Table 1. Within the crust, we thus find fluctuations in 
the rate at which igneous and metamorphic minerals were 
created and in the incidence of continental drift, together 
with periodic displacements of the mobile or orogenic 
regions on an unusually large scale. Runcorn’s theory 
provides an explanation of the first two phenomena, but 
in its present form does not appear to account for the 
distribution of orogenic belts, especially for the distribu- 
tion in space and time of those formed over the past 
thousand million years. 

The purpose of this article is to suggest that the three 
phenomena may be related to a cycle of events with a 
periodicity of 750-1,250 m.y. which has been repeated at 
least four times. The existence of the earliest cycle is 
indicated only by a small number of age-determinations 
giving values for minerals between 3,600 and 2,900 m.y. 
It will not be considered further. Structural maps of 
provinces formed during each of the three younger cycles 
show that although the effects of several orogenies may 
be detected within a province, the resulting fold-belts 
rarely truncate each other and never abruptly eut off 
an earlier belt of the same cyclo. The various fold-belts . 
of a single cycle are usually found in close proximity in 
several of the continents, and it is this spatial grouping of 
fold-belts formed over a certain time-span which gives 
rise to the great structural provinces such as those of the 
Canadian Shield’. If the products of the fifteen or more 
orogenic poriods all followed unrelated courses through 
the crust, we should expect a much more complex system 
of intersecting belts. As the long-term cycles lead 
ultimately to the production of shields, the name ‘chelo- 
genic cycle’ is proposed (Gr., literally a tortoise, and thence 
the carapace of shields held over besieging soldiers while 
sapping fortifications). 

The four cycles at present recognized are named from. 
a shield area where rocks of the appropriate age are 
exposed, just as Tertiary orogenic belts are said to belong: 
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to the Alpine orogeny. The four cycles are named, from 
oldest to youngest, the ‘Kola’, ‘Shamvaian’, ‘Svecofennid’ 
and ‘Grenville’ cycles. The four names can be used for 
describing four major geochronological divisions and, 
therefore, so far as possible, Voitkevich’s*® nomenclature is 
retained; his Grenville cycle is re-defined and the Kola 
peninsula used to provide a name for the earliest cycle. 


The Grenville Chelogenic Cycle 


This cycle began between 1,200 and 1,000 m.y. ago 
and has continued to the present day. The relationship 
between successive belts of a single chelogenic cycle and 
the long-term structural changes throughout the cycle 
are best illustrated by the arrangement of the 
Grenville, Caledonian, Hercynian, Nevadan and Alpine 
mountain belts formed during the past thousand million 
years. 

The type Grenville orogenic belt occupies the coastal 
region of eastern Canada and radiometric dating shows 
that it extends as far as the borders of New Mexico and 
Texas 44, Scattered dates of about 1,000 m.y. indicate 
that some thermal event of Grenville age (metamorphism 
or igneous intrusion) affected also at least part of the 
western coast of North America’. Thick sequences of 
late Precambrian sediments occur in eastern and northern 
Greenland'4. In late Precambrian time it would appear 
that the continental mass of North America was flanked 
to east and west by mobile belts and this condition con- 
tinued into the Lower Paleozoic!’ Geosynclines were 
extended or initiated in Cambrian and Ordovician times 
along the western, south-eastern, north-eastern and 
northern margins of the North American craton, truncat- 
ing rocks formed in the Shamvaian and Svecofennid 
cyclest4)44, 

Between 1,000 m.y. and 500 m.y., a network of fold- 
belts was formed on every continent, isolating a number 
of stable blocks of unmodified older rocks. At least nine 
such blocks can be identified and more may have existed 
in oceanic areas. 

In south-west Europe, a stable block is flanked on the 
north-west by the British Caledonides and on the east by 
the Caledonian belt which runs from Scandinavia to 
central and southern Europe. The Baltic Shield and 
Russian platform make a third block which is separated 
from the Siberian platform by a zone of late Precam- 
brian geosynclinal sediments extending southward from 
the Arctic coast of the U.S.S.R. into central Kazakhstan’. 
Eastward continuations of these sediments folded in the 
late Precambrian and Lower Palwozoic divide the 
Siberian platform from the North China-Korean Shield!’ 
and this in turn from the South China—Vietnam plab- 
form?®, 

Australia!’ displays fragments of two stable blocks one 
of which may have been united with that now exposed in 
south-east Africa. The latter is flanked to the south, 
west and north by late Precambrian or Lower Paleo- 
zoic orogenic belts*® which extend from the south-west coast 
through Rhodesia into East Africa, where they make the 
Mozambique Belt. North of Kenya this belt divides, 
one branch continuing into the Sudan and Egypt!™?? and 
the other running north-eastward into Somaliland and 
the Horn of Africa. Yet another extends from south- 
west Africa along the west coast of the Congo and thence 
into Nigeria?! and the western Sahara. This complex of 
African mobile belts, only recently shown to be of late 
Precambrian or Lower Paleozoic age, divides the older 
rocks into four blocks—that of south-east Africa, partly 
covered by Karroo, the central African block, a fragment 
seen in Mauretania and the extreme west of northern 
Africa which presumably continued into South America, 
and an Arabian block, not yet established on radiometric 
evidence, which must lie north of the Red Sea and the 
Gulf of Aden. The point to be emphasized is that by - 
Lower Paleozoic times at least nine stable blocks had been 
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isolated by the development of mobile belts in what are 
now the continental regions. 

In Lower Paleozoic times, orogeny came to an end 
throughout Africa, except in the extreme north, in 
Antarctica except in Graham Land?? and in Australia 
except in the east®®. By the end of the Mesozoic, activity 
had ceased in the Urals and in the zone between the 
Siberian and North China’ platforms. In north-west 
Europe and Greenland orogeny ended in the Palmozoic 
and in the south-eastern United States in Mesozoic 
times. 

The ending of orogenic activity in these regions led 
to the union of stable blocks and as a consequence the nine 
isolated continental blocks of early Paleozoic times wore 
reduced by the Jurassic to two continental blocks, each 
surrounded by zones of continuing activity on or near tho 
sites of surviving Paleozoic mobile belts. One block 
underlay Eurasia and North America and was flanked 
by the mountain belts of Eurasia and the northorn Pacific; 
a second underlay the great mass of Gondwanaland, and 
a third presumably lay in the Pacific, surrounded by the 
circumpacific Mesozoic mobile belts. Because so little 1s 
known of the Paleozoic history of the Pacific it is not 
clear whether this block evolved from smallor stablo 
blocks. Fragmentation of the two stable continental 
masses suggests further enlargement of the convection 
cells below the North American—Eurasian and Gond- 
wanaland blocks. A later stage of the chelogenic cycle 1s 
seen at the present day when, as Wilson?* has pointed out, 
the mid-Oceaniec ridges of the Atlantic, the Indian Ocean. 
the Southern Ocean south of Australasia, and those of 
the south and east Pacific appear to delineate a single 
convection cell of world-wide extent. A further develop- 
ment which might be anticipated would bo the junction 
of the east Pacific and Atlantic Oceanic ridges to form a 
continuous structure around the Earth. (See Dietz*s anl 
Monard?’ for discussion of structure below North America 
and in Caribbean.) If this should occur the continents 
might, in time, be expected to form two clusters in 
the northern and southern hemispheres, recalling tho 
way in which Gondwanaland and Laurasia are believed 
to have been arranged at the start of the present 
cycle. 

If the assumption that fold-belts and regions of regional 
metamorphism and granite formation mark the zones 
where downward-moving convection currents have thick - 
ened the crust is correct, a simple conclusion emerges. 
During the past 1,000 m.y. the size of the largest convection. 
cells below the continents has increased intermittently, 
initially by the fusion of neighbouring cells, latterly by 
fusion coupled with the outward migration of cell margins 
as indicated by continental drift. As this change occurred 
the pattern of orogenic belts became simpler, the network 
established early in the cycle gradually collapsed from the 
central parts of the continents outwards, and the throo 
stable areas of Laurasia and Gondwanaland and the Pacifie 
developed. In the later stages of the chelogenic cycle 
disruption of the areas where orogeny had coased began 
to occur. The fact that the fold-belts on the periphories 
of the two expanding continental masses were succedded 
by younger fold-belts or themselves remained active 
throughout the cycle while those in the interiors of the 
masses became inactive in the latter part of the cycle 
indicates a close link between continental drift and tho 
changing pattern of orogenic activity. Somo smaller 
cells appear to be present throughout the cycle, and aro 
indicated, for example, as H. Cloos?! has suggested, by tho 
relief of the African continent. The comparative regular- 
ity of the successive mountain belts in North Amorica, 
with which has been contrasted the complexity of Europe, 
Africa and Ausiralia‘*, appears to result from the fact 
that the present-day North American continent evolved 
from a single stable block of Paleozoic times. Each of tho 
three other continents contain fragments of several 
Paleozoic stable blocks. 
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Over much of the crust the network of mobile belts 
established early in a chelogenic cycle appears to follow a 
pattern independent of any older structure. This is 
particularly true’ in regions where a period of stability 
occurred between the ending of orogeny connected with 
one cycle and the return of orogeny at the start of the 
next chelogenic cycle. However, in regions where folding 
continued until the end of a chelogenic cycle, the new 
orogenic belts of the succeeding cycle might have followed 
the lines of the older structures. More information is 
needed on this question. What does seem clear is that 
the start of a cycle is marked by the development of many 
new convection cells and that in consequence a network of 
mountain chains forms and orogeny returns to previously 
stable areas. The new fold-belts truncate those of earlier 
cycles in the way seen at the north-west margin of the 
British Caledonian belt or the western margin of the 
Mozambique belt in East Africa’. This relationship is 
in strong contrast to the arrangement of successive fold- 
belts of one cycle. Over much of the early part of the 
Grenville cycle (and possibly also in other cycles) there 
appears to have been little migration of fold-belts, and 
the orogenic pattern established about 1,000 m.y. ago 
‘was maintained until Lower Paleozoic times, in many 
areas for periods of as much as 600 m.y. Much of the 
Paleozoic Appalachian!*?’ chain lies on a basement of 
rock metamorphosed at 1,000 m.y., though it is not pre- 
cisely superimposed on the Grenville belt*4. 

In north-west Europe**:3%-3*, the Urals’, the Baikal 
region of Siberia?’ and in parts of Africa’® and the 
Antarctic®*, thermal events occurred sporadically between 
1,000 m.y. and 400 m.y. and their effects are often super- 
imposed on one another in the same rocks. In some 
areas such as northern Scotland, where the stratigraphy is 
well known, it seems clear that there was no general 
period of uplift leading to sedimentation of a molasse 
type until the deposition of the Old Red Sandstone which 
preceded the final return to stable conditions. The 
fold-belts formed in the early part of the cycle differ from 
those formed in the final stages in making a more intricate 
‘pattern, in showing less lateral migration (a feature 
perhaps associated with the absence of continental frag- 
mentation) and possibly also in their history of sedimenta- 
tion. Tho material filling the troughs was in some in- 
stances (for example, the Torridonian of Scotland) derived 
from uplifted areas of much older rocks on the flanks, 
which were apparently not regions of active folding. 
Although the Torridonian closely resembles the Old Red 
Sandstone in facies, the latter was derived from erosion 
of a recently active fold-belt. 

The forms and positions of the continental masses 
undergo considerable modifications during the chelogenic 
cycle. The initial arrangement inherited from the earlier 
cycle is first modified by the development of the network 


of orogenic belts and then more drastically changed when ` 


the convection cells become sufficiently large to promote 
continental drift. In time, the continental masses are 
strung out along the downward flowing margin of a single 
cell of world-wide extent. The sites of the upward moving 
convection currents of this cell are marked by the oceanic 
ridges with their abnormally high heat-flow**-**. The cell 
at the present day, the existence of which Wilson™ has 
recently pointed out, has developed from parts of the 
smaller cells underlying the Pacific and the two continental 
masses in very much the same way as the latter cells in 
turn had developed during the Mesozoic from the still 
smaller cells which underlay the continents in late Pre- 
cambrian and Early Paleozoic times. 


The Shamvaian and Svecofennid Cycles 


So far as is known, the relationships of the orogenic 
belts formed during these cycles resemble those of the 
Grenville cycle. The oldest fold-belts of each cycle cut 
a variety of still older belts indicating that the Shamvaian 
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and Svecofennid chelogenic cycles started with a return 
of orogenic conditions to regions which had previously 
been stable. In both cycles one can find belts which have 
migrated outwards from regions of older rocks. It seems 
Teasonable to conclude that each cycle was marked, like 
the Grenville cycle, by a period when a network of moun- 
tain chains became established throughout the continents 
followed by a long period when orogenic activity withdrew 
from large areas in the centres of the continents. Late 
in the Grenville cycle (Jurassic—Tertiary) widespread basic 
vulcanicity took place in the disrupted fragments of 
Gondwanaland and in the North Atlantic region. Wide- 
spread systems of basic dykes are known to cut rocks of 
the Shamvaian cycle in south-western Greenland®®, 
Scotland, Karelia** and southern India**. Some are 
deformed in the succeeding Svecofennid cycle and must, 
therefore, be late Shamvaian or early Svecofennid in 
age. 

It is suggested that these rocks were intruded during a 
phase of continental disruption towards the end of the 
Shamvaian cycle and more accurate knowledge of their 
distribution would indicate the positions from which 
dispersal of continental fragments took place at that time. 
There appears to be nothing petrologically distinctive 
about these basic rocks and the diagnostic feature of the 
vulcanicity at this stage of the cycle is the scale on which 
it occurs. Where this reaches the magnitude of the Arcto- 
British Tertiary province or of the Mesozoic basalts and 
dolerites of the southern hemisphere we may well have 
evidence of past disruption of continents. Such condi- 
tions may have been reached in what is now Greenland, 
north-west Europe and Finland about 2,000 m.y. ago in 
late Shamvaien times. 


Nature of the Chelogenic Cycle 


The hypothesis attempts to account for three groups 
of related phenomena: changes in the distribution of 
mountain chains over continents, changes in the number 
and shape of continental masses and changes in the nature 
of the convection system believed to exist in the mantle. 

The cycle postulated here consists of a sequence of 
events (Table 2) which leads to the displacement and 


Table 2. TyPIOAL CHELOGENIC CYCLE 


Possible state of 
convection 
system in mantlo 


State of 
continents 


State of 


Stago mountain chains 





4 | Two clusters 
develop once 


| more 


Further restric- 
tion of orogeny 


Development of 
new world-wide 
cell from major 
cells of stage 3 


` 








Maximum disper- | Further restriction | Major cell under 
sion of continen- of orogeny each fragmenting 
tal masses, continent. 

No single cell of 
world-wide 
extent. 





2 Fragmentation of 
the clusters 
starts 


Restricted to 
outer parts of 
continent 


Major cell under 
each continent. 

World-wide cell 
weak or non- 
existent. 


7A0-1.250 million years m ——————> 
os 





Many cells of sub- 
continental size 


Network over 
continent. 

Orogeny returns 
to previously 
non-orogenic 
regions. 


1 | In two clusters 


below each con- 
tinent + world- 
wide cell origin- 
ated in previous 
cycle. 





| Start 


Typical cycle. Oldest stage at bottom of table. At the stage of maximum 
dispersal (stage 3) individual continents may contain fragments derived 
from both clusters as they existed at the start of the cycle (for example, 
India now part of Asia*?). 
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disruption of the continents as they existed at the start 
of the cycle and later to the re-grouping of these disrupted 
masses of continental crust. At the end of the Svecofennid 
cycle the continental masses appear to have been assem- 
bled in two clusters and as there are indications that 
the present cycle could lead to a comparable arrangement 
it is tentatively concluded that it is an inherent feature 
of the cycle (one cluster may greatly exceed the other in 
size). If this conclusion is correct, the continents have 
throughout geological time been periodically dispersed 
from two clusters, one in each hemisphere, and then 
reassembled once more in two groups. It is possible that 
the relative position of the clusters is changed early in the 
cycle before fragmentation starts. The validity of this 
supposition can be tested by considering the distribution 
of mountain chains during a chelogenic cycle. 

The process is cyclic, but a convenient break is recorded 
in regions where ‘orogenic activity returned to areas 
previously free of mountain building for at least several 
hundred million years. The start of the sedimentation 
which preceded this return of mountain building may be 

‘taken as marking the beginning of the cycle. At an early 
stago, mountain chains form a network over the continents 
and an essential feature is the regularity of their distribu- 
tion. This condition was maintained in the Grenville 
cycle for some 600 m.y. and during this time it seems 
unlikely that any major break-up of the continents can 
have occurred for such an event would have interrupted 
the evolution of this network of mountain chains (though 
the clusters might have moved en bloc relative to each 
other). As it is known that in Lower Paleozoic times 
towards the end of this phase the present-day continents 
were still closely clustered, it is assumed that this phase 
of mountain building characterizes periods in the Earth’s 
history when the continents were grouped in large 
masses. 

It is suggested that as the cycle develops, orogeny 
apparently ends in large parts of the interiors of the 
continents and in contrast to the previous arrangement 
we can distinguish a largo non-orogenic region in each 
continent surrounded by a peripheral region where orogeny 
continues in parts of the original network of mountain 
chains or in their close proximity. In the Grenville cycle 
this devolopment led to the formation of two stablo 
(that is, non-orogenic) continental areas ringed by 
mountain chains by Jurassic times in place of the nine or 
more smaller non-orogenic regions encircled by the net- 
work of mountain chains which covered the continents in 
Lower Paleozoic times. : 

It is argued that this change comes about by the fusion 
of the sub-continental convection cells, established early 
in the cycle, to form the very much larger cells such as 
developed in the Mesozoic, when two major cells formed 
under Gondwanaland and Laurasia respectively. As a 
result of the development of the two cells, outward 
movement of continental masses occurred towards the 
peripheries of the cells, where folding continued. The onset 
of continental fragmentation is thus on this hypothesis 
directly related to the appearance of large convection 
cells in place of the more numerous smaller cells which 
previously underlay the continents. At this stage, indi- 
vidual continental masses may move outwards from 
one fragmented cluster to join with parts of another 
disrupted continent. India’? and probably Arabia 
moved from Gondwanaland to Asia in this way during the 
Mesozoic. 

To-day, as Wilson has pointed out, a single world-wide 
convection cell has been established, and if in the future 
a link between the east Pacific and mid-Atlantic ridges 
should form, the Earth would have returned to a condition 
where an uninterrupted upward moving convection current 
(indicated by the abnormally high heat-flow marking 
such oceanic ridges) had been set up once more. Given 
such a situation, movement of continents through con- 
vection currents flowing outwards from the line of this 
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oceanic ridge would eventually lead to the ro-grouping 
of ‘the sialic crust in two clusters around the poles, the 
southern group on this occasion consisting of South 
America and Antarctica. It is suggested that throughout 
the geological history of the Earth some such cycle has 
operated. Essentially the hypothesis postulates the 
periodic disturbance of a world-wide single cell convection 
system in the mantle by the growth of smaller convection 
cells which increase in size, fuse and ultimately give rise 
to a single cell system once more, after a cycle lasting 
750-1,250 m.y. - 

The evidence for the changes is recorded in tho con- 
tinental crust, and in Table 2 an attempt is made to 
sketch the history of a typical cycle in terms of changes 
in continental structure. Since the cycle involves major 
changes in the convection system of the mantle, compar- 
able changes presumably occurred below the oceans, but 
no attempt has been made to indicate these in Tablo 2. 
As the size of the cells below the continents increasos it is 
suggested that orogeny ends in the central parts of con- 
tinents and fragmentation of the sialic crust occurs. 
Ultimately, as at the present day, a single cell system is 
established once more and the continental fragmonts 
return, though in a different arrangement, to form new 
clusters and the cycle begins again. It is suggoestod that 
this cycle has been repeated at least four times during tho 
geological history of the Earth. 
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OBITUARIES 


Prof. David Keilin, F.R.S. 


Pror. Kernin died suddenly in Cambridge on February 
27. ` Born on March 21, 1887, in Moscow, where his parents 
were residing temporarily at that time, he returned to 
Poland as a child and spent his school days in Warsaw. 
With the graduation certificate of Górski’s High School, 
he left Warsaw to seek education abroad, first in Liége, 
and next in Paris. 

It was in Paris, under the guidance of Maurice Caullery, 
to whom he became deeply attached, that Koilin first 
acquired a keen interest in parasitology and cellular 
biology in general. Parasitic protozoa, nematodes, and 
insects, their morphology, physiology, and life-cycles, 
formed the chief area of his researches until 1925, that is, 
right up to the time of the discovery of cytochrome. 
Some 60 publications, many of them in French, date from 
that period, including his D.Sc. (Paris) dissertation, and 
the well-known papers on the discovery of the life-cycle in 
the fly Pollenia rudis, the larvæ of which develop parasitic- 
ally in the earthworm Allolobophora chlorotica. 

The outbreak of the First World War found Keilin in 
France, but shortly afterwards he received an invitation 
to join Prof. G. H. F. Nuttall in the capacity of research 
assistant in the University of Cambridge. Ho arrived in 
England in February 1915, and remained in Cambridge, 
except for brief journeys to the Continent, for the rest 
of his life, being prevented from more extensive travels 
by chronic asthma, a troublesome ailment from which he 
was seldom free, which, however, he never once permitted 
to interfere with either his work or his strikingly cheerful 
and optimistic outlook on life and people in general. 
He became Beit Memorial Research Fellow in 1920, 
University lecturer in parasitology in 1925, and successor 
to Nuttall, as Quick professor of biology, and director 
of the Molteno Institute of Biology and Parasitology in 
1931. 

In 1925, Keilin discovered cytochrome. His paper 
“On Cytochrome, A Respiratory Pigment, common to 
Animals, Yeast and Plants”, published in the Proceedings 
of the Royal Society, revolutionized cellular biology and 
biochemistry. It now became feasible to follow by direct 
spectroscopic observation, in a characteristically simple 
yet elegant manner, the intracellular respiration of intact 
cells, be they those of the Gastrophilus larvæ, an insect’s 
wing muscles, or a suspension of yeast. The ‘indophenol 
oxidase’ was shown to be a cytochrome oxidase, and the’ 
‘charcoal—iron models’ of an earlier era were put in their 
proper perspective. The impact of Keilin’s findings on 
later developments in cellular biology is best attested by 
the fact that after the passage of forty years thero is 
scarcely an issue of any journal devoted to modern 
cellular physiology or biochemistry without major 
contributions on the nature and function of the cytochrome 
pigments, denoting a remarkably long-lasting influence 


scarcely surpassed by other scientific discoveries of our- 


times. ; 

Good fortune gave me a chance to join Keilin in 1935. 
His main line of research then was the purification of 
cytochrome c, and he was also making extensive com- 
parative studies of certain hemoproteins, enjoying all the 
time the faithful collaboration of Dr. E. F. Hartree. The 
Molteno Institute of that period was an exceptionally 
congenial and stimulating milieu for scientists, both 
young and old. The professor, always clad in his white 
laboratory coat and most actively participating in experi- 
mental work himself, was surrounded by colleagues 
converging on the ‘Molteno’ from every corner of the world, 
seeking his advice, guidance and heart-warming friend- 


ship. The discussions ranged from the kinetics of this or 
that newly purified enzyme to intricate parasitological 
problems under investigation by Drs. P. Tate and A. 
Bishop, and several other outstanding parasitologists. 
Of the investigations happily pursued with Keilin, those 
which stand out in my memory most vividly are the 
discovery, in 1936, of the complex of the plant-peroxidase 
with its substrate, hydrogen peroxide, and, in the years that 
followed, the purification of polyphenol oxidase and 
laccase from plants, and hemocuprein and carbonic 
anhydrase from red blood cells, the latter two proteins 
being a source of particular joy to us, on account of the 
beautiful crystalline form of the blue copper—protein, and 
the identification of carbonic anhydrase as the first known 
zine-containing enzyme. 

Catalase was another enzyme in which Keilin was greatly 
interested, he and Hartree being responsible for the dis- 
covery of the so-called coupled oxidation, which depends 
on the peroxidatic function of that enzyme. Throughout 
these and subsequent studies on catalase, peroxidase, 
cytochrome, succinic oxidase, glucose oxidase and hemo- 
globin, which were described in some 200 publications, 
Keilin’s extraordinarily acute sense of observation was 
not only impressive but also invaluable, as was his amaz- 
ingly wide knowledge of biology of both the plant and 
animal kingdom. Studying the hemoglobin of the nodules 
in leguminous plants he discovered that the plant alone, 
or the symbiotic micro-organism Rhizobium by itself, are 
incapable of forming hemoglobin, and that this ability 
is acquired only in symbiosis. The presence of hæmo- 
globin was also demonstrated by him in yeast, moulds and 
in certain protozoa. Much of the work on the detection 
of traces of hemoproteins in the various cells was due to 
the skilful utilization of the spectroscopic technique which 
Keilin was able to refine considerably in 1949, when hoe 
discovered that absorption spectra of hemoproteins 
can be greatly intensified by lowering the temperature. 

David Keilin was not only a brilliant scientist but also 
a man of great culture and the finest human qualities. 
Of small stature, but energetic, and incredibly kind-hearted 
(Szent-Györgyi once described him as a “small man with 
a big heart”), he was always accessible to all, colleagues 
and students alike, ready to listen, advise and offer help 
and encouragement. His lecturés were a delight to attend ; 
he prepared them meticulously, always including elaborate 
demonstrations of actual experiments carefully prepared 
and rehearsed. Modesty was another of his outstanding 
characteristics. When several of us, his pupils, begged 
him on his retirement from the professorship to sanction 
the preparation of a Festschrift, he declined in no uncertain 
terms because he believed that a Festschrift could turn 
out to be a time-consuming burden to the contributors. 
Keilin received many honours, including the fellowship of 
the Royal Society (1928), the Royal Medal (1939) and 
Copley Medal (1951) of the Royal Society; he was elected 
to the corresponding membership (1947) and associate 
membership (1955) of the Académie de Sciences in Paris; 
to the American Academy of Arts and Sciences in Boston 
(1959) and the Polish Academy of Sciences in Warsaw 
(1959); he held honorary doctorates of the Universities 
of Brussels, Bordeaux, Liége and Utrecht. These various 
honours, however, he would mention rarely. Whenever in 
conversation the question came up as to what would 
bring him real pleasure, his answer invariably was: a 
successful experiment ! 

The fate of the Molteno Institute which he dearly 
cherished was ever close to his heart, and plans for its 
continued welfare and development may well have been 
among his last thoughts. To those who, like the Rocke- 
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feller Foundation, have been supporting the researches of 
the Institute for many years. he was truly grateful. One 
must also sincerely hope that he was not unaware of the 
profound and lasting affection with which he filled the 
hearts of all those who have had the good fortune of being 
associated with him. To his widow, Dr. Anna Keilin, 
and daughter, Dr. Joan Keilin, goes out the sympathy 
of scores of devoted friends, all of whom share with them 
the sadness of their bereavement. Their sense of irre- 
parable loss may be partly lightened in the near future 
when Dr. Joan Keilin accomplishes the publication of her 
father’s nearly completed book which deals with many 
aspects of his researches. T. Mann 


Prof. Anna Weizmann 


Pror. Anna WEIZMANN, professor emeritus in the 
Weizmann Institute of Science, Israel, died on February 
16 in Rehovoth. 

It was in the summer of 1938, while on a visit to Eretz- 
Israel, that I first met Anna Weizmann. I had returned 
to Palestine for the first time in twelve years on a pil- 
grimage long deferred. For me, this return was over- 
flowing with the excitement and emotional impact of 
witnessing the impressive record of development in the 
homeland after an absence of more than a decade. 

One morning I came to the Daniel Sieff Research 
Institute, a scientific outpost and oasis amidst a patch- 
work quilt of sandy desolation flanked by citrus-groves. 
Anna was among the first to whom I was introduced. I 
had heard of her by repute, the ‘Chief’s’ younger sister, 
who had followed him into the field of organic chemistry ; 
but I was not prepared for her charm and dry humour, 
the acid wit that stamped her as a Weizmann, the easy, 
affable manner of one who was so fully adjusted to her 
scientific environment. 

I cannot recall the gist of our initial conversation, but 
as I met and spoke with her in the downstairs laboratory 
that she was to occupy for so many years, until she 
moved. into the ‘Chief’s’ own laboratory after his death, 
I formed an instant liking and attachment that grew 
over the next quarter-century. 

The Weizmann family had a remarkable record. Every 
one of the twelve sons and daughters had gone into some 
skilled profession as the younger ones followed in the 
footsteps of the elder. Chemistry, medicine, engineering— 
in each of these vocations a Weizmann brother and sister 
had found dedicated fulfilment. Anna, like her elder 
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brothers Chaim and Moshe, of the Hebrew Univorsity, 
had chosen the field of chemistry; and the value of her 
work on plant fermentations, and later in compiling the 
first contributions to a record of medicinal plants in 
Israel, was reflected in her numerous papors which 
appeared in the world’s scientific journals. 

After Dr. Chaim Weizmann’s death, she devoted hor- 
self to maintaining the family’s scientific tradition in 
circumstances which were saddened by tho death of her 
brothers and sisters, Moshe, Yechiel (Chillik) and Haya 
Lichtenstein; and, the last blow of all that struck at her 
failing health, the passing of Chillik’s widow Yehudit 
(Ida), mother of General Ezer Weizmann, chicf of the 
Israel Air Force. 

The one ray in her life in the midst of these many sad 
bereavements was the arrival from the U.S.S.R. in 1956 
of her younger sister Masha, a doctor of medicino, and 
her husband. 

Anna Weizmann was the last living link with tho 
Weizmann scientific tradition; and, as part of it, her 
own. contribution will be for ever remembered. 

Meyer W. WEISGAL 


Captain A. Ritscher 


Txe death is announced from Hamburg of Captain 
Alfred Ritscher at the age of eighty-four. In his long 
career as a research worker in polar regions two ovents 
stand out most. 

In 1912 he commanded the vessel of the Schrédor~ 
Stranz Expedition to Spitsbergen waters, and to him goes 
the credit of saving its members after the ship was 
wrecked on the north coast of the Island. Ritscher 
trudged alone for seven days across the icy wastes in 
order to fetch help from the mining settlement of Long- 
yearbyn. This very exacting experience in no way damped 
his ardour for polar research, and in 1938 ho led tho 
German Schwabenland Expedition to the Antarctic. In 
the course of it, wide areas of the Antarctic continent 
were mapped by aerial photogrammetry, and ranges of 
mountains earlier unknown. were discovered from tho air. 
In the years following the Second World War, Ritscher 
devoted himself to working up the scientific results of 
the expedition, and among the honours which came to 
him for his nautical and scientific achievements were tho 
Grand Cross for service to the Bundesrepublik, and tho 
Kirchenpauer Medal of the Geographical Society of 
Hamburg. 


NEWS and VIEWS 


The Royal Society: Research Professorships 


Fottowina the announcement by the Royal Society 
of the appointment of Prof. G. H. Beale to the first of the 
new Royal Society research professorships which have 
been established with financial support from the Govern- 
ment (Nature, 197, 1252; 1963), it has been announced 
that the second holder of a Royal Society research profes- 
sorship will be Prof. R. H. Dalitz, at present professor of 
physics in the University of Chicago. Prof. Dalitz, who is 
distinguished for his contributions to nuclear theory and 
the physics of elementary particles, will work in the 
Department of Theoretical Physics at the Clarendon 
Laboratory, Oxford, and be known as “Royal Society 
Research Professor at Oxford University”. 


Leverhulme Visiting Professors to India 

In October of last year the Royal Society and the 
Leverhulme Trust announced the establishment of a 
scheme for the appointment of two visiting professors to 
visit a university or research institution in India each 


year for a period of about four months. The Royal 
Society and the Leverhulme Trust have now announced 
the first two appointments of visiting professors to go to 
India during October-March 1964: Prof. R. D. Haworth, 
who retires this year as Firth professor of chemistry and 
head of the Chemistry Department in the University of 
Sheffield, will visit the University of Madras as visiting 
professor in the field of organic chemistry; Prof. H. 8. 
Lipson, professor of physics in the Faculty of Technology 
of the University of Manchester, will visit the University 
of Calcutta as visiting professor in the field of physics. 


Professor of Chemistry, The Royal institution of Great 
Britain : Prof. G. Porter, F.R.S. 


Pror. G. Porrer has been elected professor of chemistry 
at the Royal Institution. Prof. Porter, who is professor 
of physical chemistry at the University of Sheffield, a 
post he has held since 1955, is also to succeed Prof. R. D. 
Haworth as Firth professor of chemistry and head of 
the Department of Chemistry at Sheffield, as from 


738 


October 1 (the Royal Institution and University of 
Sheffield posts will be held simultaneously). He was a 
Fellow of Emmanuel College, Cambridge, from 1952 until 
1954 and assistant director of the British Rayon Research 
Association from 1954 until 1955. He was elected a 
Fellow of the Royal Society of London in 1960 for his 
work on flash photolysis and its applications to the study 
of free radicals and chemical processes. He has previously 
given a discourse and several lectures in the series for 
schools which are given every term at the Royal Institu- 
tion. There have only been three previous professors of 
chemistry at the Royal Institution—Humphry Davy, 
W. T. Brande and Sir Edward Frankland. Prof. Porter’s 
appointment is therefore a revival of a professorship 
which has not been occupied since 1868. 


‘Light Division at the National Physical Laboratories: 
Dr. J. Dyson 
Dr. James Dyson has been appointed superintendent 
of the Light Division of the National Physical Laboratory 
in succession to Dr. L. A. Sayce, who is retiring. Dr. 
Dyson is at present optics consultant with Associated 
Electrical Industries, Ltd., and will take up his new post 
in the summer. Dr. Dyson comes from Burton-in-Lons- 
dale, in the West Riding, and was educated at Queen 
Elizabeth School, Kirkby Lonsdale. After graduating in 
mechanical sciences from Christ’s College, Cambridge, in 
1936, he joined the British Thomson Houston Co., Ltd., 
at Rugby as a student apprentice. He then worked for 
three years as an instrument transformer engineer before 
transferring to the research laboratory to work on radar 
aerials, silicon rectifier crystals, industrial applications of 
microwaves and projection television. In 1946 he moved 
to the Associated Electrical Industries laboratories at 
Aldermaston to undertake research on optics. He worked 
on a wide range of problems, particularly in interfero- 
metry, microscopy and metrology, and came increasingly 
to act as optics consultant. This work included the design 
and construction of several types of interference micro- 
scope and investigation of the properties and methods 
of manufacture of circular diffraction gratings. These 
gratings are being used in high-accuracy engineering 
metrology. 


The Indian Institute of Technology, Delhi 

In a written answer in the House of Commons on May 
1, the Secretary for Technical Co-operation, Mr. D. Vosper, 
stated that the foundation stone of the College of Engin- 
eering and Technology had been laid at a site in Delhi in 
January 1959, and the College opened two years later with 
a first year’s intake of 150 students. Later it appeared 
that it would be advantageous to enable the College to 
award its own degrees, and on March 20 last the Indian 
Minister for Scientific Research and Cultural Affairs 
announced the intention of the Indian Government to 
introduce legislation to raise the status of the College to 
an Institute of Technology. It would then be independent, 
frame its own academic policies and confer degrees. To 
be known as “The Indian Institute of Technology, Delhi”, 
it was being planned for a capacity of 1,250 undergraduate 
and 300 postgraduate students. Already in 1958 and 
1959 a number of British industrialists had agreed to 
contribute to the cost of British-manufactured equipment 
for the College, and £250,000 was contributed by donations 
and covenants to a charitable trust. The British Govern- 
ment had agreed to pay from the Technical Co-operation 
Scheme of the Colombo Plan the emoluments of several 
British professors to advise on curricula and start the 
various Departments. It had also agreed to provide other 
requirements such as reference books and training for 
librarians. The British Government and British industry 
had now agreed jointly to provide during the period 
1963-67 a further £400,000 worth of British-manufactured 
equipment, and the British Government was also meeting 
the emoluments of up to fifteen British professors over 
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the same period. Mr. Vosper expressed his gratitude to 
British industry and to educational bodies such as the 
Imperial College of Science and Technology for their 
generous co-operation in a major undertaking in the 
technical assistance field. 


Technical Aid to Commonwealth Countries 


Ix a written answer in the House of Commons on May 6, 
the Secretary for Technical Co-operation, Mr. D. Vosper, 
stated that his Department spent about £20-3 million on 
bilateral technical aid to the Commonwealth in 1962-63, 
and the 1963-64 estimates provided for £25-18 million. 
Assistance amounting to £0-65 million in 1962-63 and 
estimated at £0:83 million in 1963-64 was provided in 
support of home-based technical assistance organizations 
and institutions concerned with overseas development. 
Commonwealth countries also received technical aid from 
the United Nations Special Fund, the Expanded Pro- 
gramme of Technical Assistance and United Nations 
International Children’s Emergency Fund, which are 
financed by member countries. The United Kingdom’s 
contribution to these was £3-2 million in 1962 and £3-9 
million in 1963. In a further answer on May 7, Mr. Vosper 
stated that half the cost of sending each graduate volun- 
teer overseas through the Voluntary Societies’ Committee 
for Service Overseas was met from public funds. It was 
hoped to send 250 such volunteers overseas this year, and 
the Government was also paying £40,000 to Voluntary 
Service Overseas for school-leavers, while last year £1,000 
had been provided for the administrative costs of the 
Committee. 


Government Programme for University Finance 


On May 9 the Chief Secretary to the Treasury, Mr. J. 
Boyd-Carpenter, announced that he had now received and 
considered the advice of the University Grants Committee 
and that the grants for the remaining academic financial 
years of the quinquennium, beginning in August next, 
would be increased by £16:1 million spread over the four 
years. The new figures are: 1963-64, £64 million; 1964- 
65, £69-4 million; 1965-66, £74-7 million; and 1966-67, 
£81 million. These figures are in addition to the extra 
provision to cover increases in academic salaries already 
announced, and total public expenditure on university 
education, including recurrent grants, salaries, capital 
expenditure and student awards, is now estimated at 
more than £760 million in the quinquennium. The 
University Grants Committee considers that, provided 
there is no further significant increase in university costs 
during the remainder of the quinquennium, these grants 
should enable the universities to reach the student target 
of 150,000 by 1966-67. Mr. Boyd-Carpenter also assured 
the House that if there were such a significant rise in costs 
outside the control of the universities, the problem would 
be considered with sympathy. The target for students 
would be considered afresh when the Robbins Committee 
reported. 


University Re-organization in France 


Tas decentralization of the universities in France is 
described in a pamphlet issued by Ambassade de France 
in London (Decentralisation of the Universities in France. 
Pp. 10. London: Ambassade de France, Service de Presse 
et d'Information, 1963). The student population is 
expected to increase steadily from 237,000 in 1961-62 
to about 600,000 in 1970, of whom 450,000 would be 
French, and accordingly 29,000 State teachers will be 
needed in 1970 as against 8,500 in 1960-61. The marked 
trend in the expansion of scientific studies will be main- 
tained until 1970-71; by faculties the distribution of 
students in 1970 is forecast as: law and economics, 16 per 
eent; arts and human sciences, 25-5 per cent; science 
and technology, 43 per cent; medicine and pharmacy, 
15-5 per cent; the corresponding figures for 1959 were: 
18; 28; 34; and 20 per cent; and for 1949: 30; 26; 
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18; and 26 per cent, respectively. The decentralization is 
carried out, in the first place, by creating colleges, institutes 
or schools attached to the faculties and located so as to 
avoid overcrowding of students at the present seat of the 
faculty. At the end of the Fourth Plan, France should 
have 22 scientific university colleges (of which there are 
14 at present in Metropolitan France), 16 arts colleges or 
institutes, 12 law colleges or institutes; 3 new national 
institutes of applied science (at Lille, Rennes and Toulouse) 
and new institutes of political science at Rennes and Lille. 
A second group of measures will replace a college or an 
institute by a new faculty; Nice, Rheims, Orsay and 
Nantes have or are to be given a faculty of science. An 
increased number of university establishments is contem- 
plated over the whole periphery of the Paris area, including 
for the sciences extensions of the new Orsay and Quai 
Saint-Bernard faculties, a third science faculty at Ville- 
taneuse, and three scientific university colleges in the 
west and east of Paris and at Versailles. A similar ten- 
dency to decentralization appears in the projects of the 
Fourth Plan of Equipment for scientific research so as to 
provide a better equilibrium between the Paris area and 
the rest of France. Large scientific groups are expected 
to be established near some larger towns, for example, 
for the marine sciences at Brest, Nantes, Toulon and 
- Marseilles; for the land sciences at Nancy; in physics at 
Rennes and Lannion, and at Grenoble and Toulouse. 


British Industry and Automation 


Tae first report of the Research and Development 
Panel, set up in January 1961 by the Executive Com- 
mittee of the British Conference on Automation and 
Computation, is entitled Automation and British Industry 
(Pp. 10. London: British Conference on Automation 
and Computation, 1963). The Panel concludes that there 
is considerable scope for the development of new methods 
of handling light materials, and for some assembly oper- 
ations production would be more efficient if the parts of 
the assembly were presented to the operator with the 
correct rather than random orientation. Greater use of 
data-processing systems for production planning is recom- 
mended, but in most small-batch industries rationalization 
to give bigger batches would offer major advantages in 
productivity. The Panel also recommends trade associa- 
tions and research associations to organize conferences 
of senior executives within their industries to discuss the 
use of data-processing equipment, and the associations 
should, as a matter of urgency, set up teams to assist 
individual firms in the use of computer centres for pro- 
duction planning, and later, in the light of the sales 
statistics resulting from these operations, to make recom- 
mendations for rationalization within the industries 
concerned. Facilities for the development of new machines, 
such as those provided by the National Research Develop- 
ment Corporation and Shirley Development, Ltd., should 
be extended. It is also felt that arrangements should be 
worked out to enable capital goods manufacturers to 
participate in the increased profits resulting from the use 
of machines they develop, by renting them to manu- 
facturers of the consumer goods. Means should be sought 
to stimulate backward industries to re-equip with the 
best foreign equipment available until better British 
equipment has been developed. Research and develop- 
ment programmes on a national scale should be established 
for basic problems which occur with minor variations in 
different industries. Examples of such problems are the 


control of composition of raw materials, moisture determ- - 


ination, atmospheric control, automatic inspection and 
assembly, and rapid and economic heating in continuous 
lehrs. 


Government-sponsored Medical Research in Britain 


In a written answer in the House of Commons on 
April 30, the Parliamentary Secretary for Science, Mr. 
D. Freeth, pointing out that the total expenditure on 
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medical research could not be estimated, put Government 
expenditure in the financial years 1959-60, 1960-61, 
1961-62 and 1962-63 at about £10-5 million, £12°5 million, 
£145 million and £15-5 million, respectively. These 
figures included the estimated expenditure of the Health 
Departments, Medical Research Council, General Register 
Office and the Air Ministry and the approximate amount 
devoted to medical research from general grants to the 
universities through the University Grants Committee. 


Expenditure on the British Advanced Gas-cooled 
Reactor 


In a written answer in the House of Commons on May 6, 
the Parliamentary Secretary for Science, Mr. D. Freeth. 
stated that the Atomic Energy Authority had spent about 
£10 million in the development of beryllium as a fuel- 
element canning material. Of this, about £8-5 million was 
spent on'cans for the advanced gas-cooled reactor, in- 
cluding the development of techniques and provision of 
facilities for the manufacture of materials and cans and 
the production of cans for a part charge for the zero 
energy facility. Good progress had been made in the 
development of stainless steel clad fuel elements for the 
reactor, and a full charge of more than 30,000 cans was 
now being irradiated. The cost to date of developing the 
design and manufacturing techniques was estimated at 
nearly £2 million. 


The British Museum Bill 


Wuen the British Museum Bill was discussed in Com- 
mittee in the House of Lords on May 6, Lord Chorley. 
supported by “Lord Shackleton and Baroness Wootton, 
urged that the trustees should not be appointed by the 
Prime Minister. It was suggested that the trustees should. 
for the time being, comprise the Minister for Science and 
individuals appointed by the Treasury on the nomination 
of the Councils of the Royal Society, the Royal Entomo- 
logical Society, the Zoological Society, the Linnean Society 
and the Royal Society of Edinburgh, with three appointed 
by the present trustees of the British Museum (Natural 
History). The Earl of Cranbrook and Lord Hurcomb 
had reservations, and although the Earl of Dundee’s reply 
was not entirely satisfactory to Lord Chorley, the amend- 
ment was, by leave, withdrawn. A subsequent amend- 
ment by Lord Shackleton, however, providing for the 
establishment of the National Reference Library of Science 
and Invention as a separate institution under a separate 
body of trustees was, however, pressed to a Division and 
defeated by 39 votes to 23. Lord Shackleton, claiming 
that his amendment had the support of the Parliamentary 
and Scientific Committee in principle and of the Associa- 
tion of Special Libraries and Information Bureaux, was 
strongly supported by Baroness Wootton and the Earl of 
Cranbrook and to some extent by Lord Eccles, who 
thought, nevertheless, that the connexion with the British 
Museum should remain strong. The Earl of Dundee, 
replying for the Government, did not accept the arguments 
“to separate the new Library from the British Museum. 
but his speech added substantially little to what he had 
said in the earlier debate, and he failed to remove the 
doubts in the minds of the sponsors of the amendment as 
to the efficiency with which the needs of science and 
technology would be met by administering the new 
Library under one management with the British Museum. 
In view of the reluctance of the Department of Scientific 
and Industrial Research to report on its own information 
services, it is interesting that the Government was 
defeated on the issue concerning a triennial report of the 
working of the new Libraries. 


Economic and Social Implications of Science and 
Technology 
Tse fourth annual inventory of Current Projects on 
Economic and Social Implications of Science and Tech- 
nology, 1962, issued by the National Science Foundation, 


740 


lists in fourteen subject groups 306 projects conducted in 
American colleges and universities (NSF 63-8. Pp. vii-+ 
126. Washington, D.C.: National Science Foundation. 
Obtainable from U.S. Government Printing Office, 1962. 
40 cents). Each entry indicates the scope of the project, 
the date the project was started, and there is an index of 
authors and one of institutions. Full or partial financial 
assistance was given to 245 projects, and of these 114 
received Federal or State Government funds. 


The Institution of Mining and Metallurgy 


Honorary membership of the Institution has been con- 
ferred on Mr. D. Gill in recognition of his distinguished 
services to the mining profession and to the Institution. 
The following awards of the Institution of Mining and 
Metallurgy have been announced: The Gold Medal of the 
Institution for 1962, to Mr. F. G. Hill, in recognition of his 
contributions to underground research, with particular 
reference to the problem of rockbursts; ‘The Consolidated 
Gold Fields of South Africa Limited’ Gold Medal for the 
session 1961-62, to E. O. Lilge, for his paper entitled 
““Hydrocyclone Fundamentals” (Transactions, 71; 1961- 
62); ‘The Consolidated Gold Fields of South Africa Limited’ 
Premium of Forty Guineas for the session 1961-62, con- 
jointly to R. E. Stanton and Alison J. McDonald, for 
their papers entitled “Field Determination of Tin in 
Geochemical Soil and Stream Sediment Surveys”, “Field 
Determination of Cobalt in Soil and Sediment Samples”, 
and “Field Determination of Antimony in Soil and 
Sediment Samples” (Transactions, 71; 1961-62); The 
‘William Frecheville’ Students’ Prize, to J. G. D. Crone, 
for his paper, written in collaboration with H. F. C. Nevill, 
entitled “Wear of Rotary Drag Drill Bits in Granitic 
Rock” (Transactions, 71; 1961-62). 


The Zoological Society of London 


Tue following awards of the Zoological Society of 
London were presented by H.R.H. the Duke of Edin- 
burgh, president of the Society, at the annual general 
meeting on May 16. The Scientific Medal (awarded to 
persons under forty years of age for scientific merit and 
distinguished work in zoology), jointly to Dr. J. W. L. 
Beament, of the Department of Zoology, University of 
Cambridge, for his outstanding work on the detailed 
physical and chemical study of the insect cuticle and egg 
shell and the discovery of important general principles 
governing water conservation in small terrestrial mam- 
mals, and to Dr. N. A. Mitchison, of the National Institute 
for Medical Research, for his outstanding work on im- 
munology and tissue transplantation. The Stamford 
Rafies Award, to Mr. R. E. Moreau, in recognition of his 
contributions to zoology. As an amateur zoologist, Mr. 
Moreau has acquired an international reputation as an 
authority on the birds of Africa, covering ecology, breed- 
ing seasons and migrations, the behaviour of some other- 
wise little-known species and the taxonomy of certain 
families, such as the turacos and weavers. The award is 
a bronze sculpture by Mr. Henry Moore. The Thomas 
Henry Huxley Award, to Dr. J. Machin, of Queen Mary 
College, now working at the University of Toronto, for 
original work submitted as a doctor’s thesis to the 
University of London on “The Water Relations of Snail 
Integument”. The award is a bronze sculpture by Mr. 
Henry Moore. The Prince Philip Prize (open for com- 
petition to pupils of zoology, taking the General Certificate 
of Education Advanced-level Examination or equivalent), 
to Miss W. A. Freaker (aged eighteen years), of St. 
Swithun’s School, Winchester, for her entry “An Investi- 
‘gation into the Casing Habits of the Caddis-fly Larva, 
Inmnophilus vittatus’”. The award is a bronze sculpture 
by Mr. Henry Moore. The Society’s Bronze Medal, to 
Mr. F. C. Akhurst, overseer at the London Zoo until his 
retirement in August 1962, “for 37 years of outstanding 
service in the Society’s Aquarium”; and to Mr. A. 
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Matthews, head keeper (34 years’ service), “for assiduous 
service in the care of animals at Whipsnade Park”. 


Announcements 


Pror. D. MoKrs, head of the Department of the 
History and Philosophy of Science, University College, 
London, has been awarded the Dexter Prize of the 
American Chemical Society for 1963, in recognition of 
his contributions to the history of chemistry. 


Mr. R. G. JOHNSON, of Queen’s University, Kingston, 
Ontario, under the terms of the scheme to commemorate 
the late Lord Rutherford of Nelson, has been appointed 
to a Rutherford scholarship by the Royal Society for 
three years, to continue working in the Department of 
Physics, University of Liverpool, on the determination of 
the pion-muon mass difference and the mass of the 
neutrino. 


A Bibliography of Russian Literature in English Trans- 
lation to 1900 (excluding Periodicals), compiled by Maurice 
B. Line and published by the Library Association, lists 
first 23 anthologies and collections (Pp. 74. London: The 
Library Association, 1963. 18s.). The translations are 
then listed by authors, alphabetically, and this is followed 
by a chronological list of the first appearances of trans- 
lations. Scientific works such as Mendelejeff’s Principles 
of Chemistry are, by definition, excluded. 


Dr Deutsche Akademie der Naturforscher Leopoldina, 
Halle, recently elected the following new members in the 
sections indicated: Stomatology, Prof. K. Balogh (Buda- 
pest); Biology, Prof. M. Delbrück (Pasadena); Mineralogy, 
Prof. W. Kleber (Berlin); Neurosurgery, Prof. G. Merrem 
(Leipzig); Surgery, Prof. R. Nissen (Basle); Physiology, 
Prof. R. Stämpfli (Homburg-Saar); Biochemistry, Prof. 
A. I. Virtanen (Helsinki). 


A coL“Logurium on “Crystallization in Polymers” will 
be held in the Library of the Arthur D. Little Research 
Institute on June 17. Further information can be 
obtained from the Secretary, Arthur D. Little Research 
Institute, Inveresk Gate, Musselburgh, Midlothian. 


Tue summer meeting of the Biological Methods Group 
of the Society for Analytical Chemistry will be held at 
the laboratories of the United Dairies, Lid., London, on 
June 13. Further information can be obtained from the 
Secretary, Society for Analytical Chemistry, 14 Belgrave 
Square, London, 8.W.1. 


A SUMMER school on “Spectrophotometry”’, arranged 
by the Spectroscopy Section of Battersea College of 
Technology, will be held in the College during June 10-14. 
The course will cover the principles of spectrophotometric 
measurements, instruments, new techniques and the 
interpretation of spectra. The fee will be £15. Forms of 
application and further information can be obtained from 
the Secretary (Spectroscopy Courses), Battersea College 
of Technology, London, §.W.11. 


An advanced study institute on the “Experimental 
Animal in Research”, sponsored by the North Atlantic 
Treaty Organization, will be held in England during 
September 9-20. Attendance at this meeting will be 
strictly limited, but anyone who is especially interested, 
and who would like further information, should write 
to the director of the Institute, Dr. W. Lane-Petter, 
Laboratory Animals Centre, Medical Research Council 
Laboratories, Woodmansterne Road, Carshalton, Surrey. 


Erratum. In the communication by Yoshihiko Hirono 
and Gs P. Rédei, entitled “Multiple Allelic Control of 
Chlorophyll b Level in Arabidopsis thaliana’, which 
appeared on p. 1324 of the March 30 issue of Nature, the 
fourth line in the caption to Table 1 should read: “Light 
intensity 4,000-500 ft.-candles”’. 
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GAS CHROMATOGRAPHY 


HE annual general meeting of the Gas Chromato- 

graphy Discussion Group, which is affiliated with the 
Institute of Petroleum, was held in conjunction with an 
informal symposium at the Chelsea College of Science and 
Technology, London, on April 5. The 170 members 
who attended out of the present membership of 450 
included several from abroad. The annual report showed 
that the activities of the Group had been well maintained 
during the year, the highlight being the fourth Inter- 
national Symposium on Gas Chromatography which was 
organized in conjunction with the Gesellschaft Deutscher 
Chemiker, at Hamburg, in June 1962, and was attended 
by more than 700 people from 25 countries. The Proceed- 
ings of the Symposium was published in February and the 
editor, Dr. van Sway, is to be congratulated for completing 
the task so quickly. 

The relationship of the Group with the Institute of 
Petroleum has been a fairly loose affiliation up to this 
year, but from October 1, 1962, the Institute agreed to 
carry out the major part of the routine administration, and 
to take over the printing and distribution of Gas Chroma- 
tography Abstracts and the Proceedings of the Interna- 
tional Symposia which are held by. the Group. This 
generous offer will lighten the burden on the Group's 
officers, committee members and abstractors. 

-The financial situation of the Group is sound and no 
increase in the fee for publications is contemplated at 
present. The abstracting service continues to be one of the 
most useful activities of the Group, and the next volume, 
Gas Chromatography Abstracts, 1962, will be published at 
an early date and will be the fifth volume of the series. 
After the re-election of the three retiring members of the 
Committee, Dr. A. T. James, Prof. A. I. M. Keulemans and 
Dr. C. J. Hardy, a brief statement of the future programme 
was given. The next informal symposium will be held in 
Exeter on September 27, and preliminary information 
has been given of the fifth International Symposium on 
Gas Chromatography, to be held at Brighton during Sep- 
tember 8-10, 1964. Now that the technique of gas chroma- 
tography is no longer expanding so rapidly, it has been 
decided to change the format of the latter Symposium in 
order to have a more concentrated attack on the funda- 
mental aspects of the separation process. The three 
morning sessions will be entirely devoted to this theme, 
with invited papers given by recognized authorities, 
followed by about three submitted papers in each session. 
The afternoon sessions will be devoted to informal dis- 
cussions on various subjects such as essential oils, process 
monitoring and control, separation of permanent gases, 
with critical summaries only being published in the final 
proceedings. 

The informal symposium opened with Mr. C. S. G. 
Phillips in the chair and a short speech of welcome was 
given by Dr. J. F. J. Dippy, head of the Chemistry 
Department and vice-principal of the Chelsea College of 
Science and Technology. The local arrangements were 
made by Dr. W. A. Ross of the Chemistry Department. 

Dr. M. J. E. Golay (United States), who is well known 
for his work on capillary columns, gave the first paper by 
invitation on “Some Implications of Recirculated Gas 
Chromatographic Columns”. Dr. Golay drew an analogy 
between gas chromatography and spectroscopy by 
comparing single-pass columns and recirculated columns 
with, respectively, gratings, which give a complete spec- 
trum, and interferometers, which give details of a small 
part of a spectrum. The advantages and disadvantages 
of gas chromatography and distillation for dealing with 


samples ranging in size from 10-? to 10 g were then 
discussed in terms of Table 1. 


Table 1 
Sample size Suitable gas Scale of distillation 
{g chromatographic column 
1077 Capillary 
310+ Small packed 
10° Preparative Small batch 
10 Re-circulated Medium batch 
10° Large batch g 
101-10% Continuous (with column in- 


creasing in size to ‘ginnt’) 


With a sample size of 10-7 g the purpose of è capillary 
column is to give a detailed analysis of a complex mixture 
just as a spectrometer analyses a spectrum. There is no 
comparable distillation technique; in fact, Dr. Golay 
seriously suggested that it was not feasible thut ultra- 
micro distillation columns could be made for various 
reasons, even by intelligent ants. In the sub-mg range 
‘time is the essence’ and gas chromatography is favoured 
because the height equivalent of a theoretical plato is m 
the sub-mm range, whereas it is of the order of a few cm 
for a distillation column in a gravitational field. In the 
region of 10-*-10° g the ‘hold-up’ volume which must be 
present in a distillation column is an important disadvan- 
tage, because there is no such ‘hold-up’ in a gas chromato- 
graphic column and all the desired material can be 
recovered with an efficient collection system. In going 
from the g to the kg scale, ‘hold-up’ is not so important. 
but the cost of a conventional gas chromatographic 
column increases approximately with the size, whereas the 
cost of a distillation column does not increase so much with 
size. Dr. Golay predicted that it is in this region that 
recirculated gas chromatography would compote incress- 
ingly with distillation and with conventional gas chroma- 
tography. It is important to note that the resolution of a 
recirculated column is proportional to n, the number of 
plates, and not to n*, as in conventional single-pass gas 
chromatographic columns. When the sample sizo oxceeds 
10° g the initial cost and the cost of operation become 
more important. With gas chromatographic columns the 
cost of the packing material would be high, and the use of 
even clean nitrogen for the carrier gas would become toa 
expensive, while the cost of using helium would be pro- 
hibitive. The cost of cleaning the packing of a column 
would far exceed that of cleaning a distillation column. 
Hence distillation is seen to be pre-eminent in this region, 
and a modern giant distillation column at an oil refinery 
could not be replaced by a giant gas chromatographic 
packed column. The paper stimulated much general 
discussion which had to be curtailed by the chairman to 
avoid lunch being missed. 

The afternoon session was opened by Dr. R. P. W. 
Scott with a short prepared contribution on “The Heavy- 
loading of Analytical Scale Columns”, which was extra to 
the scheduled programmes. Although it has been known 
for some time (Pollard and Hardy, Chem. Indust., 527 
(1956); on the preparation of pure formic acid and pure 
ethyl nitrate) that simple mixtures could usofully be 
separated on analytical scale columns (3-5 mm diameter) 
at the 200-mg level, Dr. Scott introduced a new idea of 
‘heavy-loading’, as he wishes to call the method, for the 
separation of 200 mg and larger samples of multi- 
component mixtures. The method is partly an extension 
of the idea of Daniels and Richmond (Chem. Indust., 1441: 
1981) of putting a sample on a column and waiting a 
short time before commencing elution with the carrier gas. 
When s large sample is normally added to a small column 
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serious overloading occurs and steep fronts and trailing 
rears to the peaks are obtained. However, Dr. Scott has 
shown that symmetrical peaks can be maintained by 
allowing a period of time with no flow, and then increasing 
the flow rate exponentially with time. For example, a 
seven-component mixture of 0-175 ml. total volume was 
well separated by leaving it for 5 min on top of a 4:5 ft. 
(1,600 plate) column of 3-4 mm diameter containing 25 per 
cent squalane on 100-120 mesh brick dust at 50° C, and 
then increasing the flow rate from 0 to 600 ml./min over 
75 min; an argon detector was used. Dr. Scott suggested 
that a 1 ml. sample of this complexity could be separated 
readily on a 1-cm diameter column and that the method 
should be of great help for preparative separations on 
analytical columns. Unfortunately, however, no details 
of the exponential flow controller were released. 

Mr. P. L. Timms presented a paper with Mr. C. S. G. 
Phillips on “The Study of Silicon and Germanium 
Hydrides by Gas Chromatography”, in which the prepar- 
ation, separation and characterization of a large numbor 
of silicon, germanium, and mixed silicon-germanium 
hydrides was discussed. The last-named new class of 
compounds are of particular interest because they have: 
(1) analogues in the pure silicon and germanium hydrides; 
(2) position isomers with different relative positions of the 
germanium and silicon atoms; (3) structural isomers 
similar to the normal- and iso-compounds containing 
carbon and hydrogen. These isomers were exemplified by 
iso-Si,;Ge.H,..with the chain structure Si—Si(Ge)—Si—Ge; 
its analogue (1) is Si—Si(Si)—Si—Si, a position isomer 
(2) is Ge—Si(Ge)—Si—Si and a structural isomer (3) is 
the normal compound Si—Si—Si—Ge—Ge. With five 
atoms in the chain there are a total of 54 possible 
isomers. 

The mixed hydrides are produced by the reaction of an 
alloy of magnesium, silicon, and germanium with mineral 
acid. Thoy ere spontaneously inflammablo, a fact which 
Mr. Timms well domonstrated by dropping a sample into a 
trough of water whereon there was a bright flash and a 
miniature atomic mushroom cloud of smoke, accompanied 
by much applause. These hydrides are therefore handled 
in a closed apparatus on a py-mg scale and chromato- 
graphed with hydrogen or nitrogen as the carrier-gas and 
detected with a katharometer. The use of two columns, 
silicono 702 at 66° and tritolylphosphate at 20°, enables a 
large number of these isomers to be separated. 

A variety of other techniques are combined with gas 
chromatography to characterize the compounds. The 
silicon to germanium ratio is determined by reaction of an 
unknown hydride with gold chloride to give a mixture of 
silicon tetrachloride, germanium tetrachloride and hydro- 
chloric acid, which is separated on a gas chromatographic 
column and quantitatively determined in a gas density 
detector. The molecular weight can be determined to 
1-2 per cent on a 50-100 ug sample by a pressure-volume 
measurement combined with a measurement in the gas- 
density balance. Branched chain hydrides can be dis- 
tinguished from straight chain hydrides on a 5 A molecular 
sieve column which absorbs the straight chain compounds. 
Pyrolysis is also useful because the products differ accord- 
ing to the structure of the parent compound, for example, 
n-Si,Ge,H,, gives mainly Si,GeH, and Si,H,, whereas 
n-SigGeHin gives SiGe,H, and SiGeH,, all of which can be 
separated by gas chromatography. 

One of the most useful and illuminating picces of work 
was a plot of the logarithm of the specific retention volume, 
Fg (ml. carrier gas per g stationary solvent), versus the 
chain length on silicone 702 at 64° C. All the n-germanes 
lie on one straight line which intersects the log Vg axis at 
zero chain length (this point is called the hydrogen 
point). All the n-silanes lie on-a straight line which inter- 
sects the axis at the same hydrogen point. The iso- 
germanes and iso-silanes lie on straight lines which are 
slightly lower than the respective n-lines. From this plot 

it is possible to calculate the log V, value for any mixed 


NATURE 


May 25, 1963 VoL. 198 


hydride in terms of two constants and a sliding ‘constant’. 
The first constant, k= 0-575, is the log V, increment per 
silicon atom, the second, ka= 0-821, is the log V, increment 
per germanium atom. The third ‘constant’, k,=0-130+ 
0-025 Nee/(NeetNs), depends on the number of Ge 
atoms (Nae) and silicon atoms (Ns) in the chain, and 
represents the difference between n- and iso-compounds. 
It varies between 0-155 for Na=0 to 0-130 for Nae=0. A 
typical example is the hydride SiGe,H, for which the caleu- 
lated log V,=k,+2k,=2-22 whereas the observed log 
V,= 2-20. 

The evidence so far obtained indicates that it is not 
possible to separate position isomers. The synthesis of, for 
example, Si—Si(Si)—Si—Ge, and Si—Si(Ge)—Si—Si, has 
been achieved but only one normal-width peak is obtained 
when they are gas chromatographed together and there 
appears to be no detectable difference in their retention 
volumes. The general conclusion on this work is that it 
represents a major step forward in the study of the non- 
metal hydrides. In the ensuing discussion two interesting 
points were raised, first, Dr. J. Smith pointed out that log 
Fs values of position isomers of long-chain ketones were 
almost identical, and Dr. Littlewood: observed that the 
hydrogen point for these hydrides was not the same as that 
for hydrocarbons, and that the value for the latter was 
negative and about 0-1 ml. No immediate explanation of 
this point, which must be connected with the basic 
structure of these compounds, was forthcoming, but it 


_ obviously warrants further theoretical study. 


Mr. J. V. Mortimer presented a paper with Mr. P. L. 
Gent on “The Use of Organo-clays as Stationary Phases” 
and pointed out the need for a stable and selective liquid 
phase for the separation of the C,-aromatics and the 
isomeric xylenes. The liquid phase most commonly used 
for the separation of these substances is 7,8-benzoquino- 
line, which is appreciably volatile at 70°-100°, and will 
not give reproducible results or permit automatic operation 
without difficulty; below 50° it is a solid and gives poor 
separation. A type of montmorilonite or aluminium 
silicate matrix, known as ‘Bentone’ (which was used for 
gas chromatography by White and Cowan in 1957), has 
therefore been re-examined and combined with conven- 
tional liquid phases with success. ‘Bentone 34’, a di- 
methyldioctadecyl substituted clay, has given good 
results on its own but only with small samples (0-02 ul.) 
and sensitive detectors (ionization type); however, 
equal parts of ‘Bentone’ and a silicone oil together with 
ten parts of ‘Celite’ packed into a 12-ft. column and 
operated at 70° with a flow rate of 120 ml./min and a 
conventional thermistor detector gave well-resolved 
symmetrical peaks for a 3 ul. sample of para-, meta-, and 
ortho-xylene (in that order of elution) and a complete 
separation of the C,-aromaties in 40 min. 

The separation of the aromatic and naphthenic hydro- 
carbons can be altered appreciably by varying the tem- 
perature and the ratio of the amount of silicone oil to the 
amount of ‘Bentone’. Various grades of silicone oil, and 
also squalane, apiezon grease and polyethyleneglycols, can 
be used to modify the properties of the ‘Bentone’, and 
examples of other separations were also given, the p-, m-, 
and o-dichlorobenzenes and p-, m- and o-cresols. 

“Modifications of Solid Supports for the Gas Liquid 
Chromatographic Measurement of the Characteristics of 
Solid Supports” were then discussed by Dr. J. F. K.. 
Huber in a paper with Prof. A. I. M. Keulemans. The ideal 
properties of a support are a uniform surface structure, a 
low surface area, weak adsorption for all solutes, good 
mechanical strength, and low cost. Dr. Huber showed 
that the ‘Sterchamol’ support now widely used can be 
greatly improved by heating it for 100 h at 1,150° ©. This 
treatment reduces the specific surface from 3-4 to 0-09 
m#/g, but scarcely changes the specific volume, 0-44-0-42 
em’/g. ho specific volume of pores of 75-75,000 A 
diameter (mercury method) is reduced from 0:5 to 0-11 
cm?/g and those > 75,000 A from 0-85 to 0-36 cm?/g. Tho 
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adsorption of methanol was very considerably reduced on 
heated ‘Sterchamol’ compared with normal ‘Sterchamol’. 
Another widely used support, ‘Chromosorb W’, was found 
to be significantly better than ‘Sterchamol’, but not so 
good as heated ‘Sterchamol’. The practical improvement 
resulting from this treatment was demonstrated in the 
symmetrical peaks obtained for C-C, ketones, alkyl- 
acetates, and up to C, alcohols ona 1 m x 4mm diameter 
column of 1 per cent squalane on heated ‘Sterchamol’ at 
80° ©. In the discussion which followed, Dr: Huber said 
that he used a small mesh size (about 100 B.S.8.), that 
heating in air, nitrogen or vacuum produced the same 
effect, and that he only sieved out fine particles before use, 
and did not regrind after heating in order not to expose 
fresh surfaces which might have high adsorptive capacity. 
It is possible to absorb up to 10 per cent of a liquid phase 
on the heated ‘Sterchamol’ if required. 

The final paper of the meeting was on “The Effect of 
Stationary Phase Viscosity on Column Efficiency”, by 
Mr. S. J. Hawkes. References in the literature to this 
effect are few and contradictory and therefore Mr. Hawkes 
has attempted to correlate data on a variety of liquid 
phases over a range of temperature, and to suggest the 
minimum temperature at which well-known liquid phases 
can be used for a given resolution. The relationship 
between the diffusivity, D, in the liquid phase and the 
viscosity. 4, was discussed in terms of the Arnold equation, 
which proposes that Dan, and the Herzog equation, 
which proposes that Dan. The results of Littlewood 
for 2-octane and 2-methyl-pentane on tricresylphosphate 
supported on glass beads were taken to show that a twelve- 
fold change in viscosity (with temperature) only gave a 
1-5-fold change in the diffusivity term if this were assumed 
to be proportional to y-', compared with a 6-fold change if 
assumed proportional to n. Similarly, benzene on poly- 
propylenesebacate supported on treated ‘Celite’ over the 
range 25°-145° C gave an almost constant y! term. 
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Mr. Hawkes therefore considered that the Herzog equation 
best fitted the data, but that an additional empirical 
factor was necessary to make the diffusivity factor con- 
stant for all solutes on a given liquid phase. The expcri- 
mental values for the height equivalent of a theoretical 
plate agreed with the values calculated from the modified 
Herzog treatment within a factor of 3 for various liquid 
phases, temperatures, and solutes. One conclusion was 
that there should ba little restriction on the minimum 
operating temperature of packed columns except perhaps 
for solutes with low partition coefficients or for complex 
liquid phases, for example, substituted adipates and 
sebacates. However, with capillary columns the effect of 
viscosity can be important if the thickness of the liquid 
film is 10-4 em, but with a film thickness of 10-5 cm there 
should not be serious difficulties. 

This paper stimulated considerable discussion. and 
Dr. R. P. W. Scott stressed the practical importanco of 
the effect of temperature on the resolution of a pair of 
solutes in & column rather than its effect on the maximum 
efficiency. It was pointed out by Dr. A. J. P. Martin that 
good separations can be achieved with a stationary phase 
of rubber, which has an extremely high viscosity. Dr. T. 
Smith commented that silicone gums with a high viscosity 
also give good separations in practice, and that he con- 
sidered that the relative polarities of solutes and solvents 
was of importance in determining the effect of viscosity. 
He expected the behaviour of non-polar solutes to be litte 
affected by the viscosity of a non-polar solvent but the 
interaction of polar and non-polar molecules to be con- 
siderably affected by viscosity. 

In conclusion, it would seem that this symposium was 
successful because it offered something for evoryone 
rather than specializing on one narrow topic. and 
that the Group should be encouraged to give similar 


balanced programmes at future meetings. 
C., J. Harpy 


MICROBIOLOGY AND WORLD FOOD SUPPLIES 


T tho eighth International Congress for Microbiology, 
held in Montreal during August 1962, the following 
resolution was adopted: 

(1) The International Association of Microbiological 
Societies, in sympathy with the Food and Agriculture 
Organization’s Freedom from Hunger Campaign, has 
noted with concern the widening gap between the global 
rates of increase of population and of food supply, at 
a time when there already exists famine or near-famine 
in many parts of the world. The Association has accord- 
ingly considered how microbiology might help towards a 
future need, clearly indicated, to increase world food 
production by all conceivable means. 

(2) One attack on this problem is to improve the fer- 
tility of soils, in which connexion the following would be 
helpful: (a) A study of thermophilic and mesophilic 
micro-organisms capable of more rapidly transforming 
such non-food wastes as sawdust, straw, weeds, leaves, 
sludge, etc., into suitable organic matter of manurial 
value. (b) Research on the effect of herbicides, fungicides 
and other chemicals on micro-organisms, in order to 
attempt to control soil populations. (c) Further studies 
on the effectiveness and wider distribution of Azoto- 
bacter, Rhizobium and other micro-organisms capable of 
fixing atmospheric nitrogen. 

(3) There is also the possibility of producing, from 
appropriate micro-organisms, agriculturally useful sub- 
stances, such as plant growth factors and inhibitors. 

(4) Another obvious line of attack is to prevent spoilage 
of food by micro-organisms. There are well-proved ways 
of doing this, such as drying, salting, refrigeration or 
canning; and there are new methods of promise, such as 


the use of antibiotics or irradiation; all those are worth 
investigating. On an international view, however, it is 
much more urgent to apply what is already known to 
countries where such methods are under-developed. 
rather than to devote effort to minor improvements in 
existing procedures. Moreover, it must be recognized 
that even if food spoilage by microbes were entirely pre- 
vented, the increase in total available food would be 
small (of the order only of a fow per cent, though tho 
benefits might be greater in some places). 

(5) To change the situation radically, sources of food 
additional to orthodox agricultural production must be 
sought for man and his domestic animals. It should bo 
realized that micro-organisms should be capablo of 
supplying some of these; for micro-organisms are able to 
produce edible protein, fat or carbohydrate, and vitamins. 
from materials entirely inaccessible to human or mam- 
malian digestion, yet do not require agriculturally usoful 
land. 

(6) As examples of micro-organisms worthy of examina- 
tion, the following are suggested: (a) Organisms utilizing 
existing agricultural or industrial by-products (foort 
yeast is the best known example). (b) Fungi and bacteria 
decomposing cellulose or hemi-cellulose (for example. 
woody plant tissue). (e) Fungi attacking wood, especially 
lignin (some of these are known to bo edible). (d) Organ- 
isms which decompose the larger sea weeds. (e) Organisms 
capable of multiplying in various effluents (for example, 
aquatic fungi). (f) Bacteria capable of oxidizing mothane 
or other hydrocarbons. (g) Photosynthotic algae or 
bacteria (Chlorella is the best investigated example). 
Particular interest would attach to organisms capable 
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at the same time of converting atmospheric nitrogen 
into protein, which probably exist in several of the 
foregoing groups. 

(7) Preliminary essays in this direction, the production 
of food yeast and of Chlorella have been discouraged by 
two factors: first, because insufficient attention has been 
directed to the preparation of sufficiently attractive 
materials from the crude micro-organism; secondly, 
and more important, by the demonstration that such 
products do not yet compete economically with orthodox 
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foods. But, with increasing demands on orthodox food 
supplies, this situation may soon change. 

(8) The world shortage seems likely to become acute 
in the next ten or twenty years, which is not a long 
period for developmental research of the nature likely 
to be required, especially as many of the relevant micro- 
organisms have been little studied hitherto. To permit 
application of such research in time, it is recommended 
that Governments encourage it now, even though it 
be uneconomic at present. 


THE CARNEGIE UNITED KINGDOM TRUST 


HE forty-ninth annual report of the Carnegie United 

Kingdom Trust *, covering the year 1962, in which 
grant payments fell to £74,870 from £152,533 in 1961, 
deals largely with the working out of settled policies in 
the second year of a quinquennium. A start was made 
with tho distribution of a quinquennial allocation of 
£100,000 for the social requirements of new communities 
in offers of up to £10,000 to the Borough Council of 
Thetford, one-third of the possible cost of developing a 
central site for this purpose, and £1,000 to the Basildon 
Youth Association. A launching grant of £3,000 was 
made towards the establishment of the headquarters of a 
National Bureau for Co-operation in Child Care. The 
quinquennial allocation of £100,000 for the youth service 
has now been committed to the extent of one-quarter in 
the form of improvement grants for 160 youth clubs, 
but there is still a dearth of new ideas which are pioneer 
in the national sense and not supported from other 
sources. 

In the Arts, the Trust is maintaining its annual sub- 
vention of £1,000 to the Museums Association until the 
end of March 1964, and a special grant of £1,000 was 
awarded for up-to-date office equipment and appoint- 
ments in the Association’s new headquarters. Sixteen 
expert reports were commissioned at the request of 
museums throughout Britain, and arising out of these or 
earlier reports nine grants, totalling £5,350, were recom- 
mended for immediate improvements in existing displays, 
and expenditure of £6,000 on museums reorganization 
included expenditure on schemes of improvement at 
twelve museums completed during the year and payments 
to account for expenditure on six similar projects. 

Under education, besides the grants for youth service 
already noted, a small grant of £270 was made to the 


*Tho Carnegie United Kingdom Trust. 49th Annual Roport, 1962. 
Pp. viii+ 66. (Dunfermline, Fife: Carnegie United Kingdom Trust: 1963). 


Young Men’s Christian Association at Norwich to provide 
equipment for use in day camps for young people with 
which the Association is experimenting. The Trust is 
also contributing up to £20,000 towards the cost of a 
centre in the Brecon Beacons National Park, on a site 
adjacent to Mynydd Illtyd Common, as a mountain 
rendezvous and shelter on the understanding that the 
remaining capital cost and maintenance will be provided 
by Government grant or local authorities. Bursaries wore 
paid to 44 people attending courses at field-study centres 
in England and Wales and 24 to others attending courses 
in Scotland, and ovor the six years of this policy more 
than 500 people have received bursaries. Grants totalling 
£915 were made to archeological societies towards the 
cost of 14 practical projects in which amateurs could be 
trained under skilled direction, and it is estimated that 
about 300 people participated, but only two applications 
were received for grants under a similar scheme for the 
benefit of natural history societies associated with the 
Council for Nature. A further grant of £3,000 went to the 
Council for Nature for the expenses of the Conservation 
Corps, which should become independent of the Trust’s 
subvention by the end of 1963. Grant aid continued to 
the British Astronomical Association for promoting 
astronomy as a worth-while amateur activity, but only 
four events were carried through—three being well- 
attended open meetings, for which grants will not in 
future be available. Assistance is also being given to the 
Royal Meteorological Society to meet a growing interest 
in meteorology as an educational and cultural pursuit for 
amateurs and, for the four years 1962-65, £2,000 has been 
allocated at the rate of £500 a year. In 1962 this was 
spent mainly on eight courses, five at field studies centres, 
one at Falmouth Sailing Centre on weather and sailing, 
and two on meteorology and gliding at Lasham Aero- 
drome, near Alton, and at Portmoak, Kinross-shire. 


TEXAS INSTRUMENTS INC. 


HE 1962 annual report of Texas Instruments Inc., 
Dallas, Texas*, states that the Company continues 
to be the world’s leading producer of semi-conductors, 
although they constituted less than half the Company’s 
sales volume. Texas Instruments is one of few manu- 
facturers the semi-conductor operations of which remained, 
profitable in the face of continued severe price compotition. 
It attributes this success to the emphasis placed on 
the mechanization of manufacturing processes. More 
than a hundred different types of transistors were intro- 
ducod during 1962. 
The report highlights the increasing demand for the 
Company’s ‘Solid Circuit’ semi-conductor networks. These 
integrated circuit devices are to be used in the improved 
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version. of the Minuteman intercontinental ballistic missile, 
and initial production—quantity orders totalling more than 
æ million dollars have been received. In addition, con- 
tracts for networks to be used in an improved airborne 
radar computer indicator for the naval W2/-1 early- 
warning aircraft and for use in an important airborne 
electronic countermeasures system have been obtained. 
The production of new metallurgical, electrical and thermo- 
static devices reached a high level, as also nuclear core 
fabrication for which new contracts in excess of twenty-one 
million dollars were received during the year. 

Dealing with geophysical activities, the report mentions 
that a number of significant new seismic signal enhance- 
ment methods which reached the production stage aided 
considerably the petroleum exploration services of 
the Company. The three marine exploration vessels 
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bolonging to the Company were at work during most of 
the year in the Atlantic and Pacific Oceans, the Medi- 
terranean Sea, and the Persian Gulf. The magnetic 
detection of nuclear weapon effects, the simulation of 
lunar environments, the analysis of radar terrain, and 
oceanographic systems and services were other fields of 
investigation undertaken by the Company. 

To satisfy the growing need for its products, Texas 
Instruments has embarked on an extensive building pro- 
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gramme. A building for plating operations on the Central 
Expressway site and the doubling to 60,000 sq. ft. of tho 
main plant of the Company’s subsidiary, Engmeerng 
Supply Co., have been completed, and in November 1962 
the construction began of a 60,000 sq. ft. components 
plant near Nice, France, similar to tho plants in Dallas 
and England. This was followed, in December, by tho 
start of a 290,000 sq. ft. multi-purpose manufacturing 
plant on the Central Expressway sito. 


RADIATION QUANTITIES AND UNITS 


HE reports of the International Commission on 

Radiological Units and Measurements have been 
published in past years by the National Bureau of Stand- 
ards in the Handbook series, and each of the triennial 
reports has constituted a complete restatement of the 
recommendations of the Commission. During 1962, 
however, the Commission decided to modify its previous 
practice and Report 10a* is the first of a new series of 
reports, each of which deals with one aspect only of the 
work of the Commission. 

Report 10a doals with radiation quantities and units 
and presents the recommendations of the Commission 
agreed at its meeting held in Montroux, during April 
2-14, 1962. Report 106 will deal with physical aspects 
of irradiation, Report 10c with radioactivity, Report 
10d with clinical dosimetry, Report 10e with radiobiological 


* United States Department of Commerce: National Bureau of Standards, 
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dosimetry, and Report 10f with methods of evaluating 
radiological equipment. 

The Commission recommends that the uso of vach 
special unit be restricted to one quantity, namely thw rad- - 
solely for absorbed dose; the roentgen- for exposuro: 
and the curie—for activity. Several now names are pro- 
posed. For protection purposes, tho ‘doso oquivalent’ 
(DE) is introduced, defined as the product of al:sorbed 
dose, D, quality factor (QF), dose distribution factur (DF) 
and other necessary modifying factors, and the unit of 
dose quivalent is the ‘rem’, being numurically equul to the 
dose in rads multiplied by the appropriato modifying 
factors. Another new namo, “kerma”, bascd on the 
initials of kinetic energy released in matorial, ix for the 
quantity which represents the kinetic onergy transferred 
to charged particles by the unchargod particles per unit 
mass of the irradiated medium. Others aro ‘energy 
fluence’ with its related quantity ‘particle flucnce’, anel 
‘specific gamma ray constant’. The term ‘activity’ 
is recommended to be used for the transformation rate 
and its unit, the curio, defined as 3:7 x 10? sec-!. 


THE UNSOLVED PROBLEM OF BALL LIGHTNING 
By STANLEY SINGER 


Rocket Power Inc., Research Laboratories, Pasadena, California 


HE International Conference on Atmospheric and 

Space Electricity, held on May 6-10 in Montreux, 
dealt with present problems of metcorological electrical 
phenomena. Scientists from twenty-five countries par- 
ticipated in discussions organized about major problom 
areas. Sevoral of the most difficult questions wero also 
those of the longest standing. 

Storms in Naturo oxhibit marked electrical activity, 
the most readily observed result being ordinary lightning. 
One of the most controversial questions concerns the 
separation of charge in these storms. The processes which 
build up the electrical potentials and current involved in 
lightning have not been established. Laboratory investi- 
gations have provided information on charge separation 
occurring, for example, between the solid and liquid 
phases in the freezing of water1. The complexity and 
scale of natural storms have called forth moro complex 
theories for which similar direct experimental data is 
lacking®. The problem of ball lightning has received 
much attention, including numerous experimental investi- 
gations; yet the available information is even more 
limited. The experiments have failed to duplicate major 
properties of the natural phenomenon, and it can only bo 
said that promising explanations have been proposed. 

Atmospheric potentials are responsible for several light- 
emitting phenomena, for example, the glowing spheres 
known as St. Elmo’s fire. Although traditionally seen on 
the masts of sailing ships, these are also observed on 
trees, stones, and even human beings on mountain tops. 
St. Elmo’s fire is usually attributed to the corona dis- 
charge caused by a potential at the tip of a protruding 


object such as a stake in the ground. Tho propertios of 
this discharge account for the stable position of St. Elmo's 
fire. Ball lightning, on the contrary, can movo over en 
extended path, according to many reports. 

This extensive motion and other unusual propertics 
have attracted notice to ball lightning although it is sewn 
rarely compared with ordinary lightning. The great 
variety of phenomena reported during thunderstorms 
{including pinched lightning®, bead lightning, and St. 
Elmo’s fire) and the nature of the reports have ld to a 
not unreasonable suspicion of many observations of ball 
lightning. Witnesses are present by chaner, usuelly 
in unsettling circumstances. Several accounts resemble 
folk-lore. It is not surprising, therefore, that somo author- 
ities, notably Humphreys? and Schonland’, have ox- 
pressed scepticism that ball lightning occurs. Humphroys 
examined 280 reported observations, and concluded that 
all but few were optical illusions resulting froin an intense 
light such as ordinary lightning. The remaining few (less 
than half a dozen) he conceded might be examples of St. 


Elmo’s fire. Several scientists, howover, have reported 
viewing ball lightning; and photographs have been 
obtained*-*§. None of the pictures is equal in quality to 


those available of the ordinary strokes of lightning, but 
two general aspects of the ball are recorded. On shows 
a stationary bright object not particularly spherical in 
shape, sometimes with glowing tentacles. The other 
records an illuminated path with well-defined boundaries 
apparently caused by motion of the ball. In view of 
continuing evidently authentic reports it appears that tho 
best conclusion is that ball lightning does indeed exist. 
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The properties attributed to this phenomenon have 
been deduced from hundreds of reports collected from 
witnesses in the past century and a half. The major 
collection available is that of Brand’, and Humphreys? 
and McNally have compiled hundreds of more recent 
observations. As usually observed, ball lightning is a 
glowing sphere 4-8 in. in diameter. Examples smaller 
than an inch and some as large as 30-40 ft. have been 
reported. The ball may be white, blue, red, or orange in 
colour. Its duration varies from several seconds to as 
long as a few minutes, and when it disappears a pungent 
odour is sometimes noted. The ball may vanish silently, 
with a hissing noise, or often with a loud bang. Its motion 
over a long path has been seen and recorded in photo- 
graphs. Ball lightning has been observed in homes and 
school-rooms, which it entors through open windows or 
by passing down chimneys or stove-pipes. Some reports 
describe the entrance of the ball into the heavy, iron 
Franklin stove. In one case the ball exploded and frag- 
mented the stove. In recent years such spheres have 
appeared inside the fuselage of aeroplanes at high altitude. 
Several observers have particularly noted rapid rotation 
of the sphere in contrast to its slow motion along its path. 

Ball lightning is frequently reported to be harmless. 
It has passed close by witnesses without ill effect. In 
such encounters the absence of heat from the ball was 
often noted. In contrast, many occurrences are recorded 
in which wooden structures or grass were scorched or 
glass melted. In one case a ball was reported to have 
fallen into a water butt and brought the water to boil!?, 
A few fatalities have been attributed to the effects of 
ball lightning. 

Two additional types of ball lightning have been dis- 
tinguished, one a ball falling to the Earth from a height, 
the other moving in a horizontal path relatively close to 
the Earth’s surface!!. Falling spheres have been reported 
at the Eiffel Tower, and in other instances when ordinary 
lightning struck a metal roof. It appears that such 
spheres may consist of a very hot metal plasma similar 
to that obtained with ‘exploding wires’. If these falling 
spheres are formed as suggested, they should exist for a 
relatively short time. The short lifetime as well as the 
descending path may distinguish these spheres from those 
which are possibly maintained by external energy. The 
descending spheres must also be carefully distinguished 
from bolides, the fire-balls formed by meteors or meteor- 
ites, 

Rational explanations for the formation and the 
properties of ball lightning have been sought for more 
than a century, as indicated by Snow Harris'*. Several 
theories have been based on chemical reactions supposed 
to continue during the life of the ball, for example, the 
formation of nitrogen oxides initiated by ordinary light- 
ning or the decomposition of ozone formed in a lightning 
discharge*. ‘These reactions appear reasonable in ox- 
plaining reported colours and odours. However, they 
would be required to proceed for rather long periods of 
time to account for the reported duration of the sphere. 
In addition, there is no apparent necessity for the reactions 
to be restricted to a specific spherical region, particularly 
when the sphere moves extensively. The conversion of 
ordinary lightning to ball lightning has been suggested. 
This might occur by separation of a segment by a pinch 
in a linear stroke or through the turning of a segment to 
give a toroidal ring-current which might be especially 
stable. A similar suggestion involving interaction of two 
opposing lightning strokes was made in 1930 (ref. 14). 
The resulting structure is then required to exist for the 
periods associated with ball lightning rather than the 
brief lifetime of ordinary lightning. 

In 1955, Kapitza proposed an explanation for the 
formation of ball lightning which has been the major 

“influence on later work in tho field. Kapitza estimated 
the life of a sphere the size of ball lightning from the life 
time of the fire-ballin a nuclear explosion. The maximum 
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lifetime for the small sphere of high initial energy is 
1/100 sec, whereas ball lightning is commonly observed 
for several seconds or even minutes. Apparently a con- 
tinuing external source of energy is required to maintain 
the ball for its long existence. This external energy is 
supplied by electromagnetic radiation generated in the 
storm. It is absorbed from an intensified field formed by 
reflexion of the electromagnetic wave from the surface of 
the Earth. Ball lightning is a plasma sphere formed at 
the antinodes of this field. The sphere absorbs energy in 
increasing ionization of the air until an equilibrium 
diameter 0-274 of the wave-length of the incident radia- 
tion is attained. 

While Kapitza’s paper has been the major influence on 
later work, several questions remained unanswered. 
Radiation of the wave-length and intensity required has 
not been observed in Nature, as Kapitza himself pointed 
out. The nuclear fire-ball, on which the estimate of the 
brief life of a small high-energy sphere was based, may 
dissipate through dispersion of its material rather than 
by exhaustion of a limited initial supply of energy by 
ordinary radiation and recombination. The presence of 
some stabilizing or confining force to maintain the sphere 
could lead to a longer life. The observations noting 
rotation of the lightning ball are of interest in this respect. 
The suggestion that ball lightning is a plasmoid provides 
a clear mechanism by which absorption and concentration 
of energy could take place from a natural electromagnetic 
wave. On the other hand, the light given off can be 
ascribed to electronic excitation which requires far less 
energy than the ionization necessary in the formation of 
a plasma. Excitation could occur in the electric field 
proposed by Kapitza, although the absorption of energy 
would be less efficient. 

Following Kapitza’s suggestion, most of the work on 
ball lightning based on rational physical principles 
clarified or modified specific aspects of the external energy 
theory. Investigations dealing with the binding of ions 
by an electromagnetic wave and with the position of the 
sphere in the electric field indicate that the sphere is best 
located at the node of the field rather than at the anti- 
node?s, 

A more difficult question, that of the structure of a 
plasma sphere, has not been considered explicitly in the 
work on ball lightning. The solution is necessary to a 
satisfactory understanding of the phenomenon in Kapitza’s 
hypothesis. The general problem of the plasma sphere 
has been encountered previously in astrophysics and 
plasma physics. 

Although many different plasmoids have been produced 
in the laboratory, including those investigated in the 
pioneering work of Wood with radiofrequencies?’, the 
properties of ball lightning have not been reproduced. 
The problems which present particular difficulty are 
formation of the sphere in air at atmospheric pressure, 
existence of the sphere at a considerable distance from 
the source of energy, and extended motion of the sphere. 

Theoretical understanding of the plasma, sphere is also 
incomplete. Many aspects have been. explored theoreti- 
cally without providing a complete stable structure, despite 
the examples supplied in Nature such as the Sun and 
possibly ball lightning. The problem of the sphere is 
particularly difficult as indicated in, investigations on 
production of thermonuclear reactions in the laboratory. 
A typical difficulty is the growing instability, initiated 
by an external electromagnetic field which leads to 
destruction of the sphere'*. The rotation of ball lightning 
mentioned previously may be significant with respect to 
the problem of instability. The spherical plasma was 
considered early in the thermonuclear investigations but 
discarded in favour of the torus and the filament, or string, 
which were more promising or better understood. The 
questions associated with ball lightning thus extend 
into several areas of science and are still largely 
unanswered. 
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RANDOM PACKING OF EQUAL SPHERES ON A PLANE SURFACE 
By Dr. G. F. ROUND and R. NEWTON 


Research Council of Alberta, Edmonton, Alberta, Canada 


T has been suggested by various authors'-* that a 
random assembly of rigid equal spheres serves as a 
useful theoretical model for simple fluids. Many such 
experimental models*-* have been used to obtain a better 
understanding of the structure of matter; but the majority 
of these have limited use since the range of densities over 
which such models are stable is limited (for example, for 
loose and dense random packings of rigid equal spheres 
values of corrected packing density from approximately 
0:58-0:64 by volume, have been obtained®-"4), This is of 
course a gravitational restriction, another consequence of 
this being an imposition on the number of direct or close 
contacts of any sphere within the structure. It would be 
expected that any sphere would be in close contact with 
at least four others and at the most, twelve. Bernal and 
Mason‘ have obtained a mean physical co-ordination of 
random close packing of between 10 and 11, using equal 
spheres. Morrell and Hildebrand’ partially overcame this 
restriction by using spheres and matrix liquid of the same 
density; in their case the material for spheres and liquid 
was gelatine, the spheres being hardened by chemical 
treatment. X-ray diffraction investigations on the 
resulting structure showed good similarity to that observed 
with real liquids. 

Digital computer techniques, invariably involving the 
Monte Carlo method, have been applied to this problem 
by a number of workers. Fluendy and Smith’, ina review 
of the application of the Monte Carlo method to physico- 
chemical problems, point out that in principle it is not 
markedly different from the physical simulation of the 
system of interest and has been used with some success in 
the investigation of properties of dense fluids and solids, 
the configuration of macromolecules and order-disorder 
phenomena. 

Metropolis eż al. have used a two-dimensional system 
of rigid spherical particles to calculate an equation of 
state by using a Monte Carlo method. Initially triangularly 
packed, the particles were displaced randomly within 
certain distance limits and each configuration was analysed 
in terms of a pair distribution function of the molecules. 
Rosenbluth and Rosenbluth! have extended this to three 
dimensions. In the present preliminary investigation a 
digital computer method, again a Monte Carlo method, 
has been devised to overcome the gravitational restrictions 
of a practical model and the ‘rejection difficulty’ of other 
computer models where a sphere or particle is automati- 
cally rejected if it cannot be located freely at a given 
location. 

In the work recorded here, spheres are placed randomly 
within a square frame of unit dimensions on a plane 
surface. This differs from other models*:* which have been 
constructed to simulate the random packing of spheres, 
in that a new location for a sphere is not rejected if the 
sphere cannot be placed freely in this location, that is, 


x 


with non-overlap of other spheres. If acceptance of a new 
location means that one or more overlaps occur then the 
overlapping spheres are moved away from tho newly 
located sphere. This process continues throughout the 
system until no overlap occurs anywhere. If a sphere is 
moved out of the frame by this process it is re-entered 
from the diagonally opposite position, which is simply a 
logical method of re-entry for the sphere into the frame. 
No attempt has been made to account for the effect of the 
boundaries on the sphere configuration, since in torms of 
computer time it is more expedient to increase the size of 
the problem and take a sample from tho centre of the 
square than it is to assume a condition such as periodicity* 
with the extra calculation involved. The process of sphere 
relocation is sequential; in a real physical process, the 
introduction of a sphere would necessitate simultaneous 
relocation of ‘overlapping’ spheres. The result would be 
a slightly different arrangement, though none the less 
random. 

Since in this process there is no rejection of a sphere. 
there is no limit to the process; but a point is ultimately 
reached at which no amount of position readjustment 
results in an arrangement in which no overlapping occurs. 
Before this point is reached of course, the amount of work 
necessary for the location of a new sphere may become 
overwhelmingly large. At this stage an almost regular 
triangular arrangement will have been achieved for the 
maximum density. Thus the physical limitations outlined 
here which predetermine the restrictions on density- 
levels for practical models do not exist with the present 
model. Because of this a measure of the amount of work 
done to achieve a given density-level has been made. 
Assuming that the movement of a sphere is opposed by a 
constant unspecified force, for example, rolling friction. 
then by summing the individual distances moved for the 
location of a sphere or spheres a measure is obtained of 
the amount of work done to achieve this density-level. 
Accumulation of these sums is a measure of the total 
amount of work done achieving the particular arrangement 
and density-level. By repeating this process a largo 
number of times an average amount of work, or energy- 
level, can be calculated corresponding to any given 
density-level. In addition, by obtaining these averages for 
a range of sphere diameters, it is possible to extrapolate 
the results to spheres of zero diameter, that is, for a 
system with the boundaries at an infinite distance. 

A random location within the two-dimensional frame 
was specified by two three-digit numbers which were 
determined from the multiplication of a random nine- 
digit number and a constant, 10-1/*, caleulated to ten 
digits. The six digits chosen from the product were the 
18th to the 18th inclusive, while the 10th-17th digits 
replaced the previous random number. This procodure 
has been repeated more than 150,000 times without 
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finding any evidence of non-random repetition of any 
digit or tendency towards cycling. 

Having calculated a new location this was then checked 
against other locations already occupied by spheres for 
overlap. If a sphere overlapped the newly introduced 
sphere then the overlapped sphere was moved along the 
line of centres so that the two spheres were just touching. 
When all the spheres overlapping the newly introduced 
sphere had been moved, the procedure was repeated with 
all other spheres in case movement had resulted in new 
overlaps. After each move, the distance moved was added 
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Fig. 3. Ratio {o)z), the standard deviation associated with a given 


amount of work z required to achieve a given density, D, for four different 
particle diameters 


to an accumulator; when no more spheres overlapped, 
the total distance moved was added to a second accumu- 
lator. The total distance moved for each additional sphere 
was accumulated in the computer with a print-out of 
results at set density-levels. The complete process was 
repeated a large number of times (Table 1) to obtain the 
average distance the spheres moved to achieve a given 
density -level. 


Table 1, NUMBER OF CALOULATIONS FOR BACH SPHERE DIAMETER 


Sphere diameter No. of calculations 
0:05 100 
0-10 550 
0-15 720 
0-20 1,000 
0-25 1,000 


All the computations were made on an I.B.M. 1620 
20K computer. 

Computations were made for a range of sphere diameters, 
varying from 0-05 to 0-25 of the frame size and for a range 
of densities from zero to 87 per cent ‘full’. ‘Full’ defines 
the maximum packing possible. In order to obtain a 
comparison between spheres of different diameters (d) 

- the average distances moved (7) to achieve a given density- 
level (D) were divided by the number of spheres in the 
frame when it was full and by the particle diameter, that 
is, expressing @ in terms of particle diameters. This was 
equivalent to multiplication by d since the number of 
spheres within a unit frame is proportional to d-?. Thus 
the product #d was used as a measure of the work done to 
achieve a given density-level. 

Fig. 1 shows log ēd plotted against d for a range of 

‘density-levels up to 86-6 per cent full. From this plot the 
value of ëd at d= 0 may be extrapolated. This corresponds 
to the situation where a boundary effect does not exist. 
Fig. 2 is a plot of density-level versus sphere diameter for 
a range of fixed energy-levels. In this form the results may 
be compared with those of Scott!*. In Scott’s work the 
sphere surfaces must be contained within the boundaries 
whereas in the present case the centres of the spheres must 
be contained within the boundaries. This may be corrected 
for by dividing D by (1+d)?. 

Scott assumed in his work on spherical containers that 
the error due to the boundary effect was proportional to 
the surface/volume ratio of the container, or very nearly 
to N-1/3 where N was the total number of particles. 
However, this assumption does not take account of 
particle shape. The equivalent plots are thus not straight 
lines but curves with a small degree of curvature. 

The standard deviation, c, of # for each sphere size and _ 
density-level was also calculated: Fig. 3 illustrates the 
relationship of the ratio (6/%) to D for various sphere 
diameters. It can be seen that there is a decrease of the 
standard deviation for a given density-level with decreasing 
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sphere diameter. For densities over 50 per cent ‘full’ the 
stendard deviation has become almost constant. 


} Alder, Berni J., J. Chem. Phys., 28, 263 (1955). 


? Alder, B. J., Frankel, S. P., and Lewinson, V. A., J. Chem. Phys., 23, 
417 (1955). 


? Bernal, J. D., Nature, 183, 141 (1959). 
* Bernal, J. D., and Mason, J., Nature, 188, 910 (1960) 


NATURE 


749 


8 Fluendy, M. A. D., and Smith, E. G., Quart. Rev. (London) 16, 241 (1962). 
* Metropolis, Nicholas, Rosenbluth, Arianna W., Rosenbluth, Marshall N., 
Teller, Augusta H., and Teller, Edward J. Chem, Phys.21, 1087 (1958). 


? Morrell, W. E., and Hildebrand, J. H., J. Chem. Phys., 4, 224 (1936). 


® Rosenbluth, Marshall N., and Rosenbluth, Arianna W., J. Chem. Phys., 
22. 881 (1954). 


? Rutgers, R., Nature, 183, 465 (1962). 
2° Scott, G. David, Nature, 188, 908 (1960). 
u Scott, G. David, Nature, 194, 956 (1962). 


`° NICKEL CONTENT OF KAMACITE NEAR THE INTERFACE WITH 
TÆNITE IN IRON METEORITES 
By Dr. S. O. AGRELL and Dr. J. V. P. LONG 


Department of Mineralogy and Petrology, University of Cambridge 
AND 


Pror. R. E. OGILVIE 


Department of Metallurgy, Massachusetts Institute of Technology 


DECREASE in the nickel content of kamacite 

adjacent to tænite in iron meteorites has been 
reported in electron probe measurements’, In view of 
the work of Feller-Kniepmeier and Uhlig’, which showed 
that the apparent nickel content of tenite could be in- 
creased considerably by etching, it appeared desirable to 
investigate the possible influence of such an effect on the 
observed composition of kamacite close to the boundary 
with tenite. ; 

In the experiments recorded here an electron-probe 
micro-analyser with a beam diameter of 1-2u was used 
to determine the variation of nickel content within 100p 
of the phase boundary of kamacite in a specimen of the 
Canyon Diablo meteorite. A series of traverses has been 
made across the two kamacite—tenite interfaces of a single 
tenite lamella after various surface treatments. In order 
to avoid anomelous absorption effects, X-rays were 
collected in a direction lying in the plane containing the 
normal to the surface and the intersection of the boundary 
with the surface. The angle of take-off of the X-rays was 
40° to the surface, the electron beam being normal to the 
surface in all measurements. The results quoted are 
corrected for absorption. 

In every case the concentration of nickel decreased over 
a distance of about 40-50u from a value of 6-8 + 0-2 
per cent nickel, characteristic of the bulk of the kamacite, 
to about 5-7 per cent at the interface. The results obtained 
are given in Table 1 as the maximum decrease observed 
after each treatment. 


Table 1 
Decrease in nickel Mean decrease 
Surface treatment content. (Both in nickel content 
interfaces (% nickel)) (% nickel) 
Lead lap; alumina; 11.13 1-2 
not etched 
do, 1:2, 1-0 14 
Cloth lap; l-u diamond; 0-85, 1-1 0-97 
not etched 
do. 1-0, 1-0 10 
Steel lap; alumina; 0-90, — —_ 
not etched 
Steellap; alumina; 1-2,1-2 12 
2% nital etch 
do. 0-85, 1:0 0-93 


S.E. of measured decrease ~ 0-2 per cent nickel. 


The results show that the observed depletion is not a 
result of electrochemical action, and that, within the 
experimental error, its magnitude is independent of surface 
treatment. 

Similar decreases in nickcl content of kamacite have 
been found in diamond-polished specimens of other 
octahedrites, including the Edmonton (Kentucky), Charcas, 
Grant, Tazewell, Coolac and Staunton. In a specimen 
of the Lockport (Cambria) meteorite, which showed 
evidence of considerable reheating, no depletion of nickel 
was observed. Figs. 1 and 2 compare the form of the 
measured nickel distribution near kamacite—tenite bound- 


‘aries in the Coolac and Lockport and show the very diffuse 


phase boundary which exists in the latter. 

In fine octahedrites, for example, Tazewell, lamelle of 
kamacite which are less than about 80u wide do not 
reach the maximum nickel content attained in widor 
lamelle. The very narrow lamellæ found in nickel-rich 
ataxites may be expected to contain approximately 6-0 
per cent nickel if the thermal history of these irons were 
similar to that of the octahedrites. 

The presence of an increasing nickel content near the 
phase boundaries of kamacite in specimens of the Canyon 
Diablo and Grant, observed by Feller-Kniepmeier and 
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Fig. 1. Distribution of nickel in kamacite and tænite in a specimen of 

the Coolac meteorite (curve constructed from measurements on l/a 
diameter areas) 
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Fig. 2. Distribution of nickel in kamacite and part of a tænite lamella 
in specimen of the Lockport (Cambria) meteorite (continuous pen- 
recorder record) 
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Uhlig, is almost certainly due to the use of an effective 
electron-probe diameter greater than the estimated 
1-5y. Thisis confirmed by an examination of the gradient 
of the nickel concentration at the sharp kamacite—tenite 
phase boundary in the curves published by these authors, 
which indicates that the effective diameter of the probe 
in their experiments was at least 5u and probably 10p. 


In the experiments described here the magnitude of the | 


observed depletion close to the phase boundary is limited 
by the emission of nickel radiation from the nickel-rich 
tenite as a result of secondary fluorescence and excitation 
by diffused electrons. A detailed examination of the 
problem of determining compositions very close to phase 
boundaries is in progress and the results will be published 
elsewhere. 

The composition of kamacite observed in these experi- 
ments, when. considered in relation to the available phase 
diagrams for the nickel-iron system*-*, suggests that 
equilibrium in the octahedrites has been attained initially 
under low-pressure conditions. (The calculated phase 
diagram of Kaufman and Ringwood? for a pressure of 


50 kilobars gives the maximum nickel content of kamacite- 


as 3-4 per cent, as compared with the observed maximum 
of approximately 7 per cent.) More recently, Ringwood 
and Kaufman’ have suggested that the high nickel 
content of meteoritic kamacite may be due to the presence 
of phosphorus and may still be consistent with a pressure 
of a few tens of kilobars. Thoy estimate that a concentra- 
tion of 0-2 per cent phosphorus may be sufficient to raise 
the equilibrium composition of kamacite by 2-5 per cent 
nickel. The present measurements on a specimen of the 
Coolac meteorite, an octahedrite similar in many respects 
to the Canyon Diablo, except for a low phosphorus content 
of 0-03 per cent (ref. 11), do not appear to support this 
view. The kamacite of the specimen examined contained 
6-9 + 0-2 per cent nickel in regions away from tenite 
(c.f. 68 + 0-2 per cent for the Canyon Diablo) falling to 
5-8 + 0:2 per cent at the phase boundary. 

The compositions of kamacite and tenite at the phase 
boundary would thus appear to be 6 per cent nickel and ~ 
40 per cont nickel respectively, the values of 7 per cent 
and 20-35 per cent recorded by Feller-Kniepmeier and 
Uhlig being limited almost certainly by the large diameter 
of their electron probe. More recent work with carefully 
controlled probe size indicates that the maximum nickel 
content of tenite is at least 42 per cent in some octa- 
hedrites, and may be even higher. : 

If the observed values represent a close approach to 
equilibrium compositions, the results appear capable of 
two possible interpretations in terms of a low-pressure 
Fe-Ni phase diagram. If tho nickel content of tenite 
at the phase boundary is close to the measured value of 
40-42 per cent, then the data are in accord with an equili- 
brium established by reheating to approximately 400° 
C (corresponding to kamacite with 6 per cent nickel) 
for a period shorter than the time taken in the initial 
cooling from this temperature to about 300° C (7 per cent 
nickel). The possibility of a temporarily increased 
pressure accompanying the temperature rise cannot be 
excluded. Alternatively, if the nickel content of tenite 
at the phase boundary is considerably greater than 42 
per cent, and not ‘resolved’ by the electron probe, the 
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measured nickel content of 6 per cent in kamacite may 
correspond to an equilibrium at a temperature below 
300° C on the receding part of the æj + y phase 
boundary’. 

The time, ¿, necessary for such changes may be estimated 
from the relation ¢ = 2/4k?D where œ represents the 
displacement of the interface, D is the inter-diffusion 
coefficient in the « phase and k is a constant. The move- 
ment of the interface necessary to account for the observed 
gradient in the kamacite is approximately 2u. On the 
assumption that the bulk concentration of nickel in 
kamacite is 7 per cent and the boundary concentrations 
in kamacite and tenite are 6 per cent and 40 per cent 
respectively, kis found to be 0-0165 (ref. 12). The diffusion. 
data of Hirano and Cohen then give the values shown 
in Table 2. 


Table 2 
T (°C) D t (years) 
600 22 x107 530 
500 2-62 x 10-37 44x10! 
400 8:05 x 10-2° 1-4 x 107 
300 8-64 x 10- 3-2 x 104 


Thus an impossibly extended cooling period would 
appear to be necessary if the value of 6 pər cent nickel 
represents an equilibrium concentration produced during 
cooling to a temperature of 300° C or lower on a receding 
aja + y boundary. The reheating hypothesis on diffusion 
grounds seems more tenable, but in the absence of other 
internal evidence of reheating and of a plausible mechan- 
ism it does not at present supply an adequate explanation 
of the results. 

The possibility that non-equilibrium conditions exist 
in the region near the phase boundary cannot be excluded. 
Any such explanation of the phenomenon must, however, 
still be reconciled with the low temperature and pressure 
indicated by the composition of the bulk of the kamacite. 

It should be noted that the foregoing interpretations 
are discussed in terms of the two-component iron-nickel 
system®*. Additional minor components may significantly 
alter the form of the phase diagram, in particular the 
slope of the «ja + y phase boundary and the maximum 
solid solubility of nickel in a-iron, and possibly the rate at 
which equilibrium is established. 

We thank Mr. A. Iredale for assistance in carrying out 
some of the measurements and the Department of Scienti- 
fic and Industrial Research for financial aid. 
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ABSORPTION OF CEMENT BY ASBESTOS FIBRES 
By A. K. CHATTERJI and R. S. RAWAT 


Central Building Research Institute, Roorkee, India 


BSORPTION of cement or similar fine powders is 
an important property of asbestos fibres. High 
absorptive capacity for cements, or high cement-retentive 
capacity, is considered in the industry as one of the 


essential prerequisites for these fibres to be used in the 
manufacture of asbestos—cement products, as the strength 
of the products is found to depend on adequate retention 
of cement by the fibres. Absorption. of coment by asbestos 
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fibres is taken to be a purely physical process, independent 
of the nature of the material of the fibre and is linked 
with the fineness of the fibres. Doubt regarding this 
view arises when one considers that the coement-retentive 
capacity of amphibole fibres, though generally less than 
that of chrysotiles, is not always so. It is found, for 
example, that cement-retentive capacity of amphiboles 
from Mysore is much less, while that from Seraikela 
(Bihar) amphiboles is much higher (~ 1-7 times) than the 
cement-retentive capacity of chrysotile asbestos*. 

By treating Seraikela amphiboles with suitable surface- 
active agents, cement-retentive capacity of these fibres 
has been increased to about 2-5 times that of untreated 
Canadian chrysotile, yet asbestos-coment products, par- 
ticularly sheets, from amphiboles do not have strength 
comparable with those from chrysotiles. There may be 
several reasons for low strength of asbestos-cement pro- 
ducts from amphiboles. The point which emerges from 
the foregoing observation is that the absorption of cement 
as ordinarily understood does not appear to be a crucial 
factor in the strength development of asbestos—cement 
products. On the other hand, it is an established fact 
that an improvement in the cement-retentive capacity of 
chrysotile fibres through fibreization has a favourable 
effect on the strength of asbestos—-cement products. These 
facts may indicate that the mechanism of cement reten- 
tion by chrysotile fibres may not be a purely physical 
process and that the process of absorption may not be 
the same in the two types of fibres. 

We contend that in addition to what is believed to be 
physically held, cement may be chemisorbed by the 
asbestos fibres and the strength of asbestos-cement pro- 
ducts is influenced by the amount of coment chemisorbed. 
Some evidence to support this view are given in this 
article. 

If the mechanism of retention of cement by asbestos 
fibres were one of chemisorption, then the process of 
adsorption would depend on the relative positions of 
Fermi-levels in the adsorbent and adsorbate and would 
be favoured as the two levels became closer. Position of 
Fermi-levels in asbestos and in cement clinker minerals 
are not known and one can only speculate about it. Thus, 
the dielectric properties of chrysotile and amphibole 
asbestos indicate that the Fermi-level in crystals of 
amphibole-type asbestos is probably lower than that in 
chrysotile crystals. The rates of hydraulic action of 
cement clinkers indicate that tricalcium aluminate should 
have higher Fermi-level than tricalcium silicate and the 
Fermi-level should be lowest in dicalcium silicate. 

The cement used in the manufacture of asbestos—cement 
products is normal Portland cement and it contains more 
of tricalcium silicate than tricalcium aluminate. While 
using amphibole asbestos with such cement it is necessary, 
so that adsorption may occur in similar conditions, to 
have the relative positions of Fermi-levels in amphiboles 
and clinker crystals the same as with chrysotile and later. 
This may mean that adjustment of Fermi-level either of 
the clinker minerals or of asbestos will have to be 
done. 

Measurement of absorption of Portland and high 
alumina cements by chrysotile and tremolite (Mysore 
amphiboles) fibres show that both types of fibres retain 
normal Portland cement more than high alumina cement 
and that the chrysotile fibres retain more of either type 
of cements than amphiboles. Other factors being more or 
less similar, it would indicate, granting that the process 
of cement retention is a chemisorption process, that the 
position of Fermi-level in chrysotile is close to that in 
tricalcium silicate. Further, as amphiboles absorb Port- 
land cement less than chrysotiles and tricalcium aluminate 
may be taken to have higher Fermi-level than tricalcium 
silicate, the Fermi-level in amphibole fibres may be lower 
—perhaps very much lower (as can be judged from quan- 
tities of coment retained)—than its position in chrysotiles. 
This may be the reason for the wide divergence of the 
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cement-retentive capacities of the two typos of fibros and 
for their chemical reactivities (amphiboles are chemically 
more unreactive than chrysotiles). It would appear from 
these considerations that there may be two ways of 
improving the cement-retentive capacity of amphiboles: 
(1) to use a cement which is rich in minerals with low 
Fermi-level, that is, to use a cement rich in dicalcium 
silicate; (2) to raise the Fermi-level of amphibole 
fibres. 

One way to raise the Fermi-level of a crystal is to 
introduce ‘donor’ type impurities into it. Tromolite 
asbestos from Mysore was heated with ‘n? typo semi- 
conducting oxides at appropriate temperature. on the 
lines used for puzzolanas‘’, in order to introduce such 
impurities in the fibres. Cement-retentive capacities of 
(a) chrysotile, (b) tremolite and (c) tremolite-treatod wore 
measured, using normal Portland cement and high 
alumina cement as follows: A weighed quantity of 
asbestos was mixed with six times its weight of cemont 
and sufficient water was added to make it into a wator- 
like thin slurry which was immediately stirred for 10 
min with a mechanical stirrer. After stirring, the 
slurry was filtered through a fine cloth and the imix 
retained was washed in water which was repeatodly 
changed until the water was almost clear. The mix left 
was dried at 110° C for 24 h and weighed. Tho inervaso 
in weight was taken as the amount of cement absorbed. 
The results are given in Table 1. No attempt was made 
to fibreize the fibres. Surface area of the fibros was also 
not measured. 


Table 1. ABSORPTION OF CEMENTS BY CHRYSOTILE, TREMOLITOD AND 
TREATED TREMOLITH FIBRES (G/G FIBRE) 
Chryso- Tremolite Tremolite Tremolite Tremoiite 
Fibre tile Tremolite Treat.1 Treat.2 Treat. 3 Treat. 4 
Normal Port- 
land cemont 3-75 0-50 1:90 2:67 2-50 177 
High alumina 
cement 1-46 0:31 0-47 0:35 O87 0'18 


The method used is not accurate enough to allow thes« 
results to be considered as anything more than indicative 
of the trend. Absorption of Portland cement by chrysotile 
fibres is fairly large compared with that by tromolitos: 
treatments improve the absorptive capacity of tromolites 
for Portland cement to a large extent. Absorption of 
high alumina cement is less in both chrysotile and tromo- 
lite and that most of the treatments improve the absorp- 
tive capacity of tremolites for high alumina cement also, 
but comparatively to a lesser degree. The improvement in 
absorptive capacity of fibres, so treated, is an indication 
that the mechanism of absorption of coment by asbostos 
may be a chemisorption process. 

Decreasing the linear size of a crystal is also a moans 
of altering the Fermi-level in a crystal provided it can bo 
lowered below the ‘screening length’ (~ 10-4 em). 
Chrysotile fibres may be fibreized fairly well and tho 
diameter of a single thread may bo as low as 0-74 x 
10 cm). On the other hand, amphibole fibres cannot 
be fibreized to ariything like this. The improvemont 
observed in the strength of asbestos-cement products 
from chrysotiles, on fibreization, may be due to enhancol 
chemisorption of cement by the fibres through a change 
in the position of the Fermi-level of tho fibres as thoir 
diameter is reduced—as distinct from any simultanoous 
improvement of physical adsorption of cement. The 
observed increase in the cement-retentive capacity of 
amphiboles on fibreization may be attributed to the 
increased physical adsorption because of enhanced surface 
area. The improvement in intake of coment by those 
fibres may be made as high as 2-5 times that of chryso- 
tiles. Yet the strength of the asbestos- cement products 
from amphiboles is found very much lower than that in 
products from chrysotiles. This may mean that though 
the cement retention by amphiboles has been improved. 
due to larger physical adsorption, simultaneous improve- 
ment in the amount chemisorbed has not taken placc as the 
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fibreization has not been carried to the extent as to produce 
the change in the position of Fermi-level necessary to 
enhance chemisorption of cement and that the physi- 
cally held cement does not materially contribute to the 
strength. ; 

High alumina cement is absorbed less than Portland 
cement by asbestos fibres; this means that the cements 
containing minerals which have higher Fermi-level are 
absorbed less. This indicates that the bond involved in 
the chemisorption of cement by asbestos is a ‘donor’ type 
bond (‘hole’ capture by fibre). If this were true, the Formi- 
level of the clinker minerals involved in adsorption would 
be raised by the very act of adsorption. A rise in the 


Fermi-level of a clinker mineral should enhance its rate . 


of reaction with water®. Hence, cement should set more 


NATURE 


May 25, 1963 VoL. 198 


rapidly when in contact with asbestos fibres, particularly 
with chrysotile fibres in which adsorption is large. As 


. tricalcium aluminate and tricalcium silicate have high 


Fermi-levels, the effect will be more pronounced in 
cements rich in these minerals. It has been observed 
that the prasence of chrysotile fibres accelerates setting 
of cement and the acceleration is more in cements richer 
in tricalcium silicate or tricalcium aluminate or both’. 


1 Hayden, R., Zement Verlag, Berlin—-Charlottenburg (1942). 

2 Biswas, N., et al., Res. and Indust., C.S.1.R., New Delhi, 7, 206 (1962). 

3 Chatterji, A. K., and Phatak, T. C., Nature, 197, 656 (1963). 

t Chatterji, A. K., Phatak, T. C., Dhariyal, K. D. and Banerji, A. C., J. Sci. 
Indust. Res. (India), 19 B, 453 (1960). 

5 Berkovitch, T. M., J. App. Chem. (U.S.S.R.), 668 (1953). Translated in 
chemistry collection No. 2, Cement, Limes and Plasters (Soviet Research 
in glass, ceramics and cements, Consultants Bureau, Inc., P-127). 


ELECTROPHORETIC MAP OF CHEMICALLY DERIVED SUB-UNITS 
OF PAPAIN-DIGESTED y-GLOBULIN 


By Dr. M. D. POULIK 


Child Research Center of Michigan, Detroit 


NZYMATIC and chemical methods are now available 
to examine the antigenic constitution and structure 
of y-globulins. Porter’s enzymatic (papain digestion) 
method!- yields three fragments, two of which are very 
similar (variously designated I, IL; A, O; S), and a third 
fragment (III; B; F), which has lost its ability to combine 
with antigen. By a chemical procedure, Edelman and 
Poulik demonstrated the presence of several polypeptide 
chains in normalt and abnormal’ y-globulins, as well as in 
antibodies’. Two types of chains were described according 
to their molecular weight: E, light chains, and H, heavy 
chains’, which correspond to the B and A chains of 
Fleishman ef al.?, The work reported here is concerned 
with the distribution and number of the chemically 
derived sub-units on the fragments obtained by papain 
digestion. The combination of enzymatic and non- 
enzymatic methods in conjunction with electrophoresis in 
starch-gel has resulted in a new type of ‘finger-printing’ of 
large peptides of the y-globulin molecule. 

The fragments of papain-digested y-globulin or its 
chromatographically isolated F and S fragments were 
separated by electrophoresis in starch-gel in the dis- 

` continuous system of buffers’. The F fragment migrated 
to the cathode and comprised 10-11 sub-components. The 
S fragment migrated to the anode, with a slight overlap to 
the cathode. Fig. 1 (A, B, C, D) shows patterns obtained 
with human fraction II globulin, digested with papain 
(pE 7-0) before and after reductive cleavage in the absence 
of urea. Digestion of y-globulin reduced and alkylated in 
the presence of urea yielded small fragments difficult to 
demonstrate by routine staining with amido black (Fig. 1 
Hand F). 

Papain digests were further studied by electrophoresis 
in urea starch-gol®. Patterns (Fig. 2 4 and B) obtained 
with y-globulin cleaved in the presence and absence of 
urea differ mainly in the mobility of their L and H chains. 
Papain-digested y-globulin yielded zones with the mobility 
of L chains and H chains, as well as faster migrating zones 
(Fig. 2 0). Partially reduced and alkylated globulin, 
digested afterwards with papain, yielded mainly L 
chains with a small amount of H chain (Fig. 2 D). With 
the aid of immunoelectrophoresis performed directly from 
the urea gels!*, each of the compononts of the patterns 
shown on Fig. 2 (B,, 0, and D,) gave precipitin lines. The 
L chains of fully reduced y-globulin (Fig. 2 A,) gave also a 
typical diffuse precipitin line with antisera prepared 
against reduced and alkylated y-globulin. 


The difficulty of interpreting the one-dimensional 
electrophoretic and immunoelectrophoretic patterns, 
especially in view of the heterogeneity of the F and S 
fragments, required a new approach. A more detailed 
examination of the distribution of the chains on the 
enzymatically obtained fragments was undertaken. Com- 
binations of starch-gel electrophoretic procedures were 
found to be a suitable method for this purpose. The 
materials were submitted to vertical starch-gel electro- 
phoresis in a discontinuous system of buffers!* in order 
to ensure maximum separation (first dimension). The 
separated fractions were then dissected en bloc and trans- 
ferred into a gel prepared in formate buffer containing 8 
molar urea (second dimension). For reductive cleavage, 
the latter gel was made in formate buffer containing 8 
molar urea and 0-05 molar mercaptoethanol. 

Electrophoresis in urea starch-gel has shown that 
fragment S migrated with the same mobility as the L 
chains of reduced and alkylated y-globulin (Fig. 3 B). 
Additional faster migrating zones were also present though 
localized over three specific areas of this fragment. Hach 
of the sub-components of fragment F was resolved into 
two series of sub-units, each of which migrated also with 
the mobility of the ‘L chains’ or faster. On electro- 
phoresis in the gel prepared in urea and mercaptoethanol, 
a pattern was obtained as shown in Fig. 3 O: the S frag- 
ment afforded a rather broad zone with no visible 
additional changes in the faster migrating zones. Sub- 
components of the F fragment were again separated into 
two series of sub-units. The slower series migrated with 
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Fig. 1. Starch-gel electrophoretic patterns. .4, y-Globulin (Cohn frac- 

tion ID; B, y-globulin papain digested (pH 7-0); C, y-globulin partially 

reduced (0:1 molar borate buffer); D, y-globulin partially reduced 

and papain digested; Æ, y-globulin fully reduced (8 molar urea); 

F, y-globulin fully reduced and papain digested. Electrophoretic 

conditions: discontinuous system of buffers, 16 h at 6 V/em at room ~ 
temperature 
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components of the F fragment (H chain) are 
composed of two sub-units separable in the 





presence of the dissociating agent (Fig. 3 B). 
Additional sub-units of faster mobilities 
were also observed in trace amounts. Each 
individual sub-unit of each of the sub-com- 
ponents carries the specific determinant of 








this fragment, readily demonstrable by 











immunoelectrophoresis performed directly 

















p ` d Seerat 
` | SS from the urea gel’. The slow serics of the 
: a r = a] sub-units of this fragment, characterized by 
p enen three heavily stained zones (cf. Fig. 3 B). 
ae STEDE io NELTA ar! are also structurally complex; on reductive 





Fig. 2. Urea starch-gel electrophoretic patterns of y-globulin. A, Fully reduced (8 molar 
urea); B, partially reduced (0-1 molar borate buffer); C, papain digested; D, partially 
1 0-05 molar formic acid + 0°01 molar sodium 
hydroxide; pH 3-2; eloctrophoresle conducted at 6 V/em for 16 h at room temperature.) 
Lunoe] ysis performed on the unstained gels after removal of urea 

by dialysis. 4,, Bı, C,, Di, are diagrammatic Tepresentations of precipitin lines developed 
iserum specific for (a) anti-F fragment 


reduced and papain digested. (Buffer: 


Immunoelectrophoretic ana 


at room temperature for 20 h with rabbit an 
antibodies, and (b) anti-S fragment antibodies 


approximately the same velocity as the faster series 
obtained in the urea-gel (Fig. 3 B). 

Immunological methods were used to identify the 
various zones. Starch-gel immunoelectrophoretic analy- 
sis“ of the fragment S and the sub-components of frag- 
ment F showed that they all carry their non-cross-reacting 
specific antigenic determinants. The majority of the sub- 








Fig. 3. Two-dimensional stareh-gel electrophoretic patterns of chemic- 
ally treated papain digests of y-globulin. The papain-digested y-globulin 
(8 per cent solution) was separated in the first dimension by vertical 
starch-gel electrophoresis in the discontinuous system of buffers 
(patterns A, and A,). For the electrophoresis in the second dimension 
starch blocks were dissected which contained all the protein zones and 
each block was transferred to two separate starch-gels, one prepared in 
formate buffer containing 8 molar urea (pattern B), and the other in 
formate buffer containing 0-05 molar mercaptoethanol and 8 molar 
urea (pattern C). Horizontal starch-gel electrophoresis was then 
conducted at room temperature for 16 h at a voltage gradient of 4-5 V} 
cm. Control samples of y-globulin fully reduced (RA) and y-globulin 
papain digested (PAP), were each run in both gels (applied, with 
filter paper). B.L. designates the brown line; S and designate 
‘slow’ and ‘fast’ fragments, respectively 


cleavage and electrophoresis in urea—mer- 
captoethanol-gel these zones assume a 
greater rate of migration and seem now to be 
the fastest series of zones (Fig. 3 C). Further- 
more, they cease to be immunologically 
active. In contrast, the slower series 
of zones will still form precipitin lines on 
removal of the urea and mercaptoethanol from the 
gel. The possibility, however, exists that recombina- 
tion may occur after removal of the reagents, thus restor- 
ing immunological activity. 

Olins and Edelman provided immunological ovidonce 
that fragment S contains mainly L chains and a small 
portion of the H chain’. Tho results shown hero (Fig. 3 B} 
clearly demonstrate that this material migrates with tho 
mobility of the L chains (Fig. 3 B-RA), in tho urea gel. 
Using highly specific antiserum prepared against tho L 
chains, this zone was proved to contain tho L chains. Of 
the two, and possibly three, additional faster migrating 
zones, the slower zone also reacted with the antiserum 
described here. The fastest zones did not react with the 
latter antiserum nor with an antiserum dirocted against 
tho F fragment After reduction in the urea—morcapto- 
ethanol—gel, most òf the immunological activity of tho 
zones was lost, except in a small portion of this frag- 
ment. 

These results demonstrate that some of the sub-coin- 
ponents of the F fragment (H chain) dissociated in uroa 
into two ‘micro-sub-units’, one of which is composod of 
two parts linked together by disulphide bonds. Tho less 
complex sub-unit is still immunologically active and its 
molecular weight is estimated at 26,000 (+ 10 por cent)'® 
The question remains whother the ‘micro-sub-units’ are 
derived from the same part of the H chains or ropresont 
parts of two separate H chains. 

The mothod described, in conjunction with immuno- 
electrophoresis from the urea and urea—mercaptoothanol - 
gels, offers a new technique of ‘immunological fingor- 
printing’ applicable to probing of areas of the y-globulin 
molecules and other proteins which are of immunological 
and biological interest. 

This work was supported in part by National Insti- 
tutes of Health grant HH#-07495, and in part by the 
Michigan Kidney Disease Foundation. 
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NON-ENZYMATIC HYDROXYLATION OF AROMATIC 
COMPOUNDS 


By Pror. J. H. GREEN, Pror, B. J. RALPH and P. J. SCHOFIELD 
University of New South Wales, Sydney 


N 1954, Udenfriend et al.1 showed that hydroxylation 
of aromatic compounds could be offected by a 
phosphate-buffered aqueous system containing oxygen, 
a metal complex and ascorbic acid. The significance 
of this system lies in the fact that the products of 
such aromatic hydroxylations are similar to the in vivo 
detoxication metabolites of aromatic compounds, and hence 
it has been suggested that ingested aromatic compounds 
-may be hydroxylated in this manner in vivo. However, 
there has been much speculation about the mechanism of 
the hydroxylation reaction. 

The oxidizing properties of ascorbic acid in the presence 
of a metal ion have been known for some time; under 
such conditions autoxidation of the ascorbic acid occurs®-?, 
with the formation of hydrogen peroxide, which was 
assumed to be the actual oxidizing agent. Udenfriend}, 
however, suggested that the hydroxylation was mediated 
through a reaction product of hydrogen peroxide with the 
ascorbic acid and, as hydroxylation appeared to take 
place at electronegative sites on the aromatic ring, it 
was assumed. that the hydroxy] cation was involved. In 
1960, Acheson and Hazelwood? concluded that the 
formation of hydroxyl cations in the system was most 
improbable, and on the basis of the isomeric distribution 
of the hydroxylated products of substituted aromatic 
compounds suggested that free radicals were involved in 
the reaction. 

Acheson’s suggestion of the free radical nature of the 
reaction is not new. Most of the suggested mechanisms 
so far have required the active participation of free radicals 
in the hydroxylation step, but as yet no definitive proof 
of the identity of the actual hydroxylating radical has 
been presented. The primary step is always assumed to 


be the autoxidation of ascorbic acid to form hydrogen. 


peroxide; suggestions of subsequent steps reflect a diverg- 
ence of opinion. The overall reaction sequence may be 
represented as follows: (1) cation-catalysed autoxidation 
of ascorbic acid with the formation of hydrogen peroxide; 
(2) formation of the active intermediate; (3) reaction of 
the intermediate with the substrate. 

The assumption that hydrogen peroxide is formed is 
the principal reason for the difference of opinion on the 
nature of the active radical. Breslow? suggested that 
hydrogen peroxide is the active agent. However, if 
ferrous ion is present as the cation, the reaction mixture 
will then contain the Fenton reagent (hydrogen peroxide 
and ferrous ion) which is capable of hydroxylating aromatic 
compounds. Cier!’ therefore suggested that the reaction 
is, in fact, a Fenton hydroxylation, in which hydroxyl 
radicals are the active hydroxylating agent. Buhler and 
Mason?! proposed that in the fumarate~peroxidase hy- 
droxylating system, the perhydroxyl radical is the active 
agent, but that in the Udenfriend system, the hydroxyl 
radical is significant. Norman '*, however, has very 
recently found evidence that the Udenfriend system does 
not hydroxylate in the manner of a Fenton reagent, nor 
does it involve hydrogen peroxide as an intermediate, nor 
hydroxyl radical as the attacking species. Yet, as early 
as 1956, Douzou® suggested that the perhydroxy] radical 
is the active radical, but his suggestion has not been 
considered by subsequent investigators. According to 
Douzou, the reaction steps are as follows (and Norman’s 
results are consistent with them): 


Step 1: 
AH, — AH + H (1) 
H + Mn++ H+ 4 Ma- (2) 
Mot 4 H+ + 4$0,—> Mht + GOs (3) 
Step 2: 
H: + O,— > HOr (4) 
RH + HO, —> R + H,O, (5) 
Step 3: 
R- + HO, — RO : OH (8) 
RO : OH + AH —> ROH + A + HO (7) 


The Udenfriend system is capable of reacting with a 
large number of biological compounds and such reactions 
indicate that the hydroxylation of aromatic compounds}: 
is merely a specialized type of oxidation. The oxidations 
include chain scissions' and decarboxylation" of aliphatic 
acids, ring openings of heterocyclic nitrogen com- 
pounds'*-2° and hydroxylations of both steroids?! and the 
aromatic moieties of proteins. These apparently unre- 
lated reactions may, in fact, be ascribed to the same series 
of reactions. The stability of the peroxidic compound 
formed (equation 6) will be dependent on the chemical 
nature of the aromatic nucleus; if, for example, tho sub- 
strate is æ heterocyclic nitrogen compound, then the 
peroxide may spontaneously decompose, with subsequent 
ring opening. Such reactions are analogous to those 
involving the decomposition of intermediate peroxide 
compounds** formed from the reaction of the substrate 
with perhydroxyl and hydroxyl free radicals evolved 
during the irradiation of aqueous solutions of organic 
substrates. : 

We have been investigating comparative effects of 
y-radiation on similar aromatic systems of biological 
interest, and have experimented with the Udenfriend 
system in an attempt to understand the hydroxylation 
mechanism. This article presents further experimental 
evidence on the mechanism. 

The effect of various conditions on the Udenfriend 
system was studied, the conversion of aniline to p-amino- 
phenol being used as a measure of the hydroxylating power 
of the system. 

The Udenfriend system used for the hydroxylation of 
aniline consisted of 710 moles ascorbic acid, 75 moles 
cation, 400 ymoles disodium salt of ethylenediamine 
tetraacetic acid, oxygen and 300 moles substrate in a 
phosphate-buffered aqueous solution of total volume of 
15 ml. The cations present were ferrous and ferric ion. 
The p-aminophenol was extracted and determined by the 
method of Brodie”. 

For the determination of ferrous and ferric ion concon- 
tration the procedure was as follows. After destruction 
of the excess ascorbic acid, the reaction mixture was made 
5 N with respect to hydrochloric acid and then extracted 
with ether. After extraction of the ether phase with 
0-05 N hydrochloric acid, the ferric ion in the aqueous 
phase was determined colorimetrically with potassium 
thiocyanate. After oxidation of a separate aliquot by 
bromine, the difference in the observed optical density of 
the ferric thiocyanate colour gave a measure of the ferrous 
ion concentration. 

The rate-determining step of the proposed reaction 
scheme is the cation-catalysed autoxidation of ascorbic 
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Tig. 1. Yield of p-aminophenol from the Udenfriend system 
©, Ethylenediamine tetraacetic acid; @, the acid plus fluoride ion 
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Time-dependent concentration of ferrous and ferric ion in the 
Udenfriend system under aerobic conditions 
O, Ferrous ion; @, ferric ion 


Fig. 2. 


acid. Thus any factors influencing the rate of autoxida- 
tion will afterwards influence the rate of hydroxylation. 

Order of reaction. Gero and le Gallic® have shown that, 
for a constant concentration of metal ion, the autoxidation 
of ascorbic acid is a first order reaction. The formation of 
hydroxylated product is also an apparent first order 
reaction (Fig. 1), indicating that the significant and rate- 
determining step of the overall reaction is the initial 
autoxidation of the ascorbic acid. 

Oxidation state of the metal ion. In the autoxidation 
the metal ion acts as a catalyst, being first reduced and 
then oxidized. For the Udenfriend reaction it has been 
suggested that ferrous ions catalyse the reaction, but 
this seems improbable as this would assume the existence 
of monovalent iron. 


AH, —— AH’ + H 
H: + Fe —— H+ + Fot 
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In oxygenated aqueous solutions, the formation of such 
an ion is most improbable. We beliove that the ferric 
ion, and not the ferrous ion, is the necessary catalyst. 
On addition of ascorbic acid to the Udenfriend system 
containing both ferrous and ferric ion, the concontration 
of ferric ion decreases, with a subsequent rise in the con- 
centration of ferrous ion (Fig. 2). In anaerobic conditions, 
the iron remains predominantly in the divalent stato 
(Fig. 3) and hence, on the basis that the necessary valence 
state for catalysis cannot be regained, hydroxylation does 
not proceed. Addition of hydrogen peroxide to the 
anaerobic system after the addition of ascorbic acid will 
then oxidize the cation to the necessary valence state, and 
hydroxylation will ensue. It has also been shown that 
the ferric ion is as effective a catalyst as the ferrous ion!, 
and in an examination of the non-enzymatic decarboxyla- 
tion of methionine by the model system, Mazelis** suggests 
that, in the presence of ascorbic acid and ferric ion, the 
increased power of the system may be due to a mainten- 
ance of the ferrous ion. 

Effect of the metal complex. The rate of autoxidation 
will be dependent on the availability and chemical nature 
of the metal ion in the complex, which will, in turn, 
depend on the chemical properties of the complex. Two 
such properties may be considered the most important: 


Concentration of ferrous and ferric ion 
(arbitrary units) 


0 1 2 3 
Time (h) 
Fig. 3. Time-dependent concentration of ferrous and ferric ion in the 
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Fig. 4. Effect of various ligands on the formation of g-aminophenol 
O, Ethylenediamine tetraacetic acid ; V, oxalic acid; +, acetyl acetone 
A, tartaric acid 
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Fig. 5. Effect of metal : ligand ratio on the yield of p-aminophenol 


(a) the stability of the metal complex; (6) the redox 
potential of the complexed metal ion. 

The availability, and subsequent catalysing power, of 
the motal ion will be a function of the stability of the 
metal complex and hence for a given metal ion there may 
ke a relationship between the overall yield of hydroxylated 
product and the stability constant of various complexes 
of the metal. However, under the oxidizing conditions 
of the reaction mixture, the true valuo of the stability 
constant of the complex is unknown and may be quite 
different from the constant under standard conditions. 
Hence a relationship between the yield of product and the 
stability constant of the complex will be of only a semi- 
quantitative nature (Fig. 4). 

The redox potential of the metal ion seems tho more 
significant of the two factors. Complexing of the metal 
ion will modify its redox potential and hence change its 
catalytic power. Although the potentials in the reaction 
are not known, it is suggested that it is the modification 
of the redox potential rather than the stability of the 
complex which changes the catalytic power of the metal 
ion system. Cyanide?! and fluoride, which form extromely 
stable complexes with the ferric ion, do not completely 
inhibit the system (Fig. 1) as would be predicted by the 
latter theory. 

Effect of the metal : ligand ratio. Butt?* found that the 
metal : ligand ratio had a marked effect on tho degree of 
autoxidation of ascorbic acid in the presence of a metal 
complex, but that the nature of the ligand affected the 
extent of the effect. At a metal : ligand ratio of 1 : 2 the 
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catalytic effect of copper II ions was completely inhibited 
by ethylenediamine tetraacetic acid, while at a metal : 
ligand ratio of 1 : 60 phenanthroline still exhibited a cataly- 
tic effect. Such results appear to support the foregoing 
suggestion that it is the modification of the redox potential 
of the metal ion which affects the autoxidation. 

An analogous result was obtained for the Udenfriend 
system. For a constant concentration of metal ion, tho 
metal : ligand ratio has a marked effect on the yield of 
hydroxylated product (Fig. 5), the optimum ratio being 
approximately 1 : 2. 

Such a result appears to indicate an unusual chemical 
system as all the evidence indicates that iron forms a 
1:1 complex with ethylenediamine tetraacetic acid. 
However, the results of Younathan?’, Tanner?! and Rao?’ 
suggest that the ligand itself may contribute by promoting 
the autoxidation of ascorbic acid and this contribution 
may account for the apparently anomalous results. 

Although further work on the Udenfriend system will 
perhaps modify the views expressed in this article, it does 
seem that Douzon’s reaction scheme (steps l-3 here) 
is strengthened by the present evidence. 


2 Udenfriend, S., Clarke, C. T., Axelrod, J., and Brodie, B. B., J. Biol. Chem.» 
208, 731 (1954). 

* Weissberger, A., and Lu Valle, J. E., J. Amer. Chem. Soc., 60, 700 (1944), 

bd Barron, B. S., de Meio, R. H., and Kiemparer, F., J. Biol. Chem.,112, 625 


‘ Lymenn, C. M., Schulze, M. O., and King, C. G., J. Biol. Chem., 118, 757 

$ Guillemet, R., Arch. Phys. Biol.,16 (Suppl.), No. 57 (1942). 

* Gero, E., and le Gallic, P., Bull. Ste. Chim. Biol., 34, 548 (1952), 

7 Gero, E., and le Gallic, P., Bull. Ste. Chim. Biol., 84, 557 (1952). 

s Acheson, R. M., and Hazelwood, C. M., Biochim. Biophys. Acta, 42, 49 

? Breslow, R., and Lukens, L. N., J. Biol. Chem., 285, 292 (1960). 

u Cier, A., Jo Nofre, C., Ranc, M., and Lefier, A., Bull. soc. chim. France, 
1828 (1959). 

u Buhler, D. R., and Mason, H. S., Arch. Biochem. Biophys., 92, 424 (1961). 

42 Norman, R. O. C., and Radda, G. K., Proc. Chem, Soc., 138 (1962). 

13 Douzou, P., C. R. Acad. Sci. Paris, 243, 46 (1956). 


„1n Goyen $ P., Kydd, S., and Ryan, H., Arch. Biochem. Biophys., 70, 129 


18 Mazelis, M., Nature, 189, 305 (1961). 

16 Torri, K., and Moriyama, T., J. Biochem. (Japan), 42, 193 (1955). 

1 Edlbacher, S., and Segesser, A. v., Biochem. Z.,290, 370 (1937). 

18 HidIbacher, S., and Segesser, A. v., Naturwiss., 25, 556 (1937). 

12 Holtz, P., and Triem, G., Z. Physiol. Chem., 248, 5 (1937). 

2° Moriyama, T., J. Biochem. (Japan), 44, 289 (1957). 

2 Revol, A., Nofre, C., and Cier, A., C. R. Acad. Sci. Paris, 247, 2486 (1958), 
22 rit) S., Benevent, M., and Bouchilloux, S., C. R. soc. biol., 161, 2144 


23 Jayson, O. G., Scholes, G., and Weiss, J., J. Biochem., 57, 386 (1954). 

28 Dalgliesh, C. EB., Arch. Biochem. Biophys., 58, 214 (1953). 

% Dewhurst, F., and Calcutt, Q., Nature, 181, 808 (1961). 

2 Butt, V. S., and Hallaway, M., Arch. Biochem. Biophys., 92, 24 (1961). 

21 Younathan, E, S., and Frieden, E., Biochim. Biophys. Acta., 46, 51 (1961), 

28 ‘Tanner, E., Schuler, W., and Meier, R., Helv. Chim. Acia., 42, 445 (1959). 

2 Rao, M. V. L., Sastry, L. V. L., Srinivasan, M., and Subrahmanyan, V.» 
J. Sci, Food Agric., 10, 436 (1959). 

3° Brodie, B., and Axelrod, J., J. Pharmacol and Exp. Therap., 94, 22 (1948). 


FAST SEPARATION OF RADIONUCLIDES BY THIN-LAYER 
CHROMATOGRAPHY 


By Dr. A. BRECCIA and Dr. F. SPALLETT! 


Istituto di Chimica Fisica, Universita di Bologna; Istituto di Chimica Fisica, Universita di Padova; Centro Nazionale di 
Chimica delle Radiazioni e dei Radioelementi, Bologna 


N this laboratory research has been carried out on the 

application of redionuclides in polarography’; in 
order to use highly purified tracers, we tested a fast 
chromatographic method which could be particularly 
useful in the separation of fission products and radio- 
nuclides from their decay products. 

In this communication we report the results obtained 
using this technique in the separation of zirconium-95 


from its decay products, niobium-95 and strontium-90 
from yttrium-90. i 

The technique used was substantially similar to 
that described by Kirchner? and Stahl? for the 
separation of organic compounds. Seiler‘ reported 
tho use of this method for the separation of alkaline 
cations, suggesting also the basic concept of the separa- 
tion technique. ; ; 
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The adsorbent was ‘Kieselgel’ (G. Merck), prepared 
according to Stahl for the separation of zirconium-95 
from niobium-95. For the separation of strontium-90 
from yttrium-90 the gel was first purified according to 
Seiler’, but without adding starch. In the latter case, the 
part of the chromatoplate inside the eluent was partially 
destroyed, but this fact did not interfere in the chromato- 
graphie behaviour. 

The silica gel was suspended in 2-5 its weight of water 
and 1:5 or 2 ml. of the suspension pipetted on a glass 
plate (4 x 12 cm), the layer being stratified by a mech- 
anical vibration for 5 min. 

A micromount of solution, 10-15), of zirconium-95— 
niobium-95 oxalate salts or strontium-90—-yttrium-90 
nitrate salts (Radiochemical Centre, Amersham) was put, 
in point form, at 2 cm from the end of the plate. The 
silica layer is quite vulnerable and the application must 
be carried out carefully, especially when a larger quantity 
of liquid is involved. 

The plate was put in the chromatographic chamber 
and the chromatogram performed using severel kinds of 
eluent and for several running times for each eluent, as 
shown in Table 1 for zirconium-95-niobium-95 oxalate, 
and in Table 2 for strontium-90-yttrium-90 nitrate. 


Table 1 
Silica Running 
layer time 
Eluent (mg/em*) (min) Rpl Rre? 
1 isopropyl alcohol 9 p ‘ 
HCLSN 10 45 0-0 0-0 
HF 0-05 N 90 0:0 0-0 
2* HCl2N + HFO2N 10 45 0-88 0-20 
3* Acetone 4 PERO 10 X 10 30 0-66 0°66 
p (viv 
4* Acetone 4 p + HC110 N 10 60 05 05 
1p(viv) HP 0-05 N 
5 Methanol 4p + HCl 10 60 0-1 0-2 
10N1p4+HF10N 
0-5 per cent (v/v) E 
6 Methanol 100 ml. 10 45 0:03 0-50 
HF 10 N 4ml. 
7 Methanol 100 ml. 7 45 0-03 0-5 
HF 10 4 N ml. 
8 Methanol 100 ml. 10 90 0-12 0-57 
HF 10 N 4 ml 


Each eluent was tested for three times. 

ii gie silica layer inside the eluent was destroyed from the aqueous 
solution. 
Ry 1=Zirconium-95. 
Ry 2=Niobium-95 


' Table 2 
Front Running No 
travel time separa. 
Eluent (cm) (min) Rel Rp? tion N.T.* 
1 CH,OH+HC14% 6 30 —- — — x 
2 CH,OH+HNO,4% 6-5 30 — — — x 
3 CH,OH+HF 4% 6-3 30 — — — x 
4 CH,OH +HIO, 4% 6 30 = _ — x 
5 CHOH + 
NELSON 10% 7 40 — =-  x(0:86) — 
8 30H + 
HN,SON 0:5% 8 40 0-10 0:76 — — 
7 CH,OH + 
citric ac. 5% 9 50 — — xi) _ 
8 CH,OH % 
cilnie ac. 2:5% 9-2 50 — — x(1) tae 
9 CH,OH% 
citric ac. 0:2570 8-8 50 02 0:65 -- ~ 
10 CH,OH + EDTA 
0-2 + H,O 10% 6-5 40 0-16 0°85 — _~ 
11 CH,OH+EDTA 
pa 02 + H,O 10% 10 80 012 077 — — 
12 CH.0OH 7 45 = — — x 
* No travel of the radionuclides. 


t Not quantitative. 

Ry 1 = Strontium-90. 

Rp 2 = Yttrium-90. 

Each eluent was tested three times. 


Radioanalysis of zirconium-95 and niobium-95. An 
approximate evaluation of the Rr of zirconium-95 and 
niobium-95 in the chromatogram was made by detection 
of their @-radiations in a Geiger-Miller counter (tube 
Tracerlab T'@C-2) with the window shielded by a copper 
plate having in its centre a slit 1 em x 1 mm. The 
chromatoplate ran under the Geiger—Milller counter for 
4 mm for each counting. 

In Fig. 14 is shown a typical curve of radioactivity 
plotted against the eluent’s running course. After this 
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rough measure, the silica-gel layer was divided in soctions 
1 cm high. A new curve of radioactivity was made with 
the sections (Fig. 1B) and for the sections containing the 
peaks of radioactivity were made the absorption spectra 
of B-radiations with the Geiger-Müller counter and the 
y-spectra by a monochannel y-spectrometer (Tracerlab) 
with a sodium iodide crystal. 

The y-spectra are not indicative (Fig. 2) for their 
identification, but we used as criteria an arbitrary unit of 
the radioactivity rate: maximum §-counting/maximum 
y-counting at the photopeak. The rates in our experi- 
mental conditions were respectively 7-25 for zirconium-95 
and 1-52 for niobium-95. 

The elution of the radioactivity from the gel was made 
by shaking the silica section with 2 ml. of N hydrochloric 
acid for 15 min and filtering the acidic suspension. 

Radioanalysis of sirontium-90 and ytirium-90. In 
Fig. 34 is shown the curve of radioactivity of strontium- 
90-yttrium-90 separation. The separated radionuclides 
were measured by the decay behaviour and by the move- 
ment of yttrium-91 in a simultaneous chromatoplate for 
yttrium-90, and by the growth of radioactivity for stron- 
tium-90. These criteria are shown in Fig. 3B, in which 
the behaviour of the radioactivity of the radionuclides is 
plotted against time after the separation. For these 
radionuclides the absorption spectra were also made. 

In the separation of strontium-90 and yttrium-90 we 
found a low peak of radioactivity with Rr = 0-26-0-28 
of a radioactive impurity. 
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As shown in Table 1, for the zirconium-95 and niobium- 
95 we found that more useful chromatograms were 
obtained under the following experimental conditions: 
45 min of running time, 10 mg/cm? silica-gel layer, 100ml. 
methanol + 4 ml. of 40 per cent hydrogen fluoride as 
eluent. 

As shown in Table 2 for strontium-90 and yttrium-90, 
the best eluent was: ethylenediamine tetraacetic acid 
0-2 mg in 100 methanol (saturated solution); 50-60 min 
running time and 10 mg/cm? silica-gel layer. 

The separation of radionuclides by thin-layer chromato- 
graphy presents some advantages, compared with column 
and paper chromatography. It is simple to perform, it 
permits a very fast separation, it is easy to control the 
best eluent for the mixtures of radionuclides to be separ- 
ated; it is useful especially for nuclides of short half-life. 
This method was also described by E. Ragazzi® and 
Ritter and Meyer‘ for preparative purposes in the case of 
organic compounds. 

The main disadvantage of the method is the vulner- 
ability of the siJica layer. This fact limits the use of 
aqueous eluents. The 4 per cent of water in our eluents 
was the maximum permissible quantity to avoid the 
damage of the silica layer. Anyway, the damage was 
restricted to the part of the layer inside the eluents and 
for short running time (45 min + 60 min) did not inter- 
fere with the chromatographic separation. 
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Fig. 3. A, Tho radioactivity was measured 48 h after the separation; 
B, a, decay curve of yttrium-90 (Ry 0:77); b, growth of yttrium-90 in 
strontium-90 (Rp 0:12) 
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EFFECT OF LYSOLECITHIN ON THE SMOOTH MUSCLE STIMULATING 
ACTIVITY OF HISTAMINE, ACETYLCHOLINE, 5-HYDROXY- 
TRYPTAMINE, ANAPHYLACTIC SLOW-REACTING 
SUBSTANCE AND BRADYKININ 


By Dr. ELLIOTT MIDDLETON, jun., and Pror. GERALD B. PHILLIPS 


Department of Medicine, College of Physicians and Surgeons, Columbia University, New York 


‘ELDBERG, Holden and Kellaway! showed that 
lysolecithin profoundly depressed the excitability 

of the isolated guinea pig jejunum to histamine and 
acetylcholine. Kellaway and Trethewie? also demon- 
strated a similar effect of lysolecithin on the gut-stimulat- 
ing action of a slow-reacting substance prepared by the 
action of venom (cobra) on egg yolk or lecithin. Rocha 
e Silva and Beraldo? found that lysolecithin inhibited the 


spasmogenic action of potassium ions, as well as histamine 
and acetylcholine, on the guinea pig ileum. In a careful 
analysis of the dynamics of the lysolecithin antagonism 
Rocha e Silva and Beraldo showed that the rate of re- 
covery of the smooth muscle reactivity was related both to 


-dose and duration of exposure to lysolecithin and was 


independent of the number of additions of spasmogenic 
agent. 
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Effect of lysolecithin on the reactivity of guinea pig ileum to 
5-hydroxytryptamine 
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Fig. 1. 


In the experiments of Kellaway and Trethewie? on 
in vitro anaphylaxis (guinea pig), it was demonstrated 
not only that release of histamine occurred on exposure to 
antigen but also there appeared a substance, having the 
properties of a slow-reacting substance, that is, it produced 
a delayed slow contraction of the guinea pig ileum fol- 
lowed by a prolonged relaxation. This observation has 
been amply confirmed by Brocklehurst‘, Chakravarty® 
and in this laboratory. With the use of antihistamines, 
it has been possible to analyse the pharmacological proper- 
ties of anaphylactic slow-reacting substance without 
interference from histamine. 

In view of the potent antagonistic action of lysolecithin 
to histamine, acetylcholine and venom-induced slow- 
reacting substance, it seemed worth while to investigate 
its effect on 5-hydroxytryptamine (5-HT, serotonin), 
anaphylactic slow-reacting substance, and bradykinin, all 
potent stimulants of certain smooth muscles. In the 
present experiments we have confirmed the inhibitory 
activity of lysolecithin on the gut-stimulating 
action of histamine and acetylcholine and have 
shown, in addition, a comparable effect of highly 
purified lysolecithin on this action of 5-HT, 
anaphylactic slow-reacting substance, and 
bradykinin. It should be recalled that lysole- 
cithin is a naturally occurring compound, found 
in human serum, for example, at a concentration 
of approximately 0-25 uM per ml. (ref. 6). 

Finely chopped lung from guinea pigs sensit- 
ized with bovine serum albumin was incubated 
for 20 min at 37° C in Tyrode’s solution con- 
taining O'l per cent bovine serum albumin 
(1 g tissue per 10 ml.) and then centrifuged. 
The supernatant fluid, containing released 
anaphylactic slow-reacting substance, was lyo- 
philized and then extracted three times with 
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Lysolecithin was prepared by the action of venom 
(Naja naja) on lecithin isolated from beef brain lipid 
extract using chromatography on silicic acid’. One 
sample was incubated in 1:5 M phosphate buffer, pH 7, 
extracted with chloroform/methanol (2: 1, v/v). the 
extract washed with 0-05 M potassium chloride’, and 
then the lysolecithin precipitated twice from ether. By 
chromatography on silicic acid-impregnated paper, it was 
estimated to contain 90-95 per cent lysolecithin, the 
remaining material migrating as lecithin. A second sample 
was prepared similarly except that it was incubated in 
0-005 M calcium chloride and precipitated three times from 
ether. Chromatography of this preparation revealed no 
lecithin. Both preparations behaved similarly in the 
experiments performed. Fatty acids were presumed to 
have been removed by the ether. Known concentrations 
of histamine, acetylcholine, 5-HT, and bradykinin (syn- 
thetic product, Sandoz) were prepared in Tyrode’s solu- 
tion. 

The assay system used was the guinea pig ileum 
suspended in an air-stirred Tyrode’s solution in a tissue 
bath of 2-5 ml. working volume. Muscle activity was 
recorded kymographically in a manner to give approxi- 
mately linear writing. The technique of Rocha e Silva 
and Beraldo? was followed for studies with histamine. 
acetylcholine and 5-HT. On the other hand, anaphylactic 
slow-reacting substance and bradykinin preparations wero 
added to the bath at intervals of 3 min, allowing time 
for the slow contraction (1-1-25 min before washing) 
and the prolonged relaxation period after washing. In 
the experiments presented (Figs. 1, 2 and 3), the spasmogen 
was added before washing the lysolecithin out of the bath. 

The results obtained with histamine and acetylcholine 
were comparable to those of Rocha e Silva and Beraldo? 
and will not here be presented in detail. The experimonts 
with 5-HT are shown in Fig. 1, which demonstrates the 
inhibitory effect of lysolecithin on smooth muscle stimulat - 
ing activity of this amine. It will be noted that lysoleci- 
thin (0-2 uM added to bath) inhibits the action of 0-025 
ug 5-HT on the muscle. About 11 min was required for 
return of baseline reactivity of the muscle to 5-HT. Also. 
if the muscle was allowed to be in contact with lysolecithin 
for 1 min and the lysolecithin then washed out. challenge 
1 min later with 5-HT showed the same depressed 
contractility*. This effect was demonstrated in similar 
experiments when the muscle was exposed to lysolecithin 
for 15-60 sec prior to addition of 5-HT, but not when the 
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2-3 ml. 80 per cent ethanol’. This extract, Cumuls ti ve 

which was dried under a nitrogen stream, time --——---- Control ;0j|1 4 7 10 13 
showed highly active anaphylactic slow-reacting 

substance activity when suspended in fresh Height of 

Tyrode’s solution. In some experiments, the contraction- 25 3 6 |15 20 22 


dried ethanol extract was acidified and extracted 
with ether. Such ether extracts also possessed 
strong anaphylactic slow-reacting substance 
activity which could be demonstrated after 
evaporation and suspension in Tyrode’s solu- 
tion. 


Fig. 2. Effect of lysolecithin on the reactivity of guinea pig ileum to 


anaphylactic slow-reacting substance 


a, The spike markings indicate time of addition of reagent: (1) addition 
of anaphylactic slow-reacting substance, 0°025 
(2) addition of lysolecithin, 0-1 4M; W, washout of tissue bath. 8. 
Cumulative time (min) after addition of lysolecithin. 


ml. of preparation 51.4; 


e in mm on 
kymograph record. 
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Fig. 3. Effect of lysolecithin on the reactivity of guinea pig ileum to 


radykinin 
a, The spike markings indicate time of addition of reagent: H addition 
of bradykinin 0-025 wg; (2) addition of lysolecithin, 0-3 aM; W, washout 
of tissue bath. b, cumulative time (min) after addition of lyaolecithin. 
c, in mm on kymograph record 


two substances were added to the muscle bath simul- 
taneously. 

In the case of anaphylactic slow-reacting substance 
(Fig. 2) the same inhibitory effect of lysolecithin was 
noted. About 13 min was required to regain pre-lysoleci- 
thin responsivity. As with 5-HT it was shown in separate 
experiments that no inhibition of anaphylactic slow- 
reacting substance activity occurred when lysolecithin 
and anaphylactic slow-reacting substance were added to 
the bath together. However, addition of lysolecithin to 
the bath at the peak of an anaphylactic slow-reacting 
substance contraction caused immediate relaxation of 
the muscle. 

Similar results were obtained. with bradykinin (Fig. 3). 
About 10 min elapsed before normal contractility re- 
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turned after exposure of the muscle to 0-3 uM lysolecithin. 
In control experiments it was shown that lecithin had no 
effect on the guinea pig ileum reactivity to the substances 
studied. 

From the data presented and the previous report of 
Rocha ə Silva and Beraldo’, it appears that lysolecithin 
may produce a non-competitive type of inhibition of the 
spasmogenic action of the substances examined, as borne 
out by the delay in return to normal responsibility. If 
this action of lysolecithin is caused by some effect on the 
receptor systems of the muscle, probably in the cell mem- 
brane, the delay in return to normal reactivity of the 
muscle may reflect the time required either to regenerate 
the normally reactive receptor sites for each spasmogen 
or to inactivate the lysolecithin. The broad inhibitory 
activity of lysolecithin suggests that it affects receptor 
site(s) common to all the spasmogens studied. Another 
possibility is that it affects the permeability of these sub- 
stances in some fashion. 

That lysolecithin possesses such broad inhibitory 
activity on guinea pig ileum smooth muscles prompts the 
speculation that it may be an important moderator of 
smooth muscle responses due to histamine, acetylcholine, 
5-HT, anaphylactic slow-reacting substance, and brady- 
kinin in other organs. All these substances of divers 
chemical nature have been implicated as mediators of a 
variety of allergic responses in different animal species’. 
It is possible then that lysolecithin (and other lysophos- 
phatides) plays some part in the expression of allergic 
reactions. Indeed, lysolecithin may affect the reactivity 
of other end organs such as capillaries and mucous glands 
which may be affected by these agents. Experiments 
to test these possibilities are under way. 

This work was supported in part by research grants from 
the National Institute of Allergy and Infectious Disease 
(#-1578) and National Heart Institute (H-2907), U.S. 
Public Health Service, and in part by a research grant 
from the American Heart Association. 
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SIGNIFICANCE OF VARIOUS FACTORS INCLUDING LACTIC DEHYDRO- 
GENASE ON THE ACTIVE TRANSPORT OF SODIUM 
IONS IN SKELETAL MUSCLE 


By Pror. E. J. CONWAY, F.R.S. 
Department of Biochemistry, University College, Dublin 


dt following evidence shows that the active secretion 

of sodium ions from sodium-loaded frog sartorii de- 
pends intimately on the flow of metabolism, or the flow of 

` electrons, through a special pathway and not on the 
presence of energy-rich phosphate or enzymatic complexes 
containing it. ; 

The various effects noted apply (unless otherwise stated) 
to sartorii of the Rana temporaria soaked overnight in 
potassium-free Ringer-Conway fluid, containing 120 mM 
sodium, and then re-immersed for 2 h at room temperature 
in similar fluid containing 104 mM sodium and 10 mM 
potassium (the 120,0/104,10 procedure). In these circum- 


stances there is an average secretion of 18 m.equiv. 
sodium/kg. 


(1) Effect of Stimulating the Metabolic Flow on the 
Transport of Sodium 


(a) Dinitrophenol. As is well known, DNP greatly 
stimulates the uptake of oxygen by skeletal muscle while 
uncoupling oxidation from phosphorylation?. In the 
isolated and sodium-rich muscle, as little as 2-7 x 10-5 
DNP in the immersion fluid causes maximum stimulation 
of uptake of oxygen (about seven times that of the control 
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mouscles)*. The excretion rate of sodium is at the same 
time increased by about 80 per cent. 

Under anaerobic conditions and with DNP as above the 
secretion rate of sodium ions can be increased by as much 
as 100-200 per cent’. 

Fig. 1 gives a, comparison between the uptake of oxygen 
aerobically by frog sartorii and of lactic acid formation 
anaerobically when plotted against increasing levels of 
DNP in the immersion fluid. The striking similarity in 
form of the two curves indicates that uncoupling effects 
occur anaerobically as well as aerobically. Under anaero- 
bic conditions without DNP two new molecules of ATP 
are formed per molecule of glucose proceeding from 
glycogen. But even if only the phosphoglyceric stage of 
ATP formation is uncoupled, then no fresh ATP molecules 
a O under anaerobic conditions in presence of 
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Fig. 1. The curves show the oxygen uptake (x1./g/h} and the anaerobic 
production oflactic acid (m.mol./kg/h) by frog sartorirplotted against the 
log of the external concontration of dinitrophenol (umol./].) Temp, 18° C. 
Upper curve, oxygen uptake; lower curve, anaerobic lactic acid pro- 
uction. Each observation gives the mean of about six observations 


According to Skou (private communication) his special 
ATPase enzyme is not stimulated by DNP, so that such 
stimulation cannot be advanced to account for the large 
increase of sodium secretion in presence of DNP, aerobically 
or anaerobically. 

(b) Lactate. After loading sartorii with sodium by 
immersing in potassium-free Ringer fluid containing 120 
mM sodium, on re-immersing at room temperature there 
will be no secretion of sodium unless the energy barrier 
against secretion of sodium is Jess than approximately 
2-1 cal/m.equiv. sodium secreted. With a LK], value of 
10 mM in the re-immersion fluid it was found necessary 
under our conditions to reduce the sodium content to 
104 mM to secure full activity in secretion of sodium (the 
120,0/104,10 procedure) to bring the energy barrier to 
secretion of sodium to less than about 2:1 cal/m.equiv. 
sodium. It was shown by Kernan‘ that 5 mM lactate 
introduced into the re-immersion fluid brought about a 
marked change in the critical energy barrier for secretion 
sodium so that this element was practically fully secreted 
even with a normal potassium value of 2-5 mM and against 
a sodium ‘content of 120 mM. This effect of lactate could 
be abolished by 1 mM of o-phenanthroline and this in turn 
reversed by the incorporation of a little zine sulphate 
(1 mM) in the re-immersion fluid. 

Such effects are characteristic of a small group of zinc- 
containing enzymes®, including lactic dehydrogenase, 
which is here the only relevant enzyme of the group. The 
inereased lactate induces increased oxidation by lactic 
dehydrogenase, the sodium pump being stimulated at the 
same time. 
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(c) Insulin. It had been shown by Gourloy and 
Fisher? that with isolated muscles lactate oxidation was 
stimulated by insulin, and Kernan showed that insulin 
(100 v./l.) acted on the sodium pump in the manner 
described above for lactate. This work of Kernan is 
quite in accord with the subsequent work of Manory, 
Gourley and Fisher’, and with that of Smillie and Manery® 
and of Zierler*, who showed that addition of insulin alone 
or with lactate to Ringer’s fluid in which isolated frog or 
rat muscles were immersed prevented loss of potassium 
from the muscles and stimulated consumption of oxygen. 
The action of insulin on the sodium pump is likewise 
inhibited by o-phenanthroline. Further, the action of 
insulin and lactate are additive in this way when both aro 
used in concentrations below the maximum effective 
levels. It would appear, therefore, that with regard to 
sodium ion excretion, insulin is also acting by way of 
lactic dehydrogenase. 

(d) o-Phenanthroline. Conway and Deo! have shown 
that o-phenanthroline (0:7 mM) markedly stimulates the 
uptake of oxygen in sartorii laden with sodium as described 
(120,0/104,10 procedure), but as noted here it completely 
inhibits the secretion of sodium. The exceptional nature 
of this dual activity arises from the fact that it inhibits 
lactic dehydrogenase. 


(2) Effect of Inhibiting the Flow of Metabolism on the 
Transport of Sodium lons and the Converse Effect on 
' the Metabolism of Preventing this Secretion 


(a) Iodoacetate. Using the 120,0/104,10 procedure in 
which an average of 18 m.equiv. sodium are secretod, if 
2 mM iodoacetate are included in the re-immersion fluid 
there is a complete inhibition of the sodium secretion}. 
At the same time there is a practically complete inhibition 
of the rate of oxygen uptake, as shown by Conway and 
Mullaney}. 

While this is so there is a relatively large concentration 
of ~ P (ATP+PC) at the outset of the re-imimersion 
(about 10 mM ~ P/kg in the average) but there is no 
secretion of sodium throughout the re-immersion period. 
It will be noticed that the experiment here is similar to 
that of Lundsgaard"*, who used iodoacetate with nitrogen 
gas, completely inhibiting the formation of lactic acid. 
None the less the muscles so used could contract repeatedly 
until the supply of ~ P was exhausted. whereas in tho 
present experiments no sodium is excreted though much 
~ P is present. There has been no evidence to show that 
ATPase (either as Skou’s enzyme or otherwise) is sig- 
nificantly inhibited by 2 mM iodoacetate: and in fact 
recent experiments in this laboratory by Duggan!* have 
shown that using tris buffer instead of histidine iodo- 
acetate as high as 10 mM has no appreciable effect on 
the enzyme prepared by Skou'. 

(b) The critical energy barrier. The energy barrier to 
the excretion of Na+ from the loaded muscles may be 
written as: 

dG [Na] 


AEP D, ni 

an RTIn [Na] + EF (1) 
Here E (the membrane potential) depends on the y aluo of 
RT In[K];/[K], and the barrier can be altered over a wide 
range by changing the [Na], and [Kh concentrations. 
When the energy barrier reaches or exceods about 2-1 
calories per m.equiv. Nat excreted, sodium is no longor 
excreted and a critical barrier then exists under the given 
conditions. The uptake of oxygen is much lower than 
when the muscles are excreting sodium ions?’. 

Under our conditions the critical barrier is reached with 
the 120,0/120,10 procedure, but changing [Na], simply 
from 120 to 104 there is a full secretion rate. Using com- 
panion muscles with these somewhat different procedures 
and measuring the uptake of oxygen, the following regres- 
sion equation showing the influence of the secretions of 
sodium ions on the uptake of oxygen was obtained with 
35 sets of experiments (r = + 0-68 + 0-99)": 
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(O, uptake) = 0-26 x (Nat excreted) + 6-04 (2) 
and for anaerobic conditions (produced by 2 mM CN 
using the procedures . 120,0/120,10 giving no sodium 
secretion and 120,0/104,20 giving full secretion, the follow- 
ing regression equation was obtained from 40 sets of 
experiments’ : (r = + 0:60 + 0-10) — 

(Lactate formed = 0-483 x (Nat excreted) + 31-9 (3) 


From equation (2), 1/0-26 or approximately 4 sodium 
ions are excreted per molecule of extra oxygen taken up; 
and anaerobically from equation (3), 1/0-483 or approxi- 
mately 2 sodium ions are excreted per molecule of extra 
lactate formed. : 

(c) Significance of the energy limits in the secretion of 
sodium ions. At the critical energy barrier it may be taken 
that the energy required to secrete sodium ions is just 
balanced by the free onergy available from the secreting 
system. If 2 m.equiv. are secreted per molecule of ATP 
changing to ADP then only about 50 per cent of the free 
energy of this change is available. If, to make a balance 
with the energy requirements, it is supposed that 4 sodium 
ions are excreted per molecule of ATP broken down this 

. is against the experimental fact that 4 sodium ions are 
excreted per molecule of oxygen, and that about 6 mole- 
cules of ATP (equivalent therefore to 24 sodium ions) are 
formed per molecule of extra oxygen. It is also opposed 
to the fact that the critical energy barrier can be doubled 
by lactate or insulin, so that to account for the energy 
balance only 2 m.equiv. sodium could be excreted per 
mM ATP. In other words, with the pump working at a 
higher energy level and at a faster rate, only 2 m.equiv. 
instead of 4 are taken up and secreted by the enzyme 
utilizing the ATP energy. It is thus obvious that the 
critical energy barrier at such levels is opposed to the 
application to skeletal muscle of ATP or ATPase theories 
of sodium secretion (for example, that of Skou’! and of 
Hokin and Hokin'*). The existence of the critical energy 
barrier, as described, is a fact fully supported by experi- 
mental evidence and easily demonstrable as shown by 
Conway, Kernan and Zadunaisky!?; Conway, Harrington 
and Mullaney"*; Dee and Kernan”. 


(3) Effect of Depleting the ~P Content of Frog Sartorii 


A number of frog sartorii were laden with sodium by im- 
mersing overnight in potassium-free Ringer-Conway fluid 
and then stimulated electrically using two sets of com- 
panion muscles. One group was analysed at once for ~ P 
and sodium content. The second group was re-immersed 
for 2 h in Ringer-Conway fluid containing 104 mM sodium 


Sodium exercted (m.equiv./kg/2 h) 





i 2 3 4 5 6 
(~ P)/kg after stimulation 


Fig. 2, Nat secreted by frog sartorii (m.equiv./k) against ~ P (ATP + PC) 
given as mM/kg. The muscles had been immersed overnight at 0° in 
potassium-free Ringer-Conway fluid containing 120 mM sodium. They 
were then stimulated electrically at 18° C and re-immersed for 2 h in 
similar fluid containing 104 mM sodium+10 mM potassium+2 mM 
DNP. The line in Fig. 2 is the regression line (Nat excreted) = 30:3 — 
4-9 (~F), Nineteen sets of experiments, correlation = -- 0-55 + 0-12 
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and 10 mM potassium plus 0-027 mM DNP, the sodium 
content being determined at the end. As a result of the 
electrical stimulation the mean ~ P contont of the muscles 
was reduced from a mean value of 9-8 + 0-8 per kg (as 
determined from 12 sets of experiments on the same 
batch) to a mean of 2-9 + 0-4 in 20 sets of experiments. 
But the mean excrotion of sodium was not significantly 
decreased from the usual value (being 17:5 + 2-4) as 
shown by Conway and Geoghegan. From the 20 sets 
the correlation between the Nat excreted and the content ` 
of ~ P at the beginning of the excretion period was 
— 0-31. Omitting one very aberrant result the correlation 
was 0:55 + 0-16. In other words, the higher the content 
of ~ P in the muscles after stimulation, the less the 
sodium secreted (vide Fig. 2). 


Discussion 


The effects of the factors described here are opposed 
to the view that ATP is the immediate and essential 
donor of energy for sodium transport secretion from frog 
skeletal muscle. They are in accord with the redox pump 
theory*!-5, That lactic dehydrogenase plays a major 
part in this transport is indicated by the results mentioned 
here. It may be noted that secretion of sodium is 
inhibited in toto by 1 mM o-phenanthroline, whatever 
procedure one uses (including the anaerobic) which leads 
to secretion of sodium. There is also the striking fact that 
while secretion of sodium is fully inhibited by 1 mM 
o-phenanthroline there occurs a marked increase in oxygen 
uptake with all that this implies in the way of further 
formation of ~ P. 

It will be seen that the significant zone of action of tho 
sodium pump in skeletal muscles lies in association with 
lactic dehydrogenase. 

Association of lactic dehydrogenase with a cytochrome 
carrier. If one examines equations (2) and (3) it will be 
seen that when the critical barrier is reached or passed. 
and there is no sodium excreted, there is still a considerable 
uptake of oxygen, or anaerobically, excretion of lactic acid. 
But as the external sodium or potassium are arranged to 
bring the energy barrier to below the critical level, thore 
occurs an extra oxygen uptake, or alternatively an extra 
lactic acid formation when proceeding anaerobically. 
In the average, 4 m.equiv. sodium/kg are associated with 
1 mM of extra oxygen or 2 of extra lactate respectively. 

Such facts are well explained by the assumption that 
there exists a by-pass for metabolic hydrogens to a cyto- 
chrome, such as cytochrome 6. These metabolic hydro- 
gens are converted to hydrogen ions and electrons, and at 
the site of the extra negative charges on the cytochrome 
sodium ions are adsorbed, the rest following in accordance 
with the redox pump theory!. If the barrier to the exere- 
tion of sodium be at, or more than, the critical level, this 
by-pass is closed. In the anaerobic secretion of sodium 
ions the ultimate acceptor of the electrons, or metabolic 
hydrogens, is pyruvate-forming lactate, and presumably 
through the intermediation of lactic dehydrogenase. 

The question arises as to the metabolic sequence in tho 
aerobic secretion of sodium ions. 

The view that lactic dehydrogenase is involved is 
strongly supported by the evidence detailed here. 

It is suggested, therefore, that under the conditions 
of sodium secretion from the sodium-laden muscles a 
certain amount of lactate is continuously formed even 
anaerobically at sodium pump sites, with resulting secro- 
tion of sodium ions via a cytochrome considered here. 
The lactate so formed diffuses readily to other regions of 


* the fibre membrane where it is oxidized to pyruvate, and 


sodium ions again secrete via a cytochrome carrier. 
In this way 4 m.equiv. sodium would be involved in the 
uptake of 1 m.mole of oxygen. 

Such a hypothesis serves to correlate a number of 
important facts and suggests further experiments. 

As a final point it may be mentioned that if the foregoing 
theory were true the addition of lactate would inhibit the 
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anaerobic secretion of sodium and addition of pyruvate 
should inhibit tho aerobic. Such in fact has been shown 
oxperimentally*4. 

This investigation was supported in part by a research 
grant (H-4860-Physio) from the Public Health Service 
and in part by the Office of Scientific Research (OAR) 
through its European Office, Aerospace Research U.S.A.F. 
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EXISTENCE AND SIGNIFICANCE OF A REFLEX-HUMORAL 
ANTIPLASMIN SYSTEM IN THE ORGANISM 


By Pror. B. A. KUDRJASHOV and T. M. KALISHEVSKA 
Faculty of Biology, The State University, Moscow, U.S.S.R. 


SERIES of previous communications!’ contained 

data on a reflex-humoral reaction preserving the 
organism from thromboformation. and taking place when 
a relative excess of thrombin appeared in the circulating 
blood. One of the most important humoral agents of that 
physiological anticoagulating system proved to be plas- 
min?5-7, 

It is wel] known that plasmin is the opposite of throm- 
bin. For both these enzymes fibrinogen serves as a natural 
substratum. Thrombin converts fibrinogen into a clot of 
fibein, while plasmin causes fibrinogenolysis and fibrinoly- 
sis. Under certain conditions an excess of thrombin 
in the organism may result in thrombosis, while a high rise 
in plasmin concentration within the vascular bed often 
causes hemorrhage due to the appearance of afibrinogen- 
emia. Proceeding from results obtained in studying the 
physiological anticoagulating (antithrombin) system, we 
were led to suppose the opposite, that is, an antiplasmin 
system to exist in the organism, protecting the latter 
against the action of excessive plasmin. An experimental 
check of the foregoing supposition gave the following 
results. 

The blood of rabbits taken directly from a vein, mixed 
with a solution of plasmin (0:3: 0-1) obtained from 
plasminogen isolated from human blood after Kline’s 
method? and activated with streptokinase coagulated 
on an average at 37° in 410 sec. Blood mixed in the 
same proportion with saline solution or pure blood (0-4 ml.) 
clotted under the same conditions on an average in 216 
sec and 222 sec respectively. Thus, this experiment has 
shown that the addition of plasmin to blood in vitro 
results in delaying the formation of a clot. 

An intravenous injection of the same plasmin solution 
(Table 1) likewise retarded blood coagulation immedi- 
ately after the injection, a result followed in 3-5 min by 
a sharp acceleration of clotting, which lasted for more 
than 30 min and then gradually disappeared in 60-90 
min. This fact shows the difference between the action of 
plasmin preparation in vivo and its effect on blood coagula- 
tion in vitro. 

Experiments carried out with many repeated intra- 
venous injections of definite plasmin doses (4 ml. of a 
solution containing 150 conventional units per 1 ml.) into 
rabbits made every 90 min have shown that in response 
to each plasmin injection a full protective reaction occurs 
(Fig. 1). 
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Fig. 1. Change in the coagulation time of blood taken from femoral 
vein of rabbit after intravenous plasmin injections (average) 
——-, Experiment; — - —, control; arrow, plasmin injection 


A preliminary bilateral severance of the sympathotic 
chain at the level of the neck of the rabbit (Table 1) 
completely excluded the ‘antiplasmin’ effect of tho 
acceleration of blood clotting. The latter event led us 
to suppose a reflex nature of the reaction arising in the 
organism in response to an intravenous administration of 
a relative excess of plasmin. 


Table 1, CHANGE IN THE TIE OF BLOOD COAGULATION IN RABBITS AFTER 
AN INTRAVENOUS INJECTION OF PLASMIN SOLUTION (150 CONVENTIONAL 
UNITS IN 1 ML.) (AVERAGE RESULTS) 











Time of blood coagulation (sec) 
Number | Dose of 
Conditions of the of | plasmin | Before g in, 
experiment animals} in ml. injec- | 1 min 5min 30min 
tion after injection 

Exp. 1. Injection 

of plasmin 2 4 145 T7 63 

solution into in- 

tact animals 2 8 q 181 210 79 58 
Exp. 2. Injection t 

of plasmin l 

solution after a i 

bilateral sever- 

ance of the sym- 

pathetic chain 

at the level of 

the neck 2 4 150 == 251 252 
Control. Injection i 

of the solution of 2 4 116 116 116 106 

plasmin inactiv- 

ated by heating 2 8 127 — 119 117 
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Fig. 2, Change in the coagulation time of blood taken from femoral 
vein of rabbit after perfusion of the vessels of the kidney isolated from 
systemic circulation with Ringer—Locke, thrombin or plasmin solutions 
and keeping the innervation of the organ intact (average) 
Arrow, perfusion; R, Ringer—Locke; Th, thrombin; P, plasmin 


Fibrinolytic activity (per cent) 





Fig. 3. Chango in fibrinolytic activity of blood taken from femoral 
vein of rabbit after perfusion of the vessels of the kidney isolated from 
systemic circulation with Ringer—-Locke, thrombin or plasmin solutions 
and keeping the innervation of the organ intact (average) 
Arrow, perfusion; R, Ringer~Locke; Th, thrombin; P, plasmin 


A check of the supposition stated was made on rabbits 
the left kidneys of which were isolated from systemic 
circulation with a fully preserved innervation of the 
organs. To avoid a possible negative action of narcosis 
on, the occurrence of a reflex reaction, the operation was 
performed without it as well as without local anzsthesia. 
Ringer~Locke solution’ (37° C) was passed through the 
vessels of the isolated kidney. As was formerly described’, 
the perfusion of the kidney with a nutritive solution did 
not influence the time of the coagulation of blood taken 
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from the animal’s-systemic circulation. The use of 
plasmin solution instead of that of Ringer—Locke produced 
an acceleration of blood clotting (before plasmin—186 ` 
sec; after it—-109 sec on an average) and that of thrombin 
time (before plasmin—21 sec; after it—14 sec on an aver- 
age) within 5 min after the beginning of the perfusion 
of the isolated kidney with plasmin. At the same time the 
fibrinolytic activity of blood (Bidwell’s method’) taken 
either from the femoral or aural vein become greatly 
diminished (before plasmin perfusion—-29 per cent on an 
average; after it—4 per cent). 

After the denervation of the kidney, a perfusion of 
plasmin exerted no influence on the coagulation and 
fibrinolytic activity of the blood. The phenomena 
observed to occur after an intravenous plasmin injection 
were apposite in their character to changes in the blood 
clotting system occurring after a perfusion of thrombin 
solution through the vessels of the isolated kidney (Figs. 
l and 2). 

These preliminary results show that in the vascular 
bed (of the kidney) there are receptors reacting to a 
relative excess of plasmin, and that chemoreception calls 
forth a protective reaction of a reflex-humoral type result- 
ing in a sharp decrease of the blood fibrinolytic activity 
and in an increase of its coagulating potency. 

Moreover, these data serve to indicate that in medical 
treatment of thrombosis, large plasmin doses should be 
used together with appropriate doses of heparin to block 
the reaction of the organism to plasmin, which increases 
blood coagulation. 

On the other hand, the reflex-humoral reaction of the 
organism to an excess of plasmin in the blood stream 
allows one to suppose that pathological cases of persistent 
afibrinogeneemia connected with an abundant formation 
of plasmin in the patient’s blood depend to a certain 
degree on the dysfunction of the reflex-humoral antiplasmin 
system. 

On the basis of already published results’)5)? and those 
given here, it may be concluded that the chemoreception 
of the vascular bed underlies the automatic mechanism of 
the nervous regulation of a liquid state cf circulating 
blood and its coagulating potency. Receptors are stimu- 
lated by two key agents of the coagulating and anti- 
coagulating systems, namely, by thrombin and plasmin. 
Both these enzymes ‘programme’ the reflex-humoral 
processes maintaining the physiological condition of 
blood in the vascular bed. 
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SCENT-GLANDS OF LAND-BUGS, THEIR PHYSIOLOGY AND 
BIOLOGICAL FUNCTION 


By Dr. HEINZ REMOLD 


Institute of Zoology, University of Munich 


i certain species of bugs are disturbed, they discharge 
an. offensive odour. This is attributed to the secretion 
of certain glands which are situated ventrally in the meta- 
thorax of the imagines (Fig. 1) and dorsally in the abdomen 
_of the larve. Various theories concerning the function 
of these glands have been advanced!-5, most of which 


regard them as defensive scent glands. The following 
experiments have been carried out for conclusive evidence. 
Functional Anatomy of the Gland Complex 


Both tubeless glands empty into a reservoir, to which 
excretory ducts are laterally connected (Fig. 2). At the 
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opener; 
body; Lm, longitudinal muscle; Or, orificium of 
O, locking device; R, reservoir; Thg, thoracic 
beginning of each duct is a complicated locking device. 
It consists of a chitinous flap which shuts off the excretory 
duct but can be opened by muscular contraction allowing 
outward flow of the secretion (Figs. 3 and 4). 

In the caso of the larve, 2 or 3 ired glandular sacks 
are arranged dorsally one behind the other in the abdomen. 
They empty into an unpaired orificium located medially 
on the dorsum. 


Defence Reaction 


When the pentatomids are attacked by their main 
enemies, the ants, or experimentally pinched with forceps. 
they defend themselves by attempting to spray a 
secretion on the aggressor. This may be accomplished 
in different ways. A number of types direct the 
secretion unilaterally over a wide range (imagines and 
larve of Pentatomidae, Anthocoridae, Coreidae). Copto- 
soma can even direct an unaimed long-range spray and an 
aimed short-range spray (Figs. 5 and 6). Eisner et al.“ 
observed similar reactions with carabids, cockroaches and 
whip scorpions. Certain lygaeid larve (Nysius, Henestaris) 
spray their own tergum when attacked in order to surround 
themselves with a protective covering. On the other hand, 
other types (imagines of mirids, larve of certain lygwids 
and pyrrhocorids) moisten the mesotarsus or metatarsus 
with secretion by moving it across the orificium and then 
brush the poison on the aggressor (Fig. 7). 
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Physiological Effect of the Secretion 


The secretion of the pentatomids is a contact poison, 
causing paralysis in ants and other insects. In extreme 
cases, death results. 


Proof that the integument of the insects is permeable to 
the secretion. Application of the secretion to Calliphora 
larve caused the animals to die within 0-25 min. They 
were particularly chosen as experimental animals because 
they have only two caudal stigmata with a lipophobie 
valve which would prevent the entrance of the secretion. 
Diffusion can take place only through the cuticle. 

Tho penetration rate of the various components of the 
secretion was investigated. Calliphora larv» were 
immersed in pure aldehydes of the chain length C,-C,, 
and in a mixture of 50 per cent aldehydes and 50 per cent 
tridecane and the paralysis inception time noted. The 
results of this series of experiments are as follows (Pigs. 
8 and 9): 

(1) The aldehydes alone are effective. 

(2) With the increase of carbohydrate residues (C, 
Cio), the paralysis inception time also increases owing to 
the decreasing penetration rate of the larger homologues 
but not to decreasing toxicity. To substantiate this, 1/5 mi. 
of each of the differont aldehydes was injected inte the 
hemolymph of Calliphora larve, and it was observed that 
the paralysis inception time was the same and was 
independent of the carbon chain length. Therefore, the 
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cuticle offers more resistance to the higher homologues 
than to the lower ones. 

(3) Tridecane accelerated the paralysis, but is in itself 
not toxic. 4 h after being immersed in pure tridecane, 
larvæ showed no ill effect. According to Hurst", tridecane 
can reduce the chemical bonding of the lipids in the 





Fig. 5, After stimulation (pinching with forceps) the pentatomid 
Dolycoris baccarum (L.) expels secretion ouly to the right (left), only 
to the left (middle), or on both sides (right) 





Fig. 6. When pinched with forceps, the imagines of Palomena prasina 
(L.) (Pentatomidae, above) and of Coptosoma scutellatum (G.) (Plata- 
spidae, below) expel unilaterally directed secretion 





Fig. 7. After pinching the left mesotarsus with a forceps, the larva 

of L saxatilis (Scop.) rubs the left metatarsus first across the 

dorsal orifices to be moistened with secretion and then against the tips 
of the forceps (the enemy) 
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Acetaldehyde Hexenal Hexanal Heptanal Octanal Nonanal Decanal 


Fig. 8. The poisonous effect of aldehydes and aldehydes mixed with 
tridecane on the surface of immersed Calli, larve, Ordinate: 
paralysis inception time. Abscissa; aldehyde used: white columns: 
pure aldehyde, Diagonally striped columns: a mixture of 50 per cent 
aldehyde and 50 per cent trideeane. Each value represents an average 
` of 10 individual experiments 





A 


Hexanal Heptanal Octanal Nonanal Decanal 


Hexenal 


Fig. 9. The poisonous effect of aldehydes and a mixture of aldehydes 

and tridecane injected into the body cavity of Calliphora larve. Explana- 

tion Is the same as for Fig. 8. Each value represents an average of 10 
individual experiments 


cuticle, that is, the cuticular framework is enlarged, 
increasing its permeability. The same effect could be 
shown on the abdominal tergites of Periplaneta americana 
(Figs. 10 and 11). A few minutes after hexenal/tridecane 
was applied to tergites on dinitrophenylhydrazine-satw- 
ated filter paper, an orange colouring developed. This 
indicates hydrazone formation and shows that the mixture 
had penetrated the cuticle. When pure hexenal was used. 
a colour change occurred only after 10 min, indicating 
that penetration had been considerably slowed down. 
Penetration of the secretion through tracheae. The 
secretion entering the trachem can cause sudden death 
because even a small amount is easily spread by means 
of the tracheal system. As previously mentioned, once 
the secretion reaches the aggressor it spreads instantane- 
ously over the cuticular surface, immediately penetrating 
the stigma. Under normal conditions, the toxic effect 
of the secretion will occur faster if it enters by way of the 
tracheæ than if it enters through the integument. 


Self-defence 


A critical point to be considered is to what degree the 
animals are able to protect themselves against their own 
poison. First, it must be determined whether or not they 
are immune to it. Reservoirs of pentatomids were punc- 
tured with a sterile needle allowing the secretion to enter 
the hemolymph. Immediate paralysis shows that it 
does have a toxic effect on the animals. 

It is important, therefore, that none of the secretion 
penetrates their own cuticle or enters the trachee. It 
has been shown experimentally that the cuticle of the 
pentatomids is indeed impermeable to their secretion. 
The dorsal surface of 35 differant species of pentatomids 
was moistened with secretion. No paralysis was observed. 
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the Study of the Seas. Vol. 2: The Composition of Sea Water ; Comparative 
and Descriptive Oceanography. 10 inex 7 in. (25-5 cmx 18 cm). Pp. xv +554. 
(New York and London: Interscience Publishers, a division of John Wiley and: 
Sons, 1963.) 150s.* 

ROCHE, M. Hydrologie de Surface. (Office de la Recherche Scientifique et 
Technique Outre-Mer, Paris.) 104 in.x 7} in. (265 cmxi85 cm). Pp. 430. 
(Paris : Gauthier-Villars et Cie., 1963.) 75 N.F.; 15-50-doflars.* 

SHALOWITZ, Aaron L. Shore and Sea Boundaries, with special reference to. 
the Interpretation and Use of Coast and Geodetic Survey Data. Vol.I : Boundary 
Problems Associated with the Submerged Lands Cases and the Submerged ‘Lands 
Acts (including Recent Development in the International Law of che Sea}, (U.S; 
Department of Commerce : Coast and Geodetic Survey. Publication 10-1.) 
IOin.x7in, 25-5 em x i8cm). Pp.xxiv+-420. (Washington, D.C. ; Government 
Printing Office, 1962.) 3.50 dollars. * 

WEXLER, H., RUBIN, M. J., and CASKEY, jun., J. E. (edited by). Antarctic 
Research : The Matthew Fontaine Maury Memoria! Symposium (Geophysical 
Monograph No.7). Papers presented at che Tenth Pacific Science Congress of the 
Pacific Science Association, held at the University of Hawaii, Honolulu, Hawaii 
U.S.A., August 21 to September 6, 1961, and sponsored by the National Academy 
of Sciences, the Bernice Pauahi Bishop Museum, and the University of Hawaii. 
9} in. x 6} in. (25 cmx I7 cm). Pp. x+228. (Washington, D.C.: American 
Geophysical Union of the National Academy of Sciences—National Research 
Council, 1962.) n.p.* 


Geology’ : Mineralogy 


BRAITSCH, O. Mineralogie und Petrographie in Einzeldarstellungen : Ent- 
stehung und Stoffbestand der Salzlagerstatten. 9% in.» 6} in. (24 cmx 16-5 em). 
Pp. 232. (Berlin: Springer-Verlag, 1962.) 56 D.M.* 

FLUHR, Thomas, and LEGGET, Robert F. (edited by). Review in Engineering 
Geology, Vol. 1. 92 in. x64 in. (25 cmx 165 cm). Pp. vii+286. (New York, 
N.Y. : Geological Society of America, 1962.) n.p.* 

FURON, Raymond. Geology of Africa. Translated by A. Hallam and L. A. 
Stevens. Fin. x6 in. (23 cmx 15:5 em). Pp. xii+377. (Edinburgh and London : 
Oliver and Boyd, Led,, 1963.) 50s.* 

JOHNSON, G.A.L. The Geology of Moor House : a National Nature Reserve 
in North-East Westmorland. With contributions by Dr. K. C. Dunham. (Mono- 
graphs of the Nature Conservancy, No. 2.) 103 in. 74 in. (27 em~x 18-5 em): 
Pp. xviii+ 182+ 14 plates. (London : H.M. Stationery Office, 1963.) 55s. net,* 

MILLER, Robert L., and KAHN, James S. Statistical Analysis in the Geological 
Sciences. 94 in.x6 in. (235 cmx ISS em). Pp. xiii+483. (New York and 
London : John Wiley.and Sons, Inc., 1962.) 95s.* i 

MORET, Léon. Précis de Géologie. Quatrième édition. 8% in.x6} in. 
(22 cmx 16:5 cm}. Pp. x+678. (Paris: Masson et Cie., 1962.) 34 francs. * 

PRYOR, E. J. Dictionary of Mineral Technology. 8} in.x 5% in. (22 cmx 
I5 cm). Pp. viii+437. (London: Mining Publications, Ltd., 1963.) is. * 

STEVENSON, John $. (edited by). The Tectonics of the Canadian Shield. 
(The Royal Society of Canada Special Publications, No. 4.) 10 in. x 62 in. (25-5 
cmx 17 cm). Pp. x-+180. (Toronto: University of Toronto Press ; London: 
Oxford University Press, 1962.) 52s. net.* 


Geography : Travel 


FORDE, C. Daryll. Habitat, Economy and Society : a Geographical Introduc- 
tion to Ethnology. (University Paperbacks, No. 58.) 8} in. x 52 in, (21 emx 
13 cm). Pp. xv+500. (London: Methuen and Co., Ltd., 1963.) 16s. net.* 

HOSKINS, W. G., and STAMP, L. Dudley. The Common Lands of England and 
Wales. (The New Naturalist : a Survey of British Natural History.) £8} in. 
6 in, (22 cmx 15-5 em). Pp. xvii+366+28 places. (London; William Collins, 
Sons and Co., Ltd., 1963.) 42s. net.* 

WILLIAMSON, Kenneth, and BOYD, J. Morton. A Mosaic of Islands. SF in. x 
53 in. (22 cmx tS cm). Pp. x-+-187-+16 plates. (Edinburgh and Landon : Oliver 
and Boyd, Ltd., 1963.) 2ts.* 


General Biology : Natural History 
Zoology : Botany 


AGASSIZ, Louis. Essay on Classification. Edited by Prof. Edward Lurie. 9} 
in.x 6} in. (24cm x 16cm). Pp. xxxiii+268. (Cambridge, Mass. : The Belknap 
pgs of Harvard University Press ; London : Oxford University Press, 1962.) 
a - net, 

ALVIN, K.L., and KERSHAW, K.A. The Observer's Book of Lichens. 52 in. x 
34 in. (I5 cmx9 cm). Pp, vili+126+64 plates. (London and New York: 
Frederick Warne, 1963.} 5s, net.* 

BARNETT, S. A., and MCLAREN, Anne (edited by). Penguin Science Survey 
1963. B: Biology, Genetics, Agriculture, Medicine, Zoology. 7 in.x 4} in, 
{i8 emx Ii em). Pp. 242+8 plates. (Harmondsworth, Mddx. : Penguin Books, 
Ltd., 1963.) 7s. 6d.* 

BASIC MECHANISMS IN ANIMAL VIRUS BIOLOGY. (Cold Spring Harbor 
Symposia on Quantitative Biology, Vol. 27.) H in. x8 in. (28 cmx20 cm). Pp. 
xv+535. (Cold Spring Harbor, L.t., New York : Biological Laboratory, Long 
Island Biological Association, 1962.) Institutions and Booksellers, 12 dollars ; 
individuals, 8 dollars.* : 

BEITRAGE ZUR PHYSIOLOGIE UND MORPHOLOGIE DER ALGEN. (Vort- 
rage aus dem: Gesamtgebiet der Botanik herausgegeben von der Deutschen, 
Botanischen Gesellschaft. Neue Folge, Nr. 1.) a in. x 6} in. (24 cm x 16 cm). 
Pp. 238+ 5 plates. (Stuttgart : Gustav Fischer Verlag, 1962.) 40 D.M.* 
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BELKIN, John N. The Mosquitoes of the South Pacific (Diptera, Culicidae). 
Vol Fi Pp.xdi4-608. Vol. 2: Pp. H4412. 11} in. x8} in. (28-5 cmx 22 cm). 
(Berkeley and Los Angeles : University of California Press ; London : Cambridge 
University Press, 1962.) 160s. net the two volumes. * 

BIOLOGIE DE L’AMERIQUE AUSTRALE. Vol. 1: Etudes sur la Faune du 
Sol. tL inex Bb in. (28 cm x 21-5 cm). Pp. 657. (Paris: Editions du Centre 
National de la Recherche Scientifique. 1962.) 120 francs.* 

‘BONNER. John Tyler. The Ideas of Biology. 8 in. x 54 in. (20 cm x 14 em). 
Pp: 238. {Londen : Eyre and Spottiswoode {Publishers}, Led., 1963.) 2Is. 


net.*: s 
< BR JAN, Michael-J., and SIMPSON, William L. (edited by). Biological 

ons in Normal and Neoplastic Growth : a Contribution to the Host- 
Problem. (Henry Ford Hospital international Symposium.) 94 in. x 
eee om). Po. xxii-+812. (London: J. and A. Churchill, Ltd., 


vho kaas: Net. 
ROWNING, T. O. Animal Populations. 74 in. x5 in. (19 cmx125 cm). 
127. (London : Hutchison and Co. (Publishers), Led., 1963.) 12s. 6d. nmer.* 
SEY, E. J. Biophysics: Concepts and Mechanisms. (Reinhold Books in 
Biological Sciences.) 9} in. x 6} in, (23-5 cmx 16cm). Pp. xvi+335. (New 
A sarod Publishing Corporation ; London: Chapman and Hall, Ltd., 
anet, 
RILE. Wand THODAY, J. M. (edited by). Advances in Genetics, Yol. 
SFin; {235 cmx t6 cm). Pp. ix+-394,. (New York: Academic 
s$, Inc, ; London : Academic Press, Inc. (London), Led., 1962.) 93s.* 
"CHRISTENSEN, Halvor N. Biological Transport. 9} in. x6} in. (23-5 cmx 
























t 
and Boyd, 1963.) 30s.* 
DUBOS, René. The Unseen World. 92 in. x6} in. (25 cmx I7 cm). 


i Pp. 

xit}t2. (New York: The Rockefeller institute Press ; Oxford 
University Press, 1962.) 35s. net.* 

DUVERNAY,. J. M., et ROMAGNESI!, H. Fleurs des Jardins et des Serres, 

Tome Littin xt in. (35-5 cm x 28cm). Pp. vii+-24-+4-24 planches. (London : 

aoe G. Harrap and Co.,Ltd., in association with Bordas of Paris, 1962.) 70s.” 

EHRENSVARD, Gösta. Life: Origin and Development. 8} in.» 54 in. (21 

cmx ttem). Pp. ix +164. (Chicago and Landon : University of Chicago Press, 
1962.) 4.50 dollars ; 33s. €d.* 

FINCHAM, J. R. S. and DAY, P.R. Fungal Genetics. (Botanical Monographs, 
NOL) Gin. x 52 in, (23 em» 1Sem). Pp.x+300. (Oxford : Blackwell Scientific 
Publications, 1963.) 50s. net.* 

oe FITTER, R. $. R. Collins Guide to Bird Watching. 7} in. 5 in. (19-5 cm x 
UISS em). Pp. 254440 plates. (London: William Collins, Sons and Co., Ltd., 


London: 


GATES, David M. Energy Exchange in the Biosphere. (Harper and Row 
‘Biological Monographs.) 8} in.« 5} in. (2t emx i4 om). Pp. viii+ 151. (New 
York and London’: Harper and Row, Publishers, Inc., 1962.) 30s.* 
GEISSLER, Erhard, Bakteriophagen: Objekte der Modernen Genetik. 
(Wissenschaftliche Taschenbücher, Band 5.) 7 in.x 4} in. (18 cmx ii cm). Pp. 
438. (Berlin: Akademie-Verlag, 1962.) 8 D.M.* 
 GOODEY, T. Soil and Freshwater Nematodes, Second edition, revised and 
‘ewritten by Dr. J. B. Goodey. 92 in. x 6} in. (25 cmx 16 cm). Pp. xvi-+544. 
Landon’: Methuen and Co., Ltd.; New York: John Wiley and Sons, ine., 










is, net.* 
$ UFFIN, Donald R. Animal Structure and Function, (Modern Biology Series.) 
P vA 120, (New York and London: Holt, Rinehart and Winston, 1962.) 

HARRIS, Vernon A. The Anatomy of the Rainbow Lizard Agama agama 

-(L.j, with a Glossary of Anatomical Terms. (Hutchinson Tropical Monographs.) 

in. x 7h in. (25 emx 18-5 cm). Pp. 104. (London: Hutchinson and Co. 

(Publishers), Ltd., 1963.) 15s, * 

HOCKENHULL, D. J. D. (edited by). Progress in Industrial Microbiology, Vol. 4. 
10 in. x 6} in, (255 cmx 16 cm). Pp. vii+2i4. (London: Heywood and Co., 
Led., 1963.) 55s. net.* 

HOFER, H., SCHULTZ, A. H., und STARCK, D. (herausgegeben von). Prima- 
tologia : Handbuch der Primatenkunde. (Handbook of Primatology.) Band 2, 
Teil-2, Lieferung 6 : Thalamus. Von Kurt Feremutsch. 10 in.» 62 in. (25-5 em « 
I7 em). Pp. vi+226. (Basel und New York: S. Karger, 1963.) 80S. francs; 
19.20 dollars.* 

HUME, C. W, Man and Beast. 7} in.x 5 in, (19 cmx 12-5 cm). Pp. 222. 
{London : Universities Federation for Animal Welfare, 1962.) 15s.* 

JAMES, W, O. An Introduction to Plant Physiology. Sixth edition. 7} in. x 

Sin. (19 emx 125 cm). Pp. vili+329-+6 plates. (Oxford: Clarendon Press ; 

London : Oxford University Press, 1963.) 17s. 6d. net.* 

KEELE, C, A. and SMITH, Robert (edited by}. The Assessment of Pain in Man 
and Animals : The Proceedings of an international Symposium held under the 
auspices of UFAW at the Middlesex Hospital Medical Schoo! from 26th-28th 
July, 1961. 82 in.x 5} in. Q2.cm x 15 cm). Pp. xi-+-324. (London : Universities 
Federation for Animal Welfare, 1962. Distributed by E. and S. Livingstone, 
Led., Edinburgh and London.) 30s, net,* 

_KLOPFER, Peter H. Behavioral Aspects of Ecology. (international Series in 

Biological Science : Concepts of Modern Biology Series.) 84 in. 53 in. (21-5 em x 
Pp. 166. (Englewood Cliffs, N.J., and London: Prentice-Hall, Inc., 
1962.) 30s.* 

. KRISS, A.E. Marine Microbiology (Deep Sea). Translated by Dr.J. M, Shewan 
and Dr. Z. Kabata. 10) in. x 64 in. (26-5 cmx 165cm}. Pp. xvili+- 536. (Edin- 
burgh and London : Oliver and Boyd, Led., 1963.) 126s.* 

LEVINE, R. P. Genetics. (Modern Biology Series.) 9 in.x6 in. (23 cmx 
Bat tees viti+ 180. (New York and London : Holt, Rinehart and Winston, 


LEWIS, Lucia Z. The First Book of Microbes, 82 in.» 74 in. (22 em x 18-5 cm). 
Pp. 65. (London : Edmund Ward (Publishers), Led., 1963.) 10s. éd. net.* 

LIEM, Karel F. The Comparative Osteology and Phylogeny of the Anabantoidei 
{Teleostei, Pisces). (Hlinois Biological Monographs, No. 30.) 10} in. x 62 in. 
(26 em I7 cm). Pp.viii+ 149. (Urbana Hi.: University of Hlinols Press, 1963.) 
4,50 dollars. * 

*MACFADYEN, A. Animal Ecology: Aims and Methods. Second edition. 
83 inex 5} in. (22 cmx 14 em}. Pp. xxiv+344+6 plates, (London: Sir isaac 
Pitman and Sons, Ltd., 1963.) 42s. net.* 

McDONAGH, J. E, R. The Nature of the Universe, Health and Disease. 
8} in. 5b in. (21.5 em x Mem}. Pps xxiii + 144. (London : William Heinemann 
(Medical Books), Led., 1963.) 18s. net.* 

MAYER, Edmund. Introduction to Dynamic Morphology. 9} in. « 6} in. 
Q3-5.cmx [6 cm), Pp. 24-545, (New York: Academic Press, Inc. ; London : 
Academic Press, inc. {London}, Ltd., 1963.) IHs. 6d.* 

MONTAGU, M. F. Ashley. Culture and the Evolution of Man. (Galaxy Book, 
No. 88.) Bin. x Skin. (20cmx 13cm), Pp.xiii+376. (London and New York : 
Oxford University Press, 1962.) 18s, 6d. net : 2.95 dolfars.* 
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MUNZ, Philip A. California Desert Wildflowers, 9) ino 
15:5 cm). Pp. 122 (96 plates). (Berkeley and Los Angeles: U 
fornia Press ; London : Cambridge University Press; 1962. 

PFEIFFER, Carl C., and SMYTHIES, John R. (edited by}. de 
of Neurobiology, Vol. 4. 94 in.» 6} in. (23-5 em x 16cm). Pe. 
York : Academic Press, Inc.; London: Academic Press, Ine. {h 
1962.) B6s.* 

PLANT EMBRYOLOGY : a Symposium held under the auspices of the Biclog 
Research Committee, C.S.1.R., November |1-14, 1960, at the Depa 
Botany, University of Delhi. 9% in. 6) in. (25 cmx [64 enr 
(New Delhi: Council of Scientific and Industrial Research, 176 


PURDOM, C.E. Genetic Effects of Radiations. Biim 
Pp. viii + 1734-8 plates. (London: George Newnes, ird: 

RICKETTS, Edward F.,and CALVIN, Jack. Between Pacific. 
of the Habits and Habitats of some Five Hundred of the Com 
Sea-Shore Invertebrates of the Pacific Coast Between Sitka, Alaska 
Mexico. Third edition, revised. 94 in. x 6} in. {275 em ié an). P 
(Stanford, Calif.: Stanford University Press; London: Oxford U 
Press, 1962.) 70s. nec.* ni 

ROUSSEAU, Michel. Animal Civilisateur de l'Homme. {Collecten 
tion des Sciences” (No.25.) 83 in. x 5}in. {22cm x Hom) Ppt? 4 
{Paris : Masson et Cie., 1962.) 26 N.F.* 

SAVORY, Theodore. Naming the Living World : an introduction te 
ciples of Biological Nomenclature. 8$ in. x 54 in. (22 em x 14cm). Pek 
(London : The English Universities Press, Ltd., 1962.) 2s, 6d 

SISTROM, W. R., Microbial Life. (Modern. Biology Series.) 
(23 emx 15:5 em). Pp. vii+ 112. (New York and London: Holt, Bins 
Winston, 1962.) 12s. 6d.* ee 

SMITH, Ray F. (edited by). In association with MITTLER, Thomas E 
Review of Entomology, Vol. 8. 9 in. 62 in. (23 cm™ 16 om). fo: 
(Palo Alto, Calif. : Annual Reviews, inc., 1963.) 8.50 dollars. * $ 

STEINHAUS, Edward A. (edited by). Insect Pathology : an Advanced Treaties, 
Vol. 1. 92 in. x 62 in. (23-5 emx $6 em). Pp. xvii+66l, (Mew York: Academic 
Press, Inc. ; London : Academic Press, Inc. (London), Ltd... 1963.) Preeto 

STERBA, Günther, Freshwater Fishes of the World. Translated and revised 
by Dr. Denys W. Tucker. 92 in. x 62 in. (25 cmx 17 em}. Pp. 8784-192 pieten 
(London : Vista Books, Longacre Press, Ltd., 1962.) 70s.net.* = : 

STRAFFORD, G. A. Plant Metabolism. (Scholarship Series in Bioiogy.) 
Th in. S$ in. (19 cmx 12-5 cm). Pp. viii t+ 152. {London : Haisemana Educas 
tional Books, Ltd., 1963.) 15s. net.* ; on 

STRAHLENSCHUTZ IN FORSCHUNG UND PRAXIS, Band 2. 
Vereinigung Deutscher Strahlenschutzirzte ¢,V.). BE. in. $ 
Sem). Pp. 374. (Freiburg im Breisgau : Verlag Rombach, 196: 

SUMMERS-SMITH, D. The House Sparrow. (A New. Na 
Volume.) 8 in. x54 in. (20 cmx 14 cm). Pp. xvit-269-424 plates. 
Collins, 1963.) 25s. net.* ane 

SYMPOSIUM ON SPECIFICITY OF CELL DIFFERENTIATION 4 
ACTION given at Research Conference for Biology and Medicine | 
Energy Commission, Gatlinburg, Tennessee, Apri! 9-42, 1962. 
the Biology Division, Oak Ridge National Laboratory, Oak Ridge 
(Reprinted from Journal of Cellular and Comparative Physiolog’ 
Supplement 1, October 1962.) 10 in. x7 in, (25-5 emx 18 em). 
(Philadelphia : Wistar Institute of Anatomy and Biology, 1962.) p 

TAYLOR, Gordon Rattray. The Science of Life: A Picture History 6! 
9} in. x 7h in. (235 em x 18-5 em). Pp. 368+ 16 plates. {London's Thame 
Hudson, Ltd., 1963.) 42s.* : 

TAYLOR, J. Herbert (edited by). Molecular Genetics, Part |. iMolecular 
Biology : an International Series of Monographs and Textbooks, Val.) Bein 
6} in. (23-5 cmx 16 cm). Pp. xii+544. (New York: Academic Presa, [m 
London : Academic Press, Inc. (London), Ltd., 1963.) 103s. 69,” 

THIND, K.S. The Clavariaceae of India. 9} in. x 7% in. (25. cra 19 cpa}. 
vii+ 197. (New Delhi: Indian Council of Agricultural Research, R 

THORPE, W. H. Learning and Instinct in Animals. Second edition, OE: 
é} in. (23-5 cmx 16 cm}. Pp. x+558. (London : Methuen and Co. itdi, 
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VON KOENIGSWALD, G.H. R. The Evolution. of Mam, (Ann A 
Library.) 8Lin.x Sin. (2l emx 125cm). Pp. vii+- 148. $ 
of Michigan Press, 1962. Distributed in the United 
Press, Ltd., London.) 5 dollars; 18s.* oa 

ZEUNER, Frederick E. A History of Domesticated Animals. 9). 4 
(24 cmx 18-5 cm). Pp. 560. (London: Hutchinson and Co, (Publishers) 
1963.) 84s. net.* 


Agriculture : Horticulture : Forestry 


BOARD, C. The Border Region : Natural Environment and Land. i 
Eastern Cape. With contributions by C. J, Bader, D. M, Comins ami BD: 
tain. 92 in. x6 in. (25 cmx 15:5 cm). Pp. xvi+2384-26 places + ca: ot 
(London and Cape Town : Oxford University Press, 1962. 












A on 
Published on behali 
of the Institute of Social and Economic Research, Rhodes University.) B4e. nee ; 


COLE, H. H. (edited by). Introduction to Livestock Production. inchuding 
Dairy and Poultry. (Series of Books in Agricultural Science.) @) in x 6b tn, 
(24cm 6cm). Pp. xi+787. (San Francisco and London : W, H, Freeman and 
Company, 1962.) 50s.* 

GUNTHER, Francis A. (edited by). Residue Reviews : Residues of Pesticides 
and other Foreign Chemicals in Foods and Feeds, Yol. 1. 9} in.» i in. (23-3 emk 
lé cm). Pp. iv-+-162. (Berlin : Springer-Verlag, 1962.) 22 DM» 

PENMAN, H. L. Vegetation and Hydrology. (Technical Communization No, 
53 of the Commonwealth Bureau of Soils, Harpenden.) 8) in. x Spin. (2S em, © 
1S cm). Pp, v+124. (Farnham Royal: Commonwealth Agricultural Bureaux, 
1963.) 20s, : 3 dollars.* 

VEERTIENDE INTERNATIONAL SYMPOSIUM OVER FYTOFARMACIE EN 
FYTIATRIE, 8 Mei 1962. (Overdruk uit de Mededelingen van de Landbauwho- 
geschool en de Opzoekingsstations van de Staat te Gent, 1962, Deel XXY 
$4 in. x 64 in. (24 cmx i6 em). Pp. x+67}. (Gent: Rijksiandbou 
1962.) n.p.* Tp 

WOODBINE, Malcolm (edited by}. Antibiotics in Agricultur 
of the University of Nottingham Ninth Easter School in Ag 
1962. 88 in.» Sfin. QZem=< 15 em). Pp. xi+439 (London: 
Co. (Publishers), Ltd., 1962.) 75s.* z 
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Biochemistry : Physiology : Pathology 


ABERCROMBIE, M., and BRACHET, Jean. Advances in Morphogenesis, Vol. 2. 
34 in, x 6} in. (235 cmx 16 cm). Pp. xi-+388. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London) Ltd., 1962.) 89s. 6d. 

ANDERSON, J. E. | The Human Skeleton: a Manual ‘for Archaeologists. 
(National Museum of Canada.) 9 in. x6 in. (23 em 155 em). 
(Ottawa : Queen's Printer, 1962.) 2 dollars.* 

APPLEZWEIG, Norman. Steroid Drugs. 9} in. «6f in. (23-5 cm- 
Pp. xvi742. (New York: McGraw-Hill Book Company, Inc. ; 
McGraw-Hill Publishing Company, Ltd., 1962.) 194s.* 

BARNETT, Trevor, and FOLEY, John Joyce (edited by), The Obstetrician, 
Anaesthetist and the Paediatrician in the Management of Obstetric Problems : 
Transactions of the South-Western Obstetrical and Gynaecological Society's 
Autumn Meeting held at Portsmouth, 7-10 November 1961. 9} in.» @ in. (23-5 
em 15°Sem).. Pp. xiii+-188. (London: Pergamon Press; New York: The 
Macmillan Company, 1963.) 50s. net.* 

BARRINGTON, E.J, W. An Introduction to General and Comparative Endo- 
crinology, 9} in. x 6} in. (235 cmx 16cm). Pp. xii-i-387-+16 plates. (Oxford : 
Clarendon Press ; London : Oxford University Press, 1963.) 35s, net.* 

BELL, D.J., and GRANT, J. K. (edited by). The Structure and Function of the 
Membranes and Surfaces of Cells. (Biochemical Society Symposium No. 22, held 
at the Middlesex Hospital Medical School, London, 9 March, 1962.) 10 in. x6} in. 
Q55 cmx 16cm). Pp. v-+172. (Cambridge : At the University Press, 1963.) 
35s..net.; 6.50 dollars. * 

BURSTONE; M. S. Enzyme Histochemistry and Its Application in the Study of 
Neoplasms. 9} in. 6f in. (23-5 cmx 16 cm). Pp. xii+621. (New York: 
Meader Press, Inc.; London: Academic Press, Inc. (London), Led., 1962.) 


CHICHESTER, C.O., MRAK, E.M., and STEWART, G.F. {edited by). Advances 
in Food Research, Vol. I1. 9} in. x 6% in. (235 cm. x 16 em.)}. Pp. ix + 
454, (New “York: Academic Press, Inc.; London: Academic Press, Inc. 
(Landon), Lèd., 1962.) 103s. 6d.* 

CUNNINGHAM, D, J. C., and LLOYD, B. B. (edited by). The Regulation of 
Human Respiration : The Proceedings of the J. S. Haldane Centenary Symposium 
held in the University Laboratory of Physiology, Oxford. 9 in, x 53 in. (23 em x 
1S em, Pp. xli+591, (Oxford: Blackwell Scientific Publications, 1962.) 90s. 

DAUTREBANDE, Lucien. Microaerosols : 
Therapeutics. 92 in. x 6} in. (235 cmx 16 cm). 
London : Academic Press, 1962.) 96s. 6d.* 

DOUGHERTY, Thomas F., JEE, Webster S. S., MAYS, Charles W. and STOVER, 
Betsy J. (edited by). Some Aspects of Internal Irradiation : Proceedings of a 
Symposium held at the Homestead, Heber, Utah, 8-1! May 1961. 94 in. x 6} in. 
Pp. xviii-+ 529. (London and New York : Pergamon Press, 


Pp. v+ 164 


16 cm). 
London 


Physiology—Pharmacology— 
Pp. xi+366. (New York and 


Report of Symposium held 
j (Brookhaven Symposia in Biology, No. 15.) 10 in. x7 in. (25-5 
cm x 18cm). Pp, ix + 337, (Upton, New York : Brookhaven National Laboratory 

1962. Available from the Office of Technical Services, Department of Commerce, 
Washington, D.C.) 3.50 dollars.* 

FLORKIN, Marcel, and STOTZ, Elmer H, (edited by). Comprehensive Bio- 
chemistry, Vol, | Atomic and Molecular Structure. Pp. xi+253. 62s. Vol.3: 
Methods for the Study of Molecules. Pp. xiii+324. 80s. Vol. 4: Separation 
Methods. Pp, xiii-282. 70s. (Amsterdam and New York : Elsevier Publishing 
Company, 1962.)* 

: FORDHAM, Mary E. Cardiovascular Surgical Nursing. 8} in, x 5} in. (20-5 cm 
x4 cm). Pp, ix+-141. (New York: The Macmillan Company ; London: 
The Macmillan Company, New York, 1962.) 36s.* 

aE CUR: Noble ©, Physical Diagnosis of Heart Disease. 9} in, x6} in. 
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Fig. 10. Test of the tpn easy of Periplaneta tergites to pao hexenal. 
Above: Sketch of the experiment. A glass cylinder is fastened to a 
tergite of Periplaneta so that when 2 drops of hexenal are added, 
only the area within the cylinder will be wetted. Below: Result after 
10 min. The place where the tergite lay on the dinitrophenylhydrazine- 
soaked filter is easily recognized as a bright ‘window’; within the window 
no blackening can be seen. Thus in 10 min the aldehyde was not able 
to penetrate the cuticle 





Fig. 11. Test of the permeability of Periplaneta tergites to a mixture of 

tridecane and 2-hexenal, Above, sketch of the experiment as in Fig. 10; 

below, the result of the experiment shows a blackening of the filter 

paper within the wetted area, Within 10 min the mixture had pene- 
trated the cuticle 


Further evidence for impermeability was gained from a 
colour test. Filter paper soaked with dinitrophenyl- 
hydrazine was placed under coreid tergites and moistened 
with a mixture of 2 n-hexenal/tridecane. No hydrazone 
was formed. However, if the cuticle was sandpapered 
and then moistened with secretion, paralysis or death 
followed, proving that the outermost or cement layer 
is responsible for the impermeability. Newly hatched 
larve are killed by this method because this layer is not 
as yot formed, and only later secreted by dermal glands. 
This cement layer present in the pentatomids is lacking 
in many insects as well as in the aforementioned Calliphora 
larve and Periplaneta. 

It is further evident that entrance of the secretion 
into the trachee through superficial means is also pre- 


vented. Around the orificium and the excretory ducts of 


imagines are found mushroom-like structures with a 
diameter of 9 and a height of 6u. About 10,000 ‘mush- 
rooms’ can be found in an area of 1 square mm (Figs. 12 
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and 13). In the case of the large pentatomid larve, pin- 
like olevations are found only in the immediate area of 
the orificium, the protective value of which is dubious. 
The ‘mushrooms’ prevent the spreading of the secretion 
on the cuticle. This is due to its high viscosity, and the 





Fig. 12, Diagram of a portion of the cuticle of Carpocoris purpure penne 
(De Geer) covered with ‘mushrooms’ 





Fig. 13. 
covered with ‘mushroom’ stuctures (stippled areas). 
thorax are drawn in side view. a, Coptosoma scutellatum (G.); 6, Euri- 
dema oleraceum (L.); ¢, Eurygaster testudinaria (Geolfr.); d, Enoplop» 
scapha (F.); e, Alydus calcaratus (L); f. Rhopalus maculatus (F). we 
secretion runs down a drain (R) into a trough (W), where the tarsi 


Diagrams of the upper surface of different kinds of pleur 
Meta- and meso- 


can be moistened. g, Anthocoris nemorum (L.); A, Adelphocoris lineo- 
latus (Gz.). Abbreviations: O, orificium externum; §, ition of the 
metathoracle stigma shown throngh the epimerites of the mesothomx 
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Table 1. REPELLENT EFFECT OF THR SECRETION OF Carpocoris purpureipennis 
(DE GEER) 


Test-insect: Plagiolepis pygmaea (Latr.). The specimens at the feeding- 

place were Be iey A, Control, food without secretion. B, The number 

of specimens ‘remaining at the feeding-place when 3 drops of Carpocoris 
secretion were added 


Counts in the 


Time ist min 2ndmin S8rdmin 4thmin 5th min 
A 1200-1205 12 15 17 18 a4 
B 1205-1210 0 0 0 d 6 
A 1210-1215 14 13 13 l4 12 
B 1215-1220 2 2 3 3 3 
A 1220-1225 16 16 18 4 13 
B 1225-1230 0 1 0 0 1 
A 1230-1235 7 12 19 24 28 
B 1235-1240 4 5 3 4 4 
A 1240-1245 il 19 23 23 20 
B 1245-1250 1 0 0 1 2 
A 1250-1255 10 13 14 23 16 


structures act as obstacles against further spreading. 
Furthermore, the four-fold increase in the surface area by 
the ‘mushrooms’ also plays a significant part. A drop 
will occupy a smaller area on a ‘mushroom'-covered area 
than on a smooth area. 


Additional Significance of the Secretion: A Repellent 


The volatile aldehydes present in the secretion are 
characterized by a penetrating odour. Experiments using 
the natural enemies of bugs, that is, ants, were carried 
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on to find out whether the particular scent too has some 
biological function. Ants were fed at the entrance to 
an ant-hill until the number of the animals at the feeding 
place remained constant. At intervals of 5 min either 
food alone or food plus scent was given and the specimens 
counted. In the latter case the number was always less 
(Table 1), proving that the secretion acts as a ropellent, at 
least in the case of ants. This repellent effect groatly 
increases the biological significance of the secretion, 
and thus even animals not wetted by it are prevented 
from attacking the bugs. 

The illustrations used in this article are from Z. vergl. 
Physiol., 45, 636; 1962 (Springer-Verlag: Berlin, Göttin- 
gen, Heidelberg). 

* Dethier, V. G., Ann, Rev. Entomol., 1, 181 (1956). 

* Henrici, H.,J. IT. Zool. Jb, Abt. Anat. Ontog., 65, 141 (1938); 66, 371 (1940). 

^ Johansson, A, S., Norsk Entom. Tidskr., 95, 95 (1957). 

* Kemper, H., Z. Morph. Okol. Tiere., 15, 524 (1929). 

* Weber, H., Biologie der Hemipleren (Berlin: Springer, 1930). 

* Eisner, T., Meinwald, J., Monro, A., and Ghent, R., J, Insect Physiol., 
6, 4, 272 (1961). 

* Blum, M. 8., Traynham, J. G., Chidester, J. B., and Boggus, J. D., Science, 
132, 1480 (1980). 

* Waterhouse, D. F., Forss, D. A., and Hackman, R. H., J. Insect Physiol., 
6, 113 (1961). 

* Blum, M. S., Crain, J, B., and Chidester, J. B., Nature, 189, 245 (1961). 

18 Blum, M. S., Ann, Entom. Soc. Amer., 54, 410 (1981). 

“ Hurst, H., Trans. Faraday Soc., 39, 390 (1943). 


A TENDENCY TO PERENNATION IN THE CEREALS 
By Dr. A. JOFFE* and J. G. C. SMALL* 


Department of Agricultural Technical Services, Pretoria, South Africa 


HE commonly cultivated varieties of oats, together 

with those of the other small-grain cereals, are all 
classified as annuals. The sudden and synchronous death 
of millions of individuals in a cereal field has recently 
been cited? as one of the dramatic examples of population 
senescence. 

Tn the oat plant the onset of flowering and fruiting is 
associated with a decline in growth and the eventual 
death of the whole plant?. Many instances of senescence 
following shortly after the completion of the repro- 
ductive phase are to be found in the plant kingdom and 
this led Molisch? and others to conclude that fructification 
in monocarpic plants involves such a complete utilization 
of stored organic reserves that nothing remains for the 
other organs of the plant and exhaustion—-death (Erschép- 
fungstod) follows. 

The general validity of this theory has recently been 
questioned by Leopold! and Lockhart and Gottschall’, 
who havo shown that although the onset of the reproduc- 
tive phase undoubtedly forces certain plants into senes- 
cence, mobilization of nutrients into the fruit does not in 
itself adequately account for senescence. 

In experiments at this Institute on the effect of day- 
length changes on the reversion from the reproductive 
to the vegetative state in various plant types, the oat 
plant, Avena sativa L., was chosen as the typical annual 
cereal plant which flowers, sets seed and then dies. Observa- 
tions on tillering were incidentally recorded during the 
main study on reversion. On October 27, 1961, two 
germinated seeds of the Victory variety from Sweden 
were planted in each of 26 1-1. capacity containers filled 
with coarse river sand. A full nutrient solution containing 
250 p.p.m. nitrogen was supplied daily and additional 
watering was usually necessary once or twice daily. The 
plants were kept outdoors during the day and transferred 
to growth rooms at 15° C in the late afternoon to receive 
a total day-length of either 8 or 16 h. From June 1962, 
the oats were kept in a constant air-temperature glass- 


* Present address: Margaretha Mes Institute for Plant Physiology and 
Biochemistry, University of Pretoria. 


house at 21° C during the day to avoid unfavourable out- 
door temperatures. 

Heading under long days was first observed 8 weeks 
after planting and in due course a crop of mature tillers 
bearing fully formed seeds was obtained (Fig. 1). These 
plants, however, differed from field oats in that tillering 
did not abate after flowering but continued at an approxi- 
mately linear rate for at least 30 weeks (Fig. 2). No 
record of tillering was kept after this date. 

The plants have now survived for more than 75 weeks. 
during which time fully formed and viable seed has been 
continually produced under long days. 

A severe attack of rust after the 28th week of growth 
reduced the vigour of the plants, but the outbreak was 
controlled by a single application of sulphur. At about 
the same time, the very large number of tillers present 





Fig. 1. 


Victory oats after 29 weeks growth 
a, Long wore only; ò, long days only, mature tillers removed after 16 


weeks; c, long days until transferred to short days after 11 weeks, 
mature tillers removed after 16 weeks; d, short cars only. Note ripe 
(left) and immature (right) seed-bearing tillers in a 
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Fig. 2. Tillering of Piroline barley, after Aspinall (ref. 4) (dotted line), 

ann Victory oats (solid line), in sand cultures with full nutrient solutions. 

w indicates approximate period of maximum tiller number expected 
7 ; in fleld-grown oats 







relation to the confined pot area (9 x 9 em), prevented 
| the full development of adventitious roots on the youngest 
‘culms, these usually being situated beyond the edge of the 
pot. The young roots, although present, could not, 
therefore, reach the sand to form a vigorous root system. 
Mutual shading, under the conditions of the experiment, 
also contributed to a reduction in tillermg rate. In spite 
of these limitations, new branches at the base as well as 
at the higher nodes of some older tillers, and also new 
roots, continue to form even on the tenth or later ‘genera- 
tion’ of tillers. i 
_ In some of the plants under long days all mature tillers 
were cut off near the base after 16 weeks of growth. 


Other plants grown in long days were afterwards placed 


inshort days, oither permanently, or for prolonged periods, 
or for a few weeks during the first 12 weeks of the 
experiment. None of these treatments appears to 
have affected survival, although removal of mature 
tillers caused-an increase in tillering rate. Permanent 
transfer to short days resulted im conversion to the 
typical short-day growth habit (Fig. 1) and all heading 
ceased although floral initiation occasionally occurred 
on tillers with at least 11 to 15 nodes in a similar 
manner to plants that had received short days exclus- 
ively. (Only 4-7 nodes are required for flowering in 
plants under long days.) Re-transfer to long days of 
plants that were in short days for periods of 6-12 months 
resulted in the rapid renewal of the long-day, reproduc- 
tive, growth habit. 

Various questions arise from this experiment in which 
oats have continued to grow in small containers for a 
period which now exceeds the equivalent of four crops of 
field. oats. 

On the basis of Aspinall’s* data for tillering (Fig. 2) and 
ear emergence of barloy in pots during 20 weeks and our 
similar data for oats over a longer period, it is clear that 
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the process of flowering and fruiting in the. core 
not necessarily lead to a cessation of axillary. 
as previously claimed’. These species canny 
be regarded as truly obligate monocarpic planis 
of the usual field behaviour where tho decline 
production is associated with flowering. Inde 
scattered evidence in the literature that und 
conditions the ‘annual’ small-grain cereals, i 
rye and rice, are capable of considerable: tilk 
after the initial onset of floral differentiation. 
This tendency to perennation under. condition 
temperature and moisture extremes, disease aru 
are not inhibitory appears to be mainly depend: 
readily available supply of nutrients, particularly 3 
Although individual tillers of these grasses are 
of limited branching from higher nodes, tiler 
is mainly determinate, and for continued surviv 
rate of production of new tillers from beau! = 
buds must exceed the death-rate of the older | 
It has been adequately demonstrated that, unlike Inet 
expansion, tillering is completely inhibited by Jacko) 
nitrogen®. : 
In the cereals as well as in perennial grasses in the Held, 
the decline in tillering apparently associated with flowering 
often occurs at a time when conditions are favourable Tor” 
active dry matter production’. However, it is daring: 
this period of maximum growth under ordinary arable 
conditions that soil mineral nitrogen is often ai 
level’, or even entirely absent”. It hag also t 
demonstrated” that in the cereals there is a cons 
export of nitrogen and other nutrients from. the 
to the developing fruit. : 
Although the evidence is largely circiur 
appears that the fundamental difference 
growth pattern of oat plants in the ‘phytotror 
in the field is primarily due to nutrition, 


£ 


to an adequate supply of available nitrogen 
adverse moisture conditions, unfavourable te 
and other external factors undoubtedly have: 
found effect on the simultaneous and often sú 
senescence of field grown cereals, these factors often, 
work in opposite directions in different parte of the 
world and cannot always account for the universality 
of the phenomenon of apparent monocarpistiz in the 
cereals. oe 
There is evidence" that a system of apical .dorminance ==; 
operates in the cereal plant, but, as Aspinall* has points 
out, any scheme which envisages the intemal con 
tiller-bud elongation by an apical dominance syste 
account for the modification of control with ohi 
nutrient supply. The same argument applies to 
hypothesis on the formation of inhibitory | 
which may upset. the balance of growth regulat 
the process of flowering”. LOS 
What is then the fundamental difference her, 
annual cereals and the perennial, grasses ? Coop 
Saeed! suggested that the annual or perennis 
ryegrass, Lolium spp., is due to some physiological ba, 
between rapid initiation and elongation of the. fo 
shoot with little proliferation of axillary buds as op 
to the profuse development of axillary buds as vege 
tillers with comparatively slow differentiation of the 
inflorescence. Langer!! similarly proposed that ‘the 
perennial habit of Phlewm pratense and many other 
grasses, in contrast to the annual cereals, depends diy 
on the inability of many tillers, especially those arising 
late in the summer, to flower. Cooper* has found, Row- 
ever, that Lolium perenne from Cyprus, although peron- 
nial, has a low critical day-length requirement for flowering 
and behaves like annual Mediterranean ryegrasses. in:(hi 
respect. The experiments described here hav 
that even if the late tillers of a cereal plant do flow: 
prolonged periods. this need not lead to the death 
plant in spite of an adverse seed to shoot | 
Tt has also been shown that, with adequa 
































oat plant can behave as a perennial grass in that periods 
of reproductive growth can be readily alternated with 
periods of predominantly vegetative growth. simply by 
changes in day-length. ae 

It is suggested therefore that the annual or perennial 
habit in the Gramineae is intimately linked with the 
balance between uptake of and demand for mineral 
nutrients, and that, although flowering may possibly 
have some direct effect on the onset of senescence, the 
main consequence is to be sought in the effect of fructifica- 
tion on the nutrient balance within the plant. The ability 
of a species to withstand periods of nutrient stress or to 
minimize the effect by modification of the growth pattern 
through the genetic system may well be of major impor- 
tance in determining longevity in the Gramineae. 
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CUTICLE STRUCTURE AND WATER RELATIONS OF PINE NEEDLES 
By Dr. L. LEYTON and Dr. B. E. JUNIPER 


Department of Forestry and the Botany School, University of Oxford 


FANY pines show a marked resistance to desiccation 
‘during drought!*; this is partly attributable to the 
very slow loss of water by cuticular transpiration through 
the thick waxy covering over the cuticle of the needles’. 
Since there is generally a close correspondence between 
rates of cuticular transpiration and uptake of water 
through leaf surfaces, we would expect the latter to be 
particular low in pines; this has been confirmed by 
Eisenzopf* for P. mugo. Nevertheless, there have been a 
number of claims or assumptions implying that pines can 
absorb water (and certain dissolved substances) directly 
through the foliage. Stone’ reported that mist spraying 
at night prolonged the survival of P. ponderosa seedlings 
growing in dry soil: this he attributed to resaturation of 
the needle tissues, with an accompanying reduction in the 
amount of water drawn from the roots. Schopmeyer* 
obtained. a substantial translocation to the roots of 
P. banksiana seedlings of radioactive phosphate applied 
to the shoots; in common with others concerned with 
foliar application of fertilizers to pines, he assumed direct 
absorption through the surfaces of the needles. 

The water-repellent surface of pine needles, combined 
with the apparently impermeable nature of the cuticle, 
makes direct foliar absorption difficult to accept unless 
some other mechanism is involved. Experiments on other 
plants’ suggest it unlikely that absorption occurs through 
the stomata, particularly since in pines these are sunk 
below the surface of the epidermis. The investigations 
recorded here of the structure and properties of different 
regions of the pine needle surface appear to provide an 
explanation of the observed phenomena if the results 
obtained with Scots pine are applicable to other species. 
. The young dwarf shoot of Scots pine consists of a pair of 
needles surrounded at the base by a closely enveloping 
sheath; in later years this sheath tends to degenerate, but 

usually persists as long as the needles are retained on the 
tree. Carbon replicas? were made of the surfaces of needles 
of different ages sampled from an 8-year-old tree at 
o- different: times during the 1962 growing season and 
~ micrographs of these taken with an electron microscope. 
‘These show. very striking differences in the surfaces inside 
and outside the sheath. On the adaxial surfaces of the 
exposed portions of young needles sampled in June there 
appears a well-developed waxy layer with tube-like 
outgrowths, frequently branched, usually overlying plate- 
like seeretions of. similar(?). material- (Fig. 14). This 
structure persists in older needles, but the accumulation 
of soot and dust, and surface weathering make the fine 
detail more difficult to observe. These waxy secretions 


are completely absent on the same needle surface below 
the sheath (Fig. 18). On the abaxial surface below the 
sheath only the plate-type of secretion, similar to that of 
the exposed needle, is found (Fig. 10). We found the same 
pattern of surface morphology in all current and 1-year-old 
needles investigated. 

Measurements were made of the wettability of different 
regions of the pine needle surface at different times of the 
year: the criterion of wettability used was the contact 
angle between the needle surface and a droplet of water 
approximately 1 mm in diameter. This angle was measured 
using a microprojector to throw an outline of the droplet 
and needle surface on to a screen”. Analysis of variance of 
the data revealed a significantly lower contact anglo 
{P > 0-01) of the adaxial surface inside the sheath, indepen- 
dent of the sampling time (Table 1). No significant 
difference was established between the other three surfaces 
although there was some indication of a fall in contact 
angles of the exposed surfaces with time, probably due to 
increasing contamination and weathering. 


Table 1. CONTACT ANGLES OF PINE NEEDLE SURFACES, 


(Means of 40 measurements + S.E.) 


August Oetoher 


Surface Adaxial Abaxial Adaxial . Abaxial 
Exposed 85:7 + 0-9 TT3 t b4 87-7. 4 05 705 EPL 
Inside sheath 49-3 + 1-0 93-9 + 0-9 553 + 5 Md + D4 


Measurements were also made of the relative permea- 
bility of different regions of the pine needle surface to the 
passage of water into the tissues. At different times during 
the growing season, dwarf shoots of different ages were cut 
from neighbouring positions on the same branch, weighed 
and immersed to different depths in distilled water with — 
the cut ends upwards; to eliminate tho possibility of water 
evaporating from or entering the cut ends, these were 
sealed with low melting point wax. After varying periods 
in the dark (usually 24 h) in sealed specimen tubes, the 
dwarf shoots were removed, carefully blotted with filter 
paper to remove surface moisture and re-weighed. The 
change in weight as a percentage of the initial fresh weight 
was taken as a measure of the overall relative permeability 
of the cuticle immersed. It was assumed that at any one 
sampling time neighbouring shoots provided valid 
comparisons; this was supported by the fact that initial 
fresh weights. moisture contents and dimensions of the 
needles in each sample never differed by more than 3 per 
cent. In a number of experiments, severed branches were 
allowed to dry out in the laboratory before sampling the 
needles, in order to increase their capacity to absorb water. 
In all experiments, uptake of water was compared with 
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Fig. 1. Electron micrographs of pine needle surfaces. A, Exposed adaxial: B. adaxial plete 


within basal sheath; C, abaxial within basal sheath 


that through the cut bases of the dwarf shoots and 
occasionally with that through the cut tips of the needles. 
In all these experiments, although the absolute values 
varied, the same pattern of water uptake related to the 
depth of immersion was observed. Typical results for 
needles freshly picked in October are given in Table 2. 
Even allowing for the effect of different hydrostatic 
pressures and areas of needle surface immersed, a marked 
increase in the uptake of water was invariably observed 
when the needle surface below the sheath was in contact 
with water. The mean values given in Table 2 suggest a 
more or less linear increase in uptake with depth of immer- 
sion of the exposed needle surfaces. On this basis, uptako 
through the surface below the sheath is more than three 


Table 2. UPTAKE OF WATER BY CURRENT NEEDLES (OCTORER) 


(Percentage of initial fresh weight after 24 h; means of six measurements 






+ S.E.) 

Depth of immersion (cm) Uptake 

8 O16 + O57 
6 + OBL + O48 
9 (1-5 em. below sheath) + 1-38 + 0-42 
12 (1-5 em. above sheath) + 53 + 112 
Through cut bases + + 035 
Through cut tips + 0-47 
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LETTERS TO THE EDITOR 


COSMOLOGY 


Possible Applications of the Mass-energy 
Cycle on a Micro- and Macro-scopic Scale 
in the Universe 


Hvenes' suggests that the observed expansion of the 
universe is only apparent, since the mass components of 
galactic clusters separate but the energy components 
approach one another. This is not so. Consider a small 

“number of clusters, receding from each other. Photons 
emitted on the inward side of each cluster will approach 


photons from other clusters, and perhaps, as Hughes 


suggests, condense together under gravitational attraction. 
“dn any event, there is a limit to their mutual closeness. 
-Photons omitted on the outward sides of clusters, on the 
other hand, will move in the same direction as the cluster 
and so will continue to separate indefinitely. The mean 
positions. of photons originating in these clusters will 
therefore separate as do the mean positions of the particles 
of mass >0. Eddington’s objection is not disposed of. 
The final paragraph in Hughes’s communication implies 
that the ‘half-life of photons increases with wave-length; 
this could offer an explanation of the red shift alternative 
to the Doppler effect, but quantitative experiments would 
be necessary before such a theory could be accepted. Pho- 
tons are usually regarded as stable, but this may only 
mean that their half-life is very much greater than that 
. Of the obviously unstable particles, 
; ' W. D. G. Cox 
Cambridgeshire College of Arts and Technology, 
l Cambridge. 
-o + Hughes, J. L., Nature, 197, 441 (1963). 


- oO MrR Cox’s communication is representative of the usual 
- objections to the cyclic model of the universe. Before 
going into these objections in detail let us reconsider the 

basie postulate of the original article referred to, that is, 
mass 


energy 
Suppose, as in the clusters of galaxies, the mass density 
of the environment is increased. Matter contained therein 
would favour the transformation of mass—>energy so as to 
regain the ideal ratio. It may do so in two ways: (a) by 
direct conversion of mass into photons of radiation; (b) by 
casting off excess mass in the form on neutrinos and larger 
mass > 0 particles, in the final stages of any particular 
cyclo, galaxies would suffer a galaxial nova and relatively 
large fragments would be thrown into the interclusteral 
regions which would make excellent nuclei for new stars to 
condense. 
~ Galaxies in the model proposed would then evolve in 
accordance with the cycle: 


aman constant 


photons photons 
` ra u 


dense mass dense me ete. a) 


mass particles mass particles 


-and not by a purely mass—>radiation—>mass cycle. 

© Tn other words, the macroscopic cycle would correspond 
_to the following: 

| Fundamental particle cloud —> galaxies -+ fundamental particle cloud 


The details of this cycle and its observational conse-. 


quences will be published elsewhere. 


We are now in a position to consider the cyclic behaviour . 


of the universe as a whole. A useful analogy is made by 
considering the universe as composed of an infinite erystal 


lattice, its motifs being the evolving clusters of galaxies. 
If we let this three-dimensional lattice expand, the clusters 
of galaxies will move away from each other in all direc: 
tions. Each of these directions, however, are equivalent: 
any photon, neutrino or other mass > 0 particle will leave 
a particular cluster of galaxies and enter identical inter- 
clusteral regions. This is simply because we are consider- 
ing a three-dimensional, uniform array. 

Our motifs are themselves continuously changing 
according to (1), so the flow of the resulting fundamental 
particles always enters the space formed by the expansion. 
Taking a sufficiently representative volume of the cyclic 
universe, the density of matter will be constant both in 
space and time; in such a cyclic universe both the perfect 
cosmological principle and the second law of thermo- 
dynamics will be satisfied, its entropy remaining constent, 

Tn his objection, Cox has only considered a small group 
of clusters. Although in this particular case the basic 
postulate would ensure the transformation of the escaping 
photons, there is no need to invoke this situation in the 
universe which we observe since these small numbers of 
clusters are repeated to infinity. Taken together, we can 
only go by observation, they will represent exactly the 
same environment already discussed. The last paragraph 
shows a high insight into the required cyclic properties of 
photons. In such a universe, however, both the Doppler 
and ageing shifts will be effective. 

Another fundamental objection to the cyclic universe 
arises from the energy sources at present accepted. The 
only source of importance considered is that arising from 
element build-up. In the cyclic universe the Bethe carbon- 
nitrogen cycle and the proton-proton interactions must 
only be considered as minor sources of energy since their 
main purpose is to increase the mass density of any region. 


The real energy sources must involve the conversion of the 


complete mass >0 particles and not a small fraction of 
them as in the foregoing interactions. Such interactions 
have been verified in the laboratory on occasions ‘too. 
numerous to mention. Examples are n°->2y ray and also 
6°->2y ray (partially via z’) together with bremsstrahlung 
and Cerenkov radiation, the dense interior of dwarf 
stars being the ideal environment for these to proceed onia © 
macroscopic scale. In the cyclic universe, reactions of the 
form meson —> 2y ray and hyperon —> 2y ray would go to 
completion in dense media. 

To conclude it will be well to compare the properties: 
of the cyclic universe proposed with other cosmological 
models. 

(a) Only in the cyclic universe can the adherence to the 


perfect cosmological principle be tested by observation. ae 


We are able to observe galaxies only via a cyclic property, 
namely, the conversion of mass into energy. In the cyclic 
universe the end of a galaxy must come in the form of a 
galaxial nova, an entity the distribution in space of which 
could be checked by radio astronomy. In the steady-state 
universe only its adherence to the cosmological principle 
can be checked over all, since when the required end of a- 
galaxial evolution comes about there will be no experi- 
mental means of verifying this as no information will be” 
received from the galaxy in question. 
(b) If the ultimate cosmological model is cyclic, its: 
properties must be inherent in those of the fundamental 
particles of which the universe is composed. These 
properties can therefore be tested in the laboratory which 
lays the present concept at the mercy of experimental 
physics, a unique feature. I have proposed five such 
tests, from the mass and energy approach. No doubt. . 
there are many more ways of doing this; if any one experi- 
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ment is Saecoatal, we will have verified a cosmological 
raodel in the laboratory. 

(c) Neutrinos would be welcomed in a cyclic universe as a 
bridge between mass and energy. Ifthe neutrino possesses 
kinetic mass (there is no experimental evidence to con- 
tradiet this) it will be expected to behave differently 
regarding | Olbers’s paradox than is the case with photons. 

_ ‘This is particularly so since recent experiments have shown 
“the existence of more than one type of neutrino, the kinotic 
mass of which could well be appreciable. It is only in the 
cyclic universe that Olbers’s paradox is completely 
explained without attributing special properties to low- 
energy photons and equivalent mass >0 particles. The 
: properties of neutrinos in the other cosmological models 
8 been discussed by Weinberg?. 
1 development of the cyclic concept could well 
_ accommodate the Dirac negative particles, providing a 
-clue as to the origin of the expansion of the clusters of 
galaxies. 

(e) The cyclic model is the only one intimately con- 
eerned with both the micro and macro worlds; most cos- 
mological models only consider the latter. 

(f) Recent progress in molecular biology, linked with an 
Alfvén type process of planet formation, offers the 

= possibility of life itself existing in a cyclic form. The basic 
requirements for evolution, complex organic molecules, 
are always available and hence life results when the 
environment is favourable. 

Although the present formulation is non-mathematical, 

many of the deductions involve interactions which are 
» themselves on a strict theoretical basis, requirements such 
. a8 the intermediate evolution of galaxies being similar to 
-those of the steady state theory. One of the difficulties of 
a mathematical approach to the concept is the introduc- 
tion of a stability term into the usual statistical distribu- 
tion functions; if this could be achieved the ratio constant 
nd its probable behaviour could then be calculated. 
, I feel justified in outlining the consequences of 
postulate which leads to imminent experimental test, 
capable of no other interpretation than that required by a 
- eyelie universe. These experiments involve the focusing 
- of intense laser beams. Meanwhile. if it could be shown 
“beyond doubt? that there is a logarithmic i inerease in the 
output of Cerenkov radiation in dense media at high 
co ‘energies’. > 101° eV, the postulate would then have been 
> verified. 
`.. The points raised in the present communication are dealt 
> with in more detail elsewhere. 














Joun L. HUGHES 
Department of Physics, 
University College of North Wales, 
Bangor. 
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RADIO ASTRONOMY 


Position of the Radio Sources Cassiopeia 
A and Cygnus A 


To determine the absolute position of radio sources, the 
geometrical mounting error as well as the phase errors of 
the equipment must be known. In the case of a two- 
antenna interferometer these errors may be fairly accu- 
rately estimated if a few radio sources are observed in 

< upper, as well as in lower, culmination. 

~ Usually the positions of radio sources are determined 

> relative to one or a few sources the optical counterparts of 
which are known. There seem to exist very few direct 
observations of absolute positions of radio sources. 

The interferometer at the Oslo Solar Observatory is 
situated at a latitude of 60° N. so that Cassiopeia A and 
Cygnus A may both be observed in upper and lower cul- 
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minations. The interferometer, which is deseribed it 
detail elsewhere!, consists of two mattress antenna spaced 
136-73 wave- lengths on an east-west line. The righ) 
ascension of a source may be determined with rather high 
accuracy. 

A series of observations of the two sources were por- 
formed during a period of half a year, 

After elimination of the mounting and the pha 
the following positions were obtained. Th 
given by Smith? are shown for comparison. © 















Right ascens . 
Oslo (200 Me/s} Cee ne {815 Mele) Bes 
23h Zim lis + 1-58 23h Bim igs + 


Cassiopeia A : 
19h 57m 41s + 1-538 19h 7m 45au fie 


Cygnus A 





The positions refer to the epoch 1950.0. For Cassion: 
A, which has been observed in upper and lower 
tion by both observatories, the measured positions a 
good agreement. For Cygnus A there is, however, a pro. 
nounced discrepancy. 








great detail. It is found that the separation betwe 
antenne is too small to resolve the two components 
source and in this way introducing a measurah! 
error. It is further unlikely that other radio sources or the 
effect of ground reflexions should cause an error larger 
than the quoted limit of accuracy. 

The present picture of the radio source Cygnus Ad that Fa 
the two components of radio emission are siti : 
metrically about a central galaxy. The posi i 
galaxy is R.A. 19h 57m 44-5s (ref. 3) and various obse 
agree that the east-west separation between 
ponents is 1:5 min of are. If our determination 
position of the radio centroid is correct, one of ti 
components will almost coincide with the galaxy in 
ascension. 

The relative positions of regions of radio emission: and aS 
the associated galaxies have been examined fe : 
sources'. For radio sources consisting of two emit ing 2 
components the number of cases investigated is note 3 
ciently large to determine the most probable relw 
position of the galaxy and the radio components: Tt 
seems very important to find this positional relationship 
as this displays part of the nature of the radio sourcen. 
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PHYSICS 


Pulsed Laser Operation in a High-pressure 
i Helium Neon Mixture 


We have previously reported pulsed: infra-red oseitie- 
tions in the afterglow of a helium—neon plasma at pressures 
of about 1 torr’, This communication describes reenite 
obtained at total pressures of up to 240 torr when 84 W 
output has been obtained. The usual near-confecal 
mirror system is used? containing a quartz tube 2 om 
internal diameter and 150 em long, having windows at the 
Brewster angle. 

The gas is excited by means of external ring electrodes to 
which are applied 1-ysee pulses of up to 60 kV, Prov 
the rise time of the pulse i is sufficiently rapid, a curr 
up to 90 amp can be induced to flow in the gas 

With this method of excitation, and using a 
coasted mirrors for the infra-red. the system | i 











to oscillate o on at least. 4 wavelengths over a wide range s 
total and partial pressures. The wavo-lengths observed 
“are T-118u, 1-153yu, 116172 and 1-206u, corresponding to 
the following neon transitions 2S,->2p,, 28,-2p,, 
28,->2p, and 29, -> 2p,. 

The oscillation occurs at about 1 psec after the current 
pulse and has a half-width of 1-8 usec, depending on the 
pressure. 
~The output power increases with increasing helium 
pressure, until a pressure is reached where the discharge 
becomes unstable before sufficient power can be coupled 
into. the gas to give the optimum oscillation power. 

The maximum peak output power so far obtained is 
84 W at partial pressures of 5 torr neon and 240 torr 
helium, with 35 kV and 35 amp applied. The repetition 
frequency was 250 sec! and the mean power measured 
27-38 mW. The power into the modulator was 1,080 W, 
much of which was dissipated in the charging resistors in 
the pulse forming network. 

At high repetition frequencies modulator trouble is 
experienced and this has limited the mean power obtained 
to 224 mW at a repetition frequency of 2-5 ke/s. 

We thank the Admiralty for permission to publish this 
communication. 

H. A. H. Boot 
D. M. Cronte 
R. 8S. A. THORN 


Services Electronics Research Laboratory, 
Baldock, Herts. 
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Optical Maser Action in lodine and Mercury 
Discharges 


Some experiments with gas discharges in pure iodine, 
“pure mercury and mercury-rare gas mixtures have led to 
the discovery of four new optical maser transitions in the 
near infra-red. 

The maser tubes used in these investigations were 
approximately 1 m long, 8-6 mm bore, and were provided 
with quartz, Brewster angle windows (transparent to 
~3-5u) sealed to the tube with low vapour pressure epoxy 
adhesive. The optical cavity consisted of a pair of con- 
cave spherical quartz mirrors coated with silver to ~ 5 per 
cent transmission in the visible. D.-c. excitation was 
suitable for maintaining a discharge in pure mercury and 
mereury-rare gas mixtures, but in the case of iodine radio- 
frequency excitation was used. 

Maser action in pure mercury was obtained at 1-529 
and 1-813n. The addition of either helium or neon (at 
pressures of 0-1-3 mm mercury) increased the power in the 
1-529 line and decreased the power in the 1-813 line. 

Maser action in pure iodine was obtained at 3-236 and 
3-43lu. The power output in both lines increased as the 
iodine vapour pressure was reduced by cooling the maser 
tube. 

The mechanism leading to population inversion in the 
pure gases would seem to be direct eleetron impact as 
discussed by Javan! and Bennett?. No completely satis- 
factory explanation for the increase in 1-529u output and 
deerease in. 1-813p output in mercury with the addition of 
rare gases has eed found as yet. Energy coincidences of 


= the kind which lead to selective enhancement in the 


helium-neon-masers* do not exist in mereury—helium or 
ereury—neon mixtures. It is conceivable that the 
+ observed changes are connected with an increase in average 
electron energy produced by adding helium to a mercury 
vapour discharge®. 

In order to obtain’ a preliminary assignment for these 
transitions, the known energy-levels of iodine and mereury 
were fed inte a computer and the wave number differences 
were compared to the measured wave numbers. No 
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‘agreement could be found for the iodine maser transitions 


for either iodine I or iodine II. No attempt has been. 
made to discover a fit to the levels of molecular iodine: 

A tentative assignment is given in Table 1 for the 
mercury lines although the upper level of one transition is 
ambiguous due to the lack of precision in the wave-length 


measurement. The notation for the energy-levels is that 
used in reference 6, 
Table 1 
A air Upper level Lower level 
1-529 18p°P’ (J = 1) 7A D (J=? 
15F°E° (J = 3) 
1813 6p°F* (J = 4) 6d 3D (J = 3) 


We thank R. A. McFarlane and W. Faust for the loan 
of their infra-red spectrometer and for discussions con- 
cerning the energy-level assignment. 


J. D. RIGDEN 
A. D. WHITE 


Bell Telephone Laboratories, 
Murray Hil, 
New Jersey. 
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Letters, 


Detection of Single Slow lons : 
a Method of Pressure Measurement 


Is some experiments reported in 1957! on the transfer 
of material by electrons of a few hundred volts energy, 
bombarding targets of barium, strontium, sodium and 
cesium, it was noticed that the enlarged electron micro- 
scope image of the emitter showed unresolved changes in 
contrast (as well as in emission) only when material had 
been. deposited on it. It was established that a portion of 
this was brought to the emitter in the form of positive ions. 
which, guided by the electron-optical field between emitter 
and target. came back to form random regions about 100. - 
in diameter. 

Tt is clear that if single ions of sufficient energy could be 
made to impinge on a sensitive surface, each arrival could 
produce a fluctuation in its emission; it should then be 
possible to detect and count them provided the normal 
random variation was small compared with the abrupt 
change produced. 

An ideal detector in this case is a gas-contaminated 
point in a demountable type of field emission microscope 
(pressure 10 mm). The point, of tungsten, after welding 
to the top surface of a cathode shell (into which an alumina 
heater is inserted) is etched in sodium hydroxide followed 
by an electrolytic polish in ammonia and a final rinse in 
benzene. Its radius as determined by a shadow projection 
in the electron microscope was 2000 The ‘gun’ 
assembly consisted of an insulated modulator. 10 mm 
diameter, with a central 1-0 mm hole through which the 
point projected. The anode was in the form of a brass ring 
1-0 em diameter, 1 mm thick, in a plane between the 
modulator and the tip of the point: electrical connexion 
was made from it to a nickel disk 30 mm diameter which 
served as collector. 

The major portion of the ions are formed from those 
atoms moving towards the point with an energy of some 
2 kV. Each impact of an ion on the thick gas film sur- 
rounding the point results in a steep variation of the field 
current from it, of some 10-30 per cent of the steady 
value—these variations were recorded on an oscillograph. 

In both the ordinary ionization gauge and the 
Bayard—Alpert type, the number of ions collected per 
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bombarding electron as also the ratio of ions to neutrals 


are about 0-5 x 10-4 at a pressure of 10 mm mercury. Hf 


one Sean kinetic theory value of about 3-5 x aay 














aed. a a area of the pris one 
ut 440 impacts per sec. A count of 400 abrupt 

per sec was obtained from 468 separate trace 
TOS of the pattern of variation are shown 
ral temperatures of the point; increased 
the gas film with temperature generally 
pi sted atlas The film appears to be 


Cold 





eS Nae 380°C 
ane 
470°C 
540°C 
620°C 


ene 

: 3 msec 

Tig. A Single ion impacts (2 kV) 

cand ratë of impact can be achieved by biasing 

p when it was 240-V negative with respect to 

: Be he tate of arrival of single ions at the point was 
reduced to 280/sec over a count of 266 traces. 

It is clearly ‘possible to work backwards and determine 
the pressure from the average number of counts over an 
interval of a couple of seconds (or minutes, for ultra high 
vacua). There should be no lower limit to the value of 
pressure which can be measured in this way, since the 
presence of soft X-rays cannot disturb the ionization 
efficiency. On approaching the surface the ion will prob- 

vably be neutralized by acquiring an electron from it 
without losing its energy as an impacting particle. 

: L. Jacos 
Department of Natural Philosophy, 
Royal College of Science and Technology, 

Glasgow, C.L 
Uy. Blectvonies and Control, 3, 880 (1957). 
=J. App. Phys, 24, 860 (1953). 


GEOLOGY 


A Modified Filtration System for Palynolo- 
gical Preparations 

Tue use of sintered glass filter plates has found wide 
application in the standard maceration techniques 
adopted by many palynologists. This form of filter plate 
is particularly useful for the separation of organic residues 
consisting of miospores, pollen grains, cuticles, ete., from 
the alkali-soluble ulmins produced during the oxidation 
of bituminous coals and carbonaceous shales. The 
efficiency of the filtration process naturally depends 
on maintaining the pores of the filter plate free from 





































tions little aly has ween red 4 
the relatively large grain size of the orga: 
the small quantities of material present in 
funnel. However, in the case of the shales, th 
thonous origin has frequently resulted m 
considerable quantities of fine-grained, > 
organic debris in the post-oxidation residues 
size of this organic ‘background’ mater 
less than 8u and particles of this size would. 
through the filter plate. On account of the | ja 
present, the pores of the plate become p 
blocked, so reducing the efficiency and ing 
duration of the filtration process. To some exton 
position has been alleviated by the use of amall amount 
the funnel and frequent application of distilled wat 
the operator. This method is time consuming end. 
fails to produce the best results possible ag the 
particles have been drawn down into the pores i 
filter plate and cannot be effectively removed by wast 
from above. : 
A system was needed, therefore, in which the flor 
liquids through the filter plate could be period 
reversed. This movement could be expected to l 
debris clear of the filter plate and so free the obstre 
pores. A suitable alternation of normal filtration 
reversed flow would prevent congestion of the f 
and automatically improve the efficiency of the 
Reversal of liquid flow in the type of fitt 
used here was obtained by the introductior 
current of air through the funnel, A ‘sim 
was assembled using a small air comy 
controlled air system, a time switch an 
to house the filter funnel. The layout 
circuit of the equipment are shown in Fig, 1. 
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Fig. 1. Diagram of the electrical circuit and alr systera. E 
¥, air admittanee valve; T, time switeh; D, air distributor: 
electric cireuit; 57, air line 







The funnel, a ‘Pyrex’ Buchner funnel with sinterée 
disk (porosity 2), was mounted in a pressure flask usin 
air-tight rubber bung. The flask was connected by a 
arm to the air system as shown im Fig. 2. 

An intermittent flow of air through the funnel was 
produced by the periodic operation of the comp 
(a ‘Biko’, electric, double diaphragm model of the 
used for aquaria). The air pressure built up in the evs 
following the operation of the compressor w: 
by means of the air admittance valve (F) and so 
normal filtration to proceed. The valve. was el 



















Fig. 2. 


Buchner funnel, with wate! 






glass filter plate 


Ga To distributor 


Arrangement of filter funnel. P, Pressure flask; f, ‘Pyrex’ 
h-glass cover to prevent spray; 2, sintered 


- synchronized with the compressor; closing when the 
- compressor functioned and opening to release the pressure 
“when the circuit was broken. 
cci The timing sequence for filtration and vertieal air flow 


was obtained by introducing the time switch (7) into the 
electrical circuit of the compressor and the air valve. A 


simple time switch was devised utilizing a small, geared 


électric motor which operated a non-conducting, eccentric 


¢am, The latter moved against a flexible terminal in the 
¿o compressor circuit and so effected the desired ‘make and 
break’ time sequence. A satisfactory time cycle for the 


filtration of organic residues from Carboniferous, carbona- 
ceous shales was found to consist of 50 sec filtration 
alternating with 5 sec air flow. 

The reversal of flow through a sintered glass filter plate 
‘by means of an upward current of air effectively freed 





the pores of obstructing particles. 


‘The. particles released in. this manner and consisting 
< mainly of fine organic detritus now passed freely through 
the uncongested filter plate. Standard sampling and 
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; ` microscopic examination of the filtrate provided adequate 








residue 


; smaller spores, ete., 


‘the constant agitation of the residue in the funnel. 


Slides prepared from residues filtered in this manner a 












were not being lost : 


© No appreciable damage to spores, pollen grains, 
- hystrichospheres, ete., has been detected as arising from 


were found to contain none of the fine-grained ‘background’ 


material which had previously obscured organic tissues, 


making microscopic examination difficult and tedious. 


The overall period of filtration varied from eight hours 
to a few days, depending on the nature of the original 


sediment. 


The apparatus has been found to be particularly useful 
for the filtration of organic residues obtained from argil- 
However, slight alteration of the 
filtration-reversed flow-time sequence enables the appara- 
tus to be applied advantageously to many filtration 


laceous sediments. 


operations. 


Several filter units may be operated simultaneously on 
the air system using a distributor (as. in Fig. 1) and by 


adjusting the air pressure at the compressor. 


Micropaleontology Laboratory, 
Department of Geology, 
University of Sheffield. 


R: Neves 
B. Date - 


Isotopic Composition of Strontium in 


some African Carbonatites and Limestones. 


and in Strontium Minerals 
Powe. et al. have recently shown that the isotopic 


composition of strontium in carbonatites is significantly 
The mean 


different from that found in limestones. 


calculated *’Sr/**Sr for carbonatites is given as 0-7065 
+ 0-0003, while limestones have in general a 87Sr/**Sr ratio. 
greater than 0-7090 (range 0-709-0-714). 
similar line of investigation we have examined the stron- 






Pursuing a 


tium isotopes of samples from a number of African 
carbonatite complexes, African limestones, and of stron- 


tium minerals from several localities, with results which 
are in good agreement with Powell's. The results are 


Table 1. *Sr/**Sr RATIOS IN CARBONATITES, LIMESTONES AND MINERALS 





Locality 


Material 


1 


| Age 





Panda Hill, Tanganyika 
Muambe, Mozambique ` 
Chilwa, Nyasaland 
Kangankunde, Nyasaland 
Kangankunde, Nyasaland 
Kangankunde, Nyasaland 


Nkombwa, Northern Rhodesia 
B_ African limestones 
Miindi Bing, Nyasaland 
Broken Hill, Northern Rhodesia. 
Benson Mine, Southern Rhodesia 
Turk Mine, Southern Rhodesia 
©: Keshya intrusive limestone and 
; Keshya, Northern Rhodesia 


Keshya, Northern Rhodesia 


D European strontianites and 


. Strontian, Argyll, Scotland 
Potts Gill, Cumberland, England 
Harz Mountains, Germany |. 
Drensteinfurt; Hamr 
Yate, Gloucester, England - 

Aust Cliff, Gloucestershire, England. 





amm: Germany. 


i 
f 





Sodium carbonate lava 
Sdvite 


Strontianite 
Strontianite 
Monazite 


Rauhaugite 
Dolomite marble 


Dolomite limestone 


Limestone 


Limestone 


Coarse calcite 
Intrusive limestone 


Strontianite 
Strontianite 
Strontianite 
Strontianite 


~ Gelestite 


Celestite 





| Modern 

| Tertiary 

? Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 
Cretaceous 


Late Precambrian 
Average 


Precambrian 
Precambrian Katangan 
Precambrian Bulawayan 


Precambrian Bulawayan 





Post-Katangan 
Average 

Mesozoic 

Mesozoic 


Permian-Carboniferous 
Cretaceous 
‘Triassic 

Triassic ; 
` Average 
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| AFRICAN CARBONATITES. 
| MONAZITES STRONTIANITE.6 ——— 
| PREVIOUS CARBONATITE DATA.—— 


(POWELL) 
| LIMESTONES. 


BULAWAYAN 
+ . 


| KESHYA SAMPLES, ——— 





[STRONTIUM MINERALS.  (EUROPE)— 





Fig. 1. 





‘Table. 1, and the distribution of the relative 
i Fig. Lo 

rontium was leactied by dilute hydrochloric and 
necntrated by nitric acid extraction from 10-g portions 
of carbonate material. The monazite was dissolved in 
HF-HCIO, and ell separated strontium fractions were 
fied by a cation exchange separation. Standard errors 
quoted to Io and the reproducibility of the analysis 
monitored by regular running of a basic rock and shelf 
rontium samples. On the assumption that the ratio 
r/'Sr is invariant in nature, the *7Sr/*Sr ratio is 
zed to 0:1194. The. significance of this correction 
xamined. Our restilts for nine carbonatites, 
ated contres, ranging in age from Late 
Modern have very similar ®’Sr/**Sr ratios’ 
f 0-7060, similar to Powell's mean of 0-7065. 
10 Hindi and Broken Hill limestones have higher ratios 
ian those found in carbonatites and ere similar to values 
found for sedimentary limestones. The Bulawayan 
Limestone (Table 1, Section B, Nos. 14 and 14a) of early 
Precambrian age is unmetamorphosed, contains algal 
remains? and forms relatively thin bands in a groat thick- 
ness (c. 35,000 ft.) of voleanie greenstones (spilites) with 
subordinate arkose, greywacke and ferruginous cherty 
_ quartzites. The low *Sr/**Sr ratio confirms Gast’s* 
- previous determination for Bulawayan Limestone of 

0704, which was corrected to a *8Sr/*Sr ratio of 0-11864. 
The Keshya intrusive limestone, Northern Rhodesia, 
- wae classed by Bailey** as a carbonatite, despite various 
. abnormal features indicated in his first paper and empha- 
sized by Deans in the discussion®. Tho isotopic ratios for 
these samples indicate that they are quite different from 
~ other carbonatites. Sinco Bailey was of the opinion that 

the Keshya samples were not derived from the Lusaka- 
< Broken. Hill Limestones of the region, it would. appear 
that either they were formed by remobilization of sedi- 
| montary material, or by a carbonatite assimilating granitic 
_ or sedimentary rocks. Carbonatites show little evidence of 
-assimilation on this scale, and the geochemical peculiarities 
. of the Keshya rocks suggest that they are not true carbon- 
~atites. 
At Kangankunde Hill, Nyasaland, a dolomitie carbon- 
_ etite is.intimately associated with a highly mineralized 
phase containing abundant strontianite (5-25 per cent), 
=the *'Sr/**S8r ratios of which fall in the same range as the 
_ -carbonatites themselves, although the values lie at the 
upper limit. For comparison, strontianites and celestites 

from. six of the best known occurrences in Europe are 
oe given in Table: 1, Section C. These samples, of both 

Tand sedimentary origin, are all much richer 
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Distribution of *751r/**8igeorr.) ratios 
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LIMESTONE 
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in strontium-87 than the carbonetite strontianit 
tium in monazite, which cceurs in abundan 
Kangankunde strontianite, has a *’Sr/*"Sr ratic siy 
that of carbonatites. Wo infer, therefore, that all 
bonatites investigeted have been derived from ane 
has always been poor in rubidium. As all rm 
earbonatites show similar features, which aro i 
of geological time, it would appear safe to su 
carbonatites are derived from either a world-wit 
seated, homogeneous source, or through a process 
is independent of sialic (rubidium rich) mi 
conclusions are only valid provided that din 
ment the carbonatite ‘magma’ has not. ass 
interchanged with limestone or a strontium-ri 
having a low *%Sr/*Sr ratio of the order of 0: 
0-003. oo 
We thank Dr. K. A. Davies, Overseas Géologien! Su 
veys, for his assistance, Mr. R. Pickup (Oversens | 
logical Surveys) for preliminary chemical. separa 
strontium from the carbonatites, Mr. A. Wo G 
for providing European strontianites and celesti : 
Prof. L. R. Wager in whose laboratories the work was . 
carried out. 
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MINERALOGY 


Some Naturally Occurring Members of the 
Clinoenstatite - Clinoferrosilite Mineral Series 


Ustne the electron probe micro-analyser, we have 
examined the composition of basal exsolution lamelly 
two caleinm-rich clino-pyroxenes, one an augite in 
norite from Bon Accord Quarry, near Pretoria, Trans. 
and the other a ferro-augite in a two-pyroxene 
from Broken Hill, New South Wales. These lary 
been identified optically and by X-ray difire 





a 
„I 
o 


-second elino-pyroxeno (space group P2,/c) lying in an 


-oriented relationship to the host (a and b erystallographic 


. axes are common, ¢ axes inclined to one another at an 


angle of a few degrees"), Such lamelle have previously 
been called pigeonite, implying a calcium content of 4 per 
-eent or more by weight calcium oxide (ref. 2). 

Profiles showing the distribution of calcium obtained 
from the measured calcium Ka intensity encountered in 
_ traverses across basal lamelle in the two grains are 

illustrated in Figs. 1 and 2. In the igneous clinopyroxene, 
the lamelle were sufficiently wide (10-15u) for boundary 
effects due to the limited resolution of the electron probe to 
be eliminated. Boundary effects are more important in 
the thinner lamellae (4u) of the metamorphic clinopyrox- 
ene. Since the effective probe diameter is not more 
than 2u, such lamelle are completely resolved, but 
fluorescence excitation of calcium in the host by primary 
iron K radiation generated in the lamelle enhances their 
apparent calcium content. An approximate correction 
for this effect can be calculated? and has been applied to 
the results given here. 


0 —— 
H 
Fig. 1 Profile showing the distribution of caleium obtained from an 


electron-probe traverse across’ a clinohypersthene lamella in calcium- 
rich ‘clinopyroxene. (Norite from Pon, oora Quarry, near Pretoria, 
‘Tansy: 


3 
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S 


$ 
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Fig. 2. A similar traverse on a lamella from a two-pyroxene granulite 

from: Broken Bill, New South Wales, showing also the complementary 

distribution of iron, The sloping ‘edge-effect’ at the phase boundaries 

is due to the limited resolution of ee probe and to fluorescence 
effects 


The profiles indicate that the calcium content of the 
Jamelle does not exceed 0-7 wt. per cent calcium oxide for 
the igneous clinopyroxene from Transvaal. and 0-5. per 
cent calcium oxide for the metamorphic clinopyroxene 
from: Broken Hill. The basal clinopyroxene lamellæ in 
these two calcium-rich clinopyroxenes therefore ‘belong to 

. the clinoenstatite—clinoferrosilite series rather than to the 
pigeonite-pyroxene series. Measurements of iron Ke- and 
magnesium: Kg-radiation from the calcium-poor lamelle 


cin the Broken Hill clinopyroxene show: that these are 





` elinohypersthene containing 69 mol. per cent of the clino- 

ferrosilite molecule. This value and the concentrations 

oxides shown in Figs. 1 and 2 have been determined by 

eference to chemically analysed silicate standards, and 

E angle of take-off of the X-rays of 40°. Under these 
conditions the absorption correction is very small; remain- 

-mg systematic errors and the random error are together 
almost: certainly less than 5 per cent of the determined 
values. ; l , 

To date, recorded occurrencès of magnesian clinoensta- 
tites have been restricted almost entirely to meteorites. 
Identification of these lamella has important petrogenetic 
implications which will be discussed elsewhere together 












tions. oe : Beh, eS 
= We thank Dr. M. G. Bown and Dr, I. D, Muir for 
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with the data from further electron-probe determina: 








valuable discussions. 
: R. A. Bryws* o 
J. V. P. Lone 
Department of Mineralogy and Petrology, 
University of Cambridge. 
8. J. B. Reept 
Department of Mineralogy, 
British Museum (Natural History), London. 
wae address: University of New England, Armidale, New South 
$ Present address: Department of Mineralogy and Petrology, University 
of Cambridge. 
1 Bown, M. G., and Gay, P., Amer. Mineral., 44, 592 (1959). 
? Hess, H. H., Geol. Soc. Amer, Mem. 80, 41 (1960). 


® Reed, 8. J. B., and Long, J, V. P., Proc, Third Intern. Conf. X-ray Micro- 
radiography and Microanalysis (in the press). 


Ardennite from India 


ARDENNITE, a rare mineral, was found for the first time 
in India in the Kajlidongri Manganese Mine, Jhabua 
District, Madhya Pradesh!. The mineral was formerly 
known only from Salmchateau, Belgium, and Piedmont, 
Italy. 

At Kajlidongri it occurs in the quartz-veins cutting 
across the manganese-ore body and the associated rocks, 


It is usually prismatic with light orange-yellow colour. 


The prism faces are vertically striated and (100) and. . 
(010) cleavages are distinct. Vitreous in lustre, hardness 
of 6-5 and specific gravity =3-175, it has a light yellow 
streak. The optical characters are given in Table 1. 


Table 1 
Refractive indices Optic orientation 27y, ete, 
a = 1742 a= B 2 F = 24°-36° 
B = 1744 bey Bi-axial 
y = 1-758 e= Positive 
(y—a) = 0-016 Non-pleochroic 


Earlior works on ardennites show a great variation in 
their optical characters such as orientation, pleochroi¢ 
scheme, refractive indices and optic axial angle. These 
differences are probably due to. variation in the chemical...” 
composition of the mineral. : 

X-ray results are shown in Table 2 with three intense 
lines and compared with that of the ardennite from the 
type locality Salmchateau, Belgium. A close similarity 
is seen between the two. 


Table 2 : 


Ardennite from Kajlidongri, India Ardennite from Salmchatean, Belgium 
hkl d (A) I PAJ I 
002 2:904 10 2°92, ue 
301 2-509 10 260 vs 
210 4:239 5 424 m 


es, Very strong; m, medium. 


In the chemical analysis of the Indian sample negligible“ 
vanadium (V,0,=0-01. per cent) is obtained. while the 
previous analyses published in the literature regularly show 


appreciable content of V,0,. The large amount of arsenic. : ae 
present. (As,0,= 7-71 per cent) suggests the variety as 


arsenioardennite® and corresponds to one of the: two 
varieties -as suggested. by Lasaulx*. Eos 

Based on its mode of occurrence, itis suggested that thë 
residual pegmatitie solutions rich in arsenic and other 


mineralizers played an important part in the formation of — - 





the mineral. The large amount of manganese (MnỌ= 
28-53 per cent) was probably absorbed from the mangan: 
ese-ore body during the intrusion of quartz-veins. There- 
fore, considering its mode of occurrence, it is suggested that 
the Indian ardennite is of epithermal origin. Ab 

The occurrence of ardennito is significant and interesting 
and is an addition to the already well-known list of Indian ~ 
manganese minerals. 

I thank Prof. W. D. West, Saugar University, India, for 
his supervision and encouragement. I also thank Prof.. 
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Th. G. Sahama of the University of Helsinki for the 
X-ray and chemical analyses, Dr. R. Van Tassel of Belgium 
for information concerning the ardennite of Belgium and 
Prof. A. Bhaskara Rao of the Universidade do Recife, 
Brazil, for suggestions and reading the manuscript. 
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Occurrence of Leucite in Volcanic 
Rocks from Tristan da Cunha 


Derive recent petrological research on volcanic rocks 
collected by the Royal Society Tristan da Cunha Expedi- 
tion’, many specimens of varying composition have been 
found to contain leucite. The mineral occurs interstitially, 
is weakly birefringent with a high negative relief, and 
displays poorly defined lamellar and cross-hatched twin- 
ning. Tho refractive index, determined in sodium light 
by the immersion method, is 1:507 + 0-003. Although 
similar to analeime in thin section, the refractive index is 
much higher (analcime, n= 1-487) even allowing for the 
possibility of desilication* or the substitution of potassium 
for sodium ions*. Identification of the mineral as leucite 
was confirmed by the Department of Mineralogy, British 
Museum (Natural History), with four X-ray powder photo- 
graphs (Nos. 9652, 9845, 9846 and 9847) on material 
picked from three rock crushes. 

Although occurring in rocks ranging in composition 
from ankaramites through olivine basalts and trachy- 
basalts to trachyandesites, the leucite is far more abundant 
in the trachybasalts than in the other rock types. Trachy- 
basalts are the commonest rocks on Tristan, and most of 
the leucite-bearing varieties are lavas and conduit rocks 
of parasitic centres commonly associated with pyroclastic 
debris from the same ceatre. In the hand specimen these 
are fine-grained, mesocratic rocks, with small phenocrysts 
of feldspar and pyroxene, and occasionally display well- 
developed flow banding. On weathered surfaces the 
leucite forms light-coloured, slightly depressed spots up to 
4 mm in diameter, sometimes conforming with the flow 
banding, when this is present; these spots do not occur in 
the chilled margins. 

Microscopic examination reveals that the leucite is 
always interstitial, occurring mainly as the mesostasis of 
small, usually near-spherical globules, between 0-5 and 
4-0 mm in diameter, which are most clearly seen between 
crossed polars (Fig. 1). Leucite forms between 5 and 50 
per cent of these globules which, in turn, rarely form more 
than 25 per cent of the rock. Although often circular in 
section, the leucitie patches can be quite irregular in 
outline and are sometimes elongated parallel to the 
fluidal ground-mass. The flow texture of the rock is often 
preserved within leucite spots; moro rarely, the plagioclase 
laths of the fluidal ground-mass flow around them (Fig. 2). 
When present, phenocrysts and vosicles penetrate into, and 
are enclosed within, the leucitic areas. These spots con- 
tain the usual ground-mass minerals, pyroxene, iron ore 
and feldspar. The size and abundance of the pyroxene 
and iron-ore crystals are usually the same as those in the 
ground-mass elsewhere, but the enclosed feldspar laths are 
much smaller and considerably less abundant. In a few 
of the spots the pyroxene and iron-ore appear to be 
granulated and more abundant than in the surrounding 
ground-mass. Some spots enclose a clear patch of leucite 
often displaying multiple and cross-hatched twinning and 
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Fig. 1. 





Fig. 2. Feldspar laths flowing around a leucite spot (crossed polars 
x c. 25) 





Fig. 3. Twinned crystal of leucite in cavity (crossed polars, = ¢. 107) 
containing minute needles of apatite (Fig. 1, bottom 
right-hand spot). In some specimens the leucite spots are 
almost or completely absent and the mineral is confined to 
cavities where it occurs as clear patches frequently 
exhibiting good twinning (Fig. 3). The field and micro 
scopic evidence suggest that the leucite crystallized after 
the phenocrysts and the ferromagnesian minerals, but 
usually before the plagioclase laths of the ground-mas 
wore fully developed and the rock mass had ceased moving 
So far as we are aware, this is the first recorded instance: 
of a leucite-bearing association in a truly oceanic environ 
ment, although isolated occurrences of leucitic rocks have 
beon described**. The well-known provinces of leucite- 
bearing volcanic rocks’-* occur in continental environ- 
ments and most theories of their genesis require the 
presence of sialic material or limestone. Abundant leusite 
has been found in the Cape Verde Islands", but as these 





not leucite. 

It is most unlikely that the late-stage formation of 
loucite in. the Tristan rocks was by a process similar to 
that envisaged for the continental occurrences. and it is 
probable that some unusual physico-chemical conditions 
prevailed during. the cooling history of these rocks; 
further work is being undertaken. on this material and it is 
hoped to discuss the petrogenesis in detail elsewhere in 
due course. 

We thank Prof. W. Q. Kennedy and R. M. Shackleton, 
‘Drs. W. Campbell-Smith and P. G. Harris, and Mr. 
"SE. Ellis for stimulating discussion. 
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CHEMISTRY 


Removal of Strontium-90 from Milk 


. A PRACTICAL, efficient, safe, and inexpensive method is 
proposed. for the removal of strontium-90 from milk, a 
method which may have substantial. advantages over the 
alternatives proposed so far. 

The principle of the method is to contact milk with 
slightly soluble calcium phosphate and to afterwards 
separate the milk from the added salt.» Since milk appears 
to be saturated with respect to calcium phosphate, it is 
reasonable to expect the strontium-90 to be distributed 
between the calcium in the milk and that in the added salt. 
The anticipated decontamination is readily achieved in 
actual practice. As shown in the experimental results 
cited here, about 90 per cent of the strontium in raw and 
processed milk samples is removed by the addition and 
subsequent. separation of calcium phosphate under con- 

-ditions of practical interest. 

Experiments were performed with milk tagged with an 

© aqueous solution of carrior-froe *SrCl, The specifie 
` activity of the milk varied between 2 and 20 pe./l In 

‘order to equilibrate the added strontium-89 and the 

‘intrinsic strontium, the milk was stored at 5° C for a 








<o §-24-h period. between the addition of the tracer and 
subsequent treatment. In some experiments, the milk 
a ought- to constant temperature and a weighed 
of Mallinkrodt N.F. grade calcium phosphate 









quai 


moe added; in others, the salt was added while the milk was 


‘cold and the suspension then brought to the desired tem- 


perature. In each case, the suspension was stirred during: 


the contact interval. At selected times, 10-ml. samples 
were withdrawn, chilled, and centrifuged. .. Aliquots of the 
centrifugate were dried in planchets and the 6-count rate 










9, 963 “Vout o 
o o 
Temperature °C) Ca(PO), (g/l) Contact interval % decrease in “Sr 


-- Pasteurized homogenized milk 
E A 80- 1440 70-0 
29 80 60-0 
60 5 73-0 
70 80 80-5 
29 80 30 70-3 
80 80 30 87-7 
60 40 30 60-4 
Hrs zo on 82-2 
95-1 

Raw whole milk 

60 80 30 91-0 
70 80 5 93-0 
70 80 5* 95-0 


* Contact time at peak cic. einen Calcium phosphate added to milk 
at 5°C and suspension heated to peak temperature in 15 min, 


measured with an end-window Geiger-Miiller counter. 
Some of the results are summarized in Table 1. 

The method can be incorporated into existing commer- 
cial milk. processing plants at low cost. Based on the 
current price of N.F. grade calcium phosphate (~ 9 cents 
(U.S.) a Ib.) and reasonable assumptions regarding the 
recyclic use of the salt, it is estimated that the cost of the 
treatment on a commercial scale could be less than 0-5 cent. 
(U.S.) a litre. It is also worth noting that the decontamin- 
ation procedure is simple enough so that it can be per- 
formed by the individual consumer. 

The method is inherently safe since the only additive 
involved is a substance initially present in the milk; its. 
use as in foods has been approved by the U.S. Food and 
Drug Administration. 
there are no gross changes in flavour, odour, appearance 
or pH. In common with the competitive methods 
proposed, some minor changes in composition are antici- 
pated. Adsorption of some of the milk nutrients, par: 
ticularly protein, on the surface of the added salt. is: 
observed. Tt is. estimated that this effect has small: 
influence on the nutritive value of the milk, particularly. 
when the milk-salt slurry is separated before cooling. 

Initial experiments were performed in 1959 at Radiation 
Applications, Incorporated, Long Island City, New York». 
(J. 8. and D. G.). The work has continued at the Uni- 
versity of Maryland (J. S. and R. L. B.). 

JOSEPH SILVERMAN 
Diren GHosH =. 
Raura L. BELCHER 
Department of Chemical Enginkoring, oN 
Glenn Martin Institute of Technology, 
University of Maryland, 


Measurement of lon Formation during 
Combustion 
THE production of positive ions and free electrons in 
flames has given rise to considerable speculation with 
regard to the mechanism of their formation. Hypotheses 
concerning hydrocarbon flames have also become the 


subject of discussion among analytical chemists asa result = 


of the widespread use of the hydrogen-flame ionization. 


detector with gas chromatographs. Some current theory! 


would link ion formation in hydrocarbon flames to the 
reaction step: oreo 
CH+0--CHO* +e 


and such a reaction would be in good agreement with the - 


quantitative proportionality between the mol fraction of a 


ions produced and the mol fraction of carbon in any 
particular species*-4, 
with flames is beset by many practical difficulties, and — 
much conflicting evidence has resulted. For this reason 
no particular hypothesis has gained universal acceptance. . 
We have recently reported a modification of a ‘gas. 
chromatographic catalytic combusion detector which will > 


allow measurement of the charge released during combus- = 


tion’, Although the instrument was described as a detoc- ` 
tor for gas chromatography, there are certain additional > 
aspects of its operation which should be reported for they 


Preliminary tests indicate that o 






Unfortunately, experimental work = 
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ELECTROMETER 





fl : b € 
Fig. 1 


will no doubt make the device of interest for kinetic 
- studies. 
- Basically, the apparatus consists of: (1) a pair of elec- 
posed go as to contain between them a volume of 
gases in contact with a catalyst surface; (2) a 
ble voltage supply; (3) an electrometer. These two 
_ latter elements may be arranged as shown in Fig. la. 
- Various electrode configurations are of interest. Two of 
these are shown in Figs. 1b and c. In the ease of Fig. 1b, the 
mtral electrode is a heated platinum filament and 
ides the catalytic action. This filament is heated by 
5 of a separate current supply which is not shown in 
iagram. Fig. le shows an arrangement in which the 
ectrode consists of a wide probe, the position of 
‘be cl and the surface of which provides 
action. The filament illustrated in Fig. le 
nts a catalytic surface, in this case heated 
i ectly or indirectly. This second disposition of 
the electrodes prevents discharge of various ionic species 
at the catalyst surface with subsequent alteration of that 
_ surface. The cylindrical electrode, in either case, may be 
made of platinum foil or gauze. 
.. These various elements may be contained within a 
weaetion chamber similar to those provided by conventional 
agas-chromatographic catalytic combustion detectors®. 
overal modifications may be made to these basie units. 
- Ome such, installation through the detector wall of a 
_ apillary tube oriented axially with the catalyst filament 
and terminating just upstream of that filament, will allow 
` ‘the introduction of sensitizers, inhibitors, poisons, ete., in 
minute, metered quantities. Reactant gases are usually 
_ pre-mixed and led in through a single entry port. 
` This apparatus has been found to give signals of the 
vorder of 3 x 10- coulombs per mole of various hydro- 
-carbons and 2x 10 coulombs per mole of certain oxy- 
-genated organic molecules. With a reasonably sensitive 
electrometer adequate measurements can be had from very 
small quantities of reactant and this feature allows the 
device to be used when placed in series with the effluent of 
oa gas chromatograph. In such a way, reagent gases of 
-easily demonstrable purity may be conveyed into the 
_ reaction chamber. 
o> Some other features of general importance are worth 
mentioning. Combustion products may be separated and 
_ identified simply by passing the exit gases into a gas 
_cehromatograph. With flames this is only carried out with 
difficulty. Also, in contrast to work done with flames, a 
great degree of control may bo exercised over mixing of 
| pases, discrimination of ion densities at various points, and 
“maintenance and measurement of local temperatures. A 
_ variety. of catalysts may be utilized and investigated and 






the influence of electronic effects at catalyst surfaces. 


should be distinguishable. 
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So far as we know this is the first reported instmnes of 
device which will detect the charge evolved darini 
catalysed, low-temperature combustion and it she 
prove more advantageous than flames for studying 
kinetics of combustion reactions. 

GERALD PRREINS JUN, 
Kaxa Yare 
O. F. Formen, gos. 
Research and Development Department, ee 
Continental Oil Co., 
Ponca City, 
Oklahoma. 
1 Fueno, Takayuki, Mukherjee, N. R., Ree, Taikyue, and. EByvin 


Bighth Intern. Symp. Combustion, 222 (Williams and Wilkins, Bal 

* Perkins, jun., G., Rouayheb, G. M., Lively, L. D., and Hamilton; 
in Gas Chromatography, Chap, 19 (Academic Press; New Y i 

: Sternberg, James C., Gallaway, William $., and Jones, David 
Gas Chromatography, Chap. 18 (Academic Pross, New York. 

* Folmer, jun., O. F., and Perkins, jun., Gerald, Intern, Symp. Ad 
Gas Chromatography, Houston, Texas (1963). 

* Sladecek, J., Coll. Czech. Chem. Com., 25, 686 (1960). 
















Interaction of Carbohydrates with Hydrogen 
Peroxide at Low Temperatures 





concentration and the actual nature of the sugar, 
In work recorded here, several compounds {Tab 
were treated with M.A.R. hydrogen peroxide, ¢ 
priately diluted in trebly distilled water and porot 
analysed for changes in peroxide concentration spoct: 
photometrically" and finally after about 16 woeks for 
degradation products chromatographically. No sp 
microbiological growth was observed during this period. 
Dark storage was maintained throughout to avoid possible 
photochemical reactions?. . 
Under these conditions the linear reduction of peroxide 
observed in all the solutions is dependent on initial s 
concentrations (Table 1). Since control peroxide so} 
without added carbohydrate remained unaffected, i 
be concluded that some reaction results when these sugi 
are mixed with hydrogen peroxide. Apart from original 
substrate, however, no conclusive evidence for degradation 
products has been achieved by chromatography. 
Examination of the solutions between 220 and $50. 
indicated a small but definite peak for sucrose © 
285 my, Amin 250 mu); but glucuronic acid, glucose, 
tose, mannitol and xylose did not develop any char: 
tie absorption over this range of wave-length. 
During the irradiation of oxygenated ‘carbohed 
solutions with cobalt-60 y-rays, hydrogen peroxid 




















titer 


anil 
various degradation products are formed. In one of the 












subsequent post-irradiation processes, complete 
pearance of this peroxide at a constant rate of bet 
and 4 x 10% molecules ml. min— at about 0° is a 
in all cases investigated“. Furthermore, earbon-14 pi ip 
chromatograms reveal post-irradiation changes in solute 
concentration. These changes may be due in part to 4 
interaction between peroxide and carbohydrate ma 
an observation which is supported by the fa 
p-glucuronic acid and peroxide at approximately 
lent concentrations to those in irradiated p< 
tions react at a similar rate, while the pe 
attained in irradiated water only, remained 
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Table 1. RATE OF DISAPPEARANCE OF HYDROGEN PEROXIDE (ANAE 19x 10-4 5 FROM AQueons CARBOHYDRATE Svennis AT ABOYT 0° 
S ees eee 7 ; i : E ame Te NG Oe a : 
z f _ l | i | i i | 1: 8-Dihydroxy: 
Compound |D- -Glucose | l D- Glucose | p-Fructose | p-Frue tose ei] D-Xylose | D-Xylose | D- -Mannitol | Sucrose B Sucrose | propan-2-one 
eee eee eee : | — OS oe . 
| {Suzar] x iPM 1:22 57 | bea Ez | 133 | 7-41 | 56 0-64 29 | 38 
~{H,05] molecules i | | | 
25 | 65 72 i 57 1 79 i 48 27 | 41 
i i f 


ml min x 10> a 16 








a 256 h post-irradiation period. Rate values quoted in 
“Table 1 further support the previous interpretation?? of the 
> origin of ‘post-irradiation effects in aqueous solution. 
Timberlake has also suggested sugar—peroxide interactions 
to account for the stabilization of ascorbic acid in model 
systems?, 
G. J. Moopy 
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Odour of Optical Isomers 


Tue odour differences of optical isomers have been 
reviewed by Naves!'. To date, the most that has been 
observed is a slight difference in the strength or ‘note’, 
and this has often disappeared when the substances were 
rigorously purified. More important, I know of no cases 
where one of the enantiomers is odorous and the other 
- ds not. These facts have a significance which has so far 

“been. overlooked. 

It has been suggested by several authors? that the 
first stage in the process of smelling is the bringing 
. together of the odour molecules and the olfactory organ 
in such a way that some metabolic, probably enzymatic, 
process is thereby retarded or accelerated. 

‘The well-known stereospecificity of enzymes makes it 
difficult: to believe that optical antipodes could so consis- 
tently have the sarne, or nearly the same, odour quality 
and intensity if their perception depended on any such 
enzymatic process. If odorous substances can over-ride 
the stereospecificity of the enzymes, they should be highly 
and non-specifically toxic—a property which perfumes in 
general simply do not have. By an extension of the same 
reasoning, it follows that the primary process of olfaction 
cannot be an enzymatically controlled transformation of 
the. odorous molecule. It follows. therefore, that the 
initiation of an olfactory sensation must depend on a 
physical rather than a chemical interaction, and that 
enzymes can be involved only in the secondary process of 
restoring and reactivating the olfactory cells after the 
odorous molecules have done their work. 

The. point appears to be general enough to eliminate 
any ‘chemical’ or ‘enzymatic’ theories of olfactory 
stimulation. 

R. H. Wricur 

British Columbia Research Council, 

= Vancouver, 8, Canada. 
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Preparative Scale Chromatography with 
Analytical Columns 


Two major problems are encountered when using large 
samples in gas chromatographie separations. First, the 
charge has to be placed on the column in such a manner 
that serious band-broadening does not occur due to slow 
volatilization of the sample. Secondly, the column should 
be operated so that peak asymmetry, resulting from the 
non-linear nature of the adsorption isotherm at high levels 
of concentration, is eliminated or counteracted. 

When the second effect was eliminated by suitable oper- 
ating conditions, satisfactory chromatograms were ob- 
tained with heavy loads by placing the charge on the 
column and allowing a period of five minutes to elapse 
before the commencement of elution. This procedure is: 
similar to that used by Daniel’, who used the delayed 
elution technique to improve the performance of analyti- 
cal columns. The second problem of counteracting or 
eliminating the peak asymmetry resulting from solute 
overload was less simple. In order to explain the method, 
it is necessary to describe briefly the thermal changes that 
occur in a column when a solute passes through it?. As a 
solute enters a theoretical plate the heat of solution is 
evolved and the temperature rises and reaches a maximum 
near the point of maximum solute concentration. As the 
solute is eluted from the plate the heat of solution is 


absorbed and cooling takes place. For charges of a few >. 


milligrams the temperature change can be as great as 5° C. 
This thermal effect will cause the higher concentrations 
in the peak, where the temperature is greatest, to move 
more rapidly through the column than the lower concen- 
trations; this relative movement of the different: 


concentrations in the peak results in an asymmetric elution ` = 


curve opposite in form to that due to column overload. 
From the equation of the temperature curve of the 
theoretical plate during the passage of a solute through 
it®, it was shown that the temperature increases propor- 
tionally with increasing flow rate, producing greater peak 
asymmetry at higher gas flows. The overloading effect. on 
a column increases with the solubility of the solute in the 
liquid phase and thus with the retention time or partition 
coefficient of the substance chromatographed. By the 
selection of a suitable programme for increasing the 
flow rate as elution proceeds, the peak asymmetry caused 
by the two non-ideal effects, thermal changes and column. 
overload, can be made to counteract one another to give a 
symmetrical peak. The increasing flow rate, however, will 
cause band-broadening as well as rendering the peak 
symmetrical. Some loss of resolution would therefore: 
oceur which would have to be counteracted by reducing 


the mean operating temperature and thus increasing the. 


separation ratios. 

The experimental work was carried out using the Pye 
panchromatograph fitted with a molecular entrainer which: 
is, in effect, a splitting device, drawing a small fraction: 
of the column eluate into a macro-argon detector. With 
this device the column can be flow-programmed without: 
alteration in the base current from the detector. The 
eolumn used was 5 ft. long, 4 mm in diameter, packed 
with 25 per cent squalane on 100-120 B.S. mesh ‘Celite’. 
Charges of inereasing size were chromatographed while 
varying the prograrame time and flow limits until a charge 
of 175 ul. was satisfactorily resolved. The results obtained 
are shown in Fig. 1. It is obvious from the chromatogram 
that very heavy charges can be placed on an analytical 
eolumn in the manner described and useful separations 
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n-Heptane 


Benzene 


Toluene 


n-Octane 





Ethyl benene. 


Programme end 
Hexane 


Programme start 
Injection point 





90 60 30 
Time (min) 
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Chromatograph of a heavily loaded analytical column using 
: programme flow-rate. Size of sample, 175 ul.; column length, 5 ft.; 
Junin. diameter, 4 min;. stationary phase, 25 per cent squalane; 
‘support, 100-120 mesh ‘Celite’; column temperature, 50°C; detector 
temperature, 100°C; detector, macro-argon; -chart speed, 5 ‘in./h; 

amming time, 75 min; programme flow (exponential), 0-100 ml./ 
ee n 


“Fig. 1 










rom these results it was predicted that a 
lumn of Lem in diameter would be capable 
l. of the same mixture. In fact, slightly 
olution was obtained with this sized charge on 
‘ger column as the efficiency was considerably lower 
| than that. of the analytical column. 
‘The assessment of the correct programme for any given 
mixture is at present being ascertained by experiment, 
< but it has been deduced that the flow programme utilized 
must be exponential. It should be possible to calculate the 
correct flow programme from the data obtained when a 
small sample is chromatographed under normal conditions. 
R. P. W. SCOTT 





W. G. Pye and Co., Ltd., 
Cambridge. 
ot Daniel, N. W, R and Richmond, J. W., Chem. and Indust,, 1441 (1961). 
oo * Seothy R, P. W., Anal. Chem., 35, 481 (1963). 


Identification of Purines on Paper 

oo Chromatograms 

-o OweENG to the frequency with which caffeine is used for 
¿the illicit medication of racehorses, the positive identifica- 
tion of ug quantities of this compound is a matter of 
“gome importance. Although a caffeine spot on a paper 
“chromatogram exhibits a deep blue fluorescence under 
ailtra-violet light, and may be eluted for subsequent 

jdentification by spectrophotometry* or by crystal tests’, 
in common with most other xanthine derivatives caffeine 
does not react with the usual spray reagents, and there 
“js need of a colour reaction which can be carried out 
directly on the paper. 

Chanda and Chakraborty* have described a mothod of 
` performing the murexide test on paper chromatograms, 
_ but this is not satisfactory on citrate-buffered papers, 
“particularly with compounds isolated from body fluids. 
-We ha d that the following method gives good 
results: The spot is located under ultra-violet light and 
exposed to bromine vapour for 2 min. In order to 
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taining the spot and suspending it over a li Bgu 
bromine in a small conical flask. The paper is next held 
in the steam over a boiling-water bath fer 1 mm 
then heated for 5 min in an oven at about 110° 
C. A rose-pink spot develops, which becomes rod 
purple when exposed to ammonia. Theobromins (0- 

and theophylline (0-55) also give this reaction. as do 
l-n-hexyltheobromine (0-90), proxyphylline {0 bo: 
phylate (0-27), and diprophylline (0-43), but the @ 
between the Rr values of these compounds, ind 
parenthesis here, and that of caffeine (0-64) is. su 
to make differentiation possible. The sensitivity < 
test for caffeine is about 10-20 pg. 
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BIOPHYSICS 


A Simplified Method for Extraction of Reduced _ 
Cytochrome-552 and -556 from Euglena 
gracilis (Z) 


Two spectrally different. cytochromes have beer 
by chemical fractionation from Huglena graec 
Because of the differences in the absorption spectra 
chemically reduced forms, these. cytochromes hav 
designated as cytochrome-552 and cytocl 
Cytochrome-552, in the reduced form, extract 
photosynthesizing green cells has absorption : 
552, 523, and 416 my, while cytochromoe-556, 0 
from cells grown in darkness and from Muglena 
which are non-photosynthetic, has reduced abs 
peaks at 556, 525, and 421 my. 

The extraction and purification of eytochromes-( 
-556 from Euglena have required large quantities of : 
In addition, the carotenoid and chlorophyll pigmeénis ack 
difficulties to the extraction procedure. 4 

Cytochrome-552 was spectrophotometrically identified | 
in a saline supernatant from an old (38-day) photos 
thetic Euglena culture which had been washed w 
per cent sodium chloride (pH 6-5) in preparation. 1 
biochemical extraction. This observation. led to qu: 
the environmental conditions on the ¢ytochrom 
tion. Euglenae gathered at ages 7-40 days, and a 
4-5-7-5, were extracted in various. concentra 
sodium. chloride, in 0-05. M phosphate buffer p. 
tap water and in distilled water, All these. ex 
showed the spectrally reduced. form of eytochr 
The yield of the extraction was found to be ind 
of the age, pH, and salt concentration, but depon 
the volume of the extractant. gs 
Since the cytochromes are relatively more wat: 
than the carotenoid and chlorophyll pigo 








the cytochromes in the spectrally reduced form, wher: 
when greater dilutions of water were used, the extra 
cytochromes were in the oxidized form. 

The procedure for extraction was as follows. From cach 
300-ml. culture bottle in the log phase of growth, Heht- 
grown Huglenae were gathered by centrifugation {3 min 
at 10,000g). The pelleted cells (1-5 g wet weight). » 
resuspended, washed, and recentrifuged. This was rep 
3 times, with 40, 20, and 10 mi. of 0-9 per car 
chloride. No spectrally identifiable cytochrome 
peaks were evident in any of the 3 discarded su; 
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D (S 3tochrome 552 extracted from one 300-ml. culture bottle 
eS gweet well ight) t) of Nebierown, Euglena gracilis, (1) First extraction 
AS i M tro: ed cells in 5 ml, 0-9 per cent sodium chloride. , 
my 9 After Keron. lyophilization (5 x 10-* M) in 0-5-ml; distilled water. 
cioa One to fifteen dilution (8-33 x 10-* M) of cytochrome (curve 2). 
y OF Oxidation ‘product of seduced oy tochtome (curve 2) by 5 x 107 M 
HAS are a 





washes. The washed Euglena cells were again suspended 
‘in 2ml. of 0-9 per cent galine and chilled in the refrigerator 
at 5° C for 16-18 h, frozen at — 10°C, thawed, and 
centrifuged. This helped to break the cells, and was 
repeated. twice by resuspending the cells in 2 ml. and 
Il ml. 0-9 per cert saline. The total volume then was 5 ml. 
of extracted, cytochrome-552, which had an absorbance of 
0-14 af 552 mu (Fig. 1, curve 1). 
For further purification, the 5-ml. extract from above 
was chilled overnight at 5° C and recentrifuged for 1 h to 
remove denatured material. The cytochrome supernatant 
was then lyophilized to a volume of less than 1 ml., which 
increased. the salt and the cytochrome concentration. 
Refrigeration overnight at 5° C and centrifuging for 1 h 
. removed a large amount of denatured protein. The 1 ml. 
. cytochrome solution was dialysed to remove the salt, 


. -i which again doubled the volume. The cytochrome was 


again lyophilized and resolubilized in 0-5 ml. distilled 


water. The spectrum of this preparation is illustrated in 


< Fig. 1, curve 2, in which the 0-5 ml. extract shows an 


e absorbanco of 1:4. A 1-to-15 dilution of this cytochrome’s 


spectrum from 240 to 640 my is shown in Fig. 1, curve 2a. 
The «-, B-, and y-bands are respectively at 552, 523, and 
416 my. "The 552/523, 416/552, 265/416, and 265/552 
ratios were respectively 1-5, 4:1, 3-9, and 16. A l-to-50 
dilution of the cytochrome (Fig. 1, curve 2) from the 
260-280 my absorbance‘ gave an estimated protein 
concentration of 0-12 mg/ml. The oxidation product of 
eytochrome-552 by K,Fo(CN), which could not be 
further reduced by NaSO, is shown in Fig. l, curve 3, 
indicating the B-band shift to 524 my, and the y-band to 
412 m 

To oi the cytochrome-552. yield from the 1-5 g 
~ wet weight of cells, we assumed that the cytochrome-552 
<- molar absorption coefficient is 2-8 x 104, tho same as that 
of eytochrome-c’, The 552-my absorbance of 0-14 (Fig. I, 
curve 1) is given for the total volume extracted in 5 ml. 


< This would represent. 1-5 x 101 molecules of extracted 


< eytochrome-552, compared with a chlorophyll a concen- 
ration of 9x 10° molecules. Tho molecular ratio of the 
tracted pigments would then be 1 eytochrome-552 
sleeule for 600 chlorophyll a molecules. The protein 
ated for an-absorbanco of 0-028 at 552 my is 0-12 
: : when using the cytochrome-c molar absorption 
eoofficiont. This corresponds toa 1x 10-* M solution of 
cytochrome-552, giving a molecular weight of 120,000 for 
our preparation. However, since our preparation was not 
pure, the oytoghrame-¢ molecular weight of 12,000 was 
used, and our 1:5 x 1015 molecules of extracted cytochrome- 
552 had a weight of 3-06 10-4 g for 1-5 g of Euglena colls. 
However, if the eytochrome-552 yield is taken as 0-19 
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, based on 1 molecular ase of 120, 000 thera - 





S Pala boa Tatio of 1 g of cytochrome-552 to 4-7 g s 
-chlorophyll a. — : 


If, instead, the yield is based on a 
cytochrome-c molecular weight of 12,000, a weight rath ER 


of 1 g of cytochrome- 552 to 44 g of chlorophyll a iso ; 


obtained. 


By the same method, we have also extracted cytochrome: : 


556 (in the reduced form) from dark-grown and from a 
streptomycin bleached (SM) mutant strain of Euglena. 
These mutants no longer synthesize chlorophyll, but 
produce large. quantities of carotenoids. The cytochrome- 
556 «-, B- and y-absorption peaks were at 556, 525 and 
421 mu. Its oxidation product using K,Fe(CN), has tho.” 
B- and y-bands at 523 and 412 myu. The yield of the reduced 
cytochrome-556 per 100 g wet weight was estimated to be. 
approximately 1/6 of the cytochrome-552 extracted from 
green cells. The foregoing results agree with previous ` 
investigations of the cytochrome concentration found in 
dark-grown and heat-bleachod. Huglena?:*.*, 
These investigations indicate that eytochromo- -552 and 
-556 can. be easily extracted from Euglena in relatively | 
high concentration by taking advantage of their water 
solubility and limiting the water phase in extraction so- 
that the total concentration of the cytochromes remains 
above 5 x 10-* M. 
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BIOCHEMISTRY 


N-Terminals of Porcine Gamma-globulin 


A PREVIOUS report’ indicated that porcine y-globulin 
contained at least 6.N-terminals, which, however, were not 
identified and measured. This communication deals with 


the results and interpretation of more recent work", _ 


Commercial porcine y-globulin (Pentex, Lot 2007) 


was used without further purification; its N content was © : 


15-68 per cent on dry weight‘. After dialysis for 24 hin 


veronal buffer pH-8:6 and ionic strength 0-1 at 0° C, the 


globulin was homogeneous’ in the free electrophoresis: 
Dinitrophenylation of various 


(Perkin-Elmer, Model 38). 
liquids showed that no impurities or products of hydro- 


lysis such as amino-acids and peptides were released by the oe 


protein during dialysis. 


The N-terminals were determined after a slight modifica- ae 
The tert. amyl aleohol- = 


tion of Sanger’s method?’. 
phthalate buffer system was used for the chromato- 
graphic separation of the DNP-amino-acids*. Protein 


samples of 30 mg were dissolved in 30 ml. of aqueous > 
sodium bicarbonate (2-5 x weight of the protein)-carbon-- 


ate mixture at pH 9 and shaken with 2,4-dinitro- 
fluorobenzene (DNFB) for 3 h at 27°C. Dinitrophenyla- ` 
tion of the free amino groups was complete under these 
conditions. In all the experiments reported here, no 
DNP-amino-acids, DNP-peptides and yellow products 
whatever except DNFB and DNP-OH (dinitrophenol) 
were found in the supernatants and washings of the 
DNP-protein. 











No, 4882 May 25, 1963 


‘Table 1, MOLES OF N-TeRMINALs IN 160,000 ¢ PORCINE y-GLOBULIN. 
a. es AVERAGE OF BIGHT ANALYSES 

: gu sala ser thr yal lea 

ae L32 070 017 0050-10 

Average deviation + O02 0-02 0-01 GOL 0-01 6-01 


The figures in Table 1 wore reproduced many times 
in the course of numerous experiments; they are referred 
to dry weight and are corrected for losres on hydrolysis 

{no loss) and chromatography of the DNP-amino-acids. 
No measurable quantities of DNP-serine, -threonine, 
va and -leucines were found in samples of 15- and 
globulin. Eriksson and Sjoquist*, by Edman’s 
30d, were unable to find these minor N-terminals 
entex y-globulin. One could speculate: their sample 
did not produce enough thiohydantoin; the two 
reparations behaved differently because of 
ither source or conditions; and, according to an existing 
y*, minor quantities of N-terminals might derive 
‘from attack of DNFB on the protein. 
- None of the conditions or treatments considered of the 
| protein prior to dinitrophenylation affected the quantities 
of the 6 N-terminals of porcine y-globulin, including: 
_@ longer. time. (24 h} of dinitrophenylation; a higher 
H of the reaction mixture; incubation of the protein 
at 27° C in glass-distilled water, 2 M, 4 M, 6 M and 
unsalted unbuffered urea? near pH 7; incubation for 
- 24h at 28° C in the sodium bicarbonate—carbonate mixture 
at pH 9 in the presence of various concentrations (0-1, 
0°01, 0-001 M) of sodium decyl sulphate or in the absence 
_ of detergent ; incubation for 24 h at 28° C in 0-1 M hydro- 
hloric acid. 
All those conditions, however, caused a remarkable 
730x ) increase of DNP-OH and DNP-NH, in the 
ier extract of the hydrochloric acid hydrolysate of the 
lobulin. - 
wo artefacts have always been observed in the 
analysis of proteins’*. Our experience here is 
the knowledge" that, except in some specifie 
xy are not derived from the destruction of the 
V-terminals on acid hydrolysis. Neither dinitro- 
phenol nor dinitroaniline was found in the ether extract 
of mixtures of the synthetic DNP-amino-acids (-gluta- 
mic, -serine, -threonine, -alanine, -valine, -leucines) 
which had been treated under the same conditions of 
hydrolysis of the DNP-globulin in the absence of the 
-DNP-protein. The resistance of these DNP-amino-acids 
to acid hydrolysis is known". Furthermore, the yields 
of DNP-OH and DNP-NH, did not increase or decraase 
when the DNP-globulin was hydrolysed in the presence 
_of the synthetic DNP-amino-acids, the quantities of which 
were recovered intact together with the unchanged 
quantities of the DNP-N-terminals of the protein. 





































Co Eable 2, MOLES oF ARTEFACTS IN 160.000 @ PORCINE Y-GLOBULIN 


ee DNP-OH DNP-NH, 
Standard .3-h. dinitrophenylation 0-88 1-25 
‘Standard 24-h dinitrophenylation ` 5-56 5-86 
Incubation 6 h in 8 M urea, and 3-h dinitro- 
oo. pPhenylation 1-45 2-41 
Incubation 24 k in 0-1 M sodium deeyl sulphate 
at pIE 9, and (a) 3-h dinitrophanylation 1:32 3-25 
(b) 24-h dinitrophenylation 32-31 10-69 


The results in Table 2 show two effects: denaturant 
and time of dinitrophenylation. The reaction was carried 
As various 


out in the presence of the denaturant?-4. 
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However, the 2/1 glutamic acid/alanine ratio was | 
served, for example, 1-00/0-46 in Lot 2006, The. rat 
value of 2/1 was found also in another laboratory’. 
general, as is evident from the findings of numerous iy 
gators‘, the quantities of the N-terminals. of var 
proteins may change with the source (laboratery..or 
physiology) of the protein and must refer to the given 
protein preparation. 

In conclusion, porcine y-globulin is another. fe 
example of a protein which contains submolar qu 














a model of the molecule of porcine y-globulin, "Th 
in Table 1 cannot be construed to mean that the g! 
molecule consists of 3 polypeptide chains, two and o 


alanine. Indeed, one does not know which protein 
paration is the most. native globulin: Lot 2006 or Lot 
2007, the protein which contains half a mole of @ given 
N-terminal or that which contains one mole “of that 
N-terminal. After an arbitrary correction of 30 por cont: 
in Table 1, two moles of glutamic acid and one male of 
alanine? are obtained in one mole (160,000 mol, wi.) of 
porcine y-globulin (Pentex 2007}; however, no corrections 
whatever for the destruction of DNP-N-terrminals. on 
acid hydrolysis are justified here. Furthermore, unless 
the amino-acid sequence is ascertained, one mole of s 
given N-terminal does not necessarily mean a one poly- 
peptide chain. Inasmuch as the multiple cleavage Of 
eyclic structures may not impair the unity of the protem 
molecule‘, the quantities which aro submolar at cach 
given point of cleavage may add together to make one. 
mole. Finally, the problem of the N-terminals of porcine 
y-globulin and other proteins must be centred around some 
of the proteins’ fundamental properties*-*, which sre 
still unexplored and are the object of forthcoming pape: 
I thank Prof. Charles R. Dawson for his hospitali 


And interest. Gruserre Conacredo 
American-Standard Research Division, 
Union, New Jersey. 
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Possible Role for Water and Inositol in the 
Structure of Nucleoproteins 


Ir has been shown!’ that inositol will preserve. 
viability of bacterial cells and virus particles. subjected to 
partial desiccation in aerosols. Previous experiments lave 
shown also that the protective action of this compound 
relies on its ability to replace the water molecules removed 
from the microbe during desiccation. Sinco the mieso 
was found to die only when the water ‘bound’ to 
components was removed, it was suggested that hydro 
bonds formed between the cell components and water v 
largely responsible for maintaining the integrity of t} 
components. Because of its structure, inositol 
assumed to act as water during periods of desiceation 
hence maintain the essential configuration of the dell 
ponents. Later investigations indicated that- 
component destroyed by desiccation was the r 
acid and experiments with Rous sarcoma virus showed 












wi 











inositol could protect this virus against inactivation during _ 


desiccation: in aerosols. ; ; 

At 30 per cent relative humidity bacterial cells are 
-rapidly killed by 3000-4000 A ultra-violet light+. It was 
considered, therefore, that if relative humidity affected 
the lethal action of this light on Rous sarcoma virus, any 
change in lethality should be prevented by inositol if 
inositol and water were interchangeable as structural 
units of the virus. 

The generation of the aerosol, its storage and virus 
preparation and assay were as described in a previous 
paper’, For irradiation an R.S. sunlamp was used together 
with a filter as previously described*. However, to com- 
mence -the series of experiments the aerosol was held at 
80 per cent relative humidity and the distance of the lamp 
adjusted so that in 15 min the radiation was just insuffi- 
cient to inactivate the virus particles. This distance was 
24 in. from the aerosol drum. Aerosols were then held at 
successively lower relative humidity values with and 
without inositol and the inactivation of the virus measured 
by titration in-chicken eggs. 

‘The inactivation of Rous sarcoma virus by ultra-violet 
light was strongly dependent on the relative humidity at 
which the aerosol was held. In Figs. 1 and 2 the results 
are expressed as a ratio between the percentage of virus 
‘recovered in the dark (Np) and the percentage recovery 
from the irradiated aerosol (NR). This was done so that the 
influence of the ultra-violet could be distinguished from 
< inactivation due to the aerosolization procedure. As 

shown in. Fig. 1 there is a very rapid increase in the 
sensitivity of the virus to ultra-violet as the relative 
humidity is lowered from 70 to 50 per cent. 

Below or above this region changes in relative humidity 
had little effect. If the virus was aerosolized from inositol 
the light had no lethal action at any level of relative 
humidity. Neither thiourea nor glutathione has any 
lethal action on airborne bacteria or viruses”, and since 
these compounds have been repeatedly reported to prevent 

- damage by ultra-violet light, a comparison between the 

“protective ability. of these compounds and inositol was 

. made. The results shown in Fig. 2 indicate that while 
` both chemicals afforded the virus a small measure of 

“protection, inositol was by far the more effective com- 
| pound. 

Several years of work have shown that in bacterial cells 
inositol does not protect by retaining water in the cell, 
and that its action is due to an interaction between the 
—-OH groups of the compound and the cell nucleic acids. 
This hypothesis was further supported by the demonstra- 
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Fig. 1. Effect of 15 min ultra-violet-irradiation on airborne Rous 
sarcoma virus. x, Virus aerosolized from a suspension in water; 
A, Virus aerosolized from a suspension in inositol 
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Fig. 2. Protective action of inositol and thiourea on airborne Rous: 
sarcoma virus subjected. to ultra-violet irradiation, Aerosols were held 
at 30 per cent relative humidity 


ted ability of inositol to protect Rous sarcoma virus in 
dark aerosols’. . Also, it is known that the death of 
bacterial cells only occurs when ‘bound’ water is removed 
from the cell and the most rapid rate of increase in the 
death-rate occurs when the relative humidity is lowered 
between 70 and 50 per cent’. This is true also of ultra- 
violet inactivation under the conditions described. . It 
seems reasonable then to assume that water molecules.are — 
not only responsible, in part, for the structural integrity 
necessary for biological activity of some nucleic acids, but 
also afford RNA virus particles protection against ultra- 
violet damage. The facts that inositol: (a) is optically 
inactive towards the wave-length of light used; (b) will... 
protect the virus in the same manner as does high relative 
humidity; and also that (e). the experimental system, 
using aerosol, concerns itself with two things only, the 
virus and changes in its ‘Bound’ water content, allsupport 
the idea that inositol can replace and. aet like: water 
molecules when a cell or virus is subjected to partial 


desiccation. In more recent experiments, to be described : 


later, it has been found that inositol will not only replace - 
water molecules but also some of the bases of the nucleic 
acid molecules without apparent effect on the metabolism 
or growth of both bacterial and mammalian cells. 

In the Watson and Crick model of DNAS, the two 
helices are assumed to be joined by hydrogen-bond 
bridges between the paired bases. Chemical analyses of 
many microbial cells, however, do not show the correct 
base ratios; the model too does not account for the: 
apparent changes in refractive index of DNA molecules: 
observed in growing cells. Since water movement is i 
fundamental of all metabolism, if some hydrogen-bond. 
bridges were made through water molecules in a living. 
cell, metabolism would undoubtedly alter the RNA ‘(or 
DNA) water ratio, thus affecting their refractive index. 
Also there would not be quite the same necessity for exact 
matching of bases as visualized by Watson and Crick and 
thus allow more flexibility in their model. The purifica- 
tion and X-ray techniques would. in themselves, remove 
the water molecules and may, in fact, produce the helical. 
structure observed. The inactivation of fully dried viruses. 
by radiations undoubtedly requires the rupture of strong 
covalent bond, but these inactivations are carried out on 
the very small number of viruses lucky enough to have 
acquired, by chance, a configuration enabling them to. 
return to ‘normal’ when rehydrated. Also, inactivation of 
suspensions in water may require a similar breakage since 
the large number of water molecules will protect until 
such a time as a strong bond is broken. The aerosol, or 
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partial desiccation, is an excellent tool for investigating 
the relationship between ‘structural’ water and the cell or 
virus and there can be no doubt that 99-9 per cent of these 
microbes die as a result of an irreversible change in the 
structure of their nucleic acids due to the loss of water 
molecules. S. J. WEBB 
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_ Carbohydrase Activity of Rumen Entodinium 
Species from Sheep on a Starch-free Diet 
|oo Oxreoraice ciliates from the rumen ingest. plant parti- 
 cülate matter but, unlike the holotrichs, are apparently 
unable to utilize soluble sugars'. Some oligotrichs are 
able to utilize a wide range of plant carbohydrates; thus 
 eell-extracts of Epidinium ecaudatum, isolated from cows 
fed fresh red clover, have been shown to contain amylase, 
= maltase, hemicellulase’ (xylanase plus arabinosidase), 
ew galactosidase® and pectinase*, By contrast one cligotrich 
species, Entodinium caudatum, appears to live solely on 
arch grains’. This was confirmed by Abou-Akkada and 
oward*, who found amylase and maltase, but no other 
rbohydrase, in cell-extracts of this organism prepared 
from a sheep fed on hay plus grain. 
In connexion with these latter observations we were 
t d to- observe that in the protozoa-rich rumen 
‘of sheep grazing pure rye-grass pastures nearly 
80 per cent of the protozoa were Entodinium species. The 
< entodinia were mainly E. ovinum, E. longinucleatum, E. 
indicum, E. biconcavum and E. bicarinatum; E. caudatum 
was absent. As rye-grass contains less than 0-7 per cent 
` {dry wt.) of starch’ it is, compared with clover or grain, a 
“low starch diet suggesting that the large numbers of 
entodinia present were not predominantly plant starch 
eaters or obtained starch from some other source. Because 
of their abundance and relatively small size it proved 
possible to isolate, by differential centrifugation, an 
entodinia preparation free from other protozoa and 
`: relatively free from bacteria. Cell-extracts prepared from 
these Entodinia were tested for carbohydrase activity. 
Ci “The entodinia were disrupted by treatment for 2 h in 
. gndole-buffer*, which does not disrupt bacteria, and 
- eentrifuged to give extract A (25 ml.), after which the 
-residue was re-extracted, by grinding with ‘Ballotini’ 
© beads in citrate buffer (0-1 M, pH 6-0), and centrifuged to 
give extract B (25 ml.). Both extracts were re-centrifuged 
(25,000gy and dialysed at 2° against distilled water and 
citrate buffer respectively. The extracts were tested for 
earbohydrase activity in digests containing carbohydrate 
(5 mg), extract (0-5 ml.) and citrate buffer (0-5 ml., 
0-1 M, pH 6-0) which were incubated at 37° for 24 h and 
analysed, by paper chromatography, for liberated sugars. 
- Appropriate controls were included. 
Extract A rapidly hydrolysed amylose and amylopectin 
(to maltose and maltotriose), xylan and arabinoxylan (to 
arabinose, xylose and xylobiose), laminarin (to glucose) 
sand cellodextrins (to cellobiose and cellotriose). Maltose, 
Jaminaribiose. and sucrose were hydrolysed at a much 
< slower rate, while cellobiose, 8-glicosides, «- and $B- 
-galactosides, pectin and native cellulose were not hydro- 
lysed... Extract. B contained weaker amylase, xylanase 
`- and cellodextrinase activity than extract A but hydrolysed 
_ maltose and lamimaribiose at a faster rate and also 
_ hydrolysed cellobiose. Chromatograms of the xylan 
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digests after only 6-h incubation showed the presence of 
a series of homologous oligosaccharides indicative of 
random cleavage of the xylan chain. Similar chromato: 
grams of the cellodextrin digests suggested that im this 
case hydrolysis was by the endwise removal of cellobiose 
units. In contrast to the foregoing action of the extedinial 
xylanase, epidinial xylanase has been observed to } 
lyse xylan chains by the endwise removal of xylobiose 
units?. 

Entodinia have been reported’ to ingest ramon bacteria 
the disruption, by digestion or autolysis, of which coul 
provide bacterial starch. Neither of our extracts Lhe 
any sugars from freeze-dried rumen bacteria altiio 
simple disruption of the bacterial cells should have exp: 
the intracellular starch to amylase activity. [bis po 
however, that the ingested bacteria autolyse ins g 
living protozoa or that enzymes responsible Tor ther 
disruption are present but were not extracted by our 
procedure. This latter possibility may also expla the 
absence of a true cellulase in our extracts. 

The carbohydrase activity of the cell-extracts sugge 
that the mixed Entodinia from our grass-fed sheep 
able to utilize carbohydrates other than stareh and 
possibly even cellulose. In cultures in this laboratory 
some of the larger Entodinia have in fact boen observed 
ingesting both cellulose and grass particles. The results 
suggest that so far as carbohydrate digestion is concerned 
the starch-eating Entodiniwn caudatum may be an 
atypical member of the genus Hniodinium. 

BR. W. Barney 
R. T. J. CLABES 
Plant Chemistry Division, 
Department of Scientific and Industrial Research, 
Palmerston North, 
New Zealand. 
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Effect of Carcinogenic Polynuclear 
Hydrocarbons on the Metabolism of Estrogens 


Huaeerss! in 1961 showed that a single feeding of corte: 
polynuclear aromatic hydrocarbons rapidly evoked moti 
mary tumours in female rats and that the incidence of 
cancer largely depended on the hormonal status of tne 
animals. Furthermore, Dao? has demonstrated the failure 
of 3-methylcholanthrene to induce mammary cancer ih 
male rats irrespective of the dose given and despite the 
fact that its concentration was the same in the mammar 
tissues of both sexes. Since, in addition, Conney, Mill 
et al.3~* have shown that these carcinogens rapidly Indu’ 
the formation of hydroxylating and other enzymes in rut 
liver, it was decided to investigate the fate of orally 
administered polynuclear hydrocarbons on the metabolism 
of steroid cestrogens in hepatic tissue. 

(16-4C) cestrone or cestradiol (37 x 10° e.p.m. in 10 us) 
was incubated under oxygen for 30 min at 37° C with the 
supernatant fraction (8,000) of a rat liver homogenate, or, 
occasionally, with the isolated (100,000g) microsomes, and 
the amount of radioactivity remaining in the aqueous 
medium after extraction with ether at pH 1 determined. 
In addition, each ethereal fraction was examined for 
cestrogen metabolites by chromatography in the toluene. 
propylene glycol’ or a modified Bush? system (beng 
ethyl acetate, methanol, water, 19 : 1 : 4 : 18) fellow 
autoradiography’. The polynuclear hydrocarbons 
solved in oil by gentle heating, were administe: 
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stomach tube to 40-50-day-old female Sprague-Dawley or 
Control animals received oilalone. : 

The results in Table 1 show that the liver microsomes of 
rats which had been fed 7, 12-dimethylbenz(a)anthracene 
(DMBA) or 3-methylcholanthrene (MC) had a greatly 
enhanced ability to convert either cestrone or cestradiol to 
the unidentified water-soluble products reported in pre- 
vious publications®°, This change in metabolism was 
maintained for at least five days. The production of these 
biologically inactive œstrogen metabolites was also 
` enhanced by benz(a)anthracene, dibenz(a,h)anthracene, 
and benz(a)pyrene, but phenanthrene hed no effect. 


Wistar rats and the animals were killed two days later. 


Table 1... EPFEOT OF ORALLY ADMINISTERED POLYNUCLEAR HYDROCARBONS 
ON THR FORMATION OF WATER-SOLUBLE. (ESTROGEN METABOLITES BY RAT 
i LIVER MICROSOMES 


Percentage. of added 


Polynuclear No. of radioactivity remaining 
hydrocarbon * experimentst in aqueous medium after SD. 
extraction with ether 
E REEE ui, wema 24 20-4t 42 
-OO DMBA i 47-5 TI 
OMG $ 12 37:4 56 
‘i Benganthracene 7 41-5 67 
¿e Dibenzanthracene 6 35-5 76 
Benzpyrene 8 28-7 1 
=: Phenanthrene 6 22-9 46 


| #20 mg in 2-ml. sesame oil. 
Peete 1 Microsomes from 50 mg liver in 1-ml. sucrose (0-25 M) incubated with 
-catrogen (10 4g), NADP (8 x 10* M) and glucose-6-phosphate (3 x 10+ M) 
jo 2-mib potassium phosphate (1 M) buffer, pH 7-4. 
4 Œstrone and cstradiol gave identical results, 
z 0 The increase in water-soluble radioactivity was smaller 
and less consistent when the carcinogens were given intra- 
‘poritoneally and, when added in vitro, even low concen- 
trations (1 ug/ml.) of DMBA were found to be inhibitory. 
- Ethionine injected 2 h before dosing with DMBA 
completely abolished the action of the carcinogen (Table 2) 
“suggesting that this polynuclear hydrocarbon was exerting 
its effect by enzyme induction. 


oo Table 2. EFFECT ov ETHIONINE ON THE DMBA-INDUCED INCREASE IN 
WATER-SOLUBLE (ESTRADIOL METABOLITES FORMED BY Rat LIVER 
oe, MICROSOMES 

Percentage of added 


radioactivity remaining 


Treatment * in aqueous medium after 
extraction with ether 

—_ 13-6 

DMBA 42:3 
60-2 

DMBA + ethionine 1 a 
Ethionine 12-1 
15-7 


*DMBA (20 mg in.2-ml. oil) was given orally 24 h before killing the 
‘rats. Ethionine (50 mg in 2-ml. 0-9 per cent sodium chloride) was injected 
intraperitoneally 2 h before dosing with DMBA and also given orally after 
administration of the carcinogen. 


Pretreatment with’ carcinogen also resulted in the 
formation of at least two ether-soluble compounds thet 
wore not formed when the “C-cestrogens were incubated 
with the liver microsomes of untreated animals. 
cstradiol metabolite was more polar than the parent 
steroid but had a greater Rp value in the modified Bush 
system than either oestriol or 6-hydroxycwstradiol. 

Thus, an increase in the production of enzymes con- 
cerned. with the catabolism of cstrogens could con- 
-eeivably produce a hormonal imbalance in the “intact 
‘animal favouring the development of mammary tumours, 


. and enzyme induction by carcinogens may also produce 


biochemical changes in tissues concerned with the syn- 
thesis of steroid hormones. However, other factors must 
‘also be considered since benzanthracene, which is non- 
cercinogenic, had a similar effect on cestrogen metabolism 
as DMBA or MC, and any extension of in vitro observations 
t y situation in the intact organism must always be 
interpreted with caution. In addition, the liver micro- 
somes of animals which had developed mammary cancer 
asa result of carcinogen feeding appeared to behave like 











those of ‘normal ‘hepatic tissue when incubated with 


MC.cestrogens. 
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Uptake of Phosphorus-32 by Brain 
Microsomal Phosphatidic Acid in Rats 
Deficient in Essential Fatty Acids 


Hoxın and Hox! have shown that acetylcholine 
stimulates the uptake of phosphorus-32 into the phospha- . 
tidie acid of guinea pig brein microsomes when they are 
incubated with a system which generates adenosine- 
triphosphate-32 (AT **P). This has been used as evidence 
for the role of phosphatidic acid in active transport across 
membranes, and later work? has shown that the process 
is influenced by the fatty acids present. We considered 
that it would be of interest to extend these experiments to 
rats deficient in essential fatty acids’. Seales 

Brain microsomes from normal rats and those deficien 
in essential fatty acids‘ were prepared by scaling down the 
method of Hokin and Hokin® so that the microsomes. 


from one rat were suspended in 1 ml. of 0-25 M sucrose. 
Duplicate incubations were carried out using 0-2 ml... 
aliquots of microsomes from a normal and a deficient rat. | 


in an AT “P generating system! both with and without’ > 
acetylcholine. After incubation the microsomal phospho. 
lipids were extracted and separated on. silicie acid- 
impregnated paper as described by Hokin and Hokin’, 
except that the reaction was stopped by adding 4 ml. of |. 
chloroform-ethanol (1:1 by vol.) instead of trichloroacetic 
acid and the mixture was washed twice with 0-1 N hydro- 
chloric acid and twice with water. The paper chromato- 
grams were scanned with a Nuclear Chicago Actigraph IE 
and the radioactivity in the phosphatidic acid spots 
(Rr 0:73-0:78) was compared by measuring the. areas. 
under the peaks. The phosphatidic acid contained the 
greater proportion (57-85 per cent) of the total phospho- 
lipid radioactivity. ; 
Table 1 shows the results from two experiments. It can’ 
be seen that in both experiments acetylcholine stimulated © 
the uptake of phosphorus-32 into phosphatidic acid in © 
the normal rat brain microsomes. The stimulation of 
80--185 per cent in the normal rats was more than Hokin 
and Hokin? report for guinea pig brain (60-79 per cent), — 
but with the deficient rats there was no stimulation in 
one experiment and a much lower stimulation in the other. 
Also in each experiment the uptake of phosphorus-32.. 
by the deficient rat brain microsomes without acetyl- 
choline was of the same order as that by the normal rat: 
with acetylcholine. : es 
These results cannot be explained by an increased 
proportion of phosphatidic acid in the deficient rat 
microsomes, since this would not explain the lack: of: 
stimulation by acetylcholine ; thus the ecsontial fatty acid 
deficiency must have altered the properties of the brain. 
microsomes. 
Hokin. and Hokin! found that disruption of the brain 
microsomes abolished the stimulating effect of acetyl- 
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Table 1 
Yotallipid Relative radioactivity in 


oe phosphorus phosphatidic acid (per umole 
Exp. Rat {mean pmole/ of total lipid phosphorus) 
: : aliquot of {duplicate values)* 
pie seen microsomes} Control Acetylcholine 
cad Normal 2-64 G1, 100 172, 189 
: Deficient 319 184, 210 165, 161 
2 “Normal 147 100, 100 292, 280 
e «Deficient 1-98 282, 261 390, 419 


Sorat Relative ‘to tho. average radioactivity of the normal control in each 
experiment. i 


_ choline and increased the rate of uptake of phosphorus-32 
_ into phosphatidic acid to a level as great or greater than 
_ that in the stimulated but intact microsomes. Various 
_ workers havo investigated the effect of essential fatty acid 
__ deficiency on the structure of cell membranes giving evi- 
_ dence that the skin of rats deficient in essential fatty acids is 
“more permeable to water than that of normal rats’, 
erythrocytes and capillaries are more fragile’, 
t liver mitochondria from deficient rats are more 
ee jamaged than normal mitochondria’. Also, Collins! 
has shown that after in vivo injection of phosphorus-32 
_ into deficient rats the uptake by liver lecithin and 
_ phosphatidyl ethanolamine is greater than in the normal 
i These results arë all consistent with the view that a 
mey of essential fatty acids weakens lipoprotein 
nos. In the experiments recorded here the 
deficiency of essential fatty acids could have caused the 
_ microsomal membrane to disrupt more easily thus leading 
_ toan increased uptake of phosphorus-32 into the phospha- 
_tidie acid. 

o thank the National Health and Medical Research 
uncil of Australia for financial support of this investiga- 
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Lipoamino-acids from Bacillus megaterium 


_.. Ir has recently been reported by Macfarlane! that 
_ lipoamino-acids are probably of general occurrence in 

bacteria, and that they may easily be isolated in good 
yield if a suitable extraction procedure is selected. It was 
_ further shown! that these lipoamino-acids could be charac- 
terized with reasonable certainty as O-amino-acid esters 
_ of phosphatidyl-glycerol. We now report that some of the 
‘lipoamino-acid complexes obtainable from Bacillus mega- 

terium® appear to have this same structure. The phos- 
-phorus-containing fraction’ of Hunter and Goodsall? 
- was dissolved in ether and shaken at 20° for 30 min with 
an equal volume of N/15 sodium hydroxide (ef. Macfar- 
lane'). This procedure reduced the nitrogen content of 
_ the other phase from 2-5 per cont to less than 0-1 per cent. 
_ At the same time, the lipid became oxidizable by periodic 
_acid with the formation of formaldehyde. Using 0-04 M 
periodic acid in chloroform—95 per cent acetic acid, 569 ug 
_of the original lipoamino-acid. complex yielded 0-69 umole 
_of formaldehyde after the alkaline treatment (estima- 
ted by chromotropic acid; calculation for the O-leucyl 
_ ester of pentadecanoylpalmitylglycorylphosphorylglycerol 

= 0:71 umole). After complete hydrolysis of the lipo- 
amino-acid complex, the only organic compound detect- 
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Table 1. ANALYSES OF LIPIDS FROM B. megaieriun 
Acetone extractable 
Neutral Phosphe- lipoaminovacid 
Fatty acids lipid Hpid cotiplexes 
% Ye % 

aCe 0-31 o-4 21 
br-U,s < 0-05 < 0-05 < 605 
n-a < 005 < 0-05 < @-G5 
bry, 37 13-1 Lid 
Cas 24 69 Bok 
hbrh, 24-8 34-9 370 
nC ys, 2-6 3-8 23 
A br—-Oy, 1-4 0-7 oo 

ii 8-0 74 më 
Cre mOnoene 14-1 T8 PL8 

ne 15-1 22-1 a8 
h br-Cy, O7 0-5 < 805 
2 acids? br-Cy, 5-6 45 7H 
2 RE 1-4 0-5 < 0-05 
Linoleic 4-6 < 0-05 < 8-05 
Oleic 11-2 3-7 27 : 
nCis 2-8 18 < 05 
PaO ys < 0-05 < 0-06 < 6-05 ted 

h, Highly; 6r, branched chain; ø, straight chain. 


able apart from amino- and carboxylic-acids was glycerol, 
which was isolated as the crystalline tribenzosto, 
Macfarlane’s experiments! have further shown that the 
bulk of the phospholipid in Clostridium welchii, and 
possibly also in othér micro-organisms, can be bond to 
amino-acids in this way. This finding makes rather. loss 
likely the suggestion of Hunter and Godson? that those 
complexes might be transient intermediates concerned 
in the transfer of amino-acid residués from a nucleic acid 
template to a phospholipid surface in the corse of 
biosynthesis of lipoproteins. If these complexes do indeed 
occur generally in such large concentrations, thet the 
suggestion of Gaby, Wolin and Zajac! that they are con- 
cerned in amino-acid transport processes. may prove to he 
more accurate. However, there does appear to bo a 
certain degree of specificity in the structure of a £ 
lipoamino-acid complex. The complexes deseri 
Hunter and Goodsall* were, in general, extract 
acetone, but the arginine complex was. insoltbl 
these conditions, and could be obtained togethor with the 
bulk of the phospholipids by subsequent extraction with 
methanol. A batch of the lipoarginine complex was 
prepared in this way and labelled with px-[C} arginine 
After chromatography on DEAE-cellulose’, the lipoargin- 
ine complex was converted into the reineckate (159 mg. 
10 myc.) with ammonium reineckate, and reerystalliged 
from ammonium reineckate solution. In this way, although 
the yield of reineckate was only 20-25 per cent. it was 
freed from contaminating phospholipids. After saponii- 
cation, and conversion of the fatty acids formed to the 
methyl esters®, the composition of the fatty acida in the 
lipoarginine complex(es) was compared with that of those 
present in the bulk of the lipoamino-acid com 
(Table 1). Table 1 also includes the fatty acid c coe 
of the bulk neutral lipids and phospholipids of Se 
terium. Tt can be seen that the fatty acid composition of | 
the lipoarginine complex(es) differs strikingly from that 
of the acetone-extractable complexes. The significance of 
this finding in terms of the specific metabolism of indivi. 
dual amino-acids is not, however, clear at the prosent 
time. 
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Synthesis: of Chitin in Cell-free Extracts 
of Prodenia eridania 


Lrrrie information has been published on the biosyn- 
thesis of chitin in insects despite the fact that this polymer 
is. an important constituent of the exoskeleton’. Glaser 
and Brown? demonstrated the presence of a particulate 
enzyme in Neurospora crassa that catalysed the synthesis 
of chitin from uridine diphospho-N-acetylglucosamine 
(UDPAG) labelled with carbon-14. They demonstrated 
that chitin formation occurred by the transfer of N-acetyl- 
glucosamine from UDPAG to a chitodextrin fraction used 
as a primer. Recently, Candy and Kilby? reported investi- 
gations on the synthesis of chitin in the desert locust 
(Schistocerca. gregaria). Their work indicated a rapid 
increase in. the formation of chitin during and immediately 
after the moult of the 5th instar larve. Similar patterns 

were found using the thorax, abdomen, and hind leg of the 
locust. Chitin formation in the wings of the locust was 
investigated also and dramatic increases in chitin content 
were found as the locust matured into its adult stage. In 
the comprehensive work of Candy and Kilby, the presence 
of enzymes leading to the formation of UDPAG was 
established unequivocally. They were unable, however, 
to demonstrate the conversion of 4C-UDPAG into chitin. 
‘Developmental investigations at present being made in 
< our laboratories have indicated that chitin synthetase is 
present in cell-free extracts of Prodenia eridania, and the 
. results of the preliminary work are reported here. 
“The southern army worm (P. eridania) was obtained 
in the 6th instar, pre-pupal, and pupal stages. The 
procedure followed to obtain the enzyme was that of 
Glaser and Brown’. The animals were rinsed with distilled 
water and homogenized at 4° C in 3 volumes of 0-05 M 
tris-0-01 M magnesium chloride--0-001 M ethylenediamine 
tetraacetic acid, pH 7:5, containing 0-005 M reduced 
glutathione. Homogenization was carried out under an 
atmosphere of nitrogen. The homogenate was centrifuged 
at 2,000g for 10 min, and the supernatant fluid was then 
centrifuged at 105,000g for 1 h. The 105,000g pellets 
¿wore suspended in tris-buffer using 1 ml. of buffer for each 
2 g of initial weight of the animal, and this material was 
‘then used in the assay (Table 1). Following incubation, 
‘the enzyme system was treated with 3 N perchloric acid 
and. centrifuged for 30 min at 105,000g. The pellet 
obtained was washed once with 0-3 N perchloric acid, 
onée with distilled water, and then suspended in 1 ml. of 
distilled water. A 0-5 ml. aliquot was withdrawn and 
added to 15 ml. of an aqueous counting solution‘ containing 
4 per cent ‘Cab-O-Sil’, a thixotropic gelling agent. The 
system was counted in a liquid scintillation counter 
(Packard ‘Tri-Carb’) to determine the radioactivity of 
the insoluble particulate. 


Table 1. CHITIN SYNTHETASE ACTIVITY IN CELL-FREE EXTRACTS OF 
P., eridania* 
Stage of development Radioactivity incorporated Pereentage 
into pellet incorporation of 
(d.p.m./mg N) NC into pellet 

Boiled enzyme (6th instar) 9 0-08 

6th instar 56 0-52 

‘Pre-pups (late 6th instar) Bi 0-93 

Pups 52 0:57 


*'Total reaction mixture: 1-5 ml, containing 6 x 10+ M “C-UDPAG 
= (306) x 104 d.p.m.), 112 x 10° M N-acetylglucosamine, 5 mg chitodextrin 
and 1ml, of enzyme preparation, Incubation at 25°C for 2 h. 


As may be seen from Table 1, carbon-14 was incorpor- 

< ated into the pellet indicating the presence of chitin 

“synthetase. The level of activity, compared with that 
found by Glaser and Brown in Neurospora, was quite low. 
The significant result in this investigation is the peaking 
of enzymatic activity at the pre-pupal (or late 6th instar) 
stage of development. It is precisely at this stage of 
metamorphosis that one would expect higher levels of 
enzyme activity inasmuch as the insect is beginning to 
form its pupal casing which.contains a substantial amount 
of chitin. These results appear to be consistent with the 
work of Candy and Kilby on the desert locust. 
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Work. ‘by Caeponter and Jaworski: on the prosence of 
isocitrate lyase in P. eridania has indicated that. the 





‘enzyme is present in the ‘pre-pupa and pupa but notin 


the early 6th instar larvæ. It is of interest to speculate, 
in view of the foregoing findings, that the role of isocitrate 
lyase may involve the conversion of fat reserves into. 
carbohydrates for chitin biosynthesis. The timing of the 
appearance of isocitrate lyaso and peaking of chitin 
synthetase activity coincide at a period when the need 
for carbohydrate for glucosamine synthesis is high, and 
when exogenous nutrients (carbohydrates) are no longer 
taken in. 

A more extensive examination of the biosynthesis of 
chitin in P. eridania is at present under investigation to 
establish the relationship between chitin content at 
various morphological periods in the development of the 
insect and tho level of chitin synthetase at these periods. 
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Effects of Cobalt on Mitochondrial 
Respiration 


Dingle, Heath, Webb, and Daniel have suggested that 
the toxicity of cobalt (IT) is due to inhibition of keto-acid 
oxidation!, This hypothesis was supported by the finding 
that cobalt (II) inhibited oxidation of «-ketoglutarate and ` 
pyruvate by rat liver mitochondria during a prolonged 
incubation without the addition of phosphate acceptor’. 
Since prolonged incubation is deleterious to mitochondria’, 
these inhibitory effects of cobalt (IT) may have been an 
artefact. Results obtained in our laboratory show. that 
cobalt (IT) does not inhibit. oxidation of «-ketoglutarate, 
8-hydroxybutyrate, or pyruvate plus malate during brief, 
polarographic experiments. Succinate oxidation . was 
stimulated by cobalt (II) under some conditions and 
inhibited under others. 

Mitochondria were isolated from rat liver in 0-25 M 
(moles per litre) sucrose using Schneider’s method’. 
Oxidative phosphorylation was measured by the procedure 
of Chance and Williams! in an oxygen cathode respiro- 
meter’. In most experiments cobalt (II) was added to the 
system as cobalt (II) adenosine diphosphate (Co(II)ADP)®, 

Some effects of cobalt (II) on succinate oxidation are 
summarized in. Table 1. The addition of cobalt (II) ADP: 
stimulated succinate oxidation to a higher level than that 
obtained with ADP. Succinate was oxidized even more 
rapidly in the presence of ethylenediamine tetraacetic acid 

Table 1. Evrects or Co(II) on SUCCINATE OXIDATION 
Respiration * 


Additional reagents in medium (amoles eae N) 


None 
Co(II) (250 uM) i 
ADP (250-500 uM, Sareea e go eM) 7-0 
Co{IHADP (250 uM), ADP (250 #M), 
cytochrome e (30 uM) 8&5 
EDTA (30 BaD 3 ADP (250-500 4M), 
cytochrome e (30 uM) Ww 

CoA DP rae wht). EDTA (30 »M), 

ADP (250 «M), cytochrome e (30 uM) 85 


All reaction media contained 15 mM succinate, 50 mM sucrose, 40 mat 

KCI, 16 mM MgCl, and 20 mM potassium phosphate, adjusted to pH 75, 

Final concentrations of óther reagents are shown in parentheses. Respira= 
tion was measured within 1-7 min after adding mitochondria to reaction 
medium, (25° ©) 

* Absolute values of respiratory rates had a standard deviation of 
+ 10 per cent. Even small effects of Col), however, were accurately 
determined because the change in respiration after Co(II) addition was 
meas! 
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Table 2. COMPARISON oF OXIDATIVE PHOSPHORYLATION USING ADP AND 
Substrate ADP: O* CoIDADP ; OF 
Suecinate 17 + 0-05 (4) 17 2, ee (3) 
g Hydroxybutyrate i‘ aS a 1 
te + Pyruvate 25 + 0-04 (3) 25 + 700 {3) 


Reaction media contained 15 mM substrate, 50 mM riero, 40 mM 
KCL, 10 mM MgCl, and 20 mM potassium phosphate, pH 7- 


* Mean + standard deviation, Number of measurements is Saas in 
; parentheses, 


(EDTA) with ADP. The addition of cobalt (II) ADP to this 

-o maximally stimulated system reduced respiration to the 
- level obtained with cobalt (IT) ADP alone. ; 

=O These findings suggest that the mitochondria contained 

: an inhibitory: cation which was removed by EDTA or 

splaced by the less inhibitory cobalt (IT). Interestingly, 

m (II) did not displace the hypothetical inhibitory 










ith B-hydroxybutyrate, «-ketoglutarate with a malon- 
ate block, or malate plus pyruvate as substrates, cobalt 
(I) ADP (300 uM) and ADP (300 uM) were equally 
-effective in stimulating respiration. EDTA (30-200 uM) 
“In the reaction medium did not alter these results. After 
hosphorylation of the exogenous nucleoside diphosphate, 
piration decreased to the same value regardless of 
hethor cobalt (II) ADP or ADP had been added. 
> Respiration remained tightly coupled to phosphoryla- 
ae tion at cobalt (IT) concentrations up to 400 uM. The 
ratio of moles of added ADP to gram-atoms of oxygen 
consumed during phosphorylation (ADP : O) was unal- 
tored by cobalt (II) (Table 2). Since ADP: O values are 
sually a valid measure of oxidative phosphorylation‘, 
obalt (IT) does not seem to impair the efficiency of oxida- 
ve. phosphorylation during brief experiments where 
itochondrial ‘damage’ is minimal. 
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PHYSIOLOGY 


Effect of Extracts from the Urine of 
© Schizophrenic Patients on the Evoked Cortical 
Response in the Rat 


Kemar reported that extracts made from the urine of 
schizophrenic patients, when applied to the cerebral 
cortex of the unanesthetized rabbit, produced an epileptic 
type of activity on the electrooncephalographic record. 
This activity was not seen when equivalent amounts of 
extracts from the urine of healthy subjects were used. 

During the course of investigations carried out with the 

. object of identifying the active fraction, further refine- 
= ments were added to the method of fractionation pre- 
_ viously described. The present procedure is as follows: 
urine is collected over a period of 24 h, during which time, 
and for 12 h previously, the subjects are allowed no tea, 
coffee or cocoa. The urine is adsorbed on activated 
charcoal, which is then eluted with a distilled water- 
© methanol-butenol-ammonia mixture. The eluate is con- 
centrated in a rotary evaporator at 35° C, and then 
dialysed at 5° C against glass distilled water for 48 h. The 
undialysed fraction is afterwards concentrated to a small 
volume. by dialysis against polyethylene glycol. This 
fraction is then centrifuged at 5.000 r.p.m. for 10 min and 
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the supernatant fluid removed. The supernatant fluid 
contains 50 mg/ml. of material containing the setive 
principle. 

Recently, Kemali has shown that appheation of the 
material so obtained from the urine of schizophrenics t 
cerebral cortex of the unanesthetized rabbit, € 
filter paper or using a Gaddum type push-pull canmi 
appears to retain the property of producing convu 
electroencophalographie potentials in the area. of om 
exposed to the material. These potentials. do not se 
using the same amount of extract from the utme 
healthy subjects?. 

In 1962, German reported that sera from achizen? 
patients, applied topically to the cerebral cortex of 
anesthetized rat, produced a marked and cor 
increase in the amplitude of the cortical response 
by electrical somatic stimulation. This effeet de 
occur using sera from healthy individuals or fror 
schizophrenic psychotics*-. 

These results suggested an investigation of the: 

evoked cortical responses of local application of urinary 
fractions prepared as described here. 

24-h specimens of urine were obtained from 6 sohis 
phrenic patients. These patients received no drugs for 
period of at least 4 weeks prior to the collection of ur 
and the diagnosis was made in each case by two payehia- 
trists independently of one another. Urine wi 
obtained from five healthy control subjects. The 
the 6 schizophrenics had previously been found a6 
producing marked increases in the amplitude of eo 
evoked responses following local cortical. apy 
while the sera of the control subjects had no effect in this 
respect. 

Rats were anesthetized with intraperitones! sodium, 
pentobarbitone (5 mg/100 g body-wt,) and 3 per 
sodium barbitone (0-7 ml./100 g body-wt.j. T 
was prepared and responses recorded as described 
where®4, 

Urinary fractions were dissolved in artificiel cerebral 
spinal fluid’, in a concentration of 25 mg of the fractia 
in 1 ml. cerebral spinal fluid, giving a mixture of pii 7-8 
This solution was applied to the brain of the rst so that it 
formed a pool overlying the exposed cortex. 

Fifteen responses were photogr aphed every 3 min fora 
period of 10 min before, and 40 min after, application. of 
the solution, and the mean amplitude of eaeh batoh of 
15 responses calculated. 

The mean amplitude of responses prior to the app! 
of the urinary fraction to the cortex was given an ax 
value of 100, and the mean amplitude of responses a t 
time interval subsequent to application caloulated relative 
to this. 

Urinary fractions from schizophrenic patients. were 
found to enhance the amplitude of the evoked respons 
a manner similar to the sera from these schizophre: 
but the maximum amplitude obtained, at 40 rin show 
a wider range, that is, the enhancement was more vari 
The mean maximum amplitude obtained in the 6 exp 
ments was 210, with a range from 167 to 296, and an 
of +19. 

In the 5 control experiments, using fractions of mine 
from healthy subjects, the evoked response also iner 
in amplitude, but the increases were not so merk 
the experimental group, and the maximum araplit 
the response was achieved at 10-15 min after application 
of the fraction to the cortex, with no further ineres 
compared with a continuing increase up to 40 min in 
experimental group. The mean maximum amplitud 
obtained for the 5 control experiments was 144, with z 
range from 120 to 155 and an S.F. of + 6-6. 

Although the number of exper iments performed i 
been few, these results are consistent with tiasa on 


















































and control groups’, ad suggest that the faet: 
urine of these schizophrenic patients, al 
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chemically altered, is identical i in its effects to that i in the 
schizophrenics’ sera. 
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a - Mechanism of Calcium-induced Positive 
Chronotropic Effect in Isolated Mammalian Atria 


= Posrrve chronotropic effects induced by increased 
concentration of calcium ions have been reported by a 

“number of authors in isolated’? and non-isolated?-* mam- 
“malian hearts. Increased levels of calcium seem, therefore, 
‘to affect the pacemaker activity of the mammalian heart in 
= a Way opposite to that which one would infer from the 
"polarizing! and ‘stabilizing’? influence of this ion on the 
‘membrane potential of isolated sino-atrial and Purkinje 
” fibres, respectively. This communication presents some 
results which are consistent with the hypothesis that the 
. in vitro activation of the atrial pacemaker induced by 
-imereased. concentrations of calcium ions is adrenergic in 


ae nature. 


-The experiments were carried out on atria or atria- 
sympathetic cervical nerve® preparations, isolated from 
either normal or reserpine-treated (‘Serpasil’ Ciba, 2 mg/kg, 
intraporitoneally, for three days) rabbits and bathed at 
29° C in McEwen’s solution®. A standard increase in con- 

- eentration of calcium. ions from 2-2 to 6-6 mM, previously 
found to give positive chronotropic responses averaging 
25 per cent of the initial rate and remarkably constant 


from test to test in the samo preparation, was used 


` ‘throughout the experiments. 

(1) Ephedrine (hydrochloride, 3-5 pg/ml.) accelerates 
‘the onset and the development of the positive chrono- 
tropic effect of calcium and significantly increases it. 

(2). Ergotamine (tartrate, 5-10 ug/ml.) remarkably 
delays the onset of the positive chronotropic effect of 
calcium (from the usual 10-15 sec up to 3 min), as well as 
that of 0:05-0-1 ug/ml. of adrenaline, although to a lesser 
extent, the positive chronotropic effect of calcium being 
usually preceded by a slight negative one. 

(3) The positive chronotropic effect of calcium is almost 
always pravented or even inverted by pre-treating the 
animal with reserpine. 

(4) Reserpine, added to the. bath in: 10 per cent ascorbic 
acid solution at the concentration of 5-10 ug/ml., provents 
or strongly reduces (ascorbic acid alone being ineffective) 
the positive chronotropic effect of calcium, adrenaline 


oe {10-05-01 g/ml.) or sympathetic stimulation (5-50/sec, 
_ 2 msec duration square waves of supramaximal intensity) 


“as well. ~Moreover, the increase in caleium-level is often 
followed by a negative chronotropic effect. 
cording to the amino-oxidase inhibiting activity of 
eph ine!!! to the poor adrenolytic action of ergot- 
a4 on the mammalian heart*? and to the catechol- 
amines stores depleting action of injected reserpine’, the 
foregoing results support. the view that the increase in 
concentration of external calcium-induces in the mam- 
malian atria a positive chronotropic effect by releasing in 
the atrial tissue an adrenergic substance. The parallel 






én vitro influence of reserpine on the positive chronotropic. 


effect of calcium, adrenaline and sympathetic stimulation 
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thermore sabetantiates this view. A negative chrome: 
tropic effect, consistent with the direct influence of the - 
calcium on the sino-atrial fibres*, has nevertheless been ` 
observed when the indirect adrenergic activation of the 
atrial pacemaker induced by calcium was blocked ‘or 
delayed. — 
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Salivary Excretion and Inactivation of Some 
Penicillins 
Since no data seem to be available in the literature con- 
cerning salivary excretion of the new semi-synthetic peni- 
cillins, salivary concentrations were ascertamed after intra- 


muscular administration of procain-penicillin, methoxy- 


phenyl-penicillin, and «#thoxyphenyl-penicillin (15,000, 
u/kg). For comparison G-penicillin potassium was. 
administered in an equal dosage intravenously, intrs- ` 
muscularly and per os, dibenzylethylendiamindi (DBED)-. 
penicillin per os and in a ten-fold dosage dimethoxypheny!- 
penicillin intramuscularly. 

Excretion in saliva of the six penicillins was examined 


in 5 rabbits each (2:5 kg average weight). After adminis- `. 


tration of the penicillin, blood samples were taken fromthe = 
auricular vein mostly after 4, 1, 2, 4, 6,8, 12and 24h, Tho —. 


concentration of penicillin was ascertained with the holo 
plate method (inhibition of B. subtilis, strain A. T.Q. Coi 


6633). 

Salivary flow was promoted by giving the rabbits 
prior to the administration of penicillin—0-2 mg/kg pilo- 
carpine. Mixed saliva was collected as it dripped from 
the mouth, the first portion for 30 min prior to the adminis- 
tration of penicillin. . Thereafter saliva samples were. 
collected twice at 30 min—in some instances, however, in 
15 min—intervals.. Later, samples were collected betweon 





taking two blood samples. In samples of saliva, the same 


method was used. in ascertaining the concentration of 


penicillin as with blood. No other drug was administered ; - 


the day before the experiment they received no food. 
G-penicillin potassium is demonstrated in the saliva 


after intravenous administration for a short period, but 


not after intramuscular or per os dosages. The highest 
level was found in the first 15 min sample (0-25 u/ml.). In 
the 30-60-min sample no G-penicillin was found at all. a 
Procain-, methoxyphenyl- and athoxyphenyl-penicillin ee 
were demonstrated in saliva after intramuscular adminis- 
tration in rather considerable concentrations (Fig. 1). 
In the first 30-min sample, the levels were 0-65 ujmi, : 
1-50 u/ml., and nearly 2-0 u/ml. approximately. Withthe 
fall of the blood-level, salivary levels rapidly decrease. In 
samples collected between the 240th and 360th min, only 
traces were found of methoxy- and of æthoxyphenyl- 
penicillin, and no traces at all of procain-penicillin. 
Dimethoxyphenyl-penicillin was demonstrated in the 
saliva in a therapeutic level for a very short time only. 
Dibenzylethylendiamindi-penicillin—given per os—-dis- 
plays an effective therapeutic level for a long time (Fig. 2). 
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Inactivation by saliva was examined by preparing solu- 
tions (5 u/ml.) of the aforementioned 6 penicillins on one 
hand in physiological saline, on the other hand in rabbit’s 
saliva (collected through 60 min after subcutaneous 
administration of 0-2 mg/kg pilocarpine). From the stock 
solutions stored at room-temperature, samples were taken 
after 4, 8, and 24 h, and the penicillin-level was ascertained 
with the hole plate method. Results are summarized in 
Table 1. Dissolved in physiological saline, all penicillins 
suffer some inactivation that becomes stronger with the 
lapse of time. Using saliva as solvent, the inactivation 
is more marked. Dimethoxyphenyl-penicillin dissolved in 
saliva displays no activity at all after storage for 24h. In 
experiments using as solvent rabbit’s saliva boiled for 
2 min, inactivation was less marked than with native 
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Fig. 1. Blood (B) and salivary (S) levels of three penicillins in the rabbit 
pe A ch fen of 15,000 Uk the 


120-240’ 240-360" 


after administration of the Penicillins. The small black lines represent 
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Table 1. INACTIVATION OF SOME PENICILLINS BY RABBIY's SALIVA in vitro 


Concentration of penicillin in U/ml. as Jabaria 4 
inhibition of B. subtilis (strain A.T.C.C. 0033) 


Specimen the hole plate me after storage for: 
Contr. Saliva Contr. Saliva Contr. Saliva 
@-penicillin potassium 4:3 3-9 3-4 31 8-2 28 
oy paca 9 £0 37 $3 285 $2 28 
DBED-penicillin® 42 3°65 34 3-2 30 28 
Methoxyphenyl- 
42 36 33 28 3-2 27 
tho: nyl- 
Sen 41 3-9 3-0 27 29 2-3 
oxyphenyl- 
penicillin 3-2 29 29 23 26 0 


Mean of two hole plate readings, 

As controls ORONS of the penicillins in ac pa an saline were used. 
The penicillin-level was y in control, and in salivary solutions 5 U/ml. 

* Being insoluble in watery media, 10 mg of DBED-penicillin were 


dissolved 
in 1 aop of polyvinylpyrrolidine, the solution then being diluted to the 
required level. 


saliva as solvent, but nevertheless stronger than in saline 


solutions. 
C. ADLER-HRADECKY 
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PHARMACOLOGY 


para-Hydroxybenzaldehyde in Human Viscera 


THE isolation of p-hydroxybenzaldehyde during an 
analysis recently performed in this laboratory seems to be 
worth recording, because a similar result has not, so far 
as we can discover, been previously described but may 
well be encountered in future toxicological analyses. 

A woman of 28, previously healthy for some years, was 
taken ill with vomiting, went into coma after 5 days, was 
then admitted to hospital and died about 24 h later, It 
was known that she may have taken aspirin and in 
hospital she was given ‘Coramine’ (nikethamide) and 
‘Distaquaine’ (procaine benzylpenicillin). Autopsy 
revealed congestion of the brain, cedematous lungs, a 
duodenal ulcer, scattered areas of necrosis in the liver and 
slight kidney damage. 

A routine toxicological analysis of the viscera revealed 
traces of nikethamide and salicylates, together with small 
amounts of an, at this stage, unidentified weakly avidie 
substance. A normal Valov extraction’ was therefore 
made of a further 250 g of liver, and the acid ether treated 
conventionally for the extraction of weakly acidic com- 
pounds. Measurement of the ultra-violet absorbancy of 
the extract over the range 215-335 my in alkaline and 
acid solutions gave the following results. 


Solvent Maxima Minima 
05N OH 238; 288; 327 220; 260; 300 
Dilute H,50, 272 240 


Ascending paper chromatography of another aliquot, 
using n-butanol/ammonia on Whatman No. 1 paper’, 
gave spots visible under filtered ultra-violet illumina- 
tion (2537 A) and having Rr values of 0-44 and 0-08. 

Substances having these properties were also isolated 
from the intestinal contents and the urine. Insufficient 
blood was available for analysis. 

The remainder of the liver extract was then purified by 
paper chromatography and the two spots eluted and 
examined separately. Ultra-violet spectrophotometry 


gave the following results: 

Solvent Compound with Rp 0-44 Compound with Ry 0-05 
0:5 N NH,OH Maxima at 238, 327 Maximum at 288 
Dilute HySO, Maximum at 280 


The infra-red absorption spectra of the two compounds 
dispersed in potassium-bromide disks (Fig. 1) identified 
that having Rr 0-44 (Fig. la) as p-hydroxy 
(Fig. 1b), but did not lead to an identification of the other 
(Fig. lo). The identity of the p-hydroxybenzaldehyde 
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was confirmed by control experiments with an authentic 
sample of this compound. 

An estimation of the total quantities of p-hydroxy- 
benzaldehyde present was made by measurement of the 
absorbancy at 330 my, with the following result: 
amoa, 

A $ mg in all 


Patentinal contents 
We have been quite unable to discover a probable source 
yde. 


for the p-hydroxybenzaldeh: We thought it just 
possible, although very improbable on chemical grounds, 
that it have been derived from the benzyl group in 
the benzylpenicillin administered. However, analysis of 
several samples of urine from hospital patients receiving 
massive doses of this drug failed to show the presence of 
any p-hydroxybenzaldehyde. We therefore presume that 

compound was an abnormal metabolite associated 
with the deceased woman’s morbid condition. 

We thank Dr. J. F. Wilson (Royal Infirmary, Sunder- 
land) for permission to quote from his findings, 
Dr. J. C. B. Fenton (Royal Victoria Infirmary, Newcastle 

upon Tyne) for supplying us with urine samples, and Mr. 
G. @ Hali (Messrs. Grubb Parsons, Ltd.) for help in identi- 
fying the infra-red spectra. We also thank Prof. F. L. 
Warren (London Hospital Medical College), Dr. E. G. C. 
Clarke Veterinary ee Dr. H. A. Stevenson 
e T, Co., Ltd.), Dr. H. Tozer (Distillers Co. 
ls), Ltd.) ‘and Mr. J. P. R. Toothill (Glaxo 
Research, Ltd.) eeano Ee unn finding: 
N 
f N. DUNNETT 
H. J. Watts 
Northern Forensic Science Laboratory, 
Newcastle upon Tyne. 
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Inhibition of Synthesis of RNA in E. coli by the 
Narcotic Drug Lævorphanol "y 


We have found that morphine and certain of its 
analogues inhibit the growth of E. coli. With one of 
these, levorphanol, complete inhibition is observed at a 
concentration of 10-* M and partial inhibition at 10-* M. 
Inhibition of growth is demonstrable in minimal as well 
as in rich culture media and is completely reversible on 
removal of the drug. 

Experiments on the mechanism of the inhibitory effect 
of levorphanol have revealed an carly and profound 
reduction in the incorporation of phosphate-32 into the 
acid-insoluble fraction of the cells. The effect appears 
to be specific for the synthesis of ribonucleic acid. An 
experiment is illustrated in Fig. 1 in which the incor- 
poration of phosphate-32 into RNA nucleotides and of 
tritiated thymidine into the acid-insoluble fraction were 

in the same levorphanol-inhibited culture of a 
mutant of Æ. coli (strain 15) which requires thymidine, 
uracil and arginine for growth. An actively growing 
culture and one inhibited by chloramphenicol were used 
as controls. Incorporation of phosphate-32 into RNA 
was reduced by a factor of 6-10 over that in the control 
cultures, while there was little effect on the synthesis of 
DNA as measured by thymidine incorporation, at least 
for the first generation. Leucine incorporation into pro- 
teins during this period continued at more than half the 
rate of the growing culture. Viable counts and turbidity 
in levorphenol-inhibited cultures tend to increase slightly 
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_ during the first half-hour and then level off. The results 
obtained in the experiments using isotopes have been 
confirmed by measurements of total protein, RNA and 
“DNA... Within limits of sensitivity of the orcinol test!, 
_ there was no detectable increase in the total RNA content 
of levorphanol-inhibited cultures. 
- Lævorphanol also inhibits RNA synthesis in chlor- 
_ amphenicol-inhibited bacteria, as well as in a methionine- 
_ starved ‘relaxed’ mutant of E. coli K-12. (ref. 2), demon- 
_ strating that growth and protein synthesis are not 
_ -hecessary for this effect. — 
Preliminary experiments reveal little effect of the drug 
on the formation of acid-soluble nucleotides. This find- 
ing, taken in conjunction with the failure of either uracil 
or rich culture media (peptone, nutrient broth or yeast 
eb) to protect, makes it seem unlikely that the 
effect is on the formation of RNA precursors. 
generality of this phenomenon both with respect 
hor nareotie drugs and other biological systems is 
. r investigation. Established human cell lines (HeLa, 
_ KB) have boon shown to be more sensitive than Æ. coli 
to narcotics of the morphine type. Growth in the presence 
ofa low concentration of such drugs will decrease cloning 
ciency to low levels*, The effective doses of a number 
gs vary widely (10-*-10-? M) and, in general, in the 
7 direction as their LD,,’s in animals reported in the 
literaturo*-*. 
This work is supported by grant M-4294 from the 
_ U.S. Public Health Service and grant U-1006 from the 
fonlth Research Council of New York City. 
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- Effect of Ribonuclease on the Ribonucleic Acid, 
Adenosine Triphosphate and Catecholamine 
Content of Medullary Granules 


ce In & previous communication! we have shown that incu- 
bation with ribonuclease or trypsin at 37° C caused a 
dose-dependent release of catecholamines and ATP from 
: medullary granules of cattle. The trypsin-induced release 
is probably due to its proteolytic action, since the protein 
‘eontent of the granulos is also considerably diminished. 
- Ribonuclease, on the contrary, does not release protein; 
it liberates only catecholamines and ATP. We therefore 
suggested that ribonucleic acid may play an important 
“part in the storage of catecholamines and ATP in the 
- granules. This communication describes the ribonucleic 
_ acid content of chromaffin granules and its relationship 
to the content of catecholamines and ATP as well as 

_ the influence of ribonuclease on these three components. 
The chromaffin granules are prepared from suprarenal 
= medulla of cattle (200 mg per sample) as previously de- 
_ seribed? and suspended in isotonic sucrose sodium hydrox- 
_ ide solution pH 7-0. The samples contain in 5 ml. 2 ml. 
granules and 3 ml. sucrose sodium hydroxide solution 
pu 7-0 with 0-1,800 ug ribonuclease (Worthington Bio- 
_ chemical Corp., New Jersey) and 5 umoles calcium 
- chloride. Py are incubated at 37° C under shaking. The 
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granules of the incubated samples as well as of tha non- 
incubated controls are sedimented at 12,000g. washed 
once with ice-cold isotonic sodium chloride solution to 
remove most of the sucrose, re-sedimonted and extracted 
with cold 0-4 N perchloric acid. The eatecholaminve 
and ATP are determined in the supernatants, the former: 
by the method of v. Euler and Hamberg?®, the latter by the 
method of Strehler and Totter*’. The sediments are. 
washed with aleohol and ether, dried at 70° C and their. 
ribonucleic acid content is colorimetrically determined o= 
by the p-bromphenylhydrazine method of Webb? pyesi 
means of a Zeiss spectrophotometer at 450 mu. 






Table 1, RIBONUCLEIC ACID, ATP anp CatucHonautyw COsrese ae | 
ISOLATED MEDULLARY GRANULES ee 
No. ugimg dry weight 
RNA 34 #13 t eper 
ATP 17 BOS + 126. 
Catecholamines r 167-8 + BES 








ribonucleic acid, 167-8 pg catecholarnines and 
ATP (Table 1). The values, expressed in pg/meg 
are in agreement. with those of Hillarp’. Ine 
experiments with chromaffin granules at 37°. C for 30, 
60 and 120 min show that the spontaneous release of 
catecholamines and ATP is accompanied by an equiva-. 
lent loss of ribonucleic acid (Fig. 1). The addition of 
ribonuclease (66-1,800 ug per sample) produces an imo 
creased and dose dependent release of all or aE 
stances to the same percentage extent (Fig..2): th 
polymerizing effect of the added ribonuclease on 
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Fig. 1. Spontaneous release of catecholamines (———~-) and: 
acid (~-~) at 37° C from isolated medullary granules. The 
press the means of eight experiments and their standard devi 
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ribonucleie acid of the granules is obviously connected — 
with tho release of ATP and catecholamines. Similarly, 
the spontaneous release of catecholamines and ATP at 
37°C could be due to a primary depolymerization of the 
ribonucleic acid by an intragranular ribonuclease. Further 
experiments showed that inactivated ribonuclease (de- 
naturation by heating with 1 N hydrochloric acid in a 
boiling water bath for 90 min) neither depolymerizes 
ribonucleic acid nor releases catecholamines and ATP and 
that at 0° C no spontaneous release of catecholamines, 
ATP and ribonucleic acid takes place. 

Also these observations favour the assumption that 
ribonucleic acid is of importance for the storage of ATP 
and catecholamines in the medullary granules and 
further that an intragranular ribonuclease may be re- 
sponsible for the spontaneous release of these substances. 

This work was supported by a grant from the Deutsche 
Forschungsgemeinschaft. 

A. PHILIPPU 
H. J. SCHÜMANN 


Department of Pharmacology, 

University of Frankfurt, Germany. 
(Philippu, .A., and Schiimann, H. J., Experientia, 19, 17 (1963). 
*Schiimann, H. Jo, and Weigmann, E., Arch. Exp. Path. Pharmak., 
240, 275 (1960). 

* Kuler, U. 8. v., and Hamberg, U., Acta Physiol. Scand., 19, 74 (1949). 
* Strehler; B: L., and Totter, J. R., Arck. Biochem, Biophys., 40, 28 (1952). 
*Schimann, H. J, Arch. Exp. Path. Pharmak., 288, 287 (1958). 
* Webb, J. M. J. Biol. Chem., 221, 635 (1956). 
* Hillarp, N. A., Acta Physiol. Seand., 48, 82 (1958). 


HAEMATOLOGY 


A ‘New’ Antibody Anti-Lu*Lu> and Two 
Further Examples of the Genotype Lu(a-b-) 


Mars. L. B., the mother of two children, had a history of 
“pulmonary tuberculosis for which a lobectomy had been 
performed in 1950 when a blood transfusion was given. 
In November 1961 it was decided to perform a thoraco- 
plasty, but difficulty was encountered by the hospital’s 


iE, laboratory in selecting blood for transfusion during the 


< operation. All available donor bloods proved incom- 
patible, and the Transfusion Centre was asked to help. 
The presence of the antibody was confirmed, and it soon 
became obvious that it gave an extremely high incidence 
of positive reactions. Eventually two red cell samples 
giving negative reactions were found. These were both of 
the genotype Lu(a—b—) and from members of the family 
described by Crawford et al... 

Further typing of Mrs. L. B.’s cells showed them to be 
Lu(a~b—) also. Her full cell type was: A,, Ms Ms, 
P+, cDE/ede, Lu(a~b—), kk, Le(a—b+), Fy(at), 
Jk(a+b—). 

In addition to positive results obtained against all 
commonly available red-cell genotypes, the serum reacted 
with all the following types of red cells, namely, 
Lu(a+b—), eDE/ecDE, —~D—/—D—, Wra, Swè, Ss—ve. 
Mia, Vw, Fy(a—b—), Pk, KK, Kp>~ve, Ge — ve, Vel—ve, 
Tve, Yta— ve. 

La(a—b—) samples obtained from other members of the 
farnily described by Crawford et al. confirmed the specifi- 

. ity of the antibody, which reacted as anti-Lu Lub. 
` ‘The antibody reacts in saline at room temperature and 
37 Cand also. reacts by albumin and antiglobulin techni- 
ques at 37° C. 
_ Attempts to absorb anti-Lu? and anti-Lu> from the 
patient’s serum were unsuccessful, both Lu(a+b—) and 
Lu(a—b+)- cells removing all activity. It would appear 
that the antibody is cross-reacting and inseparable. 

In a search for other Lu(a —b—) blood samples, 18,069 
random, group. A and O donor red cell samples were tested 
with the patient’s serum. Only one donor, Mrs. S. H., 
was found to be compatible, and she proved on examina- 
tion to be a further example of the Lu(a—b—) genotype. 





- CDe/CDe, 
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Mrs. 8.H.’s red cells were of the typo: O; NNSs, Pit, 
De, Lu(a—b—), kk,  Lefa—b+), © Fy(a+),- 

Jk(a+b-+). No antibodies were detected in her serum. 

Family investigations are being carried out in both cases 
and when complete will form the subject of a further 
report. Although no other Lu(a =b —) members of L. B.'s 
family have been found, dosage studies suggest that the 
mode of inheritance of the Lu antigens may be different 
from that in the original family described by Crawford 
etal. So far as is known, the original family, Mrs. L. B. 
and Mrs. S. H., are unrelated. 

The fact that apparently no difficulty was encountered 
in providing blood in 1950 for Mrs. L. B., coupled with 
negative antibody findings during routine ante-natal tests 
in 1955, indicates that the antibody has almost certainly 
developed since 1955. Immunization may have followed 
transfusion or pregnancy. 
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Haptoglobins and Transferrins in Forensic 
Bloodstains 


Ir the haptoglobin groups in human serum, detected’ 
first in 1959 by Smithies!-* using starch-gel electro- 
phoresis, could be detected in stains of whole blood this . 
would yield a useful means of grouping bloodstains in 
addition to the usual ABO system and, therefore, give a 
greater possibility of identification or exclusion. I have 
found. that this is possible using the technique described 
here. 

Starch blocks were prepared according to the modified 
method of Poulik‘, using a discontinuous buffer system. 
The gel buffer was composed of tris(2-amino-2-(hydroxy- 
mothyl)-propane-1: 3-diol) 0-076 M, citric acid 0-0005 M. 
The tank buffer was composed of boric acid 0-3 M, and 
sodium hydroxide 0-05 M. 

Many methods of treating the sample to prepare it for 
insertion into the gel were tried. The first was to extract 
a bloodstain with a minimal quantity of the tris—citrate 
buffer and take up this extract on to a 10 mm x 4mm piece 
of Whatman 3 MM filter paper: this being inserted into 
the slot in the gel. The results obtained from this method 
showed that there was selective extraction of albumen 
and hemoglobin: the globulins not extracting so well. 


Attempts were made to use this apparent selection as a. 


means of enhancing the proportion of haptoglobin 

material. The results showed that there was removal of 

globulins to an extent which counter-balanced the 

enhancement which was sought. Hence a direct method ` 
was tried. 

A piece of blood-stained cloth 1 em x 3-4 mm was cut 
out from the stain and soaked in just sufficient tris—citrate 
buffer to soak the cloth. It was allowed to soak in a 
moist chamber at room temperature for 1-5-2 h. After 
this the piece of cloth was inserted into the slot in the 
starch gel. No improvement on this simple method could 
be obtained by various methods of concentrating the 
globulins. from an extract of the stain. A potential of 
6 V/em was then applied to the gel for 3-5-4 h. After 
slicing the gel in half it was stained with benzidine 
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(benzidine 250 mg, glacial acetic acid 25 ml. 3 vol. 
hydrogen peroxide 25 ml.) and evaluated immediately. 

The detail obtained by this ining is somewhat 
ephemeral, and, therefore, is best evaluated before the 
washing and hardening in methyl alcohol/water/acetic 
acid, 50:50:10 v/v, with a trace of phenol added. Tho 
other half of the gel is stained in naphthalene black 10 B 
(0-1 per cent solution in water/methy] aleohol/acetic acid, 
50:50:10 v/v). 

___A result stained in naphthalone black 10 B is seen in 

3 e 
hes results obtained from stain material are not in the 
fine clear band form which are obtained from fresh set, 
The banding is more obscure and a large spread o: 
hemoglobin is present. Nevertheless, in the 1:1 the 
l-band is very clear. In the 2:1 type both the 1-band 
and the 2-band are visible. Similarly, with the 2:2 the 
band positions and intensities appropriate to this type 
are visible. 

It is considered advisable to run at least one known 
serum sample on the same plate. The most useful group 
in assisting the evaluation of the stain material is Hp. 
2:1, 

Bryan J. CULLIFORD 
litan Police Laboratory, 
New Scotland Yard, London. 
t Smithies, O., Biochem. J., 61, 629 (1955). 
*Smithies, O., Nature, 175, 307 (1955). 
* Smithies, O., and Walker, M. F., Nature, 176, 1265 (1955). 
* Poulik, M. D., Nature, 180, 1477 (1957). 


Selective Inactivation of Fibrin Stabilizing 
Factor Contaminant in Fibrinogen 


Tue fibrin stabilizing factor (FSF) is a thermolabile 
plasma protein which in the presence of calcium converts 
a loosely cross-linked, urea-soluble fibrin clot (fibrin s) 
into a urea-insoluble gel (fibrin 7). FSF reacts sto- 
chiometrically with fibrinogen in the latter’s conversion 
to fibrin? and requires the presence of free sulphydryl 
groups for its activity‘. The recently established enzy- 
matic nature of this factor has led to the suggestion that 
it be renamed ‘fibrinase’*. Differences in the activity 
of plasma FSF have been found to be associated with a 
variety of clinical conditions’. More recently, the occur- 
rence of congenital deficiencies of FSF has been reported 
and shown to be responsible for abnormal hemostasis 
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and poor wound healing’. In this con- 
nexion, it is of interest that fibrin s clots 
do not support the growth of fibroblast 
cultures nearly so well as normal plasma 
clots’, a phenomenon which may in part, 
at least, be due to the fact that they are 
less resistant to lysis by plasmin?®. 

Although simple clot solubility tests 
allow the detection of qualitative differences 
in the structure of various fibrin or plasma 
clots the quantitative determination of 
fibrinase activity is complicated by the 
difficulty of obtaining fibrinogen prepara- 
tions not containing this activity. Methods 
for the removal of FSF from fibrinogen 
have been described*-"!, but these pro- 
cedures are both time-consuming and un- 
predictable with respect to the quality and 
yield of fibrinogen obtained. They do not, 
as yet, represent a convenient and readily 
reproducible means for the p tion 
of a fibrinogen product suitable for use 
in an FSF assay system. 

We have observed that FSF, present in 
purified bovine or human fibrinogen pre- 
parations, can be selectively inactivated by 
treatment with mercaptide-forming agents 
such as p-chloromercuribenzoic acid or 
‘Salyrgan’, without apparently altering the reactivity of 
the fibrinogen itself. Subsequent incubation of such 
treated fibrinogen with sulphydryl-containing substances 
such as cysteine, reduced glutathione or BAL (2,3-dirner- 
captopropanol) results in re-appearance of FSF activity, 
thus indicating that the original inactivation is readily re- 
versible. The finding that mercaptide-forming agents also 
inactivate FSF present in fluorescein-labelled human or 
bovine fibrinogen preparations led to the development 
of a combined procedure in which both FSF inactivation 
and fibrinogen labelling with fluorescein are carried out 
simultaneously. This combined procedure makes pos- 
sible the rapid and reproducible preparation of a labelled 
fibrinogen product suitable for use in an assay system 
for the quantitative measurement of FSF activity. 
It is the purpose of this communication to deseribo: 
(a) the procedure used for the preparation of such " 
treated fibrinogen; (b) some of the characteristics of the 
latter; (c) its application to the assay of FSF activity. 

The contents of one 2-g bottle of human fibrinogen 
(Merck, Sharp and Dohme), containing a minimum of 
90 per cent clottable protein, was dissolved in 150-200 
ml. of distilled water. Fibrinogen was precipitated by the 
addition of saturated ammonium sulphate, pH 7-0, to 8 
final concentration of 25 per cent. Fo ing i ion 
of the resulting suspension for 60 min at 4° C the fibrino- 
gen precipitate was separated by centrifugation and re- 
dissolved in 100-150 ml. of distilled water. 18 ml. of 
this solution were then added with constant stirring 
to a beaker containing 10 mg fluorescein isothiocyanate 
on ‘Celite’, 0-4 ml. of 20 per cent sodium carbonate and 
2-0 ml. of either 6 x 10 M sodium p-chloromereuri- 
benzoate or 4 x 10-? M ‘Salyrgan’. Following stirring 
of this mixture for 30 min at room temperature it was 
filtered to remove the ‘Celite’ and small amounts of 
denatured protein. The filtrate was then passed through 
a 2-5 x 20 cm ‘Lucite’ column containing ‘Sephadex 
G-25' previously equilibrated with distilled water. Elu- 
tion with distilled water resulted in a distinct separation of 
labelled protein on one hand and excess free fluorescein 
and sulphydryl inhibitor on the other. Approximately 
2-0 ml. fractions of the protein eluate were collected in 
separate tubes and tested individually for clottability 
and lack of FSF activity. Clots formed by the addition 
of equal volumes of M/20 calcium chloride and 0-85 
per cent saline containing 2 units of bovine thrombin 
(Parke-Davis, Topical) per ml. were incubated for 30 


1-1 fresh serum 


1-1 stain 


2-1 stain 


2-2 fresh serum 


2-1 fresh serum 
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min at 37° C before examining them for solubility in 
1 per cent monochloroacetic acid. All fractions rapidly 
producing firm fibrin clots under these conditions were 
combined, yielding usually a total volume of 25-30 ml. 
The fibrinogen pool was afterwards dialysed for 2 h at 
room temperature against three 500 ml. volumes of 
0-05 M tris-buffered saline, pH 7:35, in order to restore 
it to physiological pH and ionic strength. The final 
concentration of labelled fibrinogen was approximately 
8-10 mg/ml. After dialysis, the fluorescein-labelled 
fibrinogen eontaining inactivated FSF was stored in 
0-5-ml. aliquots at —40° ©. Individual samples were 
thawed at 37° C as needed, and remained stable at — 40° C 
for at least 24 h. They were never re-frozen. The yield of 
tagged, treated fibrinogen varied from 70 to 90 per cent. 

The labelled fibrinogen, after passage through ‘Sepha- 
dex G@-25’, contained no detectable, uncoupled dye or 
SH-inhibitor as shown by dialysis experiments. The 
human fibrinogen used in these studies contained 92 
per cent clottable protein both before and after treatment 
with fluorescein and SH-inhibitor. The clotting action of 
bovine thrombin on untreated and treated fibrinogen 
was found to be essentially identical. The measured 
level of fluorescence in solution per milligram of fibrin 
dissolved depends on the relative proportion of labelled 
fibrin per clot. For clots prepared entirely from tagged, 
treated fibrinogen a level of fluorescence equivalent to 
15 ug of free dye is present in solution for each milligram 
of fibrin dissolved. Regardless of the relative concentra- 
tion of treated fibrin per clot, the level of measurable 
fluorescence in solution is directly proportional to the 
amount of fibrin dissolved. Treated fibrinogen stored 
for as long as four months at —40° C has shown no 
change in its clot-forming capacity, and fibrin clots 
prepared from it dissolve as readily in 8 M urea or 1 per 
cent monochloroacetic acid as those obtained from freshly 
prepared treated fibrinogen. Incubation of tagged, 
treated fibrinogen with SH-containing substances such 
as cysteine, reduced glutathione or BAL (2,3-dimercapto- 
propanol) leads to a gradual, complete re-activation of 
FSF as shown by the slowly increasing proportion of 
fibrin ¢ present in clots formed by the addition of calcium 
chloride and thrombin. That this appearance of fibrin i 
is due to the presence of increasing levels of active FSF 
rathor than to a possible FSF-like activity of the respective 
SH-containing substances is indicated by the observation 
that FSF activity remains unaltered even after removal 
of the SH-containing substances by either dialysis or gel- 
filtration. Further support for this conclusion is provided 
by the fact that the process of FSF re-activation is not an 
immediate one, but requires 30-90 min for completion 
depending on the experimental conditions utilized. 

Combination of labelled, treated fibrinogen with 
preparations of varying FSF activity, followed by the 
addition of calcium chloride and thrombin, results in the 
formation of clots containing either some or no fibrin s. 
Under standard conditions, varying degrees of solution of 
such clots in 8 M urea or 1 per cent monochloroacetic 
acid produce different levels of fluorescence in solution. 
These are readily determined quantitatively and are 
indirectly related to the FSF activity of the unknown 
pre tion. Because of the existence of an optimal 
ratio between FSF and fibrinogen? it is necessary to 
prepare a series of fibrin clots containing various dilutions 
of the FSF-containing material, and to use as a measure 
of FSF activity that dilution of the unknown which, 
under conditions, results in a fixed level, say 
50 per cent, of clot solubilization. This amount of the 
unknown might then, by definition, be said to contain 
one unit of FSF activity. 

Details of such an assay procedure as well as its applica- 
tion to the determination of plasma FSF activity will 
be reported elsewhere. 

This work was supported by the Medical Research 
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HISTOLOGY 


Formation and Structure of the Collagen Fibril 


Ir seems to be generally assumed that collagen fibrils 
are solid structures, formed by the aggregation of large 
numbers of long, extremely thin, particles of tropo- 
collagen’. However, during an investigation into collagen 
formation in the avascular granulomas produced on the 
surface of peritoneal implants of egg-white and agar’, 
the collagen fibrils appeared to develop as tubular 
structures, 

The tissues were fixed in osmium tetroxide-sucrose 
solution and embedded in ‘Epon’. Sections were stained 
with alkaline lead solution’. 

In the early stages of fibrogenesis, extremely thin 
(<50 A) beaded filaments appear in the vicinity of each 
fibroblast. These filaments seem to adhere to elongated 
electron translucent rods (300-400 A dia. and of indeter- 
minate length) which are thereby rendered visible by a 
sort of negative staining (Fig. 1). As more and more of 
the filaments adhere, the collagen fibril is built up: its 
diameter gradually increases from 300-400 A to 800-900 
A (Fig. 2) and it develops a periodicity of 600-650 A 
(Fig. 3). Each fibril retains its electron-translucent core 
of 300-400 A dia., so that where the mature fibrils form a 
compact mass, a honey-comb appearance is produced on 
cross-section (Fig. 4). Incidentally unpublished observa- 
tions confirm that collagen fibrils in the tunica media of 
sclerotic human arteries have a similar structure. 





» To its left are numerous 
k objects (CF) are young collages 
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Fig. 1. On the right is part of a fibroblast 
circular (300 sy ote OER AN 
thin filaments are saheng. The dar j 
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Fig. 2. This is a more advanced stage of fibrogenesis than that shown 
in Fig. 1. On both sides of the fibroblast (F) in the centre, numerous 
co nous fibrils (CF) have formed: those running longitudinally 
out as pale strands (with periodicity of about 600 A) and those 

cut on cross-section as white dots. 


(x 15,000) 





riodicity 


Fig. 3 In longitudinal section, the collagen fibrils exhibit a 
A. x 84,000) 


of 600-650 One intra-period double band is visible. 





Fig. 4. Cross-section of a compact group of Songa fibrils, adjacent 
to those shown in Fig. 3. Each fibril is about A in diameter and 
has a central unstained core 300-400 A diam. (x 84,000) 


If our interpretation of these appearances is correct, it 
means that the collagen fibril formed in viro is tubular. 
In view of present theories on the mechanism of collagen 
formation on a template of mucopolysaccharide', muco- 
polysaccharide is the most likely substance to fill the 
‘tube’. There is no inherent difficulty in accepting this 
idea, and, in fact, such a structure would fit well enough 
with the known physical properties of collagen’. 
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Department of Pathology, A. E. CLARK 
St. Thomas's Hospital Medical School. 
London, S.E.1. 
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HISTOCHEMISTRY 


Staining of Sulphated Polysaccharides by 
means of Alcian Blue 


Since its introduction into histochemistry by 
Steedman!, alcian blue has been recommended as a useful 
dye for the histochemical staining of acid mucopoly- 
saccharides*:*. Although the selectivity of this eopper 
phthalocyanin dye has been investigated in tissue acid 
mucopolysaccharides*:®, the basis for staining romains to 
be determined precisely, because of unknown chemical 
structure of the substances examined; therefore the 
purpose of the work recorded here was to investigate the 
alcian blue stainability of sulphated polysaccharides of 
either proposed or known chemical structure in an attempt 
to discover what part of the structure is responsible for the 
staining. 

Several sulphated polysaccharides such as chondroitin 
sulphate © (sulphur content: 6-0 per cent), heparin 
(sulphur content: 11-1 per cent), glycogen sulphate 
(sulphur content: 10-7 per cent), amylose sulphate 
(sulphur content: 15-75 per cent) and three types of 
cellulose sulphate (respective sulphur contents: 18-5, 
16-4 and 8-7 per cent) were used, and glycogen was & 
control substance. All the polysaccharides were dissolved 
in 1 per cent aqueous casein solution at a concentration of 
1 : 50. Films were prepared by placing a few drops of the 
casein and polysaccharide—casein solutions on a slide, 
dried in an oven at 37° C and fixed for 1 h in formalin 
ethanol (1 : 9). The films were then stained with 0-1 per 
cent alcian blue 8GS (Schmid) acetic acid solution of pH 
2:5 for 30 min at room temperature. Prior to staining 
some films were subjected to methylation (exposure to 
preheated methanol made 0-1 N with hydrochloric acid 
for 4 h at 37° C), methylation demethylation (collodion. 
ization and immersion in | per cent potassium hydroxide 
solution in 70 por cent ethanol for 30 min at 25° C) 
sequence, acetylation (treatment with 40 per cent acetic 
anhydride in pyridine for 24 h at room temperature) and 
acetylation deacetylation (collodionization and incuba 
tion in 20 per cent ammonium hydroxide solution in 90 
per cont ethanol for 24 h at 37° C) sequence. 

The preparations of chondroitin sulphate O, heparin and 
glycogen sulphate stained intensely with alcian blue, 
while amylose sulphate film exhibited a moderate reac 
tion. The films of cellulose sulphate of higher sulphur 
contents stained with the basic dye intensely, and those of 
a lower sulphur content moderately. The control casein 
film did not react at all and the glycogen preparation 
coloured doubtfully. Methylation diminished to a variable 
extent the alcian blue stainability of all the sulphated 
polysaccharide preparations examined and this suppres- 
sive effect was largely unaltered by subsequent demethyl- 
ation. Acetylation reduced significantly or abolished the 
alcian blue staining of the films of all the sulphated poly- 
saccharides, which tended, however, to be recovered by 
subsequent deacetylation. 

From the chemical point of view, the result is possible 
to explain. The fact that the films of cellulose sulphate of 
higher sulphur contents reacted more intensely than 
those of a lower sulphur content indicates that sulphate 
groups of polysaccharides can certainly be responsible for 
alcian blue staining. This is supported apparently by the 
suppressive effect of methylation on the staining of all the 
sulphated polysaccharide films and the failure of subse- 
quent demethylation to alter the effect, as methylation is 
known to hydrolyse sulphate esters*. Acetylation is 
thought to block hydroxy! and amino groups and deacety! 
ation reverses this blockade’. Hence, the effect of acetyl- 
ation and subsequent deacetylation on the staining of the 
films of all the sulphated polysaccharides led me to the 
consideration that appropriate hydroxyl or amino groups 
of acidic polysaccharides can influence the aleian blue 
staining of the substances. Previous authors** suggested 
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that acidic groups of polysaccharides are responsible for 
the selectivity. of aleian blue staining.’ According to the 
present data, this concept seems inaccurate. It may be 
concluded from the results of the experiments reported 
here that the aleian blue stainability of acid mucopoly- 
saccharides is not necessarily dependent exclusively on the 
presence of acidic groups in them. Thus, when acidity of 
mucopolysaccharides is to be tested, it appears desirable 
to examine their staining properties other than alcian- 
ophilia such as thiazine dye metachromasia at different 
pH levels. 
I thank Prof. J. Hara for his advice and encouragement. 
T also thank Dr. N. Takahashi for supplying the sulphated 
polysaccharides. 
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PATHOLOGY 


inhibitory Effect of Guinea Pig Serum on a 
Number of New Leukæmias in Mice 


Some years ago Kidd observed that certain transplanted 
loukæmias of mice and rats are strongly suppressed by 
guinea pig serum?*. Even established growths of the 
lymphoma 6C3HED, for example, could. be completely 
aborted by the administration of guinea pig serum. 
“These observations have stimulated further work on 
the nature of the serum factor responsible for this effect. 
‘The most outstanding recent contribution is the study by 
Broome, who observed a close correlation between tumour- 
inhibitory activity and the presence of L-asparaginase, an 
- enzyme that is found in high concentration in guinea pig 
serum’. 

However, whatever the mechanism, the fact that 
suppression has been observed so far only with tumours 
which have a long history of transplantation, or with 
tumours carried in heterogeneous stocks'4-?, makes it 
diffieult to evaluate the relevance of the finding to primary 
cancer. Other leukemias of more recent origin have been 
tested, but none was sensitive®:*. Since the tumours that 
are known to be sensitive are in some degree incompatible 
with their present hosts, it has been difficult to assess the 
activity of the serum factor, free of any accompanying 
immune reactions attributable to histo-incompatibility. 

We have recently tested the sensitivity to guinea pig 
serum, of eighteen new leukemias that have arisen in our 
inbred mouse colonies during the past two years. All 

tosts. were carried out during early transplant generations 

“in mice from our own colonies, maintained under strict 
` conditions of inbreeding. Thus there is little necessity to 
consider the intervention of isoantigenic disparity in the 
< instances reported here. Table 1 is a summary of our 
findings. _ Evidently, sensitivity to guinea pig serum is 
— quite common among. mouse leukemias. Of the 18 
leukemias tested, 10 were found to be suppressed by 
_ guinea pig serum. 

The sensitivity of these leukemias was tested entirely i in 
mice of the samo genotype as that of the mouse in which 
the loukemia arose. Female leukemias were tested in 
mice of either sex: male leukemias were tested only in 
males. 1 ml. of pooled guinea pig serum was given intra- 
venously at the same time as the inoculation of leukemia 
cells subcutaneously, using groups of 4 experimental 
animals and 4 control animals receiving either no serum or 








5 ‘Table is: 
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INCIDENOE OF SENSITIVITY 70 GUINEA Pig SERUM in-vivo. AMONG. 


18 RECENTLY DERIVED SPONTANEOUS OR RADIATION-INDUCED LEUKRMIAS 
bees Spontaneous leukemias Radiation-induced > 
leukemias 
Strain of origin Respomtvo Not responsive Responsive Not e respond re 
to guinea to guinea to guinea to guinea: 
pig serum pig serum pig serum pig serum 
CSTBLI6 0 0 ‘ 
(C57 BL/62 AF, 8 8 2 2 
A 7 1 2 2 1 
I 2 1 0 0 
AKR ə 1 Q 0 
C58 9 1 0 0 
Total No. of 
leukemias 3 5 7 3 


the same volume of fresh rat serum. Rat serum has had 
no effect on any of these leukemias. The number of cells 
inoculated ranged from 10° to 10‘ with different leukæmias: 
the inoculum selected invariably gave progressive growth 
in all controls. Under these conditions, outgrowth of 
sensitive leukemias was in most instances prevented 
permanently in all the animals treated with guinea pig 
serum. Occasionally, leukemia developed in one or two 
animals after considerable delay. 

The same sensitive leukemias were also affected by 
guinea pig serum administered after a large subcutaneous 
mass had developed. As with 6C3HED, these masses 
either disappeared altogether or shrank to a very small size 
within 48 h of treatment. Massive splenomegaly, or 
thymic enlargement accompanied by extreme respiratory 
symptoms, often responded dramatically to a single 
injection of guinea pig serum. Such limited treatment of 
these advanced leukemic transplants has. always been 
followed by recurrence at a later date, although it remains 
to be seen whether or not more extensive treatment may 
afford complete protection. 

Most of the leukemias used in these experiments are 
classed as primary thymomas, either localized or general- 
ized. Sensitivity is not restricted to leukemias of this 
type, however, since five primary hosts with sensitive 
leukæmias showed no evidence of thymic involvement and 
their leukemias presumably arose elsewhere. Again, 
sensitivity is not associated with some special mode of 
induction since three spontaneous leukemias responded to 
treatment in addition to seven leukemias induced. by 
X-radiation according to the method of Kaplan”. The 
one AKR leukemia tested was resistant, like the several 
similar leukemias tested by Kidd and his colleagues***. It 
may be that certain classes of leukemia are invariably 
resistant, but this can be decided only when further data 
become available. 

The purpose of this communication is to record the fact 
that a number of new leukemias, including some the 
origin of which was spontaneous, have been found to be 
highly sensitive to suppression by guinea pig serum, under 
conditions where iso-immunity is certainly not a. còn- 
tributory influence. The possibility that some tumours. 
in man may be responsive to similar treatment should 
certainly be considered. 

E. A. Boyse 
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Leukemia-inhibiting Properties and 
L-Asparaginase Activity of Sera from Certain 
South American Rodents 


GUINEA pig serum is known to exert a striking inhibi- 
tory effect on certain transplantable leukemias of the 
mouse and rat}, Suppression may be seen, not only with 
long transplanted leukemias, but also with recently 

; derived spontaneous and radiation-induced leukemias 
(preceding communication). Other sera have been 
“tested, but none has shown unequivocal activity!*. The 
only rodent other than the guinea pig, the serum of which 
has beon examined and found to be negative, is the rat?. 
_ Up to the present time, however, no animal closely related 
“>to the guinea pig has been studied, 
o For this reason, we have obtained a number of South 
American rodents of the same sub-order, Hystricomorpha, 
n order to test the activity of their serum against trans- 
Janted leukemias. In view of Broome’s contention 
that this inhibition is mediated by the L-asparaginase 
. content of guinea pig serum’, we have also determined the 
activity of this enzyme in each serum sample. 
A mouse leukemia recently induced by X-radiation in a 
< (CST BL/6x2A) I’, hybrid, KARADI, was selected for these 
| tests. This loukamia has been found to be highly sensitive 
to suppression by guinea pig serum. Except in two 
instances where the serum of the species tested was toxic, 
< iml. of serum was injected intravenously at the time of 
. subeutaneous inoculation of 1 x 10° leukemia cells into 
isogenic hosts. The two toxic sera, porcupine and capy- 
a, wore injected subcutaneously in volumes of 1 ml. and 
mil. respectively. Similar volumes of guinea pig serum 
njected by the subcutaneous route have been found to 
suppress the leukemia used in the work recorded here. 
‘Under the conditions of these experiments, no adverse 
effect whatsoover was observed after the injection of any 
One SOTA. 
n be seen from Table 1 that serum from all mem- 
rs of the super-family Cavioidea, with the exception of 
the capybara, showed both protection against the leu- 
_kemie graft and t-asparaginase activity. The only serum 
with L-asparaginase activity, but no protective action in 
vivo, was the capybara specimen. However, from other 
experiments in which amounts of guinea pig serum with 
comparable L-asparaginase activity were injected sub- 
eutaneously, protection by the capybara serum was not 
to be expected. This relatively low level of activity of the 
-capybara serum may be related to the immaturity of our 
specimen. Tho levels of L-asparaginase in the sera from 
< the paca and Patagonian hare approximated the values for 
_. individual guinea pigs. Agouti serum showed considerably 
greater activity than guinea pig serum. In guinea pigs, 
the highest value found was 169 units L-asparaginase/ml. : 
the individual values for agoutis were 370, 480, 550, 583 
and 720 units/ml. 


















Table 1. LEUKMIA-INHIBITORY PROPERTIES AND L-ASPARAGINASE ACTIVITY OF SERUM FROM A NUMBER OF SOUTH AMERICAN HYSTACOMORT E 


NATURE 


s04 


Serum specimens from Hystricomorpha other than the 
Cavioidea were entirely devoid of both leukemia-imhibi- 
tory and L-asparaginase activities. The serum of another 
more distantly related rodent, the hamster, was siso 
found to lack both properties. 

The fact that serum from three distinct genera, other 
than the guinea pig, possessed both L-asparaginase and 
the property of inhibiting an experimental leukemia, 
strengthens Broome’s conclusion that these two charac. 
teristics are causally related’. From further experiments 
with serial dilutions of serum, we have obtained evidence 
that the same quantitative relationship exists between 
leukemia inhibition and L-asparaginase activity, leresped- 
tive of the source of the serum. E 

Tt is also of interest that serum L-asparaginase activity 
appears to be confined to one relatively small group Pos 
rodents the classification of which into a single Bok 
family, Cavioidea, has hitherto depended on anatomical 
similarities. This distinctive distribution of i-aepura-— 
ginase in serum provides an additional example oF the 
applicability of biochemical methods to the study of 
phylogenetic relationships. 
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Mr. G. E. Welch, Louisiana Wild Life and Fisheries Com: 
mission; Mrs. J. Steiner, Mahopac, New York; Dr. R. Van 
Gelder, American Museum of Natural History, New York; 
Mr. J. A. Davies, New York Zoological Park, Bronx, 
New York; and Mr. F. Penman, Tarpon Zoo, Tarpor 
Springs, Florida, for help in obtaining specimens. 
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Isolation of a Murine Leukæmogenic 
Virus P-LLV 


Tur induction of lymphocytic leukemia and other 
morphologic forms of reticular neoplasms has been reported 
in various strains of mice by cell-free agents isolated from. 
leukemic tissues or from long-transplanted neoplasms of 
non-reticular origin'-’.. Agents producing profound hema- 














Leukemia-inhibitory activity | 




















| Super-family Specimen * ji Survivors/mice | Average survival time | L-Aspiraginaad aete../ 
| Treatment | inoeulated with of mice dying with | ivity? of serum 4 
| | with serum leukæmia { leukemia (days) (mitaji? i 
o eA A Serene E a e E a e AO YSce ores = | 3 aie fenestra nin 
l ChinchiHoidea | Chinchilla (chinchilla) 2 1 miv f 0/4 i 18 

| Hystricoidea | Coendou {prehensile-tafied porcupine) g 1mh se | o/4 | 20 

l Octodontoidea Myocastor (coypa or nutria) 2 lmli oft 21 

o Cavioides | Hydrochoerus (capybara) immature ¢ i 0-6 ml. s.e f 04 20 

| Cavioidea | Dolichotis (Patagonian hare or mara)? | imli | 3/4 26 

| Cavioidea Cavia (guinea pig) $ and g i ImhLi ; 4/4 all survived 

| i f | (pooled serum) 

| Cavioidea Cuniculus (paca or spotted cavy) ¢ i ImbLb : 4/4 l all survived 

( Cavioidea Dasyprocta (agouti) ¥ and ¢ H imi. i. i aid | all survived 

E i (single Ẹ serum) 

i | Controls—no serum | 0/18 l 20 

: ł i 















E-Asparaginaxe assay as deseribed by Meister (ref. 4). 
moles of ammonia from ‘L-aspara 


§ Range of values of different specimens tested. 


* A sorum sample from one individual of each genus. was examined, except in the case of the chinchilla (serum samples from 2 animals 
Gndividual serum. samples from 14 animals) and agouti (individual serum samples a R 
` FIA One unit of L-asparaginase activity is defined as that quantity of enzyme releasing 2 
f ; dine per h, under conditions of maximum enzyme activity, at pH 8-5 in 01 M sodium tetraborate buffer. ee 
ests performed with (C57HLzA)F, $ mouse leukemia EARADI in isogenic : 
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from 5 animals 


hosts, 
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Hable I. RESULTS OF INJECTION OF CELL-FREE MATERIALS SUBCUTANEOUSLY INTO VARIOUS STRAINS OF MICE 
| ‘Source™ | Type of Strain and age of | No. leukemic Latent period | 
es “of material | prep: mice injected. i No. injected (days) i 
ea) | EET te See od 
Orig. COHA Bi | Selas 02 filtrate BALB/e (new-born) i 12/16 110 (85*~-153) | 
‘Jenksemic tissues C3HfiGs (new-born) l 3/6 133 (130-135) | 
ei ee Rene Soe A Es ewe els eee ones recent Sere O ESA Coe 
3 i 
| BALBjeleukæmic Selas 02 filtrate | C3Hf/ Bi (4 days) | 3/3 125 (120-130) | 
tissues from (1) | GRIEG month) | 02 = 
| | | BALBle (new-born) 7/9 112 (86°-172) i 
z eee? ba EENE. E a a 

| BALB}e leukemic i Selas 02 filtrate | BALBje (new-born) | 9jl4 97 (87-136) | 
l tissues from (2) | BALBje (1 month) | 2/5 90, 108 i 
| Leukæmio tissues from l Selas 02 filtrate BALBje (new-born) | 3p | 94, 100 l 
| 4th gon transplant i | CBHI Bt (6 days) 6/6 132 (124-140) | 
| in C3H7 Fg mice | C3HJIFg (3 days) | 3/2 200, 205 | 
| | i DBAJ2 (4 days) | 1/4 250 | 
Plasma from. C3Hf/ Fg i Ultracentrifugate l BALB/e (4 days) 3/4 | 111 (79-165) | 
mice bearing 4th gen. į t C3Hf/ Bi (new-born) | 3/6 | 153 (150-155) i 
‘transplant | C3Hi/ Fg (new-born) | 5/6 185 (146-240) i 

f PEARS | | DBA/]2 (5 days) Í 2/5 | 74, 163 
EER “Tissue culture fluid | Selas 02 filtrate | C3HJ/ Bi (new-born) | 213 | 150, 180 i 
1 month culture of | | CSHf Bi (1 month) 2/3 | 180, 195 f 
| “original C3H// Bi cells | | C3HJ|Fg (new-born) | 6/6 l 186 (150-213) i 

X y i [i j 


fy 





-* Leukemie tissues of a BALB/c mouse killed at 85 days were used for preparation of the 2nd serial filtrate ; lenkmwmic tissues of a BALB/e mouse killed 


olsak B6 days were used for preparation of the 8rd serial filtrate, 


» topoietic disturbances have also been described**. In 
several investigations the precise source of the virus, 
whether from extracted tissues or from inoculated recipient 
(‘activation’ of virus), has been difficult or impossible to 
prove®*, Investigations of the inter-relationships of the 
several. viruses have been hampered because of the 
absence of specific virus-neutralizing antibodies in the 
host and the lack of rapid in vitro assays. The significance 

of the presence. of typo C particles in recipients of several 
“of these cell-free extracts and in tissues of leukemic mice 
of those high-leukemic strains investigated’? remains to 
be. determined. 

This communication describes the isolation and partial 
characterization of an additional leukeemogenic virus, 
P-LLV, apparently obtained from the tissues of a 5-5- 

i month-old C3Hf/Bi leukemic mouse. 

This animal came directly from our inbred colony and 
| had received a subcutaneous injection of a highly oncogenic 
` S-polyome virus variant at 10 days of age. There were 


40 C3Hf/Bi mice in the group treated in this manner and 


of these 19 (47-5 per cent) developed polyoma-type 
neoplasms", but only one other leukemia was observed. 
It arose in a mouse 12 months old and was probably of 
spontaneous origin. It appears unlikely, in view of previous 
work!?.18, that polyoma virus is implicated. 

The following procedures were followed in sequence to 
obtain a cell-free material from the original leukemic 
mouse: leukemic tissues were minced, a 20 per cent 
suspension made in cold Locke’s solution, then homogen- 
ized in a Ten Broek homogenizer; the supernatant fluid 
was then. centrifuged at 3,000 r-p.m. for 5 min and further 
at 9,500 r.p.m, for 10 min at 4° C in a PR-2 centrifuge; 
filtration was carried out under low pressure through a 
< tested 02 Solas candle. Filtrates. were inoculated imme- 
.. diately at a 0-05 ml. volume in neonatal mice and at 0-2 ml. 

“in adult mice. All subsequent filtrates were prepared in a 
< similar manner. 

Table 1 shows the results with tho original filtrate and 
with 2 selective serial passages obtained in each case from 


the first leukemia to appear, an 85 day-old BALB/c 





(passage 1) and an 86 day-old BALB/c (passage 2). There 
i dication here of enhancement of biological activity 
passage either in frequency of disease or latent 







Despite the fact that the original and passaged leukemic 
tisstios were found to be of a near-diploid constitution, 
having a mode of 41 chromosomes, progressive growth 
of this lymphocytic neoplasm was achieved in C3Hf/Lw, 
C3Hf/Fg, BALB/c and DBA/2 strain mice, but not- in 
C57BL and C57BR. A filtrate obtained from the 4th 


generation transplant in C3Hf/Fg mice was found to be 
active and an ultracentrifugate of plasma obtained by the 
Moloney technique? was also found to have activity 
(Table 1). 

Leukemie lymphoblasts from the original neoplasm ` 
were adapted to grow readily in suspension in tissue” 
culture using medium 111 plus 5 per cent horse serum. 
These cells have continued to produce leukemia on 
transplantation in C3Hf/Bi hosts throughout a 6-month 
period in continuous culture. A Selas 02 filtrate from 
tissue culture fluid obtained after continuous culture for.. 
a month was found to be active at a somewhat increased 
latent period. Three-month culture fluid, however, has 
failed to date to induce leukemia when introduced. 
parenterally into neonatal mice. ua RE 

Observation of offspring born to infected mothers shows. 


that P-LLV is perpetuated and is transmitted to progeny. __ 


So far as they go, these results are similar to those. 
reported for the Moloney virus (MLV)*. A BALB/c 
female, which received filtrate at birth from the original 


loukæmic tissues, had a litter of 8 born. when the mother. 


was 60 days old. The BALB/c mother eventually became 
leukemic at 85 days. Five out of 8 (@1) of these offspring 
died of lymphocytic leukemia at 120 days (106-147 days). 


A subsequent second generation (42), comprising 2 litters __. 


of 3 and 4 members respectively, was obtained from each — 


of 2 BALB/e (G1) mothers. Those litters were born 2 ` 


months before their mothers became leukemic. AN- T: 


members of these 2 litters died of lymphocytic neoplasms _ 


at an average ago of 88 days (63-97 days). A litter of 5 | 


was born to a preloukemic BALB/c female that had 


received at 4 days of age an ultracentrifugate of plasma = _ 
from leukzemic mice (Table 1). All 5 members (G1) died — 


leukemic at 89 days (82-96 days) and in a subsequent _ 
litter (G2) born to one of these G1 mothers, 1 month | 


before signs of leukemia, 1 of 5 was leukemic at 113 days: 
Type C particles have been observed in electron miero- — 


scopic investigations by Dr. A. J. Dalton of this Institute _ 


in megakaryocytes of leukemic spleens from 2 of the — 
BALB/c leukemics. Be 

A widely disseminated lymphocytic neoplasm or an — 
aleukemic thymic lymphosarcoma was the common. -- 
form observed in mice of the several strains receiving — 
filtrates of P-LLV either during the neonatal period or as: 
adults. The wide strain-susceptibility and the ease of 
transmission from viremie mothers to offspring are 
characteristic of MLV, which is now being used in this- 
laboratory experimentally. The facts, of isolation. of 
several possibly similar leukemogenic viruses (MLY. 
Rauscher*, Manaker C-60, Breyer-Moloney) in the same 
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laboratory), and of the recovery of the same virus 
(Graffi) from a score of transplantable sarcomas and 
carcinomas carried in passage in the same laboratory’, 
tho very likely possibility of cross-contamination 
and prompt us to wait until a full characterization is at 
: d before designating the present isolate (P-LLV) a 
new Jeuksemogenic virus. 

_ This work was supported in part by a grant from the 
uber Fund. 
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Glucuronide Excretion and the Detoxication 
chanism in Whole-body Irradiated Rats 


r glucuronide excretion was diminished in rats 

hole-body) of y-rays while sensitivity to naph- 

was increased. Details and significance of these 

ervations are reported here. 

‘Whether toxic substances are formed under the influence 

_ of radiation is not conclusively proved!~*. Local X-irrad- 
istion reportedly decreases the ability of in vitro tissue 
from the intestinal tract‘ and liver’ to conjugate o-amino- 
phenol with glucuronic acid. 

Glucuronic acid is claimed! to protect against the 
effect. of f-rays on tissue respiration. Changes in the 
metabolism of ascorbic acid (a metabolite of glucuronic 
acid in some species) have been examined in tissues of 
irradiated animals’-!°. The excretion of oxalic acid—a 
metabolite of ascorbic acid''—is decreased after whole- 
-body irradiation, and 8-glucuronidase is altered in some 

“tigsues'14, 
Information is scarce on irradiation as affecting the 
“- mechanisms of ‘detoxication’ in vivo. 

Total glucuronide excretion was examined in male 
Sprague-Dawley rats (about 500 g). Irradiated rats 
received 1,000 r. of cobalt-60 y-rays at 2-35 r./min (air 
dose) while confined in individual cages. Feces-free urine 
was collected in special cages for 10 days prior to irradia- 
tion. 24-h samples were centrifuged, the volume was 
equated, and the samples were stored at —18° C until 
analysed. Aliquots of samples were used for determination 
of total glucuronides by the method modified by Paul and 
described by Mead et al. 

The results show that the excretion of total glucuronides 
decreased after whole-body irradiation of the animals with 
1,000 r. (Fig. 1). Each rat displayed an independent level 
of excretion. of glucuronides but all of them demonstrated 
a similar diminished oxeretion rate following irradiation. 
The decrease began immediately after irradiation and 

_ reached the lowest values the 8rd and 4th day at which 
timo was below 50 per cent of their own normal level and 
the level of the control animals (Table 1). On the 7th day 
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Fig. 1. Daily excretion of glucuronides before and. after tadiation 
after irradiation the values- of the glucuronic excretion 
reached the normal level before irradiation. ‘These t 
supported by in vitro experiments of Hartiala 
support the conclusion that the irradiated animals are 
poorly equipped for ‘detoxication’ or physiological o w 
gation. The irradiated animals could be in w i 
physiological condition to the fœtus of certain | 
which a lack has been demonstrated of nucle 
uridine diphosphate glucuronic acid’ and glueur 
transferase*®. i 





Table 1. URINARY EXCRETION OF GLUCURONIDE IN Waone-s0DY tma 
DIATED Rats Ce 
Mg glucuronides in. 24 hb ; 
Days after (average of four animal Etaat i 
irradiation Controls irradia f 
1 43-4 ae KS.” a 
2 35-9 26-8 NS. ; 
3 42-2 203 4-006 
4 42-4 20-0 wui 
5 49-3 323 O08 
6 48:5 32:9 OAS 
7 41-0 393 NLS. 
9 38-4 47 NS. 


* P> 0-05 considered not significant. 


In order to test the resistance of irradiation to toxics, 
experiments were conducted using naphthalene and 
chloral hydrate introduced to rats by different ways 

The toxicity of naphthalene in whole-body irradiatec 
animals was tested using the same procedure mar 
before in which 120 animals in five experiments we 
separated in three groups. One group received only. 
y-rays, the other group received only naphthalene, 
and the third group received both naphthalene and 
radiation. 

Previous experiments were condueted in order to find — 
the oral doses of naphthalene necessary for killing : 
per cent of the animals. After the rats were irradi 
1,000 r., 4 ml. of naphthalene solution (8 per cent 
oil) were introduced into the stomach by a cantu 
the animal returned to its own eage and supplied with 
water and food. The controls were treated in the same 
way. The rate of death until the 10th day was recorded 
in the three groups (Fig. 2). The average results show that 
75 per cent of the rats which received naphthalene after 
irradiation died, whereas 30 per cent of the naphtbalens- 
treated group and 12-5 per cent of the irradiated group 
died respectively. Analysis of the data by the t-test 
demonstrated statistical significance. 

The sensitivity of different groups of rats to irradiation 
and naphthalene was not the same, but in general sume 
correlation exists between the degree of sensitivity to | 
factors. The only difference between the groups 
fact that the first experiment was conduet 
summer and the tast in the winter and th 
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Fig. 2. Toxicity of naphthalene in irradiated rats (percentage mortality) 


kept at room temperature. The results revealed that 
whole-body irradiation alters not only the glucuronide 
excretion but also the sensitivity to toxie substances 
introduced intragastrically. 

How important these facts are in radiation sickness 
would be very interesting to know from the part played by 
glucuronic acid in detoxication™ and in the metabolism 
of hormones?’ and bilirubin?®?. Even normal substances or 
normal catabolic products could have an important role in 
the irradiation disease if these mechanisms are damaged. 

However, three experiments with 72 animals con- 
ducted in the same way as the experiments with naphtha- 
lene but injected with toxic doses of chloral hydrate intra- 
peritoneally showed no significant difference between the 
irradiated and the controls in the rate of death. 

It is premature to speculate the factors involved in the 
sensitivity to naphthalene in the irradiated animals, but 
the difference with chloral could be explained by a differ- 
-ent sensitivity of the intestinal tract to radiation and 
because the detoxication mechanism of these substances 
is more extensive than glucuronic conjugation alone. 

The action of glucuronic acid and related substances 
after irradiation needs more investigations in order to 
evaluate its importance in the so-called radiation disease. 
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bui neo of Deoxyribonucleic Acid as a 
Function of the Radiation Dose to the Liver in 
Partially Hepatectomized Rats 


Previous autoradiographic and cytochemical investi- 
gations’ have given results which suggest that radiation 
interferes with synthesis of DNA. The mean time of 
replication of the DNA of the hepatocytes was increased 
from 8 tə 13 h following 3,000 r. of X-radiation delivered 
during the period of synthesis of DNA. The results of 
both tho autoradiographic and cytochemical methods 
could therefore be interpreted as a radiation-induced 
reduction of rates of synthesis of DNA. The quantitative 
autoradiographic examination of DNA synthesis following 
irradiation recorded here was made to investigate the 
mechanism of action of irradiation from the characteristics 
of the dose response curve. 

Lewis strain rats (200 g) were used in these experiments, 
The radiation was given at a rate of 300 r./min locally to 
the liver 19 h after partial hepatectomy. 50 uc. of tritiated 
thymidine, 3 ¢./m.mole, were given intravenously at the 
end of the period of irradiation. The animals were killed 
1 h later and squashes made from random samples of 
finely minced liver. They were fixed by freeze-substitu- 
tion and stained by the Feulgen technique prior to the 
application of ‘AR-10' stripping film. The results of these 
experiments are given in Table 1. 


Table 1. Dosk-REsPONSE CURVE st i EFFECTS ON SYNTHESIS 
OF 


Mean 

Radiation No. of grain counts Adjusted 
dose (r.) animals per nucleus mean SZ. 
188 8 27-89 27-89 3-99 
375 8 25-81 25°61 5°59 
750 7 23-13 24-48 1-76 
1,500 12 24-51 23-34 1-82 
3,000 6 22-37 65 1-58 
6,000 9 21-08 18-70 2-41 
000 6 12-65 15°91 135 
12,000 9 14-00 400 151 
Controls 41 37-70 £1-75 


The smallest radiation dose used (188 r.) produced 
significant reduction in grain counts per nucleus. Smaller 
doses were not used because of tho inherent limitations of 
the methods used; however, the standard error of the 
mean of the forty-one control rats indicates that the 
effects of as little as 25-50 r. of irradiation can theoretically 
be detected by this method. 

The decline in synthesis of DNA with increasing doses of 
irradiation (Fig. 1) can be defined by a second-order 
differential equation, The equation does not indicate 
that precisely two operating mechanisms are responsible 
for the reduction in synthesis of DNA. Tho suggestion is 
made rather strongly, however, that the mechanism 
involved is a complex one, all of which is not equally 
affected by irradiation. 

It is of interest that similar dose-response curves for 
radiation effects have been obtained in different in vive 
and in vitro systems utilizing different labelled precursors 
of DNA. Lajtha, Oliver, Berry and Noyes found a similar 
biphasic dose-response curve in bone marrow cultures and 
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and Stocken® found that phosphorus-32 
into DNA of rat thymus also gave two 
1 components. The results of Beltz, Van 
nd Potter? are inconclusive since only doses up 
of total body radiation were used for measuring 
of orotic acid labelled with carbon-14 incor- 
) regenorating rat liver by biochemical tech- 
owever, the dose-response curve is similar to the 
component found in the present investigation and by 
Beltz ef al. Tho results of these investigations and the 
timated D-37 dose (dose necessary to reduce synthesis: 
.87 per cent of the control values) for tho first and second 
omponents of the dose-response curves are given in 
‘able 2. 

‘Table 2. SuMMARY.oF Dose-RESPONSE CURVES. FOR SYNTHESIS OF DNA 











Biological Labelled: D37 dose @.) 
testo precursori. First Second 
: system used component. component 
Partially ‘Orotic acid 750 Incomplete 
hepatectomized : 6-#C ; curve 
rats (total body 
radiation) : 
: Human bone ‘Sodium 500 13,000 
marrow cultures... formate-!C_ 
Rat thymus. ‘Phosphorus-32  =200 =2,000 
Partially... Tritiated 500 23,000 
Dopatentonized o thymidine 
(local radiation) 


Tho similarity of the characteristic of the dose-response 
found in a diversified group of biological test 
is, as woll as by different. techniques for the evalua- 
of radiation effects, suggest that some uniformity is 
ng to be realized in the effects of radiation on synthesis 
NA, an area which has been characterized by conflict- 
sults in the past. 
work was supported in part by Atomic Energy 
contract AT (40-1)-2889. 
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Life-cycle of Planorbarius corneus (L.) 


Wrrn few exceptions the freshwater pulmonate snails 
in Britain seem to have an annual life-cycle. Boycott? 
believed that Planorbarius corneus (L.) was the only one 
which lived and went on growing for 2 or 3 years and 
Boettger? considered it to be unique among German 
freshwater pulmonates in having this length of life, while 
Frémming® allowed it up to 4 years. Recently, I* have 
investigated a population of Lymnaea stagnalis (L.) in Seot- 
land which has a biennial cycle, but unpublished observ- 
tions that I have made indicate that in the south of 
‘England this species may be annual as claimed by Boy- 
cott!. No definite information seems to be available about 
the length of life of P: corneus in natural conditions as 
distinet from aquaria where it has been reported to live 
for up to 6 years?. 
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The following observations were made on a population 
in a pond about 1 mile west of Burghfield, near Rewding, 
Berkshire. The snails are present in large numbers on the 
submerged aquatic vegetation at the edge of the pond and 
four samples were collected with a pond net during the 
summer of 1962, at roughly 4-weekly intervals. 













June 13 
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% of sample 


0 5 10 ib 88 
Shell diameter 
Size distribution of snails in the samples 


Fig. 1. 


The size distribution of the snails in these samples. is 
shown in Fig. 1. Since the size distribution of the young 
snails in the June sample approximates to a normal ie 
bution and since no snail of less than 2-8 mm shell diameter 
was taken in the later collections, it seoms clear that t 
reproductive period had already ended by June 13. This 
means that the absence of large snails in the later sorap 
cannot be attributed to dilution of their numbers by 
influx of young snails since these were no longer inc 
in numbers. Nor is it likely that large snails would 











ae 
away from the edge of the pond during summer conditions 
when the vegetation there would enable them to have 
ready access to the surface for respiratory purposes". - 
When the August and September samples failed te and 
any large snails a brief additional search was carr 
in each case without any being found. It does not seem 
possible to avoid the conclusion that all the large snails 
had died off. 


Table 1. SUMMARY OF MEASUREMENTS OF Maximum SHELL DIAWTTER OY 
THE YOUNG SNAILS IN THE SAMPLES 
















Range of Mean shell Percentage of 
Sample No.in maximum shell diameter Standard sine Gee 
date sample diameters (mm) fmm) deviation previous sani 
13/6/62 82 16-40 2-86 O57 
13/7/62 350 2-8-60 4-86 0-85 
8/8/62 86 3-3-66 507 6-00 
6/9/62 100 5-0-8-4 675 0-68 


From Fig. 1 and the data in Table 1 it can be dedacod 
that the young snails probably hatched out in May, 
apparently during a fairly restricted period of reproductive 
activity. If the growth rate of the young snails is con- 
sidered in relation to the size of the large snails in | 
June sample, it seems clear that these young sna 
reasonably be expected to reach the same si 
folowing summer. 
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It is thus fairly certain that, in this pond, P. corneus 
has a simple annual life-cycle with young snails hatching 
about May and dying as adults by July of the following 
year. However, the maximum size recorded among the 
snails in the samples is much less than the figures quoted 
elsewhere and it is reasonable to suppose that, where the 
Species attains a greater size, it may require at least a 

year’s growth to do so. 

I thank Prof. A. Graham for the facilities made available 
to me in his Department. 

A. D. Berrte* 
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University of Reading. 
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Diurnal Rhythm in ‘Organic Drift’ of Gammarus 
pulex 

Dendy’, Wolff?, Miiller? and Waters‘ have described 

the phenomenon of organie drift in flowing waters, 

During an investigation of Baetis rhodani and B. vernus 

(Ephemeroptera) I showed that the drift of organisms in a 

flowing body of water is not a result of their being passively 
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carried along but rather constitutes a periodic behaviour 
pattern (change in activity) on the part of the animals, 
which is connected with between day and night’. 

This is also true of the amphipod Gammarus pulex, 
as is evident from Table 1. 


Table 1, DRIFT OF Gammarus pulex DURING MAY 1, 1962-JAN, 31, 1063 
Period No. of individuals Drift/h 

Day Night Day Night 
May 1-31, 1962 524 647 1-0 26 
June 1-30, 1962 4,731 5,909 91 25-5 
July 1-31, 1962 2,354 4,105 +3 12:3 
Aug. 1-81, 1962 1,746 2,941 3-8 10-4 
Sept. 1-30, 1962 732 1,493 19 +6 
Oct, 1-31, 1962 398 1,612 11 41 
Nov. 1-30, 1962 1,923 8,044 70 181 
Doc. 1-31, 1962 856 6,064 34 121 
Jan. 1-31, 1963 1,072 8,553 45 7-5 


The results given in Table 1 were obtained through an 
examination of the drift of Breitenbach brook (a tributary 
of the River Fulda, West Germany) on 270 days, on each 
of which the drift from 35 m* of water (May 1—Oct. 31, 
1962) or 170 m?’ of water (Nov. 1, 1962—Jan. 31, 1963) 
per 24 h was collected at both sunrise and sunset in a 
catching device some 500 m downstream from the source. 
The increase in the amount of filtered water during the 
winter season is necessary to prevent freezing of the catch- 
ing device. 

It was found that drift activity was consistently higher 
at night than in the daytime. Investigations conducted 
at 2-h intervals in the months of August, October and 
December 1962 demonstrate the course of the animal’s 
diurnal rhythm (Figs. 1, 2, 3). Despite the changing length 
of day and night, the drift maxima are found only in the 
nocturnal phase, with the number of such maxima 
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Diurnal rhythm of Gammarus pulex, August 1962 
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Diurnal rhythm of Gammarus pulex, October 1962 
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(2 or 3) apparently being determined by the length of night, 
and the position of the maxima with respect to midnight 
or to the onset of the end of night varying in the course 
of the year. The ‘timo signal’ is given by the change from 
light to dark or vice versa, as is evident from the correla- 
tion between decreasing light intensity at nightfall and 
increasing drift, measured at half-hour intervals (Fig. 4). 

Further investigations by me have shown’ that the 
height of the maxima is determined primarily by the 
temperature, which is not true in the same measure of the 
daily minimum. 

K. MÜLLER 
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Deformed Mussels from Power Station 

b Culverts 

DvRING an investigation of mussel-fouling in the intake 
culvert of Brighton ‘B’ Generating Station, deformed 
specimens of Mytilus edulis were found. Fig. 1 shows 
some typical examples of the deformities which have 
occurred; in each case the posterior edges of the valves 
have diverged to such an extent that even when the valves 
are closed the siphons are still exposed. Fig. 2 shows 
specimens in which the valves have diverged and have 
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Fig. 1. Centre mussel is 1-9 cm long 





Fig. 2. Centre mussel is 2-4 om long 


then grown together again leaving a hump on. the shell. 
Over a period of 10 months 47,450 mussels from the 
culvert were examined; of these, 2 per cent were or had 
been deformed in this way. The culvert is a conerete 
tunnel, 10 ft. square in section, through which water is 
pumped directly from the sea. The salinity of this water 
varies between 27 and 31 per thousand. The velocity varies 
between 0 and 8 ft./sec. and the depth from 4 to $ ft. 
Mussels showing the same deformity have also been found 
in an intake culvert at Marchwood Generating Station. 

In the culvert there are no tidal movements and due to 
the high water velocities predators are not common. The 
distribution and orientation of the mussels in the culvert 
give no indication of the cause of the deformity; but it 
may be imagined that in tho relatively uniform conditions 
that exist in the culvert, and in the absence of such 
external stimuli as predators and tidal movements, these 
mussels may feed for long periods without having to 
close their valves. If shell growth continuos at these 
times, deformities like those described would occur. It is 
unlikely that mussels so deformed could exist intertidally 
as they would be unable to withstand exposure. They 
may exist in sub-littoral populations, but would have no 
defence against predators. It would be interesting to 
know if they had been noticed in any other environment. 

This communication is published by permission of the 
Central Electricity Generating Board. 


W. R. Warre 
Central Electricity Research Laboratories, 
Leatherhead, 
Surrey. 


Further Evidence of Resistance to Warfarin 
in the Rat 


A case of apparent resistance of the common rat to 
anticoagulant poisons occurred in 1958 on a farm in West 
Scotland'. The infestation was eliminated by April 1959. 
In September 1961 it was reported that the farm was 
again heavily infested with rats. 91 rats were trapped in 
September, released in a proofed room (17 ft. 6 in. x 
7 ft. 6 in.) and given the standard laboratory diet (diet 
41B). 

Test 1. All 91 rats were fed in the proofed room with a 
surplus of diet 41B and of 0-005 per cent warfarin in 
pinhead oatmeal/sugar/oil bait (16 : 2 : 1). Little poison 
bait was eaten during the first three days but it was well 
eaten afterwards. 


“a 


Z) 


808 
Deaths occurred as shown in Table 1. 
Table 1 
bait 
wa 321s 82 8 


The poison bait was removed after 10 days. No further 
deaths occurred and the 20 survivors appeared to be in 
good health. 

This test suggested (in so far as a choice of two foods in 
a restricted space can represent field conditions) that a 
properly conducted warfarin treatment should be able to 
reduce considerably the infestation on the farm. This 
has in fact been achieved by the local council. 

Test 2. 19 days after the end of the first test, the 20 
surviving rats were again given a surplus of diet 41B and of 
0-005 per cent warfarin bait. Both foods were eaten 
satisfactorily throughout the test. 

After 12 days, at which stage all surviving rats appeared 
to be unaffected by the poison, the unpoisoned food was 


removed. 

Table 2 
Days after plac ison bait 5 6 8 9 12% 17 19 28 24 
naam wine ase i 


* Diet 41B removed on twelfth day 


The five surviving rats continued to exist on the 
warfarin bait for a further 24 days, after which the 
poison bait was replaced by diet 41B. There is no evidence 
that the fatalities in this test had any degree of resistance 
to warfarin. Any delay in dying was possibly due to a 
delay in feeding on the poison bait. The five surviving 
rats showed a remarkable tolerance of warfarin: in 
addition to the two periods of 10 and 12 days when they 
had a choice of plain and poisoned food, they survived for 
36 days on a diet containing 0-005 per cent warfarin. 

J. H. CUTHBERT 
Department of Agriculture and Fisheries for Scotland, 
Rodent Control, 
Edinburgh, 12. 
* Boyle, C. M., Nature, 188, 517 (1960). 


Natural Selection in Man 


Two related methods of wide applicability soem to have 
been largely ignored in the investigation of phenotypic 
natural selection in man. 

In the first method, a character must be used which 
does not change with the age of the individual. Blood 
and other serological groups, the several biochemical 
polymorphisms, dermatoglyphic patterns, number of 
phalanges in the little too, colour-blindness, tooth measure- 
ments unaffected by attrition, and perhaps handedness, 
phenylthiourea, tasting ability, attachment of ear lobe, 
and (for adults) cephalic index, are such characters 
(there are probably others) for which considerable 
variation exists within human populations and which can 
be investigated on living individuals. For a population 
in which migration from phenotypically different areas 
may be ignored, a random sample is taken of different 
age-groups. A significant difference between age-groups 
in mean, variance, or some other statistic will then be the 
result of natural selection by differential mortality. 
Secular change in environmental effects may well be 
ignored for most, or all, the characters listed. 

In the second method’, any character is suitable. A 
random sample of a given age-group (as close as possible 
to the same age) is measured for the character, and one 
or more components of fitness are then related to the 
measurements. A difference in a fitness component among 
the phenotypes will indicate the action of natural selection. 
Probability of death within a given time, percentage 
miscarriages, and number of children by a given age, are 
fitness components which can be used. 

The basis for a general method for the estimation of 
selection intensities from data of the kind discussed here 
has been presented*, and will be elaborated elsewhere. 
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Failures to find detectable selection are of interest as well 
as positive findings. 

I thank Dr. A. E. Mourant, Prof. L. S. Penrose, Dr. A. 
Comfort, Mr. J. Maynard Smith, and Prof. N. A. Barnicot 
for discussions and information. This work was supported 
by a Nato post-doctoral fellowship. 
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A Devonian Seed Megaspore 


Tue earliest record of fossil structures securely identified 
as seeds is from the Lower Carboniferous (Mississippian). 
From Britain, in particular, a considerable diversity of 
seeds, some of surprising complexity, have been described 
from rocks of this age. One type of Pre-Carboniferous 
stem, Callixylon, previously believed on the basis of its 
anatomy to be a gymnosperm, has recently’ been shown 
to be at a heterosporous pteridophytic level of organization. 
This has automatically cast doubt on the assignation of 
any fossil stems to the gymnosperms on the basis of 
anatomy alone, before the appearance of actual seeds in 
the fossil record. Maslov’s? supposed reproductive body 
from the Russian Devonian, which he has compared with 
Carboniferous seed-like structures, has not been generally 
accepted®* as a record of a Devonian seed. Arnold’s 
statement’ that “no seeds of any kind have yet been found 
in the Devonian” still represents the generally held view 
of paleobotanists. We are left with a sequence consisting 
of the earliest appearance of vascular plants, of an 
apparently purely homosporous type, in the Upper 
Silurian and early Devonian, followed by the attainment 
of heterospory in at least two groups (lycopsids and 
macrophyllous plants) by the later Devonian and culmina- 
ting in the formation of true seeds in the Carboniferous. 
The purpose of this communication is to record the 
occurrence of a fossil which we regard as the first direct 
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Fig. 3. The triradiate sutures seen at the apex of a fertile megaspore, 
from which the abortive spores have been removed (x 200) 


evidence of the attainment of a seed plant level of organ- 
ization in the Devonian. 

The seed megaspore exines described here were isolated 
by bulk maceration of Upper Devonian sandstone 
bearing compressions of Archaeopteris from the Escu- 
minac Formation, of Seaumenac Bay, Quebec, Canada, 
in the British Museum (Natural History). Spores of the 
same type have also been obtained from the bedding 
planes of the Acanthodian Bed of the same locality. The 
fossil megaspores usually occur still adhering together in 
tetrads (Figs. 1 and 2); each tetrad consists of a single 
large elongated (presumably functional) megaspore, up to 
2-6 mm in length, together with three very much smaller 
(presumably abortive) spores each of about one-tenth this 
size, arranged at the apex. In those cases where the 
abortive members of the tetrad are missing, their position 
is represented by three radiating sutures (Fig. 3). Each 
tetrad presumably represents the entire contents of a 
sporangium in which only one member of a single tetrad 
becomes the seed megaspore, at the expense of the other 
three members. Large seed megaspores of this type have 
been found in Carboniferous rocks, occurring inside the 
lycopod ‘seeds’ called Lepidocarpon*-*. The Devonian 
fossils described here may be assigned to the genus 
Cystosporites, which was instituted for Carboniferous 
Lepidocarp megaspores. However, it cannot be assumed 
that our Devonian fossils are necessarily of lycopod 
affinity; they may represent megaphyllous plants (for 
example, possibly some relative of Archaeopteris) with a 
life-cycle analogous to that seen in the early gymnosperms. 
Whatever plant group they represent, their significance 
lies in their having attained that level of heterospory which 
is the hallmark of Lepidocarpon. as early as the Devonian. 
In this respect they constitute a significant stage, inter- 
mediate both in time and structure, linking the free- 
sporing heterosporous plants of the Devonian with the 
seed plants of the Carboniferous. 

W. G. CHALONER 
Department of Botany, 
University College, 
London. 
J. M. PETTITT 
Department of Palæontology, 
British Museum (Natural History), 
London. 
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Phasic Growth of the Leaves of Cereals 


Durme some recent experiments on leaf growth, 
observations were made which do not appear to have been 
previously recorded in the literature. Initial measure- 
ments were made on a potted plant of cape barley 
(Hordeum vulgare L.) which had been defoliated several 
times and was growing vigorously in the vegetative phaso. 
A continuous record of leaf elongation was taken in the 
following manner: a very fine nylon thread was attached 
to the leaf tip and to the short arm of a thermograph from 
which the bimetallic element had been removed. The 
pen arm maintained the leaf in a taut condition and was 
adjusted to present minimum frictional drag on the lever. 
The recorder and plant were placed in a draught-free end 
shock-free position to obtain full autumn sunlight through 
glass. A continuous record of leaf elongation was obtained 
covering the weekly thermograph chart by raising the 
recording unit whenever the lower chart limit was reached. 
Free water was present in the pot tray at all times during 
the experiments. This record is illustrated in Fig. 1, in 
which the original sense of direction of elongation is 
reversed about the lever fulcrum. The lever magnification 


-was ten times, and the original chart width 3 in. 


Most of the growth took place during periods of up to 
5 h commencing at approximately 9 a.m. each day on clear 
days. This growth rhythm was found for other leaves on 
the same plant. On lightly overcast days the growth was 
less, but still began about 9 a.m.; on dull days no growt h 
was apparent. This limited growth is shown in Fig. 2. 

In experiments with oat seedlings (Avena sativa) 
recording commenced after the emergence of the first 5 em 
of primary leaf. Growth was continuous for this leaf as is 
shown in the early part of Fig. 3, and slowed down some- 
what until the second leaf emerged from the primary leaf 
sheath. The older leaf then grew more slowly during the 
five succeeding days and over this period gradually 
established a rhythmic pattern of growth similar to that 
observed in barley leaves and shown in Fig. 1. From 
emergence the new leaf grew continuously. Similar 
patterns of growth were observed with the emergence of 
each new leaf. These records are illustrated in Fig. 3. 
which is a record of the elongation of a primary leaf of 
Avena. 

In these experiments three growth phenomena common 
to cereal leaves of two species have been revealed: (1) 
continuous growth by the youngest leaf in an emergence 
series; (2) change-over to phasic growth by the penul- 
timate youngest leaf on the emergence of each new leat; 
(3) diurnal growth during a restricted period of daylight, 
requiring bright autumn sunlight for full expression. 

Considering (1) and (3), it is apparent that measurement 
of the effect of light on growth depends on the age of the 
plant and on which leaf on the plant is taken for measure- 
ment. Either continuous or light-induced growth can be 
observed on the same plant. Thus theories based on the 
effects of hormones such as indolyl-3-acetic acid or gib- 
berellin-like substances have to explain both phasic and 
continuous growth on the same plant at the same time. 
Furthermore, the trigger to phasic growth appears to be 
the emergence of a new continuously growing leaf. Any 
explanation of these phenomena must consider cell 
division and cell enlargement as the components of growth 
One such explanation follows. 

If elongating cells in the youngest leaf were randomly 
distributed in time and space continuous growth would 
result. Any decrease in this randomness towards syn- 
chronism would result in more growth occurring during s 
restricted period of time, while restriction in the number of 
dividing and elongating cells would result in slower growth. 
Reference to Fig. 3 shows that the youngest leaf does grow 
more slowly with age. If the decrease in number of 
dividing and elongating cells tended to favour one group 
of cells closely related in space, then the tendency for all 
the cells in this group to divide and enlarge together would 
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be greator, thus leading to the phasic growth observed in 
all but the youngest leaves. The dependence of the phasic 
growth shown in Fig. 1 on bright sunlight that 
the stimulus for growth is some photosynthetic product 
required above a throshold value not reached at low light- 
levels. 

R. M. ALLISON 


Crop Research Division, 
Department of Scientific and Industrial Research, 
Christchurch, New Zealand. 


Sugar-levels in Fruits of the Lowbush 
Blueberry estimated at Four Physiological 
Ages 

Tue native blueberry, Vaccinium angustifolium Ait., 
is a heterogeneous species which constitutes the bulk of 
the commercial crop harvested in eastern Canada. Clones 
within the species vary in many ways—disparate stem 
colour’, a varying response to day-longth? and in certain 
morphological features’. The fivestigation reported here 
was undertaken to determine whether there would be a 
notable deviation in sugar content among clones, both with 
regard to sugars present and concentration. Five clones 
were selected for the initial investigation with the expect- 
ation of extending the sampling should the original data 
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warrant this. The sampling was made July 25, 1962, when 
individual clones showed fruits covering a wide range of 
physiological maturity although their chronological ages 
were similar. 

In the analysis, 5-g samples (fresh weight) of berries 
wero selected at four stages, based on size and colour: 
small green (2-3 mm diameter), large green (3-5 mm 
diameter), reddish (more than 6 mm diameter), and 
mature blue (more than 6 mm diameter). Each sample 
was replicated five times. The berries were homogenized 
for 5 min in distilled water to which 1-5 ml. of a saturated 
lead acetate solution had been added. This was heated to 
boiling point, immediately cooled to room temperature, 
and filtered. A saturated solution of potassium oxalate 
was added dropwise to precipitate excess lead acetate. The 
mixture was again filtered and an aliquot taken for 
analysis*. 

Also at this stage, aliquots were withdrawn and concen- 
trated. Five-} samples of the concentrate were spotted on 
No. 1 Whatman paper and developed by descending 
chromatography for 48 h in n-butanol/ethanol/water 
(4:1: 5). The sugars were detected by spraying with 
p-anisidine phosphate’ and heating to 100° C for 5 min. 

The five clones used varied morphologically. The nature 
and extent of the variations are indicated by the examples 
comprising Table 1. Nevertheless, all clones were dis- 
tinctly within the species V. angustifolium. 
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Table 1. SOME MORPHOLOGICAL CHARACTERISTIOS OF CLONES OF Vaccinium 
angustifolium 


Flower bud t 


Stalkless 
Stem colour® Field vigour count range mee on leaf $ 


* 1-year-old shoots. 
+ Range of 30 first-year shoots. 
$ Total number on a single leaf base (mean of 10). 


These five clones, although disparate in many ways, 
gave essentially uniform results when assayed for sugar 
content (Table 2). 


Table 2. PERCENTAGE OF REDUCING SUGARS IN FRUITS OF FIVE CLONES 
OF Vaccinium angustifolium ar AT Four STAGES OF PHYSIOLOGICAL 
TURITY 


Large 


Small green green Red Blue 
(2-3 mm diam.) (3-5 mm diam.) (6mm diam.) (6 mm diam.) 


*Trace amounts of sucrose detected by chromatography. 


As expected, the concentration of sugar increased with 
physiological age. At none of the selected ages was there 
sufficient difference among clones to indicate that sugar 
content could be used to detect inherent clonal variation. 
The discrepancies in results, most notable in the youngest 
fruits, suggest a range of physiological ageing within a 
single sample. This may not be so apparent in the ripe 
fruit where the changed colour may perhaps be a better 
guide than the diameter of berry. It is our impression, 
however, that an improved sampling criteria would 
eliminate even these differences. 

Through visual examination of the chromatograms, and 
by the spots with known markers, it was found 
that glucose and fructose were present in every instance in 
approximately equal concentrations. Invert sugars were 
detected chromatographically, but were not disclosed by 
analysis following hydrolysis of the original extract. The 
trace amounts of sucrose appeared only as the berries 
approached maturity and were never found in association 
with green fruit, an observation that is supported by the 
recent work of Palaraya and Slagadze*. No other sugars 
were detected. 

It should, perhaps, be noted that a count of seeds present 
in fruits at the various physiological ages used in this 
investigation disclosed that a large number of seeds were 
present in the blue fruits, with a greatly reduced number 
in the small green fruits. Physiological maturing, there- 
fore, appears to be expedited by an increased number of 
fertilizations. 

Finally, as a matter of interest, two clones of the velvet 
leaf blueberry, V. myrtilloides, when analysed by the 
procedures outlined here, yielded essentially similar 
results. There did appear to be a greater amount of 
sucrose present in the mature fruit than in the V. angusti- 
folium, although still only a trace amount. 


W. G. BARKER 
F. A. Woop 
W. B. CoLLINS 
Research Station, 
Canada Department of Agriculture, 
Fredericton, 
New Brunswick. 
1 Wood, F. A., and Barker, W. G., Plant Phys., 38, 191 (1963). 


* Hall, I. V., and Ludwig, E, R., Canad. J. Bot., 39, 1733 (1961). 
* Hilton, 8. Aa and Barker, W. G., Proc. Sizteenth Intern, Hort. Cong. (in 
press’ 


4 Nelson, N., J. Biol. Chem., 158, 375 (1944). 
FS ar ce oe PA agar H, C., Nature, 169, 330 (1952). 
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Effect of the Removal of the Frontal Ganglion 
on the Development of the Gonads in Locusta 
migratoria L. 

THE complete cessation of growth and moulting which 
results from the removal of the frontal ganglion from 
nymphs of Locusta migratoria L. has already been re- 
ported'. This effect was attributed to the failure of the 
release and/or production of neuro-secretory material 
from the endocrine system of the insect. Based largely 
on the work of Thomsen? and Strangeways-Dixon®, it was 
suggested that, in these operated animals too, protein 
metabolism was interfered with, or stopped. Highnam* 
had shown that, in Schistocerca gregaria Forsk., cautery 
of the neuro-secretory cells prevented development of the 
terminal oocytes in the ovaries. It therefore seemed a 
useful check on our hypothesis to remove the frontal! 
ganglion from fledgling male and female Locusta migra- 
toria and to observe the results of this operation on the 
further development of the gonads. 

Twenty-four insects were used in this experiment, and 
were grouped into 4 groups each composed of 3 males and 
3 females. All the animals were isolated immediately 
after their fifth ecdysis and when 6 h old subjected to the 
following treatments. 

(A) Normal animals. These animals were untouched in 
any way but were subjected to the same environmental 
circumstances as the other groups. The males became 
sexually mature at about 300 h, having gained about 500 
mg in weight. The females became mature at about 350 h. 
gaining about 1,200 mg in weight. Mating, egg laying and 
hatching were normal. 

(B) Operated controls. These animals showed some lag 
before further growth occurred, but they became sexually 
mature at the same time, and showed the same increase in 
weights as did the normal animals. Egg-laying and subse- 
quent hatching were also normal. 

(C) Starved animals. This group were completely 
deprived of food and water. They all showed a steady loss 
in weight and died between 216 and 264 h. 

(D) Frontal ganglion removed. Recovery from this 
operation was 100 per cent. The animals lost weight 
during the first 48 h, then showed a srnall increase over 
the next 24h; thereafter the weight remained more or less 
constant until the insects died. Fluctuations of weight. 


x 


ig. 1. Lateral dissections showing the ovaries of adult locusts 320 h 


F 
after their final ecdysis. Above, female from which the frontal 
been removed 6 h after the fifth eodysis, x marks the 
ovaries; below, a normal ad , x marks the well-developed 
ovaries Fess Nh eggs 
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the maximum of which was 100. ng € 
were attributed to feeding behaviour of the insects. 
The males died at 142, 501 and 628 h respectively. 
‘None developed the bright yellow colour associated with 
sexual maturation. ~The last-mentioned animal mated 
with a normal female some 44 h before its death. The 
female later laid eggs, none of which hatched, however. 
Two of the females died at 165 h and one at 320 h: 
none developed the red colour type of sexual maturity. 
An autopsy showed that the ovaries were in an undevel- 
oped state scarcely different from those of a newly hatched 
fledgling. Fig. 1 shows a comparison between the ovaries 
of the operated female which died at 320 h with those of 
a normal female of the same age. 
The results of this experiment clearly show that the 
frontal ganglion plays an important part in the neuro- 
-| secretory activity of the adult. Its function is probably 
- the same as it isin the nymph, a relay element between 
_ the intake of food and the release and/or production 
2 of neue secretory material from the braint. 
; K. U. CLARKE 
P. A. LANGLEY 
Department of Zoology, 
-o University of Nottingham. 
+ Clarke, K. Un and Langley, P., Nature, 184, 160 (1962). 
* Thomsen, E., J. Exp. Biol., 29, 137 (1952). 
* Strangeways-Dixon, J.s Nature, 184, 2040 (1959); J. Exp. Biol., 38, 637 


‘Highnam, K. C., Quart, J. Micro. Sei., 102, 27 (1961). 


MICROBIOLOGY 


Correlation Between the Essential Amino- 
„acid Requirements of Staphylococcus aureus, 
their Phage Types and Antibiotic Patterns 


“Tms communication emphasizes the apparent relation- 
' ship that exists between staphylococcal cultures of phage 
type S 80/81, the amino-acids found to be essential to 
eit normal rate of growth and their antibiotic patterns. 
The forty individual staphylococcal strains of pre- 
5 determined. phage types which were investigated consisted 


Table 1. ussoace REQUIREMENTS, PHAGE TYPES, ANTIBIOTIC PATTERNS, 
SEVERAL STRAINS OF 








Staphylococcus aureus 
S. aureus S, aureus S.aureus S.aureus S. aureus 
1989 2059 2062 2063 2091 
Essential Arginine Arginine Arginine Arginine Arginine 
factors Valine Valine aline Valine Valine 
Cystine Cystine Cystine Cystine Cystine 
Histidine Histidine Histidine 
Seni- Leucine Leucine Leucine Leucine Leucine 
essential Aspartic Aspartic Aspartic Aspartic Aspartic 
factors acid acid acid acid acid 
Phenyl- Phenyl- Phenyl- Phenyl- Phenyl 
alanine alanine alanine alanine alanine 
Serine Serine Serine _Serine Serine 
Threonine j Threonine 
Histidine Histidine 
Methionine Methionine 
Tyrosine 
Accelerator Glutamic Glutamic Glutamic Glutamic Glutamic 
“factors. -acid acid acid acid acid 
Glycine Giycine Glycine Glycine Glycine 
Proline Proline Proline Proline Proline 
Methionine Methionine Methionine 
Lysine Lysine 
Isoleucine Isoleucine. 
; Phage types 6, 47, 53, 80, 81 80, 81 80, 81 6, 47, 58, 
= : 45,75 ee 75, 83, 
os Penicillin § R È R 8 
_Rovobiocin | 8 š 8 8 8 
Ervthroi 8 8 $ s S 
8 R È R 8 
os § 8 8 8 
; Ei R R R 8 
à eee i 5 8 Š 8 S 
~ Aureomycin 8 R R R 8 
Cell-free : : 
eoagtilase 
titres. 1:10 1345 = 24-25 1:15 Undiluted 
Hemolysin 
titres 1:10 2:10 1: 20 1:10 TiS 
Lesion size + + 


bt + coat 
S, Sensitive R, resistant. g 






Transmission (per cent) 






0 24 48 TB, 
Time (h) eae 
Fig Various types of growth response curves and their classification 


Ag Normal growth-rate in the presence of the completely supplemented > 
basal medium; As growth response curve in the absence of an essential 
growth factor; gron rowth response curve in the absence of a semi- oe 
essential growth Si Ch growth response curve in the absence 00 
of an accelerator factor Be 


of cultures obtained from the U.S. Department of Public 
Health, Atlanta, Georgia; and clinical isolates from the > 
Department. of Bacteriology, General Hospital, Cincin- are: 
nati. The basal medium and method adopted for the- 
determination of the amino-acid requirements were pat- 
terned after that of McVeigh and Hobdy’, the natural form 
of each of nineteen amino-acids being used to supplement 
the chemically defined medium. The antibiotic patterns. 
of each strain were determined by the conventional disk 
plate technique. In addition to the foregoing investi- 
gations, the coagulase titres of cell-free supernates of each 
strain were determined by a modification of the method of 
Duthie and Lorenz?, while hemolysin titres were observed: 
by the addition of 0-25 ml. of washed erythrocytes to LO: 
ml. of a series of dilutions of the phosphate—peptone super- 
nates of each strain after incubation for five days at 37°C: 
All tests were performed in duplicate, each complete | 
test being repeated to ensure reproducibility. ee 
On the basis of the growth response curves obtained fog 
each of the cultures investigated, the amino-acids. were - 
placed into the following groups as suggested by Tangke’ 
and illustrated in Fig. 1. J 
Essential growth factor: in the absence of which it was. 
impossible to attain the normal growth curve even at the a 
end. of 72-h incubation. at 37° C. oe 
Semi-essential growth factor: in the absence of which a lag a 





of 24 h occurs in the phase of logarithmic growth. 


Accelerator growth factor: in the absence of which the : 
normal growth-rate was. suppressed throughout the 12 h 


„incubation period. 


Non-essential growth factor: in the absence of which the. 
normal growth-rate remains unaffected. ; 

Table 1 shows the results obtained for five individual _ 
cultures, and is representative of forty cultures tested. a: 
The results indicate that 95-8 per cent of the phage types- 








No. 4882 May 25, 1963 


; 5 80/81 strains, which ans up 60 per cent of the total 

number. of cultures investigated, were similar in their 
essential amino-acid requirements, namely: histidine, 
arginine, valine and cystine, while slight differences were 
noted in their semi-essential, accelerator and non-essential 
groups. In addition the antibiotic pattern of the S 80/81 
strains were found to be similar in that they were sensitive 
“or resistant to the same antibiotics. In general, the viru- 
lence of each strain, as indicated by lesion size after sub- 


-= cutaneous inoculation of standardized suspensions, ap- 


` peared to be related to their ability to produce the clotting 
enzyme and hemolysin. 
Preliminary data based on our results so far obtained 


indicate that the experimental induction of resistance 


which might be developed by cultures of Staphylococcus 
© aureus bo one or more antibiotics is reflected in specific 
milar changes in their amino-acid requirements as 
their phage types. 

This work is a part of the results obtained during funda- 
<< mental investigations concerning the effect of antistaphy- 
lococcal beef tissue extract preparations, and was suppor- 
ted in part by grant No. H-2556 of the National Institute 
of Allergy and Infectious Diseases, U.S. Public Health 
ae Service. ae 













CLAUDE B. COUTINHO 
Leo G. NUTINI 


Division of Biology and Experimental Medicine, 
Institutum Divi Thomae, 
Cincinnati, Ohio. 


Ei “Moveigh, I, and Hobdy, C. J., Amer. J. Botany, 38, 352 (1952). 
2 Duthie, E. S., and Lorenz, L., J. Gen. Microbiol., 7, 320 (1952). 
a o Tanaka, K., Japanese Vitamin Soc. (May 27, 1961). 


VETERINARY SCIENCE 







Demonstration of Kinins in Intestinal 
Obstruction in Dogs 
In the course of an investigation into the cause of death 
_ in’ intestinal obstruction in dogs, we have examined 
| material obtained from dogs with isolated loops prepared 
_ by the technique of Harper and Blain!. Such material is 
‘known to be toxic when injected intravenously in small 
quantities into healthy dogs*-*. In attempting to define 
the nature of the toxic substance, we have examined its 
effect on isolated smooth muscle. Peritoneal fluid and 
loop contents from some dogs caused slow contractions of 
smooth muscle which were not abolished by atropine, 
. mepyramine or lysergic acid, diethylamide. Material was 
diluted 10-100 times and was applied directly to a guinea 
pig ileum preparation at 35°C. Contractions were slow in 
onset and reached a maximum in about 1 min. On chang- 
ing the fluid in the tissue bath the muscle relaxed within 
1-2 min. Similar, but less potent, activity was also 
shown by intestinal contents of normal dogs. 

In a further examination of this material, samples were 
incubated for 5 or 10 min at 35° C with an equal volume 
of dog pseudoglobulin® dissolved in Tyrode solution (1 
mg/ml.). This resulted, in some cases, in the formation of 
< a slow-contracting substance, presumably a polypeptide 
“similar to bradykinin. The potency of incubated samples, 
_ which has been estimated in terms of pure bradykinin, 
< ranged from 0-01 to 0-125 pg/ml. Incubation of samples for 

_ longer than 15 min resulted in a loss of activity, and kinin 
formation was completely inhibited by the addition of 
_ soya bean trypsin inhibitor. Enzymatic activity was found 

‘in some samples which contained slow-contracting 
- substance, but was also present in others which were 
_ Inactive ‘before incubation. — 

_. tis well known that samples of peritoneal fluid and 
_ loop contents obtained from dogs having intestinal loops 

_ often contain free histamine’. The histamine content of 

each. sample has been estimated following chromato- 
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graphic extraction by the technique of Adam, Hardwick 
and Spencer’ and amounts ranging from 0-06 to 24 
histamine base were obtained. There was no cor on 
between histamine content and kinin-forming activity of 
the samples. 

In other experiments (Sanford and Weipers, unpub. 
lished), we have shown that many samples of pori 
fluid were highly toxic when injected intravenou 
healthy dogs. Toxic samples were found $0 cause 
contractions of guinea pig ileum and, with one except 
also showed’ kinin-forming activity. 











We have no evidence to suggest that the presence ofa a : : z o 


slow contracting substance and a kinin-forming enzy 
peritoneal fluid is in itself responsible for the tc 
such samples. These findings may, however, indica 
increased permeability in the wall of a loop resulti 
the pathological changes which oceur. 
Samples of pseudoglobulin and standardized brady ki 
were kindly provided by Dr. G. P. Lewis. 
W. L. Werenas 
J. SANTORD 





University of Glasgow, 
Veterinary Hospital, 
Bearsden, Glasgow. 
1 Harper, W. H., and Blain, A., Bull. Johns Hopkins Hosp. 76, 221 (1945). 
? Murphy, F. T., and Brooks, B., Arch. Int. Med., 15, 392 (1915), 
: Wan ensteen, 0. H., Intestinal Obstruction (Charles ©. Thomas, Springiield, 
1 mois, pe 
*Cohn, I., Strangulated Obstruction (Charles ©. Thorass, 
Illinois, 1001) ; 
ê Elliot, D. F., Horton, E. W., and Lewis, G. P., Biochem, J. 78, GO (1964). 
° Aird, I., and Henderson, W. K., Brit, J. Surg, 24, 778 (4986).. 
7 Adam, H. M., Hardwick, D. C., and Spencer, K. E, V., Brit. J. Pharman ii 
12, 397 (1957). 
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SOIL SCIENCE 


Distribution of Monocalcium and 
Monoammonium Phosphate Reaction Products 
in a Calcareous Saskatchewan Soil 


Tue early radioactive tracer investigations of Dion 
et al. revealed that under prairie conditions mono 
ammonium phosphate (MAP) supplied phosphorus’ more 
rapidly to crops, such as wheat, oats and barley, thar did 
monocalcium phosphate (MOP). 
absorption investigations? with a calcareous Saskatchewan 
soil treated with pelleted MAP and MCP again showed 
the former source to be superior. 

Water-soluble phosphorus ‘fertilizers such as MAP and 
MCP.when added to moist soil react with it to form lone: 
soluble reaction products. Beaton and. Read? be ; 
that the following characteristics of soil-fertilizor rosotio 
products influenced uptake of phosphorus by plants: la) 
chemical composition; (b) quantities formed; (e) surface ~ 
area; (d) distribution in the soil. The reaction products: 
formed from MAP and MCP in the Bradwell soil, w Os 
was used in the short-term uptake examination, ha now 
been identified. The major initial reaction product o 
MAP was dicaleium phosphate dihydrate (DO 
while mixtures of DCPD and anhydrous dicalciuny phos- 
phate (DCPA) were formed from MCP *. Although 
two sources form essentially the same reaction products, 
the response obtained with them has been quite different 
as noted here. Consequently, a simple demonstri 
was set up to determine if there was any difference in the 
distribution of the reaction products of MAP and MCP in 
the Bradwell soil. 

A surface sample (0-6 in.) of the Bradwell very - 
sandy loam was used. Thissoil, which is a member of the 
dark brown great soil group, had the following propertiss: 
pH=7-7, 6-6 per cent calcium carbonate, 6 p 5 
sodium bicarbonate extractable phosphorus añ 
cent total carbon. Soil moistened to 0-8 bar 
moisture) was added to 8 oz. screw-cap s 
The jars were filled to the top with soil so a 
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photographing and observation of the soil surface. The 
bulk density of the soil was adjusted to about 1-2 g/c.o. 
A cork borer was used for preparing a cavity approxim- 
ately 5 mm in diameter and 3 mm deep in the centre of the 
soil surface in each jar. Pellets containing 15 mg of phos- 
phorus were prepared from reagent grade monoammon- 
ium phosphate and monocalcium phosphate in a steel die 
with a diameter of 5 mm. A pressure of 20,000 lb./in.* 
was applied using a Carver laboratory press. The resulting 
pellets were about 1-8 mm thick. One fertilizer pellet was 
placed in each cavity and pressed firmly into place. These 
jars were stored at 25° C and were examined frequently 
to observe the appearance of the reaction products. At 
the end of 10 days the jars were removed for photograph- 
ing. 

The distribution of MCP reaction products is shown in 
Fig. 1. It is apparent that a considerable amount of the 
added fertilizer has been retained at the pellet site. In this 
soil the mean amount of phosphorus remaining at the 
granule sites was found to be 20-2 per cent’. The 
occurrence of reaction products in Liesegang rings or 
periodic precipitates in the soil surrounding the pellet 
site is rather striking. The MCP reaction products appear 
to be confined to a rathor limited volume of soil as a result 
of about one-fifth of the added phosphorus being retained 
at the application site, and the remaining phosphorus 
being precipitated in Liesegang rings or periodic precipi- 
tates. In addition the reaction products were relatively 
coarse crystals. 

Fig. 2 shows the appearance of the MAP reaction 
products formed in the Bradwell soil. None of the added 
phosphorus remained at the pellet site. The reaction 
products were uniformly distributed in the reaction zone 
surrounding the site of application. The diameter of the 
reaction zone was about 16 mm. The reaction products 
tended to be very finely divided. 


Fig. 1. Reaction products of monocalcium phosphate in the Bradwell 
very fine sandy loam (x 3°5) 
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Fig. 2. Reaction products of monoammonium phosphate in the Bradwell 
very fine sandy loam (x 3-5) 


The responses reported? for MAP and MCP on the 
Bradwell soil may be related to the distribution of their 
reaction products. Certainly the condition arising from 
reaction of MAP in the Bradwell soil could favour greater 
uptake of phosphorus than from the MCP reaction zone. 
The more extensive reaction zone, thorough distribution 
and fine state of subdivision of the reaction products are 
all factors that should enhance absorption of phosphorus 
by plant roots entering the MAP reaction zone. The 
importance of surface area of the dicalcium phosphates for 
plant uptake of phosphorus has already been recognized’. 

One might point out that the NH,-N provided by MAP 
could increase root proliferation in the reaction zone and 
thus increase phosphorus uptake. This effect is probably 
not too important here because DCPD has been shown 
to be almost as effective as MAP when minus 80-mesh 
material was mixed with the Bradwell soil’. 

J. D. BEATON 
R. SPEER 
Research and Development Division, 
Consolidated Mining and Smelting Co. of Canada, Ltd., 
Trail, British Columbia. 
D. W. L. Reap 
A. DUEOK 
Canada Department of Agriculture, 
Soil Section, 
Experimental Farm, 
Swift Current, Saskatchewan. 
t Dion, H. G., Dehm, J. E., and Spinks, J. W. T., Sei. Agric., 29, 167 (1949). 
* Dion, H. G., Spinks, J. W. T., and Mitchell, J., Sci. Agric., 29, 512 (1949), 
. ay oe D., and Read, D. W. L., Soil Sci. Soc. Amer. Proc., 27, 61 
t Beaton, J. D., Charlton, T. L., and Speer, R., Nature, 197, 329 (1963). 
* Hinman, W. C., Beaton, J. D., and Read, D. W. L., Canad. J. Soil Sci., 
42, 229 (1962). 
* Bouldin, D. R., and Sample, E. C., Soil Sci. Soc. Amer. Proc.,23, 276 (1959). 
’ Beaton, J. D., and Read, D. W. L., Soil Sci., 94, 404 (1962). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 





Monday, May 27 


UNIVERSITY oF LONDON (at the Wright-Fleming Institute of Micro- 
biology, St. Mary’s Hospital Medical School, Paddington, London, W.2), at 
5 pmr. RR. A. Coombs: “The Sero-Morphology of Man”. (Last 
ofa series of four Almroth Wright Lectures.)* 


UNIVERSITY oF LONDON (in Physics Lecture Theatre No. 2, Imperial 
College of Science and Technology, Prince Consort Road, London, S.W.7), 

6.30 p.m.—Prof, Olli Lehto (University of Helsinki): “Recent Develop- 
ments In the Theory of Quasi Conformal Mappings”. * 














Tuesday, May 28 


~ Peastios INSTITUTE, REINFORCED PLASTICS Grove (at the Wellcome 
Building, Euston Road, London, N.W.1), at 4 p.m.—Symposium on “Moulds 


for Reinforced Plastics”. 
PARLIAMENTARY AND SCIENTIFIC COMMITTEE, GENERAL COMMITTEE (in 





ramittes mm 11, House of Commons, Westminster, London, §.W.1), 
coal pan.—-Dr. E. G. Cox, F.R.S.: “Work and Future Plans for the 
Agricultural Research Council’. 





o0 BOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
: Place, 7 n, W.1), at 6 p.m.--Annual General Meeting. 7 p.m.---Presi- 
“> dential Address, 





Wednesday, May 29 


“| LABORATORY ANIMALS CENTRE (at the Zoological Society of London, 
Regent’s Park, London, N.W.1), at 9.30 a.m.—Symposium on “The Choice 
of the Experimental Animal”. 


` INSTITUTION OF THE RUBBER INDUSTRY (at the Institution of Electrical 
Engineers, Savoy Place, London, W.C.2), at 4 p.m.—Mr. E. R. Rowzee: 
“The World of Rubber and Its Future” (Bighteenth Foundation Lecture). 


GEOLOGICAL SOCIETY or LONDON. (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. P. E. Brown: “The Mbeya Range Carbon- 
tite, South-West Tanganyika”; Mr. A. Spry and Mr. M. Solomon: “Colum- 
mar I uchites at Apsley, Tasmania (to be read by Prof, W. D. Evans). 
INSTITUTE. OF INFORMATION SCIENTISTS (at the Rembrandt Hotel, Thurloe 


, London, 8.W.7), at 6.15 p.m.—Annual General Meeting. 7.30 p.m.— 
“B. L. Rarradant A no eae 












ane: “Education in Information Science”. 


OCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROUP (at “The 
iers”, Tudor Street, Fleet Street, London, E.C.4), at 6.30 p.m.—Dis- 
ion. Meeting on "Kjeldahl Nitrogen—the Digestion Process” introduced 
iby Mr. P. R. W. Baker and Dr. 8. Jacobs. 
ROYAL 
Re 


GEOGRAPHICAL SOCIETY (joint meeting with the ALPINE CLUB, 
ton Gore, London, 5.W.7), at 8.30 p.m.—“Challenge of Everest”. 

mig by Sir John Hunt, Mr. Tenzing Norgay, Mr. Eric 
H. Somervell and Prof. G. I. Finch, F.R.S. (Programme 
itish films of Mount Everest to commemorate the 10th anniver- 
first ascent on May 29, 1953.) 


Thursday, May 30 


‘UNIVERSITY or LONDON (et the Postgraduate Medical School of London, 
Cane Road, London, W.i2), at 4 p.m.—Dr. A. Goldberg: “Clinical 
\spects of Iron Metaboliam’’.* 


RovaL Socrery (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.—Mr. R. Barer, Mr. H. Heller and Mr. K. Lederis: “On the Sub- 
-eeltular Storage of Hormones in the Neurohypophysis”; Mr. T. G. Baker: 
“Germ Cells in Human Foetal Ovaries”. 


Burisn Instrrvre or RADIOLOGY (in the Reid-Knox Hall, 32 Welbeck 
Street, London, W,1), at 6 p.m.-—Discussion Group Meeting on “Radiation 
‘Protection—-The Code of Practice”. 7.30 p.m.—Annual General Meeting, 

8 p.m,—Ordinary Meeting followed by Dr. J. F. Loutit, F.R.S.: “Lympho- 
eytes” (Mackenzie Davidson Memorial Lecture), 
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_ APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
‘the: dates mentioned: 

oo ASSISTANT LECTURER (with a good xonours degree in geography, prefer- 

: ably with additional qualifications in economics, and research experience 

and interests in economic and/or regional geography) IN GEOGRAPHY—- 
Th r, King’s College (University of London), Strand, London, 


ihe 
-< W,0.2 (May 30). 
LEOTGR 





Anfeations—-The Registrar, The University, Liverpool, quoting Ref. No, 
CVISIBSIN (May 31). 










LECTURER IN MATHEMATICS- 
Oxford (June 1). 


NATURE 
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LECTURERS IN EXPERIMENTAL AND THEORETICAL Puysics—The oere- 
tary of University Court, The University, Glasgow (June 1}. i 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PsycHoLogy, to take 
part in a research project concerned with human decision. processas~—~The 
Registrar, The University, Hull (June 1). $ . 

RESEARCH ASSISTANT (with a degree in mathematics or equivalent gusii- 
fications, and preferably experience of electronic computers} IN Fae: 4 OM- 
PUTING MACHINE LABORATORY, to assist in the operation of a compat 
service on the Atlas electronic computer—The Registrar, The Univers! 
Manchester 18 (June 1). 

DEMONSTRATOR (preferably with interests in physical or ta inorganic 
chemistry) IN CuEMistRpy—The Registrar, Trinity College, Dabio t, 
Republic of Ireland (June 4). y SES 

JUNIOR LECTURER (preferably qualified in educational psychology and! 
or in comparative education) iv Epvucation—The Registrar; Trinily College, ~ 
Dublin 2, Republic of Ireland (June 4). 4 

UNIVERSITY RER IN THE HISTORY AND Economics oF AGHICULY 
UNIVERSITY DEMONSTRATOR IN ANIMAL PHYSIOLOGY; and FARN DENOK. 
STRATORS (2)—-The Secretary, School of Agriculture, The University, Cain» 
bridge (June 5). ; cede 

LECTURER or ASSISTANT LECTURER IN THE [DEPARTMENT OF- PONE 
MatTuEMatics—The Registrar, University College of North Wales, Bagger, 
North Wales (June 6). 













LECTURER or ASSISTANT LECTURER (preferably with a research interest 
in mechanics of solids or of fluids) IN THE DEPARTMENT OF APPLIED HRE 
MaTICS—The Registrar, University College of North Wales, Bangor, Sort 


Wales (June 6). sa 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF Bige 
aed hd ae Secretary, University College, Gower Street, Loudon, 

.€.1 (June 7). 

LECTURER IN PHARMACOLOGY IN THE DEPARTMENT OF PEYSIOLOGY ARD 
PHARMACOLOGY—Clerk to the Governors, Chelsea College of Belenco and 
Technology, Manresa Road, London, 8.W.3 (June 7). i 

LECTURER or ASSISTANT LECTURER IN APPLIED MatHEMaTiCs-—The 
Registrar, The University, Sheffield (June 8}. 

ASSISTANT LECTURER or LECTURER (with a good honours degree and 
some research experience) IN ORGANIO CHEMISTRY-~The Registrar, King's 
College (University of London), Strand, London, W.C.2 (June 10). 

LECTURER IN PSYCHOLOGY, for duties mainly concerned with the tench- 
ing of social and/or applied psychology—The Registrar (Room 22, ORJ 
The University, Reading (June 15). 

LECTURER or ASSISTANT LECTURER IN STATISTICS IN THE DRPARTEENE 
OF PURE MATHEMATICS—The Assistant Registrar (Science), The University, 
Birmingham 15 (June 15). : : 3 

LECTURER (with previous research experience) IN THE DePaRTMEN'Y OF 
PHYSICAL METALLURGY—The Assistant Registrar (Science), The University, 
Birmingham 15 (Fune 15). : 

POST-DOCTORAL RESEARCH FELLOWS (2) IN CHEMISTRY, to work on the: 
instrumentation of far infra-red and high resolution Raman spectrometers 
and/or the application of these techniques to the study of the vibratlanal - 
peotra ot organie molecules—-The Registrar, The University, Manehester 
1 une a . 

RESEARCH FELLOW IN EITHER THE DEPARTMENT OF ETROTRICAD 
INEERING OR THE DEPARTMENT OF ELECTRONICS, for work on. clectr 
materials, machines and apparatus or on microwave and. quantum, elec 
tronics (including lasers)}—The Secretary and Registrar, The University, 
Southampton (June 15), 

LECTURER or TEMPORARY JUNIOR LECIURER IN Puysics ab. Whodes 
University, Grahamstown, South Africa—The Secretary, Associ of 
Universities of the British Commonwealth (Branch Office), Maril 
House, Pall Mail, London, S.W.1 (South Africa and London, J 
























Technology, Salford 5, Lanes, quoting Ref. MA/7 (Jine: 17). 


Secretary of the Appointments Committee, Department of Pathology, The 
University, Tennis Court Road, Cambridge (June 18), Serene 
ASSISTANT LECTURER IN INORGANIC. CREMISTRY-—~The Registrar, The 
University, Manchester 13 (June 20). ; ; Bere ie! 
LECTURER IN Botany, with special reference to plant physio! 
ecology, at Ahmadu Bello University, Northern Nigeria, to take mis: 
teaching up to honours degree level and to assist in the building 
Department—The Secretary, Inter-University Council for Higher 
Overseas, 29 Woburn Square, London, W.C.1 (June 20). > 


PROGRAMMER (with either a degree in mathematics or some q iG 
in numerical methods, and previous programme experience 6 
DEPARTMENT OF MATHEMATICS, to be concerned with gee f 
programmes for an English Electrie KDF 9 Computer, whieh: Be. 
installed In Au 1963—The Secretary, Royal College of Advanced 

University BiocuEmist to Addenbrooke's Hospital—T, D; Kellaway, 















READER or SENIOR LECTURER; and LECTURERS (2) IN Mat 
at Ahmadu Bello University, Northern Nigeria—The. Bedre 


University Council for Higher Education Overseas, 29 Wobu: 

London, W.C.1 (Sune 20). : : ; 
LECTURER (with at least a first-class honours degree in chemical en 

ing and several years industrial experience) IN CHEMICAL ENOL 


at the University of Sydney, Australia—The Secretary, Associ 


Universities of the British Commonwealth (Branch Office), M. 
House, Pall Mall, London, S.W,1 (Australia and London, June 

CHAIR OF ORAL PATHOLOGY tenable at University College- 
Medical School—The Academic Registrar, University: of London, 5e ; 
House, London, W.C.1 (June 28). we oe 

LECTURER IN Forest PATHOLOGY IN THE DEPARTMENT OF- FIANT 
PatHoLOGY, Waite Agricultural Research Institute--The Hegistrar, The 
University of Adelaide, Adelaide, South Australia (June 28). 

LECTURER (with special training in the geology of metalliferous deposita, 
and preferably some researeh experience) IN GEOLOGY; and a IFOTURIR 
(with postgraduate qualifications and research interests in sensation and 
perception) IN PSYCHOLOGY at the University of Auckland, New #ealand--- 
The Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, BOW. (New 
Zealand and London, June 29). : ; 

LECTURER (medicaily qualified) IN ANATOMY: and a Demoner 
(Junior Lecturer) (medically qualified) IN ANaTOMY—The Secretary, A 
(plese ot St. Bartholomew’s Hospital, West Smithfield, London, & 

‘une 30). 








AGRICULTURAL CHEMIST (male, between 22 and 45, with an eae 
in agricuitural chemistry or chemistry and two years. po: 
perience in agricultural chemistry) in the Ministry. of Agric 
to take charge of research projects into soil and. plant not 


816 


of coffee—The Director of Recruitment, Department df Technical Co-opera- 
tion, focuay Buildings, Great Smith Street, London, 8,W.1, quoting 
ASSISTANT, Grade “B”, TO TEACH GENERAL BIOLOGY AND BOTANY to 
G.C.E. and Ordinary Endorsed. Certificate Classes—The Principal, Guildford 
County Technical. College, Stoke Park, Guildford, Surrey. 
ASSISTANT LECTURER IN PsycHoLoGyY, for duties mainly in the Applied 


Psychology Unit—Prof. James Drever, Department of Psychology, Univer- - 


sity of Edinburgh. . 

ASSISTANT PROYESSOR (with a Ph.D. in pharmacy (pharmaceutics) }— 
Dr. J. R. Murray, Director of the School of Pharmacy, The University of 
Manitoba, Winnipeg, Canada. 

MASTER TO TEACH MATHEMATICS throughout the school—The Head- 
master, Bristol Grammar School, Elton Road, Bristol 8. 

MASTER TO TEACH PHysics with Chemistry as subsidiary, or CHEMISTRY 
Lees Sree as subsidiary—The Head Master, Bedford Modern School, 

‘ord. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Meteorological Office, Bracknell, Berkshire—Descriptive Brochure 
Pp. 24. (Bracknell: Meteorological Office, 1963.) 48. 6d. net. {174 
Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 729, Vol. 246, (4th April, 1963): Pollen Analyses of 
the Cromer Forest Bed Series in East Anglia. By Suzanne L, Duigan. With 
an Appendix on the Non-Marine Mollusca, By B. W. Sparks. Pp. 149-202+ 
date 7. 228,; 3.30 dollars. No. 780, Vol. 246, (4th April 1963): te-Glaciat 
‘posits on. the Chalk of South-East England. By M. P. Kerney. With 
Appendixes by J. F. Levy and K. P. Oakley. Pp. 203-254 + plates 8-14. 
30s: 4.50 dollars, (Lendon: The Royal Society, 1963.) [174 
The Zoological Society of London. Annual Report, 1962. Pp. 67+9 
plates. . The Regulations of The Zoological Society of London. Pp. 11. 
‘he Charter and Byelaws of The Zoological Society of London. 
(London: The Zoological Society of London, 1963.) {224 
i Ministry of Health. Fluoridation. Pp. 8. (London: Ministry of Health, 
X 224 


963.) 

Determination of Trace Elements with Special Reference to Fertilisers 
and Feeding Stuffs. Prepared by the Trace Elements in Fortilisers and 
Feeding Stuffs Sub-Committee of the Analytical Methods Committee of 
The Society for Analytical Chemistry. Pp. vii+39. (Cambridge: W. 
Heffer and Sons, Ltd., 1963.) (224 

Planning, Vol. 29, No. 470 (8th April 1963): Agricultural Integration in 
Western Europe. By Gavin McCrone. Pp. 95-146. (London: Political and 
Economic Planning, 1963.) 5s. [224 

The Manchester Public Libraries. The 110th Annual Report of the 
‘Libraries Committee, 1961-1962. Pp. 39, (Manchester: The Public Libraria; 


1963.) 2 
United Kingdom Atomic Energy Authority. Industrial Processing with 

Gamma Radiation. Pp. 26. (London: United Kingdom Atomic Energy 

Authority, 1963.) [224 


Other Countries, 


. Canada: Department of Mines and Technical Surveys. Geological 
Survey of Canada. Bulletin No, 93: Ammonite Faunas of the Upper 
Middle Jurassic. Beds of the Fernie Group of Western Canada. By Hans 
Frebold, Pp, ix+34+14 plates. 1.50 dollars. Paper 62-20: Baie Comeau 
Area, Quebec, (22. F/SE and part of 22 F/NE), By W. W. Heywood. Pp, 
+4. 50 cents, Paper 62-36: Upper Mississippian Microflora from Axel 
Heiberg Island, District of Franklin, By G. Playford and M. 8. Barss. 
(Pp. i+5. 25 cents. (Ottawa: Queen's Printer, 1963.) {194 
Université de Dijon. Institut de Biologie Appliquée à la Nutrition et à 
V'Alimentation. (Descriptive Brochure). (Dijon: Faculté des Sciences de 
Dijon, 1963.) 


June, 1962. Pp. 17, (Adelaide: Government Printer, 1963.) {194 
Académie Royale de Belgique. Annuaire pour 1963. (Nr. 129.) Pp. Aai 
4 





du Congo et du Ruanda, 1962 et 1963.) 
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Methods of Assessing. Forest Site Capacity. By P. J. Rennie. (Lnter- 
national Soil Conference, New Zealand, 1962. Transactions—Commission 
IV (Soil Fertility and Plant Nutrition) and Commission V (Soil Genesis, 
Classification, and Cartography). International Society of Soil Science. 
ese (Chalk River, Ontario: P. J. Rennie, Forest Experiment Station; 

Annals of the South African Museum, Vol. 47, Part 1: Contributions 
to the Knowledge of South African Marine Mollusca. Part 3: Gastropoda < 


Prosobranchiata : Taenioglossa, By K. H. Barnard. Pp. 1-199. (Cape 
Town: South African Museum, 1963.) R.2.70. fore 
Canada: Department of Mines and Technical Surveys. Geological 


Survey of Canada. Map 46-1962: Rabbit Rover, British Columbia. Map 


10-1963: Northern Yukon Territory and North-western District of 
eee (Ottawa: Director, Geological Survey of Canada, 1962 sad 7 


Institut Royal Météorologique de Belgique. Contribution, No 78: 
Influence de P Orientation sur la Composante Directe du Facteur de Lumiére 
du Jour. Par R. Dogniaux. Pp. 4. Contributioa, No. 77: Sur la 
Détermination des Moyennes Mensuelles et Annuelles de l'Eivaporation 
Réelle et de l'Ecoulement dans le Bassin Congolais, Par F. Bultot. Pp. 32. 
Publications, Série A, No. 84: Rayounement Solaire & Uecle, Année 1953. 
Pp. ¥+60. Observations fonospheriques-—Station de Dourbes. Janvier, 
1963. Pp. 26. (Bruxelles: Institut Royal Météorologique de Belgique, 
1962 et 1963.) (224 

Kjeller Research Establishment, Norway. Institutt for Atomenergi. 
Kjeller Reports, KR-25: Analysis of Boiling Reactor Transients for the 
Assessment of Reactivity Coetticients. By Jan Husebye and Olov Nylund. 
Pp. 47-24 figures. KR-26: The Scattering of Slow Neutrons by Diatomic 
Molecules. By Jorgen Levseth. Pp. vit18+14 figures. ER-27: A 
Parametric Study of Burn-up Performed on an Analogue Computer.” By 
R. J. J. Stamm ‘let and W. A. Raaymakers. Pp. v+10+18 figures, KR-28 + 
Positronium Formation and Dynamics in Aluminium Oxide. By Jørgen 
Levseth. Pp. vii+11+46 figures. KR-29: Quarterly Progress Report, 
April~May~June, 1962. Pp. 31+24 figures. KR-30: Mass Spectrometric 
Determinations of 17, and 18, in Heavy Water of Various Origins. By John 
Haaland and Dick Stijfhoorn. Pp. v+7. KR-31: Aluminium as Canning 
Material in Water Cooled Power Reactors. By Steinar Aas and Ketil 
Videm. Pp. vii+15+7 figures, KR-32: Impedance Void Meter. By 
O. Orbeck. Pp. vii+20+31 figures. KR-33: Brazing of Reactor Compon- 
ents. By G. I Friedman. Pp. vii+12+9 figures, KR-34: Problems in 
the Prediction of Boiling Water Reactor Stability. By H. Ager-Hanssen, 
H. Christensen and A. Kirchenmayer. Pp. iii+44 (12 figures). KR-36: 
Advanced Course on the Dynamic Behaviour of Boiling Water Reactors 
organized by the Netherlands-Norwegian Reactor School at Institutt for 
Atomenergi, Kjeller, Norway, 20th August-3ist August, 1962. Vol. 1: Pp. 
iv+148, Vol. 2: Pp. vili+107. KR-36: Quarterly Progress Report, 
July~August-September, 1962. Pp. 32414 figures. (Kjeller: Institutt 
for Atomenergi, Kjeller Research Establishment, 1962.) _ [224 

United States Department of the Interior: Geological Survey, 
Professional Paper 257-C: Lake Bonneville—Geology of Southern Cache 
Valley, Utah. By J. Stewart Williams. Pp. iii+131-152+plates 6 and 7. 
Professional Paper 316-F: Regional Geophysical Investigations in the La 
Sal Mountains Area, Utah and Colorado. By J. E. Case, H. R. Joesting and 
P. Edward Byerly. Pp. tii+91-116+plates 14-17. Professional Paper 368 : 
Geology and Ore Deposits of the Darwin Quadrangle, Inyo County, 
California. By Wayne E. Hall and E. M. MacKevett, Jr. Pp. v +87 + plates 
1-10. Professional Paper 876: Regional Geology of the St. Lawrence 
County Magnetite District, North-west Adirondacks, New York, By A. F. 
Buddington and B. F. Leonard. Pp. vi+145. Professional Paper 440-¥ : 
Data of Geochemistry. Sixth edition. Chapter F: Chemical Composition \. 
of Sub-surface Waters. By Donald E. White, John D. Hem and G. A, 
Waring. Pp. vi+67. (Washington, D.C.: Government Printing Office, 
1962 and 1963.) {224 

United States Department of the Interior: Geological Survey. 
Professional Paper 440-S: Data of Geochemistry. Sixth edition. Chapter. 
S: Chemical Composition of Sandstones—-Exeluding Carbonate. and 
Voleanic Sands. By F. J. Pettijohn, Pp. v+19. Professional Paper 440-T : 
Data of Geochemistry, Sixth edition. Chapter T: Nondetrita Siliccous 
Sediments. By Earle R. Cressman. Pp, v+23. (Washington, D.U. : 
Government Printing Office, 1962 and 1963.) [224 

The Carlsberg Foundation’s Oceanographical Expedition Round the World 
1928-30, and previous “Dana” Expeditions. “Dana” Report No, 48 : 
Melamphaidae I. Systematics and Zoogeography of the Species in the 
Bathypelagic Fish Genus Melamphaes, Günther. By Alfred W. Bbeling: 
Pp, 164, 50kr. “Dana” Report No. 59: La Collection de Pelagosphacra 
du “Dana”, Par H. Damas. Pp. 20. Gkr. (Copenhagen: 
Host & Son, 1962.) [224 

United States Department of the Interior: Geological Survey. Bulletin. 
1141-B: Surface Geology of the Nash Draw Quadrangle, Eddy County, 
New Mexico. By James D. Vine. Pp. iii +46+plate 1. Water-Supply 
Paper 1475-L: Hydrology of Stock-Water Development in the Ely Grazing 
District, Nevada. By Charles T. Snyder. Pp, iv+383-440+plate 23. 
Water-Supply Paper 1475-M : Ground-Water Resources of the Bryce Canyon 
National Park Area, Utah, By I Wendell Marine. With a section onthe. 


Drilling of a Test Well. Pp. iv-+441-486 +plates 24-26. Water-Supply 


Paper 1475-0: Hydrologic and Geologic Reconnaissance of Pinto Basin, 
Joshua Tree National Monument, Riverside County, California. By. 
Kunkel. Pp. iii+537-561-+plate 28, Water-Supply Paper 1499-0: Water- 
Resources of the Utiea~-Rome Area, New York, By H. N. Halberg, O. Pe 
Hunt and F. H. Pauszek, Pp. iv +46+plates 1-3. Water-Supply Paper. - 
1539-K : Ground Water in the Coastal Dune Area near Florence, Oregon. 
By E. R. Hampton. Pp. iv +36+plate 1. (Washington, D.C.: Government 
Printing Office, 1962 and 1963.) ~e [224 
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LETTERS TO 


RADIOPHYSICS 
Use of “Local Mean Auroral Time’ for Very-low-fre- 
oe quency Ermissions.— Neil Brice and Eigil Ungstrup 
PHYSICS 


. Refractometty i in the Far Infra-red using a Two-beam 
co Interferometer.:——J. E. a aa ae J. B. Gibbs 
and H. A. Gebbie 


: An Analogue for Interfacial Pheroras in Drops. — —— 
R: S. Valentine and Prof. W. J. Heideger 


Attenuation of Ultra-high-frequency Acoustic Waves 
in Quartz at Low Temperatures.—-H. J, Maris 


CRYSTALLOGRAPHY 
eo on and X-ray Diffraction applied to Brominated 
Graphite—W. T. Eeles and J. A. Turnbull 


. Ambiguity i in the Determination of Crystal Structures: 
2. Phenylazulene.—Prof, J. Donohue and Dr. B. D. 
. Sharma 


ratal Structure of a Nitedgen: Taostere of Pentacyelo 
i osadodecaene, CG. W. Smith 


GEOLOGY 


arbon- 14 Dating of Medieval Alluvium in Libya. -= 

2. Vita-Finzi 

a A Striated Pavement beneath the “Basal Gondwina 
, Sediments ‘on. the Ajay Bise: Bihan, India.—-Dr. 













































CHEMISTRY 


termination of Sédimentation Coefficients in Rapidly 
_ Equilibrating Yolymerizing Systems.—Dr. L. W. 
Nichol and Dr. J, L. Bethune 


a-mierose py of Permselective Membranes 


ae 


phe: azinyl<:) a Very Stable Nitrogen 
-C. Bodea ‘aad I. Silberg 


ais, ‘Electrocatalysis, and Hydrocarbon Fuel 
=W. T. Grubb . 7 . ; { 


BIOCHEMISTRY 


-Specific Acetylcholine Acyl-hydrolases of Sheep Brain. 
(Miss Katalin Got and Prof. J. B. Polya 


0 Increased Plasma Isomerase and Tromentoináse 

Activity in Mice infected with Lactic Dehydro- 
genase-elevating Virus.—B. W. J. Maliy, Cc. W. 
Parr and K. E. K. Rowson 


: Purification and Stabilization of Factor y, Prof. 
Birger Blombäck and Margareta Blombäck 


B Modified Substrate Specificity of Cell-bound Penicillin- 
 ases—Eliora Ron-Zenziper and Nathan Citri . 


_ Validity of Electrophoretic Determination of Lactic 
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SAFETY IN DRUGS 


A N article by W. Modell, based on a paper presented 

r at & symposium on the integrity of science on 
_. December 30, 1962, at the Philadelphia. meeting of the 
_ American Association for the Advancement of Science, 
has been published in Science (139, 1180; 1963) almost 
-simultaneously with the publication of the final report * 
of the Joint Sub-Committee on the Safety of Drugs, over 
which. Lord Cohen of Birkenhead has presided. Mr. 
ell, pointing out once again that no drug, no matter 
thoroughly tested by time or trial, is absolutely safe, 
the scientific approach is necessary for the 
t and most effective use of new drugs. The full extent 
of both the risk and the ultimate benefit of the drug is 
a? learned only after extensive use in actual practice, 
_ousually for two or three years. There can indeed be no 
_ testing of new. drugs without some risk, but without 
taking that risk there could be no reasonable basis for 
ducing and using new drugs. Society must recognize 
_in its demand for new drugs that there is implicit a licence 
for qualified individuals to take certain risks in testing 
drugs as well as to take calculable risks in using them 
clinically. 
risks must be kept within reasonable limits, but, 
Mr. Modell’s paper adds little to what has been 
blished already in the United Kingdom (see Nature, 196, 
15; 1962), his paper puts the whole question of the 
azards of new. drugs in an admirable historical and social 
‘To the scientist generally it is particularly 
in its comments on the ethical aspects of the 
and on the greater hazards—illustrated by 
ence to the first introduction of the Salk vaccine— 
ay arise if outside pressures are allowed to interfere 
n any way with strict scientific procedure. He adds yet 
other pertinent comment on the danger of premature 
publication, and he is careful not to claim too much for 
_. the scientist as such when it comes to personal relations 

“with a patient. It is only too easy to stimulate a reaction 
against the scientist or science which could be highly 
_. detrimental if not dangerous. 
A. short-sighted view of all effects; faulty experiment; 
~ premature publication; over-vigorous promotion; exag- 
erated claims; and careless use—a break in the scientific 
| approach in any of these ways could, Mr. Modell reminds 
us, lead to disaster with new drugs. It is impressive to 
: have these views so clearly expressed by an American 
_ scientist when the Cohen Committee has finally reported. 
That Committee, it will be recalled, was set up by the 
= Standing Medical Advisory Committees for England, 
< Wales and Scotland in August 1962, to advise on the 
| o measures needed to secure adequate pharmacological and 
safety testing and clinical trials of new drugs before their 
_ release for general use. It was also to advise on the neces- 
sary procedure for securing early detection of adverse 
‘effects arising after that release, and for keeping doctors 
informed of the experience of such drugs in clinical 
practice. Implicit in these terms of reference is the 
-recognition of all the risks to which Mr. Modell directs 
attention. 
dn an interim report in November 1962 the Cohen 
‘Committee stressed that safety of a drug was relative, 
3 + 
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Safety of Drugs 
Final i Kopiri of sno, Joint Sub-Committee of the Standing Medical ‘Advisory 
Committees. Pp. 14. (London: H.M.S.O,, 1963.) 1s, 8d. net. 
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not absolute. In that report the Committees made two 
main recommendations which, as the Minister of a 
announced on November 6, the Govertimer 
First, the responsibility for ‘the experiment 
testing of new drugs before they are used in clinical 
should remain with the individual pharmaceutical 
facturer. Secondly, it is neither desirable nor prac 
that at this stage in their evaluation the responsib 
testing drugs should be transferred to a central aut nee 
The Committee also recommended that there showd b 

an expert body to review the evidence and offer ad 
on the toxicity of new drugs, whether manufactured 
the United Kingdom or abroad, before they are used mo 
clinical trials, and it proposed to formulate detailed 
advice on the composition and terms of reference of this. 
advisory body. This is the main subject of its final 
report, 

The Committee interprets its terms of reference as 
requiring it to advise on measures that will ensure that 
the practice of all manufacturers in the toxicity testing: 
and clinical trial of new drugs conforms with the highest 
standards; will reassure the public that all possible steps 
are being taken to prevent the marketing of new drugs. 
which have not been the subject of adequate safety 
testing and clinical trial, and which will reveai 
earliest: possible time adverse reactions in humans. 
have not been unmasked in toxicity tests and cl 
trials. The Committee recognizes that there are. 
matters of importance in regard to the safety of drugs 
such as the control of quality, control of sale over the 
counter, labelling of containers, use of approved names, 
regulation of therapeutic claims, which are outside ita 
terms of reference, and new arrangements of thes would 
require legislation, and would probably involve a review 
of the whole field. The complexity of the situation is 
major point in a memorandum submitted to the Cony 
mittee by the Pharmaceutical Society, which urged tho : 
need for one comprehensive statute dealing w 
medicines and the establishment of an expert and de ae 





































. pendent body to advise Ministers on the controls needed oo 


over all medicines. 
The majority of the Cohen Committee, however, 
the view that there is a rege? ot need to 


the medical bier web to make effective the ae 
on the Safety of Drugs which they recommend. : 
voluntary scheme recommended by the majority of the 

Committee would require no legislation and the proposal 
is to establish a Committee on the Safety of Drags with 
sub-committees to advise it on toxicity; on clinical trials 
and therapeutic efficiency; and on adverse reactions. The 
parent body would generally guide and co-ordinate the 
activities of the sub-committees, which would have power 
to consult outside experts where they saw fit, and there 
would be some overlap of membership between the parent 
body and the sub-committee. The Committee would 
require the support of one or more salaried expert 
(especially in the field of toxicity testing) and a 4 
secretariat. The Cohen Committee is emphatic 
Health Ministers should appoint the Co 
should be entirely independent of indust 
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The Cohen Committee thought it unlikely that i 
opinion would-be satisfied with anything Jess than 
Ministerial responsibility for the appointment of a Com- 
mittee for thè Safety of Drugs. For this reason, and others, 
it rejected an alternative suggestion made by the Associa- 
tion of the British Pharmaceutical Industry for an 
advisory centre on drug safety under a Trust independent 
of Government and of industry. Nor did it agree with the 
view of the British Medical Association that it would be 
proper for the Privy Council to appoint the proposed 
Committee. It considers that the wider responsibility of 
the Minister of Health under the Ministry of Health Act, 
1919, and of the Secretary of State for Scotland under 
the-Seottish Acts was clearly distinguishable from their 
responsibility to provide a National Health Service. 

The Committee recognizes that a voluntary scheme as 
proposed could have no formal legal sanctions, but the 
majority thought three further measures might help to 
ensure that new drugs were subject to adequate toxicity 


o testing’and clinical trials. It should be accepted practice 


_ that no doctor should agree to undertake a clinical trial 
of a drug without an assurance that full data on its 
toxicity tests had been seen and approved by the Com- 
mittee on Safety of Drugs. If a manufacturer decided to 
release a drug, which had passed the stage of clinical trial, 
for general use contrary to the Committee’s advice, the 
facts should be brought immediately to the attention of 
all prescribers. Similarly, all prescribers should be in- 
formed of the facts if it came to the notice of the Com- 
mittee that a manufacturer had marketed a drug without 
giving the Committee an opportunity to assess the 
adequacy of any toxicity tests or clinical trials which 
might have been made. 

_.. Beyond this the majority of the Cohen Committee 
consider that it should suffice if the proposed Committee 
‘advised the Health Ministers of any such instances so that 
the Ministers might take any action they thought fit to 
bring the facts to the notice of the medical profession. 
However, they emphasize the need for an international, 
as well as a national, registry of adverse reactions and 
recommend that all new drugs and preparations be sub- 
mitted to the proposed Committee. Only some thirty or 
forty a year are likely to be ‘new’ in the sense of drugs of 


new chemical structure or novel therapeutic action. It . 


is, however, essential in their view that the degree of 
testing necessary for all preparations should be determined 
by the Committee. 

Two members of the Cohen Committee, Mr. J. Grossett 
and Sir Hugh Linstead, while agreeing as to the value of 
establishing a Central Registry of Adverse Reactions, 
dissent from their colleagues as to the efficacy of a volun- 
tary scheme. In a reasoned ‘note of dissent’ they direct 
attention to the deficiencies of, and omissions from, a 
voluntary scheme, and to the present chaos of authorities. 
They urge instead that the Health Ministers should set 


8 zon foot, with or without further enquiry, the preparation of 


a comprehensive statute dealing with drugs and medicines 
which will bring the whole field, including the supervision 
of toxicity testing and clinical trials, under the responsi- 
bility of the Health Ministers advised by a central body 
of experts. 

The advice of the minority is more in line with the 
views expressed to the Cohen Committee by the Pharma- 
ceutical Society; but. it appears to be inconsistent with 
the urgency of the situation, as stressed both by the 
Pharmaceutical Society itself and by the Cohen Com- 
mittee. Even without a preliminary enquiry the drafting 





public 





of the consolidating legislation is a lengthy process, ana. 


‘it is extremely doubtful whether when drafted it could 
' be>intredueed inthe life of the present Parliament. 


Moreover, Mr. Grossett and Sir Hugh Linstead may well- 
be unduly pessimistic as to the strength of the sanctions 
which are possible under a voluntary scheme from within 
the industry itself. Even if they proved otherwise, 
experience gained through the working of a voluntary 
scheme should prove of considerable. value in preparing a 
compulsory scheme when the necessary enquiries have 
been made and numerous legislative considerations 
drafted. 

The Minister of Health appears to take this view, and, 
in speaking in the debate on the National Health Service 
in the House of Commons on May 8, he suggested that 
these voluntary arrangements were effective in them- 


selves and armed with effective sanctions, and would oo 
provide valuable experience which would help the House 


at a later stage to decide on legislation. Mr. Powell | 
thought it was certainly desirable that there should be a 
legislative reform of the law relating to drugs generally, 
and he was sure that those provisions would be sounder, 
more practicable and better based as a result of the 
working of the arrangements now being set up on a 
voluntary basis. Earlier he had been at pains to remove 
any notion that the arrangements recommended by the 
Committee were lacking in teeth or incapable of giving 
effective service. The third of the functions proposed for 
the new Committee, the arrangements for collecting and 
evaluating data on the assessment of drugs in use, would 
depend on the co-operation of a very large number of 
people which, in any event, would be voluntarily given 
and could not be enforced. As regards the first function, 
to advise on the adequacy of toxicity tests before drugs 
were submitted to clinical trial, the effective control lay 
in the hands of the consultant who was to carry out the 
clinical trial. Mr. Powell could not conceive that a con- 
sultant would go against the advice of so influential and 
authoritative a Committee or lightly undertake trial of a 
drug which this Committee had not cleared. There were 
also, Mr. Powell pointed out, very great difficulties: in 
applying statutory prohibition to the prescription of a 
drug by an individual doctor in the professional responsi- 
bility to an individual patient. 

As regards the function of advising on the adequacy of 
clinical trials before a drug was brought into general use, 
it was virtually inconceivable that a doctor would: 
deliberately prescribe to a patient—-without the strongest 
reasons for which he would take personal responsibility 
a new drug which had either not been received by this 
Committee or received an adverse report from the Com- © 
mittee. We were left with the extremely improbable and 
unusual possibility that a new drug or a new medicinal 
substance might be first brought into use as a ‘non-ethical’ 
in sale across the counter. It was difficult to conceive” 


that this could occur at all, but if it did, arrangements — 


would be made for all drugs which are marketed—inelud- ~ 
ing this hypothetical drug—to come immediately to the. 
attention of the Committee. Mr. Powell had no doubt: 
that the co-operation of the industry would be available 
to ensure that the drug was not offered for sale to the- 
public while the Committee was awaiting a report on it.” 
He was confident that it would neither pay a manufac- 
turer, if he so desired, nor be practicable for a manu- 
facturer to market a new drug, either without clearance 
by the Committee or contrary to the recommendations - 
of the Committee. 
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This is evidently the view of the Government, for when 
the Minister of Health, Mr. E. Powell, announced in the 
__- House of Commons on April 4 that the Government 

-accepted the Committee's recommendations and was 
g steps to put the scheme into effect, he added, with 
a reference to this ‘note of dissent’, that the Government 
“had in hand a review of the law relating to drugs generally 
“with the view of legislation, but that the preparation of 
_~ legislation on this large and complex subject was bound 
to take time. The Government did not consider that 
action on the safety of drugs should insist on this legis- 
dation or that a voluntary scheme on the lines recom- 
-| mended would be ineffective. It had received assurances 
that the co-operation of the pharmaceutical industry and 
of the medical profession would be forthcoming, and the 
ils of the scheme would be worked ‘out in full con- 
on with industry, with the view of speed and 
ciency of operation. 














PHARMACEUTICAL JURISPRUDENCE 


fanual of Pharmaceutical Law 
Third Edition. By William Pettit. Pp. ix+284. (New 
York: The Macmillan Company: a Division of the 
< Crowell-Collier Publishing Company; London: The Mac- 
-amllan Company, New York, 1962.) 40s. 


FIRST glance at the Manual of Pharmaceutical Law 
A emphasizes the different treatment of pharma- 
ceutical law in the United Kingdom and the United 
tates; one wishes not only that the teaching of the 
‘subject were more on American lines but also that a 
similar text-book written for the British pharmacist and 
tu awere available. Forensic pharmacy in the 
ingdom is @ memory marathon of dry facts with 
background of understanding, whereas in the 
. United States the subject is expanded into jurisprudence 
with an explanation of much of the law affecting the 
‘pharmacist in his daily life, and giving a groundwork 
-of legal knowledge outside the immediate professional 
field. Excellent background information is given in the 
Manual, and the law affecting pharmacy is treated on a 
wide scale; in addition to the usual subjects of poison 
and drug law such topics as contract, tort, trade marks 
and commercial law are dealt with although in some 
cases a bit sketchily. Many of the chapters, especially 
those dealing with Common Law, are useful for the 
British pharmacist. 
<o o Chapters 1 and 2 are essentially American in style and 
- information, especially the references to sources of law, 
the courts, pharmacy boards and licensing, so, although of 
interest, they must be read in Britain and elsewhere with 
discretion. The definitions of limitation, crimes and 
property on pp. 6-8, however. are worthy of study. Of 
limited interest to English readers the portions on conflict 
between Federal and State law are applicable to many 
Commonwealth countries. 

On p. 12, the conclusions reached from the Californian 
Assistant Pharmacy Case illustrate an often forgotten 
principle applicable in all Common Law jurisdictions that 

= legal rights and privileges are granted to a profession 
-5 not for the protection of the individual who is a member 
of that profession but for the protection of the public. 
. British pharmacists will be interested in the sensible 
decision given in the United States in the case of Common- 
wealth. versus Dimas compared with that in the English 
ease of Denerley versus Spink, both cases being founded 
on almost identical facts, that a qualified pharmacist 
— trading from premises where no pharmacist is in charge 
may. not use restricted. titles. In England, as a result 
of the way the. Pharmacy and Poisons Act 1933 is drafted, 
the High Court has ruled that a pharmacist may use the 
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‘unwise for any practitioner to rely on a manual 


- manual, and the few details given in this book ten 


title ‘chemist’ even when trading from unreg 
premises with no pharmacist. in charge. The ve 
contentious question of substitution is well dealt with on 
p. 48 et seq. 

Chapter 3, dealing with narcotics, inchules not only 
the Federal and State law based on the international 
conventions but also a historical review of nercetics 
legislation and details of the international. conve: 
giving rise to the present-day laws. So often the 
pharmacist can give the controls under the ‘Dan 
Drugs Act. (Why cannot the English legal dra 
use the more precise term ‘narcotic’ t) but has no know 
of the reasons behind the rules. 

Chapter 4 dealing with the Food, Drug and Cos 
Acts is only useful historically. The. publication 
unfortunate in that the Federal Drug Act and Regu 
have recently been considerably amended, 80 it v 
























with Food, Drug and Cosmetic Acts with a p 
date prior to 1964. The chapter dealing with U.S. 
and State Poison Law is of interest and compar 
the English Pharmacy and Poisons Act of 1868 and 190 

From p. 125 on, the Manual covers the general N 
which affects the pharmacist practising his prefi 
no matter in what sphere, and covers a number of loga 
subjects only recently introduced into the pharmaceu 
syllabus in the pharmaceutical chemist course m 
United Kingdom. It is this part of the Manuail 
emphasizes the lack of a suitable book in the l 
Kingdom dealing not only with the classical st 
for the Forensic Pharmacy Examination but also t 
parts of the general commercial law of ‘the coun 
of which the practising pharmacists should be aware. 

The portions dealing with the Common Law are exvel- 
lent and apply to England and Wales as much as they 
do the United States. The vexed and frequently m 
understood question of the difference between “offers 
and ‘offers to treat’ is dealt with fully and clearly. Fro- 
fessional negligence is adequately covered and the pharma- 
cist informed on the standards that are expected from him. 
Whereas only one leading case on negligence in phar: 
in England (George versus Skivington) comes readily 
to mind, negligence claims play a considerable part -in 
litigation in the United States. 

Some of the subjects are dismissed too brief 
example, trade marks and company law; but f 
presumably unavoidable in a manual covering so wi 
field. On balance these two would have beer be 
omitted as they are subjects which merit a coni 
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confusing. 

The book is well printed, but the index is not-all th: 
British reader would wish, the appendixes are of 
interest in the United Kingdom and the. more thorough 
student would appreciate a table of cases. Tt is not a 
book that all British pharmacists must have, but it is 
one that could be read by all with interest and: pr 
especially by members of the Council of the Thari 
cal Society of Great Britain, who might swell 
revision of the present forensic pharmacy syllabus 

Cc, C. Stevens 







LABORATORY MANUAL IN SOCIAL 
PSYCHOLOGY 


Social Psychology Through Experiment 
Edited, with Introductions, by George Humphrey and 
Methuen 


Michael Argyle. Pp. vii+208. 
and Co., Ltd., 1962.) 21s. net. 


HIS book represents an interesting pien 

to provide a laboratory manual in social g 
directed mainly at students taking courses 
psychology. ee 


(London: 














“describes and dis- 


of those traditional in this field. The last chapter outlines 
methods suitable for small-scale social surveys and sug- 
gests how these may be conducted by an undergraduate 
class. 

Although the problems seem at times less sophisti- 
eated than those of most other branches of psychology, 
this is not due to any fault of the authors. Rather, 
it reflects the fact that, in spite of striking recent advances, 
thought and teaching in social psychology are still rela- 
tively undeveloped. They could benefit greatly from an 
injection of the type of thinking typical of the best British 
experimental and physiological psychology of the past 
“thirty years with its insistence on looking in detail to 
“understand processes and mechanisms and its refusal to 
‘try to fit facts into the strait jackets of ‘grand theories’. 


In its turn the study of social behaviour could often lend a 


valuable perspective to general psychology. One may hope 
-‘that this book will help both these developments by 
directing: the attention of a wider range of psychology 
students on the social aspects of their discipline. 

One slight regret is that some contributors have been too 
ready to anticipate criticism and that this has made their 
statements unduly scholarly and less positive than they 
might have been. It may be hoped that a future edition 
will be more confident. A. T. WELFORD 


INTRODUCING THE ELECTRON 
| MICROSCOPE 


< Introduction to Electron Microscopy 
"By Prof. Saul Wischnitzer. Pp. xi+132. (New York 
“and London: Pergamon Press, 1962.) 42s. net. 


Electron Microscopy 
A Textbook for Students of Medicine and Biology. 
By Prof. Gilbert Causey. Pp. vii+ 239. (Edinburgh and 
London : E. and S. Livingstone, Ltd., 1962.) 48s. net. 
TSLECTRON microscopy is now firmly established 
"LU among the tools of medical research. It is revealing 
a vast amount of structural detail in tissues at dimensions 
well beyond the resolving power of the light microscope, 
so much so that the term ‘ultra-struecture’ has been 
coined to describe it. The further step of attempting to 
elucidate the function of these structural elements— 
eytoplasmic reticulum, particulate components, miero- 
fibrils, nuclear pores—is now also being taken. It cannot 
be long before these researches lead to diagnostic uses 
for the new technique. 
It follows that electron microscopy has long passed the 
-erain which it was. an interesting curiosity, usually in 
the hands of a physicist, to whom the research biologist 
- ‘might bring occasional problems in the hope that some- 
-thing valuable could be seen. The instrument should be, 
and now usually is, sited in-the biologist’s own laboratory 
alongside his other microscopes, available whenever 
-a resolution better than the optical limit is desired in 
“any problem. Electron microscopes are complicated 
machines, of course, best kept in good order by skilled 
technicians. But it is highly desirable that research 
workers in biology and medicine should know how to use 
them, s0- as to be able to take their own micrographs, 
and preferably they should understand at least the 
elements of what happens when they turn the knobs. 
In this way they will more readily recognize the signs. of 
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functioning of the microscope, and, in the longer run, 
range of possibilities and limitations. ` ae 
_ It is with this end in view that Prof. Wischnitzer has 
written his Introduction to Electron Microscopy, addressed. 
to “investigators in the bio-medical sciences”. Itis an- 
introduction to the electron microscope, rather than to 
electron microscopy, since nothing is said about specimen 
preparation and little about. operating the instrument. 
Within these limits the book gives a clear statement of $ 
the physical principles on which it is based: the production, 
focusing and récording of electron images. There is 
also an outline of the electrical power supplies and vacuum. 
system. The author assumes very little knowledge of- 
physics; he goes right back, for example, to the funda- 
mental experiments demonstrating the magnetic effect 
of a current. . In order not to hold up the exposition, 
more. extended discussion of several. matters, such as 
Fresnel fringes and Jens aberrations, is given in appendixes. 
Clarification of such details, however, is scarcely necessary: 
for the biologist, who could well have been referred to ` 
well-known text-books or encyclopedias. The space so.. 
saved would have allowed inclusion of a full description — 
of operating. procedures and of the numerous. useful. 
hints which do not usually find a place in a manufacturer's 
hand-book. For example, even if-a description of lens 
alignment is best given by. a demonstrator on the instru- 
ment itself, a fuller discussion of principles would have 
been helpful to anyone trying to relate the image shifts 
seen on the seraen to changes made in lens strength or 
position. In quite a different direction, some indication 
would be in place of the limitations on specimen thickness 
at different voltages. Despite these shortcomings, however, 
this Introduction should fill a real need among biologists 
and medical men, providing as it does a concise account 
of how the electron microseope functions. No other book. 
of this scope exists, to my knowledge. 
by many simple diagrams and a large number of references 
are given, both to more advanced treatises and to original 
papers. 

Prof. Causey’s book, although springing from the same. 
situation, is addressed to a different audience: to students, : 
undergraduate and postgraduate, of biology and medicine. . 





The instrument itself is outlined in 6 pages and the essen- 
tial features of specimen preparation in 10 pages. The. 


remainder of the book describes in detail the now know- 
ledge provided by the electron microscope in mammalian- 
anatomy and physiology, from the individual cell, bone, 
muscle, skin, to the digestive, nervous and other systems. 
It would be presumptuous in a physicist to attempt to: 
assess how well this programmo is fulfilled. Each chapter 
is illustrated with many electron micrographs and occa- 
sional diagrams. References to original papers by other 
authors are given, but it would appear that almost all the. 
work shown is due to the author himself. While this 
restriction has obvious advantages, it also has limitations 
in that no one person can be expert in the specimen 
preparation of all the various tissues and organs of the. = 
body. as the author acknowledges. However, his. first’. 
consideration has been to give a clear indication of what.” 
is there to be seen, a guide imperfect but comprehensive: 
through the maze of ultra-structure opened up to us by: 
the electron microscope. This he provides, with disei- 
plined enthusiasm for his subject, firmly based on a long 
experience and wide knowledge of classical anatomical 
methods. ee 
As an introduction to the new knowledge, this book: 
should be particularly valuable to students setting out 
to do research in any of the subjects connected with 
medicine—and probably also to many of their teachers 
who have not had time and opportunity to keep abreast of. 
the literature. How far the undergraduate student. will: 
be able to take advantage of it is more questionable both 
because the treatment presupposes a good knowledge of © 
classical anatomy and because it would represent. a- 
considerable addition to an already full syllabus. Indeed, 


The text is aided... 
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| @n.amportant and perhaps not unintended effect of this 
book be to stimulate a fundamental revision of the 
-toag atomy.. It would appear that the medical 
' in much the same position as his physics 
colleagues, faced with the need to incorporate the findings 

_ of atomic and nuclear.research into the classical treatment 

< of physics. In the end, the only solution must be a 
-o radieal re-writing of the whole syllabus of anatomy, 
_ taking into account the evidence of electron microscopy 
and more fundamentally still of biomolecular studies. 
_ -Prof. Cansey’s book may well prove to be a valuable 
< eontribution to this process providing, as it does, a con- 
_> spectus of the whole field of ultra-structural anatomy. 

Af itis in order from a comparative outsider, the author 
-< is to be-congratulated on a pioneering effort. Tt may well 
be more valuable and have wider repercussions than he 

nticipated, V. E. Cossterr 





















~HYPERSONIC FLOW RESEARCH 


Hypersonic Flow Research 
Edited by Frederick R. Riddell. A Selection of Technical 
ers based mainly on a Symposium of the American 
et Society held at the Massachusetts Institute of 
Technology, Cambridge, Mass., August 16-18, 1961. 
_ (Progress in Astronautics and Rocketry, Vol. 7.) Pp. 
x+758. (New York: Academic Press, Inc.; London: 
| Academie Pross, Inc. (London), Ltd., 1962.) 84s. 


NTERNATIONAL conferences on specialized subjects 
are by no means rare. However, there can havo been 
few at which the standard of all the papers was so uni- 
formly high as at this symposium on “Hypersonic Flow 
search” organized by the American Rocket Society. 
sargoly this must be ascribed to the procedure whereby 
chairmen of each session were involved at the outset in 
ing the papers in their particular field. Naturally 
phasis on space research in the United States 
_ that there would be a very large number of 
ributed papers from which to choose. Chauvinists 
Ìl be pleased to note that three of the papers originated 
. Britain. It is perhaps unfortunate that, owing to 
political difficulties, the scheduled papers from the 
U:8.8.R. were not forthcoming. 
In view of the difficulty of simulating the conditions of 
hypersonic flight for model testing in ground facilities 
itis not surprising that the largest number of papers is 
concerned with experimental techniques. Although it is 
clear from these papers that astonishing advances have 
been made, much remains to be done in improving the 
_ uniformity of flow conditions in short running-time 
facilities and in developing instrumentation for the ac- 
-= Curete measurement of aerodynamic quantities. It is 
also clear that all the different facilities deseribed have a 
place in hypersonic research, since no one piece of equip- 
ment can provide full simulation of enthalpy and Rey- 
nolds number. 

The remaining papers are divided into three groups, 
flow at low Reynolds number, inviscid flows, and chemical 
kinetic effects including investigations of the radiation 
from high-temperature air. The emphasis in theoretical 
work on low-density effects is towards extending con- 

_tinuum theories, and in particular the boundary layer 
+ approximation, to lower Reynolds numbers. Van Dyke’s 
_ paper especially is of this nature, and he applies the method 
of inner and outer expansions to obtain second-order terms 
-inthe boundary-layer solution for a sphere at infinite Mach 
number. . The results. of Levinsky and Yoshihara show 
how the boundary-layer and shock-wave gradually 
_ imerease in thickness with decreasing density (increasing 
valtitade) until finally they merge into one viscous shock 
layer. Although the work reported here seems to confirm 
an. earlier result that there is only a narrow region 
of perhaps 10 miles in altitude separating the régimes of 
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near-free-molecule flow on one hand snd extension 
continuum theory to lower densities on il 
there is still no clear answer available to the q : 
what is the lower limit of the Reynolds number st ebon 
continuum theories remain valid. 

in the group of papers on chemical kinetics. 
paper is an extremely useful introduction toi 
of incorporating chemical reactions in 
flows. Vaglio-Laurin and Bloom present a 
of methods of calculating the inviscid flow a 
re-entry shapes and show how data on rea 
be fed-in so as to determine their effects 
field. Other papers in this section des 
mental work on the properties of high-temy: 
and, in particular, the radiation and ‘the: rat 
various chemical reactions in air at the high te 
associated with re-entry at satellite speeds and 

Finally, there is a very interesting group of 
papers on inviscid hypersonic flows. In part 
entropy layer composed of particles whieh passed throug) 
the strong, nearly normal part of the bow shock wave 
the surface of a slender body in hypersonic flow revei 
some emphasis, and apparently a heated discussion arose 
on the applicability of the blast-wave analogy in such case 

Although the conference was intended to report. on 
present-day research problems, many of these are still 
unresolved and much work is still going on. Fur 
the papers in this volume remain as perhaps the best basis 
for future work. L. F, Cranracn 
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NEURAL COMPUTATION 


The Brain as a Computer qe 
By F. H. George. (International Series of Monog: 
on Pure and Applied Biology. Division: | 
Vol. 8.) Pp. vii+418. (London and Now York: 1 
mon Press, 1961.) 63s. net. 


HIS book may be considered as a kind of mota-text- 
book for the behavioural sciences, in which is: pre- 
sented a treatment of the logic and mathematics under 
lying the basic design problems of life-like raschines; 
together with an account of the neuro-physiology of the 
brain. In the author’s words it is “an attempt to provide 
a conceptual framework for experimental psychology, 
and even experimental biology generally”, and it is not 
particularly concerned with the immediate evidence. 
The book is written in clear and precise language, ar 
it is well produced and furnished with clear diagran 
which are relevant to the text. Ses 
The range of topics covered is vast, including as 
philosophy of science, with a general accop 
Braithwaito’s position as set out in Scientific Kaplar 
the basis of mathematics and logic; a short treatm 
matrix algebra and the use of symboli¢ logic, part 
“logical nets” following McCullough and Pitts, tog 
with a little circuit theory showing practical ‘and’ and 
‘or’ circuits. The author goes on to describe various 
models which have been put forward, ineluding Turing’s 
basic work on his universal machine, and the more special 
models of Uttley and Ross Ashby, together with a de- 
scription and circuit of Grey Walter’s mechanical tortoise, 
Machina speculatrix. There follows a section on learning ; 
a short text-book treatment of the central nervone 
system, and finally a discussion of some of the problems 
of perception. All this represents a great deal of ground to 
cover, and one feels that, in the author’s view, this kind 
of knowledge should be a pre-requisite of the experimental 
psychologist, and more or less obligatory to those who 
aspire to undertake experiments designed to ehwilaie o 
the functional processes of the nervous system. 
To justify the author’s demanding selection 
lectual skills required by experimental. p 
it would be necessary to show that nnde: 
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behaviour has in fact arisen from applying these 
or at least that insight is likely to. from their applice 
tion. It is unfortunate that the author seldom takes the 
opportunity to show how these skills and models can 
provide useful explanations in psychology. 

The sections on learning and perception are discussions 
of familiar psychological facts (for example, conditioning 
and extinction, and a few perceptual phenomena such as 






figural after-effects) in terms of cybernetic ideas. The | 


treatment of learning seems very much the more satis- 
factory, and it is quite remarkable how little emphasis 
learning theorists have put on conditional probabilities. 
As the author says, whether or not Uttley’s model covers 
all. the facts is less important than the undoubted insight 
that this general approach gives to learning and extine- 
tion, for it puts these facts in familiar terms where 
preciso mathematics may be used, and explicit paper or 
hardware models built which are capable of learning in 
a more or less lifelike manner. The final section on 
perception is less satisfactory for here the author seems 
ito lose his way, particularly over the various ad hoc 
theories of figural after-effects utilizing satiation. Why 
he thinks a satisfactory general theory of perception 
should arise from these considerations is never made clear. 
~The author does not succeed in showing that cybernetic 
< or computer analogies are helpful to perceptual problems, 
but this probably arises from the comparative lack of 
success of pattern recognition machines, though what 
has been done gets inadequate mention. Various vague 
and unrealizable speculations in the psychological litera- 
ture are preferred to actual working designs which 
have been produced by engineers. However clumsy 
these may be, they would seem a better basis for thought 
for at least they do work, though in a limited way, and 
it is not too difficult to say why they fall so far short of 
human perception. 

Although the book is long, it reads as though the 
author never has enough space to make his points. We 
are continually hurried along to the next vista, and the 
néxt, until we reach the end without, in a sense, having 
started the journey. We are not made to use the ideas, 
or the intellectual tools suggested as important, or shown 
clearly that they can be used to help us understand the 
brain or behaviour. This is unfortunate because many 
of the models and ideas described are important and 
interesting, and they can only be actively developed and 
related to behaviour and the nervous system by experi- 
ments designed by those with some knowledge of the 
logical and engineering principles involved. One hopes 
that this book will influence students towards this 
approach, but it may be just too remote and too episodic 
to appeal. R. L. GREGORY 


U.S. ARMY VETERINARY SERVICES 


United States Army Veterinary Service in World 
War Il 

By Lt.-Col. Everett B. Miller. Edited by Colonel John 
Boyd Coates and Colonel George L. Caldwell. (Medical 
Department, United States Army.) Pp. xxii+779. 
(Washington, D.C.: Office of the Burgeon General, 
“Department of the Army, 1961. Obtainable from U.S. 
Government Printing Office.) 7 dollars. 


PFTAHE development of army veterinary services in 

Í European countries, just as military evolution itself, 
‘has been rather irregular, with greatest emphasis on 
‘horse doctoring’..In the First World War preventive 
medicine began to receive attention, but not with great 
elaboration. The Royal Army Veterinary Corps did not 
even undertake meat inspection for the troops, this duty 
being done by the Royal Army Service Corps. During 
the 1914-18 operations great veterinary achievements 
were recorded in the ‘old’ conditions, and, for the first 











june 1, 1963 oie 


great plagues of equine animals were kept under 
even in the severe conditions experienced. 
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- Glanders was given great attention, and, due to rigorous 


routine inspections and the use of the. specific ‘skin test’ 
(mallein), was rarely a source of trouble; mange was — 
similarly kept from spectacular manifestations of military 
operations in the past. 

The almost feudal outlook of the regular army up to the 
time of the Boer War and even afterwards had hindered 
proper development, but the lessons of that War led to 
important changes, and, by 1914, the European countries 
in general had geod military veterinary services. for 
mounted and draught transport. With the later replaces 
ment of equine animals by mechanization, private ‘war’ 
was being waged up to the outbreak of the Second World 
War to “hold on to the horse”, at least to some extent. 
Army veterinary services were almost in decline, and 
for a decade regular officers had lived in doubt about their 
future and been looking for other careers. 

With such a background, this history of the United: 
States Army Veterinary Service is not only refreshing: 
but also intensely interesting. Military operations in the 
United States had not led to organization as seen in 
veterinary circles in Europe, in spite of the experience in 
Europe during 1916-18. By the end of 1941 an entirely 
new type of military veterinary organization had been 
developed, with preventive medicine well to the fore. 
Moreover, the value of trained veterinary services for 
duties hitherto not envisaged was being recognized with 
a forward outlook on likely developments in war in the 
very near future. With the immense operations in many 
theatres and diverse climates and the need for extremely 
large-scale landings in far-off shores, a veterinary service 
hitherto never seen in war was soon active. 

The Army Veterinary Service is part of the Medical 
Department, United States Army. It is not irrelevant 
to say that, when that army arrived in Europe, it was a 
surprise to see military veterinary officers wearing the 
badge of the Air Corps, just one indication of the new 
outlook regarding veterinary services. These were 
officers dealing with the ‘new’ veterinary duties in so far 
as they concerned that unit of the forces. Unlike the 
British Service, the U.S. Army Veterinary Service special- 
izes in food hygiene. It is responsible for the quality of 
all animal foodstuffs, from inspection of the animal prior 
to slaughter onwards. This entails service in all the 
departments concerned, maintenance of the products 
in cold-storage, etc. In addition, foodstuffs of non-animal 
origin were dealt with during the Second World War. 90- 
95 per cent of the personnel were engaged in food inspec- 
tion duties. Laboratory services were on a large seale, and 
there were eleven elaborately equipped laboratories in the 
United States and 22 units overseas. 

Each of the twenty chapters of this large book describes 
in detail a particular phase of the work done and how it 
was done. Noteworthy chapters concern personnel and 
composition of the veterinary corps; training; supply. © 
and equipment; organization at home, overseas in the 
several theatres of war; laboratory and research service; 
remounts and care of military animals; army ferms, | 
captured animals and privately owned animals. ‘The 
22 pages of the chapter on war dogs contain a mass of 
information about many aspects of the subject that 
will be of interest to those interested in dogs in general, 
and the same applies to the dozen pages about army © 
pigeons. 

At the peak of its strength there were 2,100 veterinary 
officers and “possibly more than 6,000 to 8,000 enlisted 
personnel”. The build-up of the Service as set out in this 
book is peculiarly useful, and it will serve as a text-book 
for many countries eoncerned with this work. The 
elaborate organization for service simultaneously in many: 
distant countries and widely differing climates, social 
conditions and available supplies provides Historical 
background of immense value. 
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Recent Advances in Pharmacology 

By Prof. J. M. Robson and Prof. R. S. Stacey. 
edition. Pp. x+406. (London: J. 
Ltd., 1962.) 54s. net. 


JROGRESS i in pharmacology continues at a great pace 

and it is pleasing to see that the third edition of 
Recent Advances in. Pharmacology contains chapters or 
ae s of chapters written by a number of experts who 
over topics of specialized fields. However, this is not the 
mi: chango » in the arrangement of this popular book 
he co-authors are a new team, Prof. Stacey replacing 
Keele as the colleague of Prof. Robson. 
Some. thirteen chapters are included in this edition, 
ee and the attempt has again been made to present. pharma- 
| cology. as a science covering all aspects-of drugs from 
f isms of action to uses in the treatment of disease. 
rlap in material is bound to- happen where 
hapters cover, for example, pharmacologically 
bstances in the central nervous system, psycho- 
ropic drugs. catecholamines, 5-hydroxytryptamine, poly- 
peptides and hypotensive drugs. Nearly half the book 
18: pages) is allotted to these topics, which obviously are 

-of great importance to medicine. Nevertheless, 

sting to read that the mechanism of central 
y) transmission still remains in doubt. These 
arly chapters are well set out and easy to read, except 
_ where several cross-references occur on one page (as on 
op. ll). The position of the important Table 1 in the 
text (on pp. 2 and 3) could have been better arranged 
d the word “Screening” on p. 78 is also a bad choice 
her chapters are concerned with hypoglycemic agents, 
aretics.-and steroids, and these are followed by excellent 
counts of bacterial chemotherapy and of antimalarial 
d anthelmintic drugs. The importance of derivatives 
peptides and glutarimides is stressed. several times 
rhout.the material of the book. 
@ several spelling mistakes (as for example 
42. and 150), at least one printing mistake 
d an incorrect: formula (p. 141). One is not 
4 per cent is a scientific expression (p. 179), and it is 
riguing to find that the titles of three of the chapters 
Nos..5, 8 and 12) differ from those in the list of contents. 
However, Recent Advances is a most valuable book 
-for all who work with drugs. It is well printed on good 
paper. It can be thoroughly recommended, particularly 
as there are plenty of references cited at the end of each 
chapter, and important reviews are indicated by asterisks. 
So far as can be judged, the literature survey does not 
extend much beyond 1961, indicating that the edition 
< took much time to produce. G. B. WEST 
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History of Mechanical Engineering 

o By Prof. Aubrey F. Burstall. (Technology Today and 
Tomorrow.) Pp. 456. (London: Faber and Faber, 

Ltd., 1963.) 50s. net. 


PRANZ REAULEUX once defined a machine as a 
: “eombination of resistant bodies so arranged that by 
their means the mechanical forces of nature can be com- 
¿pelled to work accompanied by certain determinant 
motions”. “Determinant motions” are the theme of 
‘Prof. Burstall’s magisterial nine chapters. They represent 
_ a formidable compression of much recent research, and not 
-a little of his own, in a powerful and impressive story. 
© Imaginatively deployed from the Sumerians to the 
| Space age, serupulously written and documented, it is 
-also illuminated by some 291 illustrations, many, with 
< considerable advantage, redrawn for the purpose. His 
--solicitude for the reader has extended beyond the text, 
for each chapter is buttressed by a workman-like system 
_ of references as well as a series of invaluable biblio- 
<- graphies. 
“It triggers off many reflexions. Did science (as L. J. 
-: Henderson maintained) owe more to the steam engine 
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than the steam engine did to science? The 
between quantitative experimentalism of o g 
like Navier and Carnot and tbe lack of Knowledg (on, 
as Prof. Burstall goes on to call it, * wld 

some cases sheer stupidity and mines y of 


cone Ta 














conclusion that their luck has been ouro misi 
For their very adventuresomeness and. irrespor 
made them the major figures in a Smilesian ra’ 
technical hagiography, and hagiography is © 
Burstall warily and wisely eschews. He provide 
a developmental study of machines, materials, tac 
power available to and improved on in, nme sp 
‘periods’ in history, accompanied by pointed a 
on the general scientific climate of each perior 

developmental framework, however, includ ( 
‘failures’ which on closer inspection betray sig 
technical features. The authors experience, oi 
and insight are reflected in the index, which, to t 
of the subject, offers entry to the text under 
topics as well as individual entries. Ttisa satishys: 
to have written and to possess. W. H. G. Anmyrscn 











Differential Sen 
By Prof. H. Bear, jun. (Addison-Wesley Series in 
Mathematics. : Pp. vilit+ 207, (Reading, Mose, atl 
London: Addison-Wesley Publishing Co., 1962.) 4 
NY first course in differential equations mu 
with the classical devices of explicit. integ 
particularly for the first-order equation and for t 
equation. Prof. Bear departs from the norm. of st 
by giving special attention to simple forms of g 
theorem, for a single equation or a system, and hy 
rather more pains over the theoretical basis of the Le. 
transform. There are worked examples and- ox: 
the student. Thus the book is probably best sni 1 fe 
young professional mathematician in the making, 
bright sixth-former or as a first-year honours student. 
T. A. A. Broapperr 













Water Plants 

By B. B. Singh Bhadri and B. L. Desai. Ppox+: 
plates. (New Delhi: Indian Council of Agricult ae 
Research, 1962.) Rs. 3.75. 


Seasonal Flowers 
By Bhanu L. Desai. Pp. x + 180+ 16 plates. (New) 
Indian Council of Agricultural Research, 1962.) Ra: 
if Nese Indian Council of Agricultural Resear 

making & praiseworthy effort to popularize | 
in the Indian sub-continent. To that end it is 
the publication of a series of hand-books 
aspects of this recreation. One of the lates 
plants, is by no less a personage than the 
Governor of Himechal Pradesh assisted by 
Desai, who himself is the author of the seci : 
Seasonal Flowers. The price of both is well within the- 
means of the average householder. 

Both these booklets can be recommended as oxplai : 
in clear and simple language how the beginner eam mish 
the best of a garden pool or a flower border. There is madh, 
too, that will be of value to the enthusiastic amateur. 

I myself find the illustrations in Water Plants vers 
pleasing, taken as they are from colour photographs of the 
plants in their natural habitat. Those in Seasonal Plow 
are less satisfactory. The bunches of flowers are pho’ 
graphed against a coloured background which in sore 
instances detracts from the beauty of the flowers thero- 
selves. 

These books should make an appeal to the many 
wish to brighten what. so often in India, is a drab 
pound, and who would like to know how to start, 19 
the pitfalls, to ensure suecess. A study of these 
will solve their difficulties. 






































VoL. 198 


: L 1963 


THE WRIGHT BROTHERS AND THEIR INVENTION OF THE 
PRACTICAL AEROPLANE 


Substance of a Friday Evening Discourse delivered at the Royal Institution, London, on May 3 


By CHARLES H. GIBBS-SMITH 


History Committee, Royal Aeronautical Society 


N.Deeember 17, 1903, the Wright brothers were the 

first men in history to make powered, sustained 
and controlled flights in an aeroplane; both the machine 
and engine were of their own design and construction. 
The longest of four flights lasted 59 sec and covered 
more than half a mile through the air. This achievement 
. followed three years during which the brothers had 
developed and perfected the design, construction and 

pilotage of gliders. 

In. 1904, in the second of their powered “Flyers” 
(as they called them), they made about eighty brief 
flights—including some turns and a few complete circles— 
the longest lasting more than 5 min, in order to discover 

and master the basie techniques of controlling a powered 
“machine. 
- In 1905, the Wrights completed and flew their third 
: “Flyer”, which was the world’s first practical powered 
aeroplane; during more than forty flights, the machine 
was repeatedly banked, turned, circled, and flown in 
figures of eight; on two occasions it exceeded half an 
hour in flight duration. 
0 Tt was in 1902 and 1903 that illustrated information 
about the Wrights’ successful gliding reached Franee, 
and directly precipitated the first stage of practical 
European flying, at a time when European aviation was 
virtually at a standstill, following Lilienthal’s death in 
1896. 
In August of 1908, Wilbur Wright started flying in 
i France; and thereby direetly precipitated the second— 
and decisive—phase of practical European aviation; 
this resulted chiefly from his demonstrating the technique 
- of voluntary lateral control, an essential accomplish- 
ment which the slowly developing continental pioneers 
had noglected. . 
oo By character and temperament the Wrights were 
“admirably equipped for their work, being possessed of 
modesty, pertinacity and a richly inventive talent: 
“in addition they trained themselves to become both 
‘oxpert engineers and pilots, concerned equally with the 
theoretical and practical aspects of aviation. They 
drew their initial inspiration from Lilienthal, and later 
absorbed a general knowledge of the history and state 
of their craft; but when it came to the specific problems 
of design and construction—including ‘propellers-—and 
pilotage of both gliders and powered aeroplanes, they had 
to unlearn most of what they had learned from others, 
and start again. 
Mention should be made here of oceasional—but 
---yvooiferous—claims that some machine or other made a 
powered. flight before the Wrights, the criterion of ‘flight’ 
< being in-every case reduced. to the level of absurdity. 
a claims are little more than frivolous, and have 
_ been. eountensneed by any reputable historian. 


t hte" absolute prior ity in proper powered -flight would 
e affected in the least, even if their brief flights of 
be discounted, as no. powered machines other than 
id remain in the air for more than 20 sec until 
1906; and it was not until November of 

at a full minute’ s duration was attained in Europe. 
The achievements of the Wright. brothers were para- 
mount: to them, and them alone, belongs the credit of 


inventing, building, and’ flying the first successful and 


practical powered aeroplanes in history. 


It was the death of Lilienthal in 1896 that first focused 


their mature attention on aviation. In their subsequent 
study of bird flight, and of Lilienthal’s gliding, they. > 


became fully alive to the inefficiency of the lattor’s method’ 
of seeking balance and control solely by body-movements, 
as woll as to the bird’s effortless mastery of these problems. 
Then, about 1899, the Wrights made their first decisive 
discovery and their first decisive invention: they observed 
that gliding and soaring birds—-evidenced especially 
by their local ‘expert’ the buzzard—‘‘regain their lateral 
balance ... by a torsion of the tips of the wings”, and 
they decided to apply this bird -practice to aeroplane 
wings by a helical twisting of the wings (‘warping’). 
The Wrights’ “basic idea was the adjustment of the 
wings to the right and left sides to different angles so. as 
to secure different lifts on the opposite wings” (Orville): 

the bare idea, as such, of this adjustment had been 
previously envisaged, but had never been applied success- 
fully in practice, and never even been imagined in com- 
bined action with the rudder, as the Wrights were soon 
both to envisege and accomplish successfully. 


Early Experiments 

Like Lilienthel, the Wrights were true airmen and were 
determined to get up into the air and fly; but they were... 
also determined to master methodically control in the 
air on gliders before attempting any experiments with 
powered machines. Their first full-size glider was com- 
pleted by September 1900... It was a biplane of 17 ft; > 
span and 165 sq. ft. area with the elevator out front, and: 
with wing-warping. They believed. that a front elevator 
would provide a safer fore-and-aft control than a rear one, 


especially ‘in the event of a sudden nose-down attitude, — ; 


The pilot was to lie prone in a gap in the lowe: 
to reduce head-resistance. 





as an unmanned kite with its controls operated from the 
ground: -only a few manned ‘pilot-controlled’ kite. 
flights were made, as well as a few piloted free. glides. 


These took place over the sand-dunes of Kitty Hawk o 


(North: Carolina), a desolate location chosen as a result 
of their enquiries, not for its secrecy but for its steady — 
constant winds, along with the soft sand into which . 
crashing would be comparatively painless. 

Encouraged by their experience with No. 1, the Wrights. 
were more determined than ever to fly; but they were still 
determined to proceed earefully and logically. 


same basic configuration as No. 1, but with a wing area — 
inereased to 290 sq. ft.; for the first time a hip-cradle 


was introduced (swung to right or left) to operate the 


warping cables. They took this new glider to the Kill 


Devil (sand) Hills, 4 miles south of Kitty Hawk, and ~ 
tested it in piloted flight during July and “August 1901: 


glides of up to 389 ft. were made, and control was main- 5 
tained in winds of up to some 27 m.p.h. But the machine _ 
was far from satisfactory. The Wrights began to suspect _ 
the accuracy of Lilienthal’s caleulations, on which — 
they had relied .until-now. Tho aircraft also showed... 
an alarming tendency—-when being warped—for. the 
positively. warped wings to. swing back, and for the whole. 
machine to slew round as it side-slipped, and crash.’ 


“Having set out with absolute faith in the existing scien- _ 


tife data’, wrote Wilbur, “we were driven to doubt one 


Owing to the small wing _ 
area, this No. 1 glider was flown (in October 1900) chiefly 





‘Next 
year (1901) they built. their No. 2 glider following the 
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Fig. 1. The modified glider No. 3: 1902 

thing after another, till finally, after two years of experi- 
ment, we cast it all aside, and decided to rely entirely 
upon our own investigations”. 


The Mastery of Glider Control: 1902 


Between September 1901 and August 1902, the Wrights 
carried out an intensive programme of research, including 
the testing of aerofoil sections in a wind-tunnel] and on a 
bicycle, as well as thoroughly re-working all their ero- 
dynamic problems. The result was their No. 3 glider of 
1902, built during August and September 1902, and 
tested at the Kill Devil Hills during September and 
October. Nearly a thousand glides were made on this 
machine, It was a robust biplane with a wing area of 
305 sq. ft.. a span of 32 ft. 1 in., and a shallow camber 
of 1 in 24 to 1 in 30; it had the same warping system, 
and the same type of forward elevator, as the No. 2; 
but there was added at the rear a double fixed fin to counter- 
act (by its weather-vane action) the swing-back of the 
wings on the positively warped side, in the case either of 
regaining lateral balance after being gusted out of the 
horizontal, or of the pilot initiating a bank. The machine, 
which was man-launched like its predecessor, behaved 
well in some of the glides; but severe trouble arose with 
deliberate warped banks or gust-produced (non-warped) 
banks, when the pilot—in trying to hold off the bank 
or in trying to return to the horizontal—applied positive 
warp on the dropped wings in order to raise them: in- 
stead of coming up, these dropped wings would sink or 
swing back, and the machine would spin and crash. 

The Wrights diagnosed the basic trouble as warp-drag 
(aileron-drag to-day) where the positive warp increased the 
resistance of the wings on one side, and the negative 
warp decreased it on the other, causing them not only 
to bank, but to turn about their vertical axis in the 
opposite direction to that originally anticipated. The 
addition of the fixed rear fin caused much more trouble 
than it cured. For, in the two classes of banking noted 
here, the resulting side-slip caused the fin to act as a 
lever, and rotate the wings about their vertical axis, 
thus increasing the speed (and thus the lift and height) 
of the raised wings, while retarding and lowering the 
dropped wings. When the pilot applied positive warp 
on the dropped wings, it simply aggravated the situation. 
and produced a spin either by swinging back the dropped 
wings through warp-drag, or by increasing their incidence 
beyond the stalling angle. 

This problem was solved by converting the fixed 
double fin into a single movable rudder, which—with its 
cables fastened to the warp-cradle—was always turned 
towards the warping direction, thus counteracting the 
warp-drag. As the rudder was also (but unintentionally) 
adjusted to more than compensate for the warp-drag, 
the machine could also be made to perform a smooth 
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banked turn. Experience with this glider also con- 
vinced them that all their machines should be made 
inherently unstable to allow of sensitive and immediate 
response to the controls. 

After this vital step, the Wrights had a practical 
glider (Fig. 1), with which they made some hundreds of 


perfectly controlled glides; they set a distance recor! 


of 6224 ft., and a duration record of 26 sec. “The flights 
of 1902”, wrote Orville, “demonstrated the efficiency of 
our system of control for both longitudinal and lateral 
stability. They also demonstrated that our tables of air 
pressure which we made in our wind tunnel would enable 
us to calculate in advance the performance of a machine.” 


The First Powered Flights : 1903 


Justly elated by the success of their last glider, the 
brothers (in March 1903) applied for a patent based on it: 
this was granted in 1906. They had already determined 
to build a powered aeroplane—they did not, as often said. 
put an engine into one of their gliders—and this machine 
was constructed during the summer of 1903. But they 
had had to surmount two formidable obstacles before 
their first “Flyer” was ready for testing: (a) the lack of 
any available light, yet powerful enough, engine; (b) the 
provision of propellers. They thereupon designed and 
built their own 12-h.p. motor; and—an outstending 
achievement—carried out basic and original research 
to produce highly efficient propellers. 

This first Wright Flyer (Fig. 2) was a biplane, on a skid 
undercarriage, of 40 ft. 4 in. span, a wing area of 510 sq. 
ft., and a camber of | in 20: it had a biplane elevator out 
front, and a double rudder behind, the control cables of 
which were linked to the warp-cradle: the motor drove 
two geared-down pusher propellers through a eycle-chain 
transmission in tubes, one being crossed to produce 
counter-rotation. The launching technique was as 
follows: the “Flyer’s” skids were laid on a yoke which 
could run freely on two small tandem wheels along a 
60-ft. sectioned wooden rail, laid down into wind; the 
machine was tethered while the engine was run up, and 
then unleashed; when its speed produced sufficient lift. 
it rose from the yoke and flew. The Wrights did not use 
any accelerated take-off device for their 1903 flights. 
The weight of the machine (empty) was 605 Ib. 

It was on the morning of December 17, 1903, between 
10.30 a.m. and noon, that the first flights were made. 
After five local witnesses had arrived, Orville took off at 
10.35 into a 20-22-m.p.h. wind and flew for 12 see, 
covering 120 ft. of ground, more than 500 ft. in air dis- 
tance (Fig. 3). On the fourth and last flight, at noon. 
Wilbur flew for 59 sec, covering 852 ft. and more then 
half a mile in air distance. 

These flights were the first in the history of the worl 
in which a piloted machine had taken off under its own 
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. The first powered “Flyer”: 1903 








Fig. 3. The first of four flights: December 17, 1903 


power; had made powered, controlled, and sustained 
flights; and had landed on ground as high as that from 
which it had taken off. No aeroplanes other than the 
Wrights’ could remain in the air for more than 20 sec 
until November of 1906; and it was not until November 
of 1907 that a full minute’s duration was achieved by a 
European machine. 


The Second Powered ‘‘Flyer’’: 1904 


The second “Flyer” was finished in May 1904, and— 
through the kindness of a friend—an “aerodrome” was 
set up at the Huffman Prairie, a 90-acre pasture at 
Simms Station, about 8 miles east of Dayton. The new 
“Flyer” had approximately the same dimensions as the 
first, but had a lesser camber (1 in 20 to 1 in 25), and a 
new engine of 15-16 h.p.: the pilot still lay prone, and 
the warp and rudder controls were still linked. From 
May 23 until December 9, about 80 short flights were 
made which enabled the brothers to obtain practice in 
controlling and manceuvring a powered machine. (Some 
100 starts were made in all, and various minor setbacks 
had to be overcome before consistent and productive 
flights were achieved.) Their total airborne time was 
about 45 min: the longest flight lasted for 5 min 4 sec 
and covered about 2} miles. On September 7 they 
introduced for the first time their weight-and-derrick 
assisted take-off device, to make them independent 
of the weather, in view of the small area of the pasture. 
The most important event was their first circuit (by 
Wilbur on September 20), which later became a necessary 
commonplace, as they did not want to fly over other 
property: this first circuit was the subject of a detailed 
eye-witness report made and published by Amos I. 
Root—the first such report in history of a powered 
aeroplane flight. 

There was one control problem still outstanding, which 
was not to be solved until 1905, and that was a tendency 
to stall in tight turns. 

It was early in this 1904 season that two Press visits 
were held; and, had not the engine failed on both occa- 
sions, the history of aviation—and indeed of civilization 
itself—would have been greatly changed: the reporters 
never came back, despite every resident in the neigh- 
bourhood reporting the numerous flights. 


The Third Powered ‘‘Flyer’’: 1905 


Although the four brief flights of 1903 have naturally 
invested the Wrights’ first “Flyer” with the greatest 
fame, their No. 3 “Flyer” of 1905—seldom dealt with in 
aviation histories—should stand equally with it; for the 
1905 machine was the first practical powered aeroplane 
of history (Fig. 4). It was of the same general arrange- 
ment as the others, but noticeable differences appeared 
in the placing of the elevator farther forward and the 
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rudder farther back to improve longitudinal control. 
The span was 40 ft. 6 in.; the wing area was slightly 
reduced, to 503 sq. ft.; the camber was increased to 
l in 20; new sets of propellers were used; but the excel- 
lent 1904 engine was retained. The prone pilot position 
was retained, and also—for the start of the season—the 
warp and rudder linkage. Its speed was approximately 
35 m.p.h. Like all the Wright aircraft, it was built 
inherently unstable and had to be ‘flown’ all the time 
by the pilot. The rudder outrigger was sprung to allow 
it to hinge-upwards if it dragged on the track or on the 
ground. 





Fig. 4. 


The third powered “Flyer”: 1905 


The 1905 season at the Huffman Prairie lasted from 
June 23 until October 16: more than 40 flights were made, 
but now the Wrights were concerned with reliability and 
endurance. They were airborne this season for just over 
3 h. In September, the trouble they were having in 
tight turns was diagnosed as a tendency of the dropped 
wings to slow up and stall; and the cure seen to be in 
putting down the nose to gain speed when turning. It 
was while seeking this cause and cure that the brothers 
took the important step of unlinking the warp and 
rudder controls, and provided for their separate, or 
combined, operation in any desired degree. 

With this “Flyer” now perfected, the Wrights made 
many excellent flights, including durations of 18 min 
9 sec, 19 min 55 see, 17 min 15 sec, 25 min 5 sec, 33 min 
17 sec, and—on October 5—their record of 38 min 3 sec, 
during which they covered more than 24 miles. 

The description of this machine as the world’s first 
practical powered aeroplane is justified by the sturdiness 
of its structure, which withstood constant take-offs and 
landings; its ability to bank, turn, cirele and perform 
figures of eight; and its reliability in remaining airborne 
(with no trouble) for more than half an hour. It is now 
preserved in a specially built hall in Carillon Park at 
Dayton (Ohio). 

It was in 1905 that the Wrights first offered their 
invention to the U.S. and British Governments. In 
January, on the experience they had had with the No. 2 
“Flyer”, an offer was made to the U.S. War Department, 
which was refused outright without even an attempt at 
investigation—‘‘a flat turn down”, as the exasperated 
Wilbur called it. They then offered it to the British 
War Office. The British dilatoriness was as bad as the 
U.S. refusal; so, with persuasion from Chanute, the 
brothers again (in October, still of 1905) offered it to the 
U.S. War Department, with all the added confidence 
now provided by the performance of their No. 3 “Flyer”. 
Again it was turned down; again the War Department 
assumed that the Wrights were asking for financial 
assistance—whereas they made it quite clear they were 
offering a finished produet—and for the second time the 
Department made one of the classic statements of aviation 
history: “the device must have been brought to the 
stage of practical operation without expense to the 
United States”. 


“Tune 1, 1963 


No, 4883 


THE CYCLOTRON UNIT: MEDICAL RESEARCH COUNCIL 


By D. D. VONBERG and Dr. J. F. FOWLER 


Hammersmith Hospital, London, W.12 


HE Medical Research Council's cyclotron is tho 
. largest of three accelerators operated by the recently 
formed Cyclotron Unit at Hammersmith Hospital, 
London. This article describes the facilities provided by 
- the cyclotron, and reports on its present. applications in 
"medical research. 
otron was designed and built as a project of the 
8) Radiotherapeutic Research Unit, and has been 
-in operation since 1955. On the retirement of the director 
-of the Unit, Dr. Constance Wood, in February 1962, the 
a present Cyclotron Unit was formed. The function of the 
_ now Unit is to investigate the medical and biological uses 

‘on-produced radiations and radioisotopes, and 
orate in their applications to research. projects. 
yolotron is situated in the grounds of Hammersmith 
ospital, which also houses the Postgraduate Medical 
‘School of the University of London, so that the use of 
«short-lived. isotopes (for example) or. activation analysis 
ran. readily be exploited in collaboration with medical 
h workers. The Medical Research Council’s Experi- 
































-operation with peita eek centres in Britain and 
abroad i is also encouraged. 

machines operated by the Cyclotron Unit include 
ingar electron accelerator and a 2-MeV Van de 
generator. The former provides routine super- 
radiotherapy for the hospital and is available 
ime for research, using the X-ray or high-intensity 
etron beams'*, The Van de Graaff machine provides 
etron or neutron beams*. These three accelerators, 
ther with X-ray machines in the Experimental 
_ Radiopathology Research Unit, cover a wide range of 
 ndiation conditions, as shown in Table 1. 





Scope of a Medical Research Cyclotron 


«The cyclotron was chosen as a major radiation source 
` for the Unit because it could provide three main facilities: 
CO (1)-A beam of fast neutrons suitable for a trial of fast 

neutron: radiotherapy and for radiobiological research; 

- (2) deuteron and «-particle beams for research in funda- 

mental radiobiology, to which has been added radiation 
chemistry and activation analysis; (3) a series of radio- 
active isotopes with properties which differ from those 
produced in nuclear reactors. 
These fields of work are reviewed briefly here. 


Density of ionization 
| along particle track | 
| (linear energy transfer | 
| 
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Accelerator | 


NATURE 


Table 1 









































Special Features of the Hammersmith C} clotre 


The important requirements of a cyclotron for 
research are: (a) it should have as Jar pea 
as possible, both for producing usable quanti 
isotopes and for providing a useful nentr 
high energy is not so important; {b} it should I 
as possible since work concerning patients must 
subject to interruption or machine failure. 

A 45-in. machine was finally selected as a su 
compromise between performance and cost, and | 
decision appears to have been justified. The deuteron. 
an energy of 15 MeV and «-particles at an energy ei a 
MeV at currents up to a few hundred yamp give @ good 
yield in many radioisotope production reactions, and a a 
satisfactory beam of neutrons for radiobiologieal pur 
from the reaction of deuterons on beryllium. ee 

The machine was designed by the Council’s ow. 
at Hammersmith‘, and when commissioned was 
with internal and external targets of simple 
with no experimental rooms outside the cone 
The work described here was carried out under | 
ditions. Such an elementary arrangement results 
machine time while setting up experiments and 
radiation dose to experimenters from radioactiv 
the cyclotron. 

The experience of running the machine since 
revealed its limitations, and has guided eng 
development towards removing these limitations. 
end a new external beam transport system has: rece 
been designed and fitted. Four alternative beam posit 
are now available, two inside the main concrete shield for 
isotope production and two passing through the concreto, 
shielding into a new radiation room. One of these 
positions is used for the fast neutron beam, and the 
enables deuterons or «-particles to emerge as afro 
in air. When not in use, both ports may be shielde 
to limit stray radiation entering the radiation. room 
the main cyclotron chamber. Thus setting up 
carried out while isotope bombardments are pron 
the chamber (Fig. 1). 

Radioisotope production with internal targets i 
at high-beam current) is limited by the heat dissi 
the target and by radiation dose to operators han 
targets. Thermal design of the target has been. purst 
the limit consistent with simplicity. and a comprehe! 
remote-handling system is being developed not only 
removing the target from the cyclotron but alo Tor 








Special Properties of the beam 
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Deuteron beam } 
Alpha-particle beam | 


Type of radiation keVin)* | 
A 8 MY. X-rays i ~03 | 
A & MeV electrons | ~O3 | 
B | 18 i ~O-3 | 
~~ | 200. 250 kV X- -TaYS ~3 
¢ | Neutrons from | 
, 15 MeV d on Be ~ 20 
B Neutrons from | 
\ 


| 
$ 
| 
| 1-8 MeV d on Be 
H 
i 


Lower dose rates and penetration. 
| Precise LET’s can be obtained ; 


Good penetration, 100 rads/min, 2 psec pulses, 

Very high dose rates available, 2 usec pulses, uniform penetration 2-3 em water, 

High dose rates available ; continuous current. 

Fair penetration ; low dose rates. 

Dose rates ~ 25 rads/min over 20 x 20 cm feld ; gamma dose rate 4 per cent. Pens- 
tration similar to 250 KV X-rays. 







penetration is about 1 mm in tissue. 





A, 8 MeV linear accelerator. B,2 MeV Van de Graaff, C, Cyclotron 30 MeV a-particles or 15 Mev deuterons, 


* The linear energy transfer is the mean rate of energy loss a por anh length Lor a beg gla figures given here are approximate values ay 
cams, w] ve precise 8. 


a wide distribution of total-particle LET’s, except for the d an 
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mechanically scraping it and chemically processing the 
- serapings, 
-o When the target material is in the form of a gas, liquid, 
or thermally unstable solid, an external target (that: is, 
external to the vacuum system) may permit isotope 
production, since the power density is low and there is less 
-hazard to the machine from target failure. The limitation 
“ here is mainly in radiation dose. to the operators when 
< ehanging targets. The new. beam system will ultimately 
< enable external targets to be changed by remote control in 
‘front of the two beam outlets inside the main shielding 
(Fig. 2). 


Medical Applications of the Cyclotron 


The development of research projects up to the point of 
< < clinical applications requires a variety of techniques and 
disciplines, most of which are available within the Unit. 
For example, in discussion between medical workers 
and physicists a problem may emerge for which a cyclotron- 
produced isotope appears to have advantages. If the 
production of the isotope is not familiar, a theoretical 
sessment must be made of a suitable nuclear reaction 
within the energy-range of the machine. This is the 
responsibility of the Physics Section. The design and 
| preparation of a trial target is then undertaken jointly by 
_ the Engineering and Chemistry Sections. The bombard- 
ment and removal of material from the target fall to the 
-Engineoring Section. The Chemistry Section must then 
devise and carry out chemical separation procedures, 
usually in a carrier-free condition. New work is frequently 
involved as there is relatively little published information. 
on high-yield, high specific activity separations. _Determ- 
ination of the contents of the produet, which may involve 
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ok Fig. 1. Medical Research Council cyclotron beam facilities, showing experimental radiation room and isotope production points 


a reappraisal of the published decay scheme, is then 
earried out by the Physics Section. Estimates of dosage | 
in various tissues and organs depend on the radioactive. 


contaminants which may be present together with the _ 


main nuclide. 

It is sometimes of value to carry out animal experiments 
to compare the selective uptake of various isotopes in 
particular tissues, and facilities are available for this type 
of work, as mentioned here. 

The applications of the cyclotron fast-neutron beam for’ 
therapy and for radiobiological investigations present. 
problems of physics, engineering, experimental biology and 
pathology. The production of a suitable neutron beam has: 
involved the engineering design of focusing and deflecting - 
systems for the primary deuterons. The collimation of 
the neutron beam and the dosimetry present physical 
problems. 

Throughout all this work it has been taken as a guiding 
principle that the end-product must ultimately. give 
benefit to patients, and must be adaptable and reliable 
in use. 


Radiotherapeutic Possibilities of the Fast-neutron 
Beam 


The fast-neutron beam may be useful in the treatment 
of cancer because it has a biological advantage not 
possessed either by X- or y-rays® or by 200-MeV. protons*, 
although both these types of beam can- give good spatial. 
distributions of ‘absorbed dose... The disadvantage of 
lightly ionizing radiations such as X-rays or fast protons 
is that the dose needed to kill poorly oxygenated living 
cells is larger with such radiation than the dose to kill 


woll-oxygenated cells. The dose ratio is as large as two to 
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Fig. 2. External targets for oxygen-15 and carbon-11 production with 
pneumatic change-over mechanism 


three’, Since most tumours are likely to contain anoxic 
but viable cancer cells*, these lightly ionizing radiations 
therefore damage tumour tissues less readily than normal 
tissues. This is one of the main limitations to the success 
of radiotherapy to-day. Possible damage to these normal 
tissues at the edge of the tumour, which are inevitably 
within the treated region, prevents the giving of very high 
doses. With fast neutrons, however, the LET in tissue 
is high enough to kill well-oxygenated and poorly 
oxygenated cells almost equally easily. So fast neutrons 
would kill a greater proportion of anoxic cells than would 
X- or y-rays, for equal damage to well oxygenated, that 
is, healthy, tissues. Therefore no purely physical distri- 
bution of low-LET radiation, however good geometrically, 
could give an advantage equivalent to the dose factor of 
2-3 mentioned here’. Fast protons and deuterons? are 
not high-LET particles except in the terminal millimetre 
of their tracks. Beams of negative m-mesons have recently 
been suggested’, and they would have a good spatial 
distribution of dose together with sufficiently high LET 
of the particles to give both the physical and the biological 
advantages, but they are not available in sufficiently 
intense beams, and their production would be extremely 
expensive. Fast neutrons are now available. 

In order to assess the value of the fast-neutron beam 
for radiotherapy, two kinds of radiobiological experiment 
are being carried out at Hammersmith; no patients have 
yet been treated. First, the magnitude of the oxygen/ 
anoxia dose ratio must be examined, as a function of the 
energy and penetration of the fast neutron beam. Second, 
the doses which could safely be given to normal tissues 
must be investigated. In the latter connexion it is impor- 
tant to note that R. Stone carried out a clinical trial of 
therapy with fast-neutron beams from the cyclotrons at 
Berkeley in 1939-42 and found, in addition to some cures, 
that the long-term skin damage was so serious as to 
prevent further therapy with fast neutrons’*. The present 
work at Hammersmith has provided an explanation for 
this damage to normal tissues. Radiation given to the 
skin of experimental pigs was found to be more damaging 
relative to X-rays when the doses were given in a number 
of fractions than when given as single doses't. (The 


NATURE 


829 


relative biological effectiveness, RBE, was 3340-3 end 
2-5+ 0-3 respectively.) The Berkeley neutron patients had 
been treated with multiple small doses, and this would 
account for the undue severity of the damage. Now that 
an explanation is available, the effect should be avoidable, 
and the result is therefore encouraging for the possible 
application of the neutron beam in radiotherapy. There 
are only two ways of dealing with the problem of anoxic 
tumour cells at present. One is to give the patient high- 
pressure oxygen during the irradiation’*; the other is to 
use the fast-neutron beam, 

The fast-neutron beam provided by the Medical Research 
Council cyclotron has a dose rate of about 25 rads/min 
(that is. 50-75 rems/min) at 1:25 m in front of the 
beryllium target. The neutron energy is in a broad 
spectrum extending up to 18 MeV and having a modal 
value of about 6 MeV**. It provides a high dose-rete 
fast-neutron irradiation facility for animal experiments 
of various kinds. Fast neutrons have good penetration, 
which is necessary for animal experiments or irradiations 
of bulky specimens with high LET radiation, but the 
energy spectrum is too wide for certain fundamental 
investigations in radiobiology. A much narrower spread 
of LET can be obtained by using a short segment of the 
track of the «-particles or deuterons accelerated by the 
cyclotron. Their maximum range in tissue is about 0-8 
and 1-6 mm respectively. Such experiments must therefore 
be carried out with thin layers of micro-organisms or 
mammalian cells. 


Radiobiology with the «-Particle and Deuteron Beams 


Experiments over a wide range of LET, from densely 
ionizing nuclear particles to the lightly ionizing X-rays or 
electrons, enable the action of ionizing radiation on living 
matter to be investigated more thoroughly than with 
X-rays alone. The cyclotron «-particles and deuterons 
provide precise LET’s which at present are available 
between about 100 and 5 keV/u of track in unit density 
tissue. In addition, X-rays, fast electrons, and fast 
neutrons are available (Table 1). 

Miss T. Alper of the Medical Research Council Experi- 
mental Radiopathology Research Unit at Hammersmith 
has found that both cysteine and glycerol provide as good 
protection against «-particles of 60 or 25 keV/ as against 
X-rays’. Miss Alper has also found the effectiveness of 
these two types of «-radiation and 8-MV electrons to be 
the same for lethal injury to both dormant and germinated 
spores of Bacillus anthracis’. 

Dr. G. W. Barendsen from the Netherlands T.N.O. 
Radiobiological Research Institute at Rijswijk has used 
three a-beam energies and three deuteron energies in 
irradiating human kidney cells in tissue culture which he 
had previously investigated using X-rays, B-rays and 
natural «-particles*. Tho object was to investigate the 
relationship between dose and cell survival in the range 
of LET between soft X-rays (about 6 keV/) and polon- 
ium «-particles (about 130 keV/z). The LET’s used were 
5-6, 11 and 17 keV/u from deuterons and 25, 60 and 85 
keV/p from a-particles. Some preliminary results have 
been obtained for the variation in effectiveness of each 
particle track with the LET. The inerease of relative 
biological effectiveness of the high-LET radiations with 
decreasing individual doses is also well demonstrated; 
this correlates with the findings on pig skin mentioned 
here. Such results should help in the elucidation of the 
mechanism of radiation damage; in particular, the sensi- 
tive area of a coll appeared to be equal to the area of the 
nucleus, and the thickness of the sensitive site was of the 
order of 100 A (ref. 17). 


Cyclotron-produced Isotopes 


The earliest tracer studies using radioactive substances 
were carried out either with naturally radioactive elements 
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or with. eyclotron-produced - isotopes. - When. nuclear 
reactors were developed, isotopes of most of the elements 
became readily available, and during the past fifteen 
years they have been well exploited, especially in medical 
applications'®. There are some two dozen isotopes which 
are to-day commonly used in medical diagnosis, therapy 
and research. At the presont stage in clinical applications 
of isotopes thero are certain properties of cyclotron- 
produced isotopes which make them worth particular 
study. The addition of even half a dozen regularly used 
new isotopes to the medical armamentarium would con- 
oe a significant widening of the scope of isotope 
WOrK. 

Since eyclotron-produced isotopes are usually more 
expensive than reactor-produced isotopes, the Medical 
Research Council machine does not produce any isotope 
that could be made easily in a reactor. In the present 
work we are concerned to use cyclotron isotopes only 
when there is an important advantage in doing so. The 
special advantages of cyclotron-produced isotopes fall 
inte. three groups: (1) many of them are positron emitters; 
(2) high specific activities are usually obtainable; (3) a 
wider choice of radioactive isotopes of any element is 
available, due to differences in half-lives or in types of 
radiation emitted. Examples of each of these groups will 
be given, and from these brief descriptions a picture of the 

various projects now under way will be built up. 

General aspects of production. Isotopes are produced by 
bombarding internal (grazing incidence) or external 
targets which must then be removed and chemically 
processed, or alternatively as continuously flowing radio- 

-active gases which are piped to laboratories nearby. The 
30-MeV high-current «-particle beam is particularly useful 
in isotope production, and is used regularly to make 
‘fluorine-18, iron-52, arsenic-72, iodine-124 and iodine-125. 

- The remaining isotopes are produced by deuteron bom- 
bardment. Target cooling is often the limiting factor in 

. the rate of production, but the physical and chemical 

“> properties of the target substance may also be limiting. 

The growth of the work using radioactive gases gives an 

| interesting indication of the trend in development of 
applications. Oxygen-15 was first produced for lung 
| function studies’, and was one of the first radio-isotopes 
produced in our cyclotron. It has been, and still is, used 
both for physiological research and the diagnosis of 
individual patients. The lung function work carried 
out by Dr. P. Hugh-Jones et al. has developed many 
facets®*-*4. In addition, several other projects now involve 
the use of radioactive gases, four being concerned with 
plant physiology, three of them in association with the 

Agricultural Research Council as mentioned here**.*6, 

The three groups of special properties mentioned here 
- will now be discussed in order. 

(1) Positron emitting isotopes. Isotopes produced by 
positive ion bombardment frequently decay by losing 
positive charge, that is, they are likely to be positron 
emitters. Coincidence counting of the annihilation 
radiation from positrons gives good spatial resolution in 
in. vivo counting’’**, Coincidence counting is being 
“. used-in the following work associated with the Medical 
| Research Council cyclotron: 

(a) Brain tumour scanning using arsenic-72 and -74, in 

-conjunction with the colour scanning couch developed 
y Dr. JiR: Mallard. Good results are being obtained®**°. 
b) The lung function studies already mentioned?*-* 
ing the gaseous isotopes O, CO, and CO. 

© (e) The plant physiology studies using 1O, C0, 
> UCO, and PN. in collaboration with the Agricultural 

Research Council and Drs. M. Ebert®* and D. J. Silvester** 

of the Medical Research Council. 


(d) Plotting. the distribution of- functioning bone- 


marrow by in vivo counting using iron-52 (ref. 31). 


But even more important than the increasing prosent 


clinical uses of coincidence counting is the possibility of 
in vivo scanning at sensitivities some 25 times greater. 
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than the best present scanning techniques, as pointed out 
by Anger*? and Brownell**. The ‘positron cameras’ 
necessary for achieving this gain in sensitivity are at an 
early stage of development. They consist of a large-area 
scintillation detector which accepts photons simultane- i 
ously from the whole area being scanned, and one or. 
more smaller detectors on the remote side of the patient. 
An array of photomultipliers behind the large crystal 
senses the position of each scintillation, and if it conforms 
to the spatial requirement set by operating an area of the 
crystal in coincidence with one of the small detectors, a 
point is recorded on an image storage tube. The dovelop- 
ment of this type of device, with its new order of sonsi- 
tivity, would obviously make possible investigations 
which cannot be carried out at present. Thus positron- 
emitting isotopes are bound up with major developments 
in in vivo localization generally. 

Improvements in radioisotope scanning techniques are 
being investigated in this Unit: (a) instrumentally, both 
by developing a positron camera (P. ©. R. Turner) and 
by comparing the efficiency and resolution of coincidence 
counting and focused collimators®; (b) by physiological 
investigations. Dr. C. M. E. Matthews has examined the 
uptake of seventeen labelled substances into tumours and 
brain in experimental animals and has found evidence that 
the ratio of uptake of a substance in brain to the uptake in 
tumour is dependent on whether or not the substance 
readily enters cells. Bismuth-206 was found to give an 
exceptionally high uptake ratio in rats due to low concen- 
tration in brain**. Bismuth-206 is probably better 
than arsenic-72 and -74, and certainly better than serum 
albumin labelled with iodine-131. 

(2) High specific activity radioisotopes. Bombardment, 
by charged particles often leads to the formation. of 
isotopes of elements which are different from the target 
elements. Isotopes from reactors, on the other hand, are 
generally produced by the (n,y) reaction and are of the 
same element as the target. Chemical separation from 
cyclotron targets can therefore produce many isotopes 
virtually carrier-free. Examples of instances where high 
specific activity has been important in work carried out 
here include: 

(a) The investigation of in vitro uptake of potassium 
by red cells** carried out by Dr..A. W. G. Goolden using — 
potassium-43, i ; 

(b) The labelling of denatured proteins with bismuth- ` 
206 as used by Dr. C. M. E. Matthews in order to improve 
the physiological uptake of this isotope into the reticulo- 
endothelial system**. een 

(c) The studies of fixation of nitrogen by plant enzymes 
using nitrogen-13 where all the nitrogen atoms are radio: 
active, some 10” of them being present in each litre of- 
argon carrier gas containing 50 me. of radioactivity?*. p 

(3) A wider choice of isotope. The medical use of any 


isotope is strictly limited by the half-life and by the type 
and energy of the radiation emitted. Therefore a wider ~ 
choice of isotopes of each element often enables techniques 
The _ 
important differences from reactor-produced isotopes 


to be developed which could not be used before. 


already available are summarized in Table 2, and may be — 
described briefly under four headings: (a) those with 
usefully shorter half-lives than the corresponding reactor: 


produced. isotopes; (6) those with usefully longer half- — 


lives; (c) those with different types of radioactive emission: — 
(d) those elements of which no reactor-produced ‘isotope 
is available. ae 
(a) Examples of usefully longer half-lives than tho 
equivalent reactor isotopes include sodium-22 (2-6 yJ: 
which has enabled sodium turnover in the body to: be: 
examined for. continuous periods of several weeks*?; » 


‘potassium-43 with its 22-h half-life; iodine-125 in studies 


of protein metabolism®*, and in scanning, for which it is. 
likely to become increasingly useful now that. the demand. 


‘has been demonstrated sufficiently for a reactor production 
“method to be developed. pa ; 
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Table 2. RADIO-ISOTOPES BEING MADE ON THE MEDICAL RESHAROH COUNCIL CYCLOTRON 
Cyclotron isotope Half-life | Medical use Comparison with reactor isotope i 
Isotopes for Diagnosis and Research | i 
Oxygen-15 2 min l Lung function and heart disease studies No reactor-prođuced isotopes available. ' 
Carbon dioxide (labelled with 0) “ i 1 5 zi te ” ” ” ” ” » ” ” 
Carbon monoxide labelled with 20) 20 mi | ea og: et R gee Oak ees ees age ae eae | 
on dioxide (labelle min gh. ye i. el mani an” ae tLe ee ar 98 
Carbon monoxide (labelled with C) » a pa i wo ae M x 4C has too long a half-life 
Nitrogen-13 10 min Enzyme turnover. No reactor isotope available. 
Krypton-79 Dh Cerebral blood flow. 88Kr has f-rays only, 
Fluorine-18 19h Dental studies. No reactor isotopes available. j 
Potassium-43 22 h Uptake by red cells in various thyroid 3K has too short a half-life. 
tates. n i 
Chromium-51 27d Red cell studies. ‘Cyr, as usually produced, has specific i 
Fa ash ad low. STERN i 
Tron-52 8h Tron uptake by hemoglobin. e has too long a “HUB. ‘i { 
‘Arsenie-72 26h Brain Merce Hootie 7®Ag has no positrons which aid localization. | 
ic-74 99, 2» » 2 2 LL) s mo 
as bey Electrolyte balance studies. 2 has too short half-life for some studies. ! 
Strontium-85 65d Bone cancer investigations. “Bri ana other Sr isotopes have too long 
-liveg. : 
Todine-125 58d (a) Tracer in protein metabolism work. (a) I and 351 give facilities for double 
(b) Thyroid scanning. i m aoa Work, | 
o B- ; F i 
Bismuth-208 63d Brain tumour localization. Good tumour/brain ratio in rats. i 
Isotopes for Therapy z 
= $ id di 4 mY has particles of too short range, 
Todine-124 45d Treatment of thyroid disease. e Un on aa lien dosage. 
Bismuth-206 63d Irradiation of reticuloendothelial system: 306i has y-rays only. 
possibly modification of immunological 
response. | 











(b) Examples of usefully shorter half-lives include the 
gaseous isotope carbon-11 (20 min); iron-52 (8-4 h) which 
enables marrow uptake tests by in vivo counting to be 
repeated on the same patient; and strontium-85 (60 days) 
which can be used clinically in the investigation of certain 
diseases®*® or of strontium metabolism‘. 

(c) Examples of usefully different types of radiation 
from those emitted by the corresponding reactor-produced 
isotopes include krypton-79 (34-h y-emitter) which enables 
in vivo counting to be carried out for blood flow studies 
(for example, cerebral blood flow), whereas krypton-85 
(10-4 y f-emitter) cannot be measured from outside the 
body“; iodine-124 which has longer range §-particles 
(2:2 and 1-5 MeV) than iodine-131 (0-6 MeV), so that the 
therapeutic irradiation of the thyroid gland is more 
uniform in spite of spatially inhomogeneous uptake*?; 
iodine-125 which gives only 35 keV y-rays and 28 keV 
X-rays, and so can readily be distinguished from iodine-131 
by pulse height selection in double tracer experiments?! ; 
arsenic-72 and -74 which emit positrons, as distinct from 
reactor-produced, arsenic-76 which does not provide this 
aid to accurate in vivo measurement®?*; and bismuth-206 
which is a pure y-emitterst 34,43, 

(d) Isotopes of elements not available in radioactive 
Jorm from reactors include the short-lived gases oxygen-15 
and nitrogen-13 which have already been mentioned, 
and fluorine-18 (2 h) which has been used for dental 
studies at Guy’s Hospital Medical School*! and is also 
used at Hammersmith as a source of pure positrons for 
physical measurements when the 1-9-h half-life is more 
convenient than the 2 min of oxygen-15 or the 10 min of 
nitrogen-13. 

In describing the special features of cyclotron-produced 
isotopes we have mentioned very briefly many of the 
projects now in progress in association with the Medical 
Research Council cyclotron. Yield data of most of the 
isotopes produced on our cyclotron are included in the 
recent Atomic Energy Research Establishment Report 
Radioisotope Data**. It should be pointed out that 3—4 
years usually elapse between first planning to produce 
and use a new isotope and the publication of clinical 
results evaluating the technique. Chemical and physical 
problems of production and assay may occupy a year or 
more, and the clinical series may take 3-12 months— 
sometimes longer. There seems little doubt that isotopes 
produced in the cyclotron will continue to make an 
increasing contribution to medical research; indeed, they 
constitute one of the growing-points in medical applica- 
tions of radioisotopes. 


Activation Analysis 


Radio-activation of specimens can be carried out by 
placing the specimen. close to the external neutron bəryl- 
lium target, or alternatively by direct bombardment with 
the deuteron beam. Neutron activation has been used in 
collaboration with Prof. Russell Fraser‘* to help in 
determining whether a spot on the chromatogram of 
human plasma, suspected of containing mono-iodotyro- 
sine (MIT) and di-iodotyrosine (DIT), did, in fact, cone 
tain iodine. The reaction was 127I(n,y)!#*I, and tho 1T 
was identified by its 25-min half-life’. About 0-1 ug of 
iodide could be detected (P < 0-05) with the cyclotron 
neutrons, using chemical processing to eliminate chlorino- 
34 and sodium-24. Activation by the deuteron beam has 
the advantage of greater local absorption of energy in 
the specimen, but problems of heat dissipation and of 
monitoring the exposure arise; these problems are boing 
investigated by Dr. Silvester of the Chemistry Soction‘’. 
«-Activation is a further interesting possibility. 


Conclusion 


The completion of the four-portal beam transport 
system late in 1962, together with the availability of a 
new experimental room for the neutron and charged- 
particle beams outside the main cyclotron radiation shield, 
should increase the effectiveness of the cyclotron in theso, 
and other, applications. 

We thank our many colleagues, past and present. who _ 
have been associated with the cyclotron project, in 
particular Dr. C. A. P. Wood, Dr. L. H. Gray, Mr. J. W. 
Gallop and Mr. G. R. Newbery. 
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DECREASE IN UPPER-ATMOSPHERE DENSITY SINCE THE SUNSPOT 
MAXIMUM OF 1957-58 


By D. G. KING-HELE 


Royal Aircraft Establishment, Farnborough 


HE properties of the upper atmosphere at heights 

of 200-800 km have been extensively studied in 
recent years by analysing the observed changes in the 
orbits of artificial satellites'-§. It has been found that the 
density and temperature of the air at these heights are 
closely correlated with solar activity (being greatest 
when the Sun is most active), and also vary greatly be- 
tween day and night, particularly at heights above 300 
km, usually reaching a maximum about 2 h after noon 
local time, and a minimum between midnight and dawn. 


This article summarizes the results of some recent work! . 


in which the orbits of as many satellites as possible (38 
in all) have been analysed to show the major changes in 
upper-air density between 1957 and 1963, namely: (1) 
the general decrease in density as solar activity declined 
from the sunspot maximum in 1957-58 towards the 
minimum, which is expected in 1964; (2) the day-to-night 
variation. Nothing is said about other effects, usually 
smaller than (1) and (2) at heights above 400 km, namely: 
(a) the irregular day-to-day changes in density ; (b) the 
tendency for variations to recur every 27 days; (c) the 
semi-annual variation; and (d) the annual variation, which 
leads to a minimum in density during July. 

The air density has been determined from the rate of 
change of the orbital period of the satellites using the 
methods developed in ref. 9, which take account of the 
oblateness and rotation of the atmosphere and also 
(utilizing the theory of ref. 10) the variation of scale height 
with altitude. 

The 108 values of air density obtained, which include 
values from ref. 5, corrected where necessary, are shown 
in Fig. 1. Different symbols are used for each of the 38 
satellites from which values were derived : the first satellite 
utilized was Sputnik 1 (1957a) and the last Ariel 1 
(196201). For heights above 300 km, each value is labelled 
with its appropriate date, the date being written inside a 
circle for maximum day-time values and inside a square 
for minimum night-time values. Triangles are used to 
denote ‘mean’ values, that is, the mean density experienced 
by a satellite on a circular orbit, which is biased towards 
the night-time value because the density only remains 
near its day-time peak for a very few hours. Curves have 
been drawn in Fig. 1 to show the maximum day-time 


density (full lines) or minimum night-time density (dot- 
dash lines) for various years. The curves apply for the 
middle of the year indicated and do not usually pass 
through the points, which are at varied dates. The 
errors (S.D.) in the values of density obtained are estim- 
ated as being about 10 per cent. 

Fig. 1 has several features of interest. First, it shows 
the striking decrease in air density between 1958 and 
1962: at a height of 600 km the day-time density decreased 
by a factor of about 30 between mid-1958 and mid-1962. 
At a height of 400 km this factor was much smaller, about 
5. At heights below 300 km the change is smaller still, 
but results are too sparse to provide numerical values: 
all the undated points below 250 km are for 1957-60; 
it has not been possible to obtain values for 1961-62 
because the weights of the only suitable satellites—those 
of the Discoverer and Cosmos series—have not been 
revealed. 

Fig. 1 also shows that the maximum day-time density 
greatly exceeded the minimum night-time density through- 
out the years 1958-62 at heights above 400 km. At a 
height of 600 km, the maximum exceeded the minimum 
by a factor of 10 in 1960, and a factor of nearly 5 in 1962. 
At heights of 300 km and below, the day-to-night variation 
was small for 1958-60, but much larger for 1962. ` 

It is believed that air temperature is independent of 
height at heights between about 400 and 800 km, 
although the temperature shows a large variation with 
time both between day and night and during the sunspot 
cycle, ranging®!1! between 1,800° K by day in 1958 to a 
predicted 700° K by night in 1964. Now the slope of the 
curves in Fig. 1 depends on the ‘scale height’, which in 
turn is proportional to air temperature divided by molecu- 
lar weight. Thus, in regions where temperature is inde- 
pendent of height, an increase of slope in Fig. 1 corre- 
sponds to a decrease in molecular weight. At heights 
between 400 and 700 km for the years 1958-60, the 
curves in Fig. 1 are almost linear, thus indicating a near- 
constant molecular weight, the main component of the 
air being atomic oxygen (mol. wt. = 16). The 1962 
curves (and to lesser extent the 1960 night curve), however, 
show a distinct increase in slope at heights above 550-600 
km, thus implying a decrease in molecular weight. This 
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confirms that helium (mol. wt. = 4) becomes an important 
constituent of the atmosphere at lower heights when solar 
activity (and hence air temperature) decreases, as pre- 
dicted by Nicolet!*. The curves for 1962 show good general 
` agreement with the theoretical predictions of Harris and 
Priester™ and show a similar form to some of the electron- 
density profiles obtained from the Alouetie satellite. 
The slope of the 1962 curves continues to increase above 
600 km until by 700 km they have almost the same slope 
as the 1958 curve. This suggests that the factor of 
variation in density during a complete sunspot cycle is 
likely to have its maximum value at a height near 700 km, 
although this value is slightly uncertain because the 
1962 curves are tentative at these heights. Also, since 
the slope of the night-time 1962 curve starts increasing at 
a lower altitude than the day-time curve, the day-to-night 
variation in 1962, instead of increasing in amplitude up 
to heights above 700 km as in 1960, has its maximum 
factor of difference at about 500 km. Since this maximum 
variation is distinctly smaller in 1962 than in 1960, the 
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factor of difference being 5 instead of 12, it can be said 
that, as solar activity declines, the day-to-night effect 
extends to lower altitudes and its maximum amplitude 
decreases. 
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PREVALENCE AND SIGNIFICANCE OF THE PRODUCT INHIBITION 
OF ENZYMES 


By Pror. EARL FRIEDEN and CHARLES WALTER* 


Department of Chemistry and Institute of Molecular Biophysics, 
Florida State University, Tallahassee 


T has been known for more than half a century that 
many enzymes are inhibited by their products. Product 
inhibition was one of the complications which plagued 
early efforts to rationalize enzyme kinetics, and was 
mentioned in the early 1900’s by Barendrecht and others'. 
In his pioneer work on enzyme kinetics, Henri? included 
the effects of product inhibition of an enzyme catalysed 
reaction. In the well-known work of Michaelis and Menten? 
in 1913, the competitive nature of glucose and fructose 
inhibition of invertase was clearly established. The 
unusual kinetics of milk xanthine oxidase were accounted 
for by inhibition by the product, uric acid, by Dixon and 
Thurlow* in 1924. Later, many examples of product 
inhibition have been reported. 

Product inhibition is of interest and of great value to the 
enzyme kineticist. Tho rationale for the use of product 
inhibition as a method of eliminating certain possible 
mechanisms has been used by many investigators’. In 
addition, renewed interest in the field of product inhibition 
has developed as a result of efforts to consider mechanisms 
for the in vivo control of cellular metabolism. Such 
mechanisms as feedback product inhibition, biological 
rhythm, and other aspects of biological control appear to 
be intimately involved with product inhibition. The 1961 
volume of the Cold Spring Harbor Symposia on Quantitative 
Biology’ includes numerous references to feedback 
inhibition and the product inhibition of enzymes. There 
are several points made in the discussion published from 
the proceedings of this symposium which require clarifi- 
cation. Throughout several papers of this symposium and 
other present papers in this field there appears the implied 
assumption that in the kinetic as-well as the mechanistic 
sense all products must competitively inhibit the enzymes 
that produce them. For example, Monod and Jacob® 
state that “The products of an enzyme necessarily are 
analogues of the substrate, and competitive inhibition is 
expected in any case: whether it is physiologically 
significant or not depends on the specific constructions of 
the enzyme site”. While it is expected that the intimate 


* Present address: Cardiovascular Research Institute, University of 
California, San Francisco, Cal. 


mechanism would involve an attachment of the product 
to the same site as that from which it was desorbed’, 
nevertheless it is clearly possible that the actual kinetics 
can be other than strictly competitive, that is, a decrease 
in the apparent limiting or ‘maximum’ velocity can occur. 
Various kinetic treatments which lead to this conclusion 
have been presented by numerous workers, and are 
described and extended in a forthcoming article’. The 
significance and prevalence of the product inhibition of 
enzymes, a subject of growing importance in biological 
regulation and biochemical mechanisms*, prompts this 
article. 


Biological Significance of Product Inhibition 


One of the most obvious changes in the environment of 
a particular enzyme which can occur in an otherwise 
constant milieu is that due to the enzymatic reaction 
itself, namely the accumulation of the products of the 
reaction. If the products are immediately removed from 
the reaction area by the circulatory fluid or by another 
chemical or physical reaction, they obviously cannot 
interact with the enzyme. However, if the products 
accumulate, it is possible that they will inhibit the enzyme 
involved in their formation or inhibit an enzyme involved 
in the formation of their precursors. 

Concisely then, product inhibition is a reaction between 
an enzyme and a reaction product of the enzymatic reaction 
which reduces the rate of formation of the product. Feed- 
back product inhibition is a reaction between a product 
and an enzyme involved in the production of a precursor 
of that product. It is emphasized that product inhibition 
may occur not only by the microscopic reversal of the 
enzymatic reaction, but also by an inhibition involving 
a specific interaction between the enzyme and the product. 
Since the product and substrate often aro structurally 
similar, it is expected that these interactions would occur 
at the same active site of the enzyme. However, it does 
not follow that these products will always appear kineti- 
cally as competitive inhibitors of the enzymatic reaction 
even though they compote with a substrate for the enzyme 
active site. 
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When the products of an enzymatic 
reaction accumulate, it is possible to imagine 
a system of biological regulation wherein 
the amount of product formed is controlled 
by the total amounts of substrates and 
products present. Product inhibition, there- 
fore, may be a safeguard against biological 
extremes. 

Another possible effect of product inhibi- 
tion is biological rhythm. It is apparent 
that sinesomal behaviour is not possible in 
a single-step, reversible enzymatic reaction. 
However, the complex interdependences 
of in vivo enzymatic reactions may provide 
mechanisms from which a fluctuating in- 
crease and decrease of product concentration 
can occur. For example, Spangler and 
Snell’, using an analogue and digital com- 
puter, have recently shown that an un- 
dampened periodic increase and decrease in 
product concentration is possible in a pro- 
duct inhibition control mechanism. In this 
mechanism the products of two enzymatic 
reactions are each capable of reacting 
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reversibly with the enzyme which catalyses 
the formation of the other product to form 
an inactive complex. Thus, it is possible 
that product inhibition affords a mechanism 
for a system of biological clocks or periodic 
reactions. 

Other possible control mechanisms in- f 
volving product inhibition can be envisaged. 
Broh-Kahn and Mirsky™? suggest that the 
product inhibition of glucose-6-phospha- 
tase by glucose may have physiological significance in 
determining blood glucose-levels. Thus, as the concen- 
tration of the blood glucose increases, the liver glucose-6- 
phosphatase activity would be increasingly inhibited. 
Conversely, as the blood glucose falls, the enzyme would 
be subject to less product inhibition and would be able to 
produce glucose at a greater rate. Although the inhibition 
constant for this glucose inhibition is relatively high, it 
can readily be shown. that the normal levels of blood 
glucose are sufficient to exert a detectable inhibition of 
liver glucose-6-phosphatase activity. Similarly, it is 
possible that any enzymatic activity may be controlled 
if the products of the reaction are inhibitory. It is, of 
course, conceded that additional mechanisms for the 
control of blood glucose are known and may be opera- 
tive. 


Kinetic Consequences of Product Inhibition 


When a single substrate is converted to a single product 
via the ‘reversible’ Michaelis-Menten mechanism, equa- 
tion (1): 


k ki 
E+S ES 2E+P (1) 
kay kg 


the product will inhibit competitively as long as ott 

1 2 
is not small compared with unity. However, it will inhibit 
strictly competitively only so long as the reaction is 
not so close to equilibrium that the ratio of the product to 
substrate is much less than the equilibrium constant for 
the overall reaction. On. the other hand, if the reaction 
occurs via the ‘irreversible’ Michaelis-Menten mechanism 
(when k-a(P) in equation (1) is approximately equal to 
zero), and the product inhibits by interacting with the 
free enzyme at the active site, the product inhibition must 
be strictly competitive. For competitive product inhibi- 
tion, as shown in Fig. 14, a mechanism homomorphic 
with that for the simple reverse reaction obtains. Different 
kinetic effects, however, will be observed for other types 


` inhibition". 


constant is varied os indicated. In dA the Vm is constant and the Km is a 
linear function of the product concentration, Km = En(3 + (P 4), resulting 


i a kinetic expression which is homeomorphic with competitive KP ition, In 
the Kn is constant (since K gsp = Kp) and the reciprocal of Y'm is a linear 


recited of the product concentration Y'm = Fmf (a + (P D) resulting in a 


kinetic expression which is homeomorphic with non- competitive inhibition, This 
e emphasizes the greater effect of product inhibition which is ‘not competitive’. 
Identical results will be obtained regardless of the absolute values used so long as 


the ratios of S to Km and K. 'p to Km are held constant 


ef product inhibition, somo aspects of which are discussed 
ere. 

As in other examples of inhibition, the greater the 
affinity of the product for the enzyme, tho greater is the 
quantitative effect of the interaction. This is illustrated 
in Fig. 1 in which the product formed is plotted versus 
time for several values of the inhibition constant, Kp, for 
the two extreme cases: A where the Vm is constant and 
Km increases resulting in a kinetic expression which is 
homeomorphice to ‘competitive’ inhibition, and B when 
Kn i8 constant and Vm is decreased resulting in a kinetic 
expression which is homeomorphic to ‘non-competitive’ 
It is clear from Fig. 1 that especially 
significant deviations from expected kinetics will occur 
when the Kp value is equal to, or less than, the Km value, 
that is, the Kp to Km ratio is 1-0 or less than 1-0. Howevor, 
significant quantitative deviations will occur at evon 
higher Kp/K~ ratios, particularly for the product inhibition 
as in Fig. 1B. The greater effect of product inhibition 
when Vm is varied as in B is obvious from Fig. 1. For 
example, if K,=10-* M, when the uninhibited reaction 
has proceeded to 50 per cent completion, the inhibited 
reaction in A is only 22 per cent completed (56 per cont 
inhibition) and the inhibited reaction in B is only 6 per 
cent completed (88 per cent inhibition). Expressed in 
another way, if Kp,= 10-5 M, and the relative half life (t1;2) 
for the uninhibited reaction is taken as 1, then the ¢,;, in 
A is 4 and the ¢,,, in B is 33. 

In the cases where the product is bound even more 
tightly to the enzyme, the effect of product inhibition will 
become of even greater quantitative significance. In 
quantitative investigations of 41 enzymo systems involving 
product inhibition® there were 4 examples of Kp/Kn 
0-1, 11 of Kp/Km from 0-1 to 1-0, 14 from 1 to 10 and 12 
greater than 10. About 2/3 of these 41 enzymes (Table 1) 
show product inhibition approaching the kinetics of B 
(‘not competitive’) where the quantitative offeet of 
product inhibition is magnified. Thus, we feel that the 
possible quantitative significance of product inhibition 
has been too long under-emphasized. Schonheyder™ and 
Niemann eż al.13 have presented methods based on the 
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use of the integrated rate equation to correct for these 
simplest cases of product inhibition. Schwimmer" 
recently has presented a method for determining integrated 
rate expressions for some more complex enzymatic 
reactions. 


Table 1. PARTIAL List oF ENZYMES INHIBITED BY THEIR PRODUCTS FOR 


WHICH QUANTITATIVE DATA ARE AVAILABLE* 


Enzymes the products of which inhibit competitively : 
Acid phosphatase, f-amylase, arginase, carboxypeptidase, cathepsin 
C, chymotrypsin, Neurospora NADase, fumarase, glutathione 
synthetase, invertase, trypsin, transaminidase 


Enzymes the products of which do not inhibit competitively: 
liver and yeast alcohol dehydrogenase, ascorbate oxidase, ATPase, 
cytochrome oxidase, D-a-hydroxy acid dehydrogenase, spleen 
NADase, fructokinase, glycose-6-phosphatase, glutamate dehydro- 
genase, glutaminase, glycine-N-acylase, hexokinase, isocitrase, 
lactate dehydrogenase, malic dehydrogenase, O-phosphoserine 
phosphatase, ribitol dehydrogenase, RNase, ATP-creatine, trans- 
phosphorylase, urease, xanthine oxidase. 
* Detailed references for these and other enzymes are given by Walter 
and Frieden (ref. 8). 


__Since many enzymatic reactions do not follow the simple 
Michaelis-Menten mechanism, it is necessary to consider 
the kinetics of the more complicated types of reactions. 
The four most prominent types of chemical reactions for 
which enzymes serve as catalysts are: 


A=A’ (2a) 
AB=A'+B’ (2b) 
A+B=4'B' (2c) 
A+B=A'+B’ (2d) 


Type 2b may be extended to include the depolymerases 
in which: . 
7: NE A F A E AA (2e) 
In many cases such as the hydrolytic reactions in which 
the second substrate, water, is a constant, typo 2d can 
essentially be represented as type 2b. In other cases, such 
as the oxidase reactions in which oxygen can validly be 
considered as a constant, either types 2c or 2d can be 
represented as type 2a. It is obvious that additional types 
also exist in which more than two substrates or products 
must be considered. 
A summary of the kinetic effects of product inhibition 
in the types of chemical reactions 2a-d is presented in 


detail elsewhere with derivations of the appropriate 


equations’. An example of the type of equation involved 
is given in the subsequent discussion of the NADase 
reaction. From these kinetic considerations, it is apparent 
that strictly competitive inhibition kinetics are the 
exception rather than the rule, being observed only in 
reaction of the type 2a and in special cases of 2b-d. An 
effect of the product inhibitor on the apparent maximum 
velocity is predicted and as noted in Table 1 observed for 
a majority of the well-explored instances of product 
inhibition. 


Prevalence of Product Inhibition 


Table 1 lists many of the well-documented examples of 
‘enzymes which are inhibited by their products. The most 
striking feature of Table 1 is the fact that for two-thirds 
of these enzymes which were subject to product inhibition, 
the inhibition was not strictly competitive. We have 
pointed out that it is expected from the kinetic analysis 
of the possible enzymatic mechanisms for chemical 
reactions such as those described by equations 2b, 2e, or 
2d that strictly competitive product inhibition kinetics 
should not be assumed even if the products may inhibit 
by interacting with their respective enzymes at the active 
site. This latter assumption is the simplest possible one 
in view of the obvious isosterism between substrate and 
product. Table 1 confirms this prediction. 

In cases where the enzyme-inhibitor complex formation 
is apparently irreversible, the effects of product inhibi- 
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tion may be of even greater quantitative significance 
than any of the reversible types of inhibition shown in 
Fig. 1. Straus and Goldstein“, Ackermann and Potter", 
and Werkheiser!’ have emphasized that a stoichiometric 
or forced irreversible inhibitor titrates the enzyme. Since 
the enzyme turns over many substrate molecules per 
second, rapid and permanent inactivation of an enzyme 
may oceur in the case of irreversible product inhibition. 
This product inhibition effect is probably the basis for the 
reaction inactivation which has been described for a 
number of enzymes, particularly the copper oxidases**-”, 
It is especially prominent where highly reactive inter- 
mediates, such as free radicals, are formed. Satisfactory 
kinetic investigations are possible only where substances 
have been included in the reaction mixture to remove 
the intermediate or convert them back to the initial 
substrate. 
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Product Inhibition of the NADase Reaction 


Possible mechanisms of product inhibition which result 
in inhibition which is not competitive may be conveniently 
illustrated by investigations of the enzyme NADase 
(DPNase). Very similar data are also available on the 
enzymes, O-phosphoserine phosphatase and glucose-6- 
phosphatase. 

Zatman et al.?! reported that spleen NADase is 
inhibited by nicotinamide, a product of the hydrolytic 
cleavage of NAD. The other product, adenosine diphos- 
phoribose, was not inhibitory. The nicotinamide inhibition 
of spleen NADase approximated non-competitive since 
there was a large decrease in limiting velocity, V’m, and 
the expected shift in the slope of a reciprocal plot 
(Km/V'm). About 45 per cent inhibition was obtained 
with 0:0025 M nicotinamide over a NAD concentration 
range of 6-5x10-- M to 0:176 M. Neurospora NADase, 
however, showed a more competitive aspect with respect 
to inhibition by nicotinamide—0-2 M nicotinamide 
inhibited 79 per cent at 6-7 x 10-4 M NAD and 25 per cent 
at 0-033 M NAD. 

Though several other mechanisms have been proposed?? 
a likely mechanism for the NADase reaction is described 
by the following equation: 


ky ky ka 
E+NAD = E-NAD = N+E-AD — AD-OH+E (3) 


k- hea H,0 


This mechanism involves an ordered sequence of 
desorption of products from the enzyme. If k,<k, 
and k, {Á ks, the rate equation may be simplified to: 


X katk 
iis w= — Km v/(NAD), where Ki = aei (4) 
E +1 ; 


Equation (4) predicts a proportional change in the 
apparent maximum velocity with different concentrations 
of nicotinamide and no effect on the Km term, in close 
agreement to the observed results. A more extensive 
and rigorous treatment of similar mechanisms for .the 
product inhibition of NADase and other enzymes is 
presented by Walter and Frieden*, Neuhaus and Byrne”? 
and Boyer and Harrison?’. Thus, the investigation of 
the kinetics of the not competitive inhibition by certain 
products of several hydrolytic enzymes has been useful in 
devising new and additional mechanisms for these inter- 
esting enzymatic reactions®. 

In this article we have emphasized the frequency and 
importance of the product inhibition of numerous enzymes. 
Product ‘inhibition is found to be more typically not 
competitive, a result which is entirely predictable from 
kinetic analysis of the complex reactions involved. This 
‘not competitive’ feature of product inhibition causes an 
exaggerated quantitative effect of products on enzyme 
reactions. 
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NEWS and VIEWS 


U.S. National Academy of Sciences: Foreign Associates 


Tax following have been elected foreign associates of 
the U.S. National Academy of Sciences: 

Sir Wilfrid Le Gros Clark, emeritus professor of anatomy 
in the University of Oxford and, during the past year, 
visiting professor of anthropology in Yale University. Sir 
Wilfrid was also director of the Medical Research Council 
Unit for Research on Climatic and Working Efficiency 
during 1948-62. 

Sir Howard Florey, professor of pathology in the 
University of Oxford since 1935 and president of the Royal 
Society since 1960. Sir Howard shared with Sir Alexander 
Fleming and Dr. E. B. Chain the Nobel Prize for Medicine 
in 1945 for the discovery of penicillin and its therapeutic 
effects. 

Prof. H. J. Bhabha, director and professor of theoretical 
physics in the Tata Institute of Fundamental Research, 
Bombay. Dr. Bhabha is also chairman of the Atomic 
Energy Commission of India and director of the Atomic 
Energy Establishment at Trombay, Bombay. 

Prof. Hisashi Kuno, professor of petrology, Geological 
Institute of the University of Tokyo. Prof. Kuno is 
widely known for his work in volcanology. 

Prof. Jerzy Konorski, head of the Department of 
Neurophysiology and deputy director of the Nencki 
Institute of Experimental Biology, Warsaw. Dr. Konorski 
also holds a professorship at the University of Lodz. 

Prof. Nikolai N. Semenov, director of the Institute for 
Chemical Physics of the Soviet Academy of Sciences and 
professor in the Moscow State University since 1945. 
Prof. Semenov shared with Sir Cyril Hinshelwood the 
Nobel Prize in Chemistry in 1956 for his research into the 
mechanism of chemical reactions, the elucidation of the 
occurrence of chain reactions and their importance in 
connexion with the phenomenon of explosion. 


Director of the East African Freshwater Fisheries 
Research Organization : Mr. P. B. N. Jackson 


Mr. P. B. N. Jackson has been appointed director of 
the East African Freshwater Fisheries Research Organ- 
ization, in succession to Dr. V. D. van Someren, who died 
in March 1962. After War service, Mr. Jackson graduated 
M.Sc. in 1949 at the University of Cape Town. In 1949 
he worked on the ecology of estuaries, and undertook 
marine research in the South Atlantic during 1950-51. 
In September 1951 he was appointed to Northern 
Rhodesia and Nyasaland Joint Fisheries Research 
Organization, becoming officer-in-charge in 1952. Mr. 
Jackson was promoted to principal scientific officer in 1957 
and to senior principal scientific officer in 1963. He took 
up his present appointment early in 1963 at Jinja, 


Uganda. In his new post, Mr. Jackson will find a wide 
field for important and necessary work on the freshwater 
fishes of East Africa. Many lakes, including Victoria, are 
under a very heavy fishing intensity, a pressure which 
owing to increasing populations and rising living standards 
may be expected to increase. A study of reproductive 
cycles and biological needs of young fish will be foremost 
in the activities of the East African Freshwater Fisheries 
Research Organization. Better knowledge of this might 
lead, among other things, to ways and means of reducing 
natural mortality of juvenile fish and increasing survival 
to catchable size. Surveys are needed of less hoavily 
exploited. Hast African waters to recommend increased 
fishing activity where this is possible. A special field is the 
study of the Nile perch recently introduced into Lako Vic- 
toria, their behaviour and impact on the endemic fish which 
have never known a predator of this stature. Work will 
also be carried out on hybridization of Tilapia to produce 
superior strains for culture in farm fish ponds. 


U.S. Center for Advanced Engineering Study 


A Grant of 5 million dollars has been made by the 
Alfred P. Sloan Foundation to the Massachusetts Institute 
of Technology for the establishment of a Center for 
Advanced Engineering Study. The new Center will give 
practising engineers in industry and professors of engin- 
eering from other schools the opportunity to attend the 
Massachusetts Institute of Technology for a period of 
formal study to master the new sciences which have 
emerged since their early education and to work at the 
frontiers of engineering. Under plans developed for the 
Center, £2°7 million dollars of the grant will be used in 
the construction of a new building facing Massachusetts 
Avenue in Cambridge, extending northward from the 
main building of the Massachusetts Institute of Tech- 
nology to the Daniel Guggenheim Aeronautical Labor- 
atory. For the first three years there will be continuous 
experimentation because of the complex problems of 
developing programmes of optimum cohesiveness for men 
representing a wide spectrum of skills and interests and 
adapted to the varying lengths of time key-men can be 
absent from their professional work. However, the Center 
will serve the needs of three major groups: (1) Engineer- 
ing managers, in their technical decision-making role, who 
now need greatly increased familiarity with many areas 
of technology that have emerged since they graduated 
from college. (2) Technical group leaders, in specific 
technical fields, who now need working familiarity in depth 
in many technologies that were not heard of when they 
went through college. (3) Professors in engineering, who 
are to an increasing extent being called on to expand their 
programmes to the Ph.D. level and, at the same timo, to 
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provide strengthened undergraduate courses integrated 
around more enduring scientific foundations. The Center 
hopes to arrange courses, among others, in modern 
atomic and nuclear physics, feedback control, automation, 
information theory and advanced theories of communica- 
tions, modern computer technology, solid-state physics, 
plasma physics, modern approaches to electromagnetic 
theory, probability theory, relativity theory and extra- 
terrestrial science. 


Fleming Memorial Fund Grants 


Tux Trustees of the Fleming Memorial Fund for Medical 
Research have announced four grants to assist basic 
‘medical research. A grant of £75,000 has been made to 
St. Mary’s Hospital Medical School—where Sir Alexander 
Fleming worked—to help the foundation in the Wright- 
Fleming Institute of a Department of Virology with a 
professorial head. This is the Fund’s largest grant so 
far. A second grant has been made to St. Mary’s Hos- 
pital Medical School of £4,200 to assist a two-year research 
project investigating the mechanism of intracellular killing 
of bacteria and the phagocytic function in man, under the 
direction of Dr. A. A. Glynn. University College, London, 
and University College Hospital Medical School share a 
Fund grant of £16,000 to extend interdepartmental 
research in human genetics, and initiate new projects in 
this field under the direction of Profs. L. S. Penrose and 
M. L. Rosenheim. The technical facilities of the Galton 
Laboratory and Medical Unit will be used in the genetical 
investigation of clinical material available in the Medical 
Unit and other Departments of University College 
Hospital. Additionally, the Fund has made a grant to 
University College Hospital Medical School of £8,000 for 
a general study of influenza virus hemagglutination 
inhibition reaction under the direction of Prof. G. Belyavin. 


Industrial Training in Britain 


A FULL report of the conference arrangement to discuss 
the Government proposals for industrial training on 
January 15 has now been published by the British 
Association for Commercial and Industrial Education 
under the title Industrial Training : Whose Responsibility? 
Cmnd. 1892: The Next Step (Pp. 78. London: British 
Association for Commercial and Industrial Education, 
1963. 12s. 6d.; 8s. 6d. members. See also Nature, 198, 
1; 1963). It includes the speeches of the Minister of 
Labour, Sir John Hare, Lady Williams, Mr. Frank 
Cousins, Dr. D. E. Woodbine Parish and Major-General 
C. Lloyd, who summed up, as well as the replies of the 
speakers to questions raised in the discussion. Inasmuch 
as the text of the White Paper itself is appended, the 
pamphlet is a most useful guide to the present position, 
and various points are elucidated which are not clear in 
the White Paper itself. Lady Williams thought that any 
test at the end of apprenticeship should be mainly prac- 
tical, and that the proposed Boards should recognize 
responsibility for training other people as well as the 
highly skilled worker. She stressed the importance of 
adaptability, but questioned whether the choice for 
responsibility for the scheme lay between the Minister of 
Labour and the Minister of Education. Mr. Cousins 
stressed the need for flexible training and the implications 
for a shorter training period. He thought that the White 
Paper underestimated the magnitude of the task. There 
was some discussion both of the constitution of the Boards 
and of their finance, and the Association, which has 
already set up a Standing Committee to keep develop- 
ments under review, has forwarded a copy of the Con- 
ference report to the Minister of Labour, together with a 
memorandum directing attention to some obstacles likely 
to be encountered and offering constructive suggestions 

- as to how these difficulties might be overcome. These 
include suggestions regarding topics on which further 
information is required, the functions of a central co- 
ordinating body, the role of inspectors, the supply of 
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training officers, which is likely to be a main obstacle, 
finance, and craft apprenticeship. 


VOL. 198 


The International Council of Scientific Unions 


The Year Book of the International Council of Scientific 
Unions, 1963, contains the usual compendium of informa- 
tion. regarding the membership of the Council and of the 
International Scientific Unions and their numerous Com- 
missions, as well as the Statutes and Rules of Procedure, 
etc. (Pp. 140. Rome: International Council of Scientific 
Unions, 2 Via Sebenico, 1963). Its earlier publication 
means that the customary calendar of meetings for the 
year has considerable practical value this year. 


Man in His World 


In his pamphlet, Man in His World, Mr. K. W. Mon- 
sarrat amplifies conclusions reached in his book On Human 
Thinking as to man’s innate ideas regarding the nature 
of an organization of his ‘self’? and ‘the world’ (Pp. 13. 
Liverpool: K. W. Monsarrat, 29 Aigburth Drive, 1963). 
This he does in order to develop the argument that since 
the stability of each nation and degree of welfare of its 
members depend first on its own internal order, and 
secondly on its relations with othér national groups, 
every member of a nation shares responsibility for its 
equilibrium and each nation must show practical friend- 
ship in its dealings with others. Deriving his argument from 
the conception of man as a dynamic system in a world 
of dynamic systems, he urges that the soundest inter- 
national policy is to put the remedying of want and 
disease in the forefront without regard to the nationality 
of the followers. This he regards as the most. hopeful 
alternative to nuclear armaments. 


John White: Artist and Naturalist 


Amone the small group of illustrators of plants and 
animals living in England towards the end of the sixteenth 
century, the outstanding figure was John White. Almost 
all his drawings were connected with exploration. He 
took part in no less than six expeditions to the Americas, 
the first, under Martin Frobisher, in 1577, and others 
afterwards under Walter Raleigh, acting as a carto- 
grapher and artist. Among his drawings of plants he was 
probably the first to figure the banana, but he was at his 
best in representing animals like the iguana, trigger-fish, 
roseate flamingo and an exquisite swallow-tail butterfly, 
producing pictures in which he combined acuity of 
observation with high esthetic sensibility. Many of his 
paintings were lost when disaster befell the settlement on 
Roanoke Island, while through the vicissitudes of time 
some of the remainder can no longer be traced. His works 
were frequently copied by other artists, so that in an 
indirect manner he had some representation in Gerard’s 
Herball and Linnezus’s Systema Naturae. By various 
routes, a fair number of his original drawings, along with 
a collection of copies, have found their way into the 
British Museum (Natural History). Recently the life and 
work of John White have been reviewed by D. B. Quinn 
and P. H. Hulton (“John White and the English Natural- 
ists”, History Today, 8, 310; 1963). The article is illus- 
trated with some- fine examples of White’s artistic skill. 
From it we learn that, in collaboration with the Museum, 
the University of North Carolina Press is about to publish 
a book by the same authors, in which all White’s extant 
original paintings will appear in colour and the copies in 
black and white. 


Conference of Commonwealth Meteorologists 


Tum Conference of Commonwealth Meteorologists was 
in session this year during May 7-10 at the Headquarters 
Building of the Meteorological Office, Bracknell, Berk- 
shire. Discussions were held on the development of 
Commonwealth meteorological services during the next 
five years or so, including exchange training schemes, 
new instrumentation, communications problems and the 
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possibility of various joint projects. Delegates attended 
from most of the Dominions and Colonial Territories and 
were shown around the various parts of the new head- 
quarters and given information about research in the 
British Meteorological Office. A prototype of an auto- 
matic weather station was demonstrated in the instru- 
ments development branch, and special subjects, such as 
numerical weather prediction, the high atmosphere and 
agricultural meteorology, were discussed. 
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Geological Photographs 


Tux collection of photographs built up over many 
years by the Geological Survey of Great Britain has long 
been a source of illustrations for British and foreign 
literature on geology and physical geography. To facilitate 
the fuller use of this collection, a third edition of the 
catalogue has just been prepared (Classified Geological 
Photographs. Pp. 126. London: H.M.S8.0., 1963. Price 7s.). 
This lists under appropriate headings particulars of some 
2,300 selected black-and-white subjects, with a brief 
description of each. It should be useful to teachers and 
prospective authors in the earth sciences. A few 35-mm 
colour transparencies, obtainable (price 1s. 6d. each) from 
the Geological Museum, London, S.W.7, are also listed; 
these illustrate mineral specimens and physiographic 
phenomena. A more extensive collection of coloured 
slides of this kind, chosen to depict the classical localities 
of British geology, would be warmly welcomed by educa- 
tional institutions at home and overseas and would do 
much to encourage geological tourism. It is therefore 
pleasing to note a promise that “additional transparencies 
will be added from time to time”. 


Radium-226 in Bone and Soft Tissues of Man 


Pror. J. B. Hursu has written to the Editor stating 
that Dr. C. R. Hill has directed his attention to the fact 
that in the discussion in the article ‘““Radium-226 in Bone 
and Soft Tissues of Man” (Nature, 198, 265; 1963), Prof. 
Hursh and Mr. A. Lovaas inadvertently misquote results 
published in a paper by Prof. W. V. Mayneord on total 
é-activity (Clinical Radiology, 11, 2; 1960). In com- 
paring results on “Human Muscle” listed in Fig. 6 (May- 
neord’s work) as 51-3 x 10-7" c./g ash with “meat” Fig. 10 
(Mayneord’s work) at 05 x 10-1? e./100 g, Prof. Hursh and 
Mr. Lovaas erroneously state that the value for meat is 
“only about 1 per cent of the value for ‘muscle’ ”. Dr. 
Hill specifies that the “meat” value is in per 100 g (wet), 
and on re-examination of the data it is unambiguously 
clear that the set of food measurements in Fig. 10 (May- 
neord’s work) specified as per 100 g constitutes the only 
concentration measurements in the presentation not 
labelled as per gram ash and should indeed be interpreted 
as Dr. Hill suggests. Therefore, the total «-activity 
measurements for human muscle and for meat reported 
by Prof. Mayneord are in agreement, and the value of 
Prof. Hursh and Mr. Lovaas for radium-226 content of 
human muscle instead of being, as they state, nearly 
equivalent to the total «-activity for meat, is in fact 
about 100 times lower. 


University News : Aberdeen 


Tue following appointments have been announced: 
Lectureships, Dr. E. R. Skinner (biological chemistry), 
Dr. G. P. MeQuillan (chemistry), Mr. N. Milne (electrical 
engineering), Mr. C. M. Clapperton (geography), Miss S. 
Steigerwalt (mathematics), Dr. J. B. J. Wells (natural 
history), Dr. F. O. Goodman (natural philosophy), Mr. 
T. E. Evans (statistics), Dr. J. Annett (psychology). 
Imperial Chemical Industries Research Fellowships, Mr. 
J. A. Budd (biological chemistry), Dr. J. M. Hay (chemis- 
try), Mr. 8. Hart (natural philosophy). 


Hull 


Tus following appointments to lectureships have been 
announced: Dr. D. H. Allcorn (sociology); Mr. J. Peel 
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(sociology); Dr. G. W. Crosbie (biochemistry); Mr. R. G. 
Swinburne (philosophy); Dr. J. W. Thompson (imathe- 
matical statistics). 


Keele 


Mr. R. Harris, senior lecturer in charge of the Psycho- 
logy Department, Borough Road College, has been 
appointed lecturer in education with effect from Septem- 
ber 1; Dr. H. H. Greenwood, at present working with 
Imperial Chemical Industries, Ltd., has been appointed 
computation director with effect from October 1. 


London 


Dr. D. R. ARTHUR, reador in zoology at King’s Collego. 
has been appointed to the chair of zoology tonable at 
that College. Dr. I. D. P. Wootton, reader in chemical 
pathology at the Postgraduate Medical School of London. 
has been appointed to the chair of chemical pathology 
tenable at that School. Dr. T. S. West, lecturer in 
analytical chemistry at the University of Birmingharn. 
has been appointed to the readership in analytical 
chemistry tenable at the Imperial College of Scienco and 
Technology. 


Nottingham 


Dr. G. E. LANMING, at present reader in animal physio- 
logy in the Department of Agriculture, has been appointed 
professor of animal science from October 1. Mr. H. 
Davies, at present headmaster of High Pavement School. 
Bulwell, Nottingham, has been appointed director of the 
Institute of Education from September 1. 


Announcements 


Pror. A. R. COLLAR, professor of aeronautical engin- 
eering in the University of Bristol, has been clected 
president of the Royal Aeronautical Society for 1962 -63. 
Prof. Collar succeeds Mr. B. 8. Shenstone. 


Tsx ninth quinquennial congress of the Universities 
of the British Commonwealth will be held in the Univer. 
sity of London during July 15-19. Further information 
can be obtained from S. W. C. Holland, 36 Gordon Square. 
London, W.C.1. 


A synposrum on “Radiation Biology: the Biological 
Effects of Ionizing Radiation”, sponsored by the Univer- 
sity of Michigan, will be held in the University during 
July 8-10. Further information can be obtained from 
Prof. C. J. Shellabarger, 7691 Kresge MRB, University 
of Michigan, Ann Arbor. 


A symposium for sixth-form science students, arranged 
by Watford College of Technology, will be held at the 
College on July 17. The programme will include: research 
and public safety; development of television. Further 
information can be obtained from R. H. Rogers, Depart- 
ment of Engineering, Watford Collage of Technology. 
Hempstead Road, Watford. 


A pisoussion on “Pharmaceutical Practice in Canada 
and Great Britain” will be held between pharma- 
cists in Canada and Great Britain at 17 Bloomsbury 
Square, London, W.C.1, on June 18. The meeting is to 
be organized by the Pharmaceutical Society of Great 
Britain. Further information can be obtained from Mr. 
F. W. Thomas, the Pharmaceutical Society of Great 
Britain, 17 Bloomsbury Square, London, W.C.1. 


AN Advanced Study Institute on “The Biliary System™”, 
sponsored by NATO, will be held in Newcastle upon Tyne 
during September 3-14. The Institute will bo concerned 
with the anatomy, physiology, biochemistry and pathology 
of the biliary and related systems. Financial assistance 
is provided for ‘student members’ of the Instituto. 
Further information can be obtained from the director, 
Dr. W. Taylor, NATO Advanced Study Institute, Depart- 
ment of Physiology, Medical School, King’s College. 
Newcastle upon Tyne 1. 
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MEDICAL AND POPULATION STATISTICS FOR ENGLAND AND WALES 


HE two volumes „of vital statistics published by the 

Registrar General for 1961 have recently become 
available*. There have been a number of changes in 
presentation : on the medical side causes of stillbirth 
have been tabulated for the first time; on the civil side 
the new data available under the Population (Statistics) 
Act 1960 relating to the ages of fathers of children born 
are presented for all legitimate births, and for those ille- 
gitimate births (37-8 per cent of the total) which are 
registered by the parents jointly. The year under review 
saw no very startling changes. Mortality was slightly 
higher than in 1960, the crude death rate having risen 
by 0-4 for males and 0-5 for females to 12-6 and 11-4 
respectively. The principal cause for this rise appears 
to be the large number of deaths from respiratory infection 
(mainly influenza and pneumonia) in the first quarter. 
The figures for cause mortality underline the decline in 
tuberculosis deaths, of which 3,334 were registered in 
1961 against 12,031 ten years ago. Motor vehicle accidents 
caused 6,544 deaths, 13 fewer than in 1960, but still 
nearly 50 per cent more than ten years ago. The death 
rate from malignant neoplasms has remained steady over 
the past three years, but the distribution by sites is still 
changing, cancer of the respiratory system continuing to 


* The Registrar General’s Statistical Review of England and Wales for the 
Year 1961, Part 1: Tables, Medical. Pp. xi+868. 25s. net. aoe Fables, 
Population. Pp. xiii+189. 16s. net. (London: H.M.S.0., 1963.) 


LASERS, ULTRA-SONICS 


HE texts of the three discourses delivered by Dr. 

J. M. Burch (National Physical Laboratory, Tedding- 
ton), Dr. C. F. Brocklesby (Mullard Research Laboratories, 
Redhill), and Dr. J. A. Ratcliffe (Radio Research Station, 
Slough), respectively, at the annual exhibition of scientific 
instruments and apparatus of the Institute of Physics 
and the Physical Society during January 15-17, are 
printed in the April issue (40, 147; 1963) of the Journal of 
Scientific Instruments. 

Dr. Burch, who spoke on the subject of optical research 
and the solid-state laser, dealt first with the various 
types of laser and the progress made during the past two 
years in both the search of new and better laser materials 
and the improvement in performance of the device. He 
outlined the possibilities of application of lasers in practical 
technology and scientific research and then turned to a 
discussion of the questions of how the optical maser works 
and how the device, invented by microwave physicists, 
may be described in optical and non-mathematical terms. 
Three of the main limitations to the optimum performance 
of solid-state lasers, at present, were, the divergence of 
the beam caused by variations in refractive index of the 
laser material, the frequency drift caused by the optical 
pump, and the ‘spiking’ or instability of the light output. 
Dr. Burch briefly referred to recent work related to the 
elimination of these difficulties and concluded by saying 
that doubtless new advances would be reported at the 
third Quantum Electronics Conference to be held in 
Paris during February 1963. 

The second discourse on some applications of ultra- 
sonics was given by Dr. Brocklesby. Outlining the 
history of ultra-sonics, he explained that the many 
applications in science and industry during the past 
thirty years consisted of two types—one based on power, 
where the purpose is to produce a mechanical, physical 


increase. Infant mortality is at a record low at 21 per 
1,000 live births. The new stillbirth tabulations show 
that out of a total rate of 19 per 1,000 live births, 5-6 were 
due to maternal conditions, 4:9 to placental and cord 
conditions and 8-5 to foatal conditions. The number of 
births registered was the highest since 1922 with the 
exception of 1946 and 1947. In the five years 1956-61 
the number of births rose from 700,000 to 811,000, the 
live birth rate from 15-6 to 17-5 and the legitimate fertility 
from 108-2 to 122-1 per 1,000 married women aged 15-44. 
The proportion of illegitimate births rose from 5 per cent 
to 6 per cent of all births, but in 37:8 per cent the birth 
was registered by the father and mother jointly, suggesting 
that these might be births to couples living in stable 
unions, a suggestion reinforced by the fact that in 37 per 
cent of these cases the father was more than 35 years old, 
as against 23 per cent of the fathers of legitimate children. 
Statistics of family size are difficult to interpret; 
comparing 1961 with 1956, mean family size to women 
married for five years rose from 1-18 to 1-32: at 10 years’ 
duration, however, the rise was only from 1-80 to 1-82: 
and at 20 years’ duration the figures were practically 
constant at 1-99 and 2:00. It is thus still feasible that the 
recent large number of births merely represent a shift in 
timing, rather than an increase in family size. The 
fertility tabulations of the 1961 census should throw 
further light on this topic. E. GREBENIEK 


AND SPACE RESEARCH 


or possibly a chemical change in some material, and 
the other aimed at obtaining information about the 
material rather than producing a modification of the 
material. The various applications cover a wide field, 
not only in industry and medicine, and in the scientific 
study of the properties and structures of materials, but 
also in some problems of communications and data hand- 
ling. Focused ultra-sound is now used in surgery, and 
echo-sounding techniques have recently been utilized in 
medical diagnosis. In the fields of metallurgy and the 
processing of solids ultra-sonic welding and ultra-sonic 
drilling are well-established practices. In communications 
the most important application is that of the ultra-sonic 
delay line. The solid delay line has almost completely 
replaced the liquid delay line, and by using vitreous silica 
and the total internal reflexion which occurs at the glass/ 
air surface it is now possible to fold the path of the ultra- 
sonic waves by repeated reflexions so that an equivalent 
long delay path can be obtained within a comparatively 
short length of silica. For delays of 100 us, signal band- 
widths of up to 40 Mc/s have been achieved ‘and signifi- 
cant increases in bandwidth are in progress. A field 
of application which is related to delay lines is the inter- 
action of light with ultra-sound in transparent media. 
For example, the stress-optical effect in glass can be 
used with ultra-sound to display the individual waves 
of the ultra-sound as fluctuations of brightness, or the 
variation in refractive index with stress of the trans- 
parent medium can be utilized to produce a high-speed 
light modulator, because the medium traversed by 
the ultra-sonic waves becomes a transmission diffraction 
grating. 

“The Experimental Investigation of Space” was the 
title of Dr. Ratcliffe’s talk. He discussed the experiments 
which have been and are being made, with the help. of 
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rockets and artificial satellites, to investigate phenomena 
above the Earth’s surface. To get ‘outside’ the Earth’s 
atmosphere to explore. the external radiations space 
vehicles must go to heights greater than about 120 km. 
Satellites cannot approach nearer than about 250 km 
if they are to remain long in orbit, and in order to get 
away from the ionized upper atmosphere we must use a 
space-probe which travels a distance of at least ten to 
fourteen Earth radii. With rocket-borne spectroscopes, 
ionization chambers and cameras, experiments have been 
made on observations of the ultra-violet rays and X-rays 
of wave-lengths less than about 4000 A emitted from the 
Sun, and it has been established that the ultra-violet 
radiation comes only from localized areas of the Sun, and 
that the X-radiations of wave-lengths less than 10 A come 
from those active areas of the Sun which emit also radio- 
noise of wave-length 10 cm. As an example of what can 
be done with artificial satellites Dr. Ratcliffe discussed 
the measurement of the variation of electron concentra- 
tion with height in the upper part of the Earth’s atmo- 
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sphere. The results obtained show that the electron 
concentration corresponds to an atmosphere the mean 
atomic mass of which decreases upwards, indicating that 
there is a gradual change from predominance in atomic 
oxygen at a height of about 300 km to predominance of 
helium at about 1,000 km. 

The detection of charged particles trapped in the 
Earth’s magnetic field and the way in which these particles 
are trapped have been investigated by space probes— 
satellites which travel around the Earth in very clliptical 
orbits but which never completely escape from the Earth’s 
attraction. Magnetometers carried by these space probes 
have been used to measure the ring current, that is the 
sideways drift around the Earth of the positive and negative 
charges trapped in the Harth’s magnetic field, and io 
investigate the magnetic field out to great distances from 
the Earth. It has been shown that the field decreases up 
to distances of from about ten to fourteen Earth radii 
but that beyond the decrease ceases and the field becomes 
irregular. 


OPTICAL MASERS 


PHILLIPS remarks in his report (Journal of Scien- 
. tific Instruments, 40, 89 ; March 1963) on the con- 
ference on optical masers held by the Institute of Physics 
and the Physical Society in London during September 
1962, that since C. H. Townes’s prediction two years ago 
the reaction to lasers has been exceedingly great in the 
United States, but comparatively only cautious in Great 
Britain. It is therefore not surprising, but significant, 
that only one of the twenty contributions to Supplement 
No. 1, Optical Masers, of Applied Optics*, is by a British 
author, but that this is the major and leading article. 
The Supplement contains two long review articles and 
eighteen shorter papers, all dealing with various aspects 
of solid-state or gaseous optical masers. The first, by 
O. S. Heavens of the Royal Holloway College, University 
of London, concentrates on the basic concepts and dis- 
cusses coherence, the interaction of radiation and matter, 
the Fabry—Perot interferometer, and oscillation conditions 
and methods of excitation of maser systems. The desir- 
able spectroscopic characteristics for solid-state materials 
for maser application in the optical region are listed and 
details of the properties of erystals in use are described, 
together with references to the various possible applica- 
tions of optical masers to physical and mathematical 
problems. The review, though somewhat demanding of 
the reader in physical and mathematical knowledge, is 
an excellent and comprehensive survey of the fundamental 
principles and of the progress of development up to 
September 1962. The second review, by W. R. Bennett, 
Yale University, is more limited in scope since he deals 
only with gaseous optical masers. There are four main 
sections. The first contains a summary of the basic 
considerations and the second of the dominant excitation 
mechanisms which have been used to produce population 
inversions in gas lasers. The third and main section deals 
with specific gaseous optical masers, in particular the 
helium-—neon optical maser, the cesium maser, neon- 
oxygen and argon—-oxygen masers and pure noble gas 


* Optical Masers: Applied Optics. Supplement No. 1. . 142, (Wash- 
ington, D.C.: Optical Society of ‘America.-1962.) 5 Solara” 


masers. Finally, in the fourth section, spectral character- 
istics and mode-pulling effects are discussed. 

Solid optical masers require crystal rods with end» 
polished very flat and accurately parallel, and with the 
ends perpendicular to prism or cylinder axes. The 
special techniques involved and the methods used in the 
fabrication of such rods are briefly but clearly described 
in the article by W. L. Bond. Two articles deal with 
specific applications of ruby optical masers—the one to 
high-speed photography by T. Yajima, F. Shimizu and K. 
Shimoda, and the other as a source for the excitation of 
Raman spectra, by S. P. S. Porto and W. L. Wood. 

In their original discussion of masers in 1958 M. Schaw- 
low and C. H. Townes suggested the use of a Fabry- 
Perot interferometer as a.multi-mode cavity and such an 
arrangement has since been utilized extensively. The 
general properties of this device when the emitting or 
absorbing atoms are put between the reflecting mirrors 
are described by A. Kastler. His paper is in French. 
He calculates the distribution of light intensity inside 
the interferometer and shows that the local light intensity 
in the stationary waves inside the cavity can be much 
higher than the intensity of the incident light beam. 
The light emitted by the atoms and emerging from the 
interferometer is investigated and it is shown that narrow 
fringes of very strong intensity can be obtained. It is 
emphasized that these properties are not only of applica- 
tion to lasers, but are also of importance in metrology and 
in spectroscopy. 

Threshold conditions of masers for higher frequencies 
are discussed by K. Shimoda; population inversion in a 
discharge in a mixture of two gases by N. G. Basov and 
O. M. Krokhin (this paper is printed in English and 
Russian in parallel columns); the coherence time of a 
maser, by H. E. J. Neugebauer; and non-linear optical 
effects, by A. E. Siegman. Scattered throughout the 
Supplement there is a large number of most interesting 
photographs of experimental optical maser set-ups, in 
addition to numerous references to papers on or relating 
to optical masers. S. Werntrrovs 


CONTROL OF HYDATID DISEASE 


ITTLE is heard in most countries about movements 

to prevent the tapeworm of dogs, Echinococcus 
granulosus, from causing hydatid disease in human beings. 
The importance of this disease varies geographically in a 
curious manner. In most countries it is almost ignored, even 
when the danger is real, but in some countries it is given 


some attention, and in Australasia it is given a lot of atten- 
tion. In New Zealand thore is a National Hydatids Council, 
which recently published its second annual report *. 


* National Hydatids Council. Second Annual Report and Statement of 
Accounts for the Year ended March 31, 1962. Pp. 82. (Wellington, N.Z.: 
National Hydatids Council.) 
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Some years ago a reference list on the subject was 
made in England and it was found that it had little 
biological importance, in that almost all the references 
concerned clinical or surgical details of individual human 
cases treated. In a few countries a hydatid registry has 
been set up; here again the value of the effort is restricted, 
in that the finding of a human case is not a strong aid in 
the finding of the source of the worm, owing to the time 
lag, the difficulty in tracing movements of man and 
animal, movements of contacts and details of the range 
of possible sources. In a country where the risk is great, 
compulsory worm treatment of dogs, regulations con- 
cerning the necessary hygiene to prevent the access of 
the worm to susceptible hosts and general publicity on 
the subject yield results. 

The magnitude of the problem is indicated by the 
existence of the National Hydatids Council in New 
Zealand and especially by the contents of the report for 
1961-62 now issued. All the relevant bodies in the 
country are represented on the Council: the veterinary 
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profession, tho Government and industrial agricultural 
bodies and, of course, the Department of Health and the 
General Medical Council. There is a National Hydatid 
Testing Station, where very large numbers of samples are 
dealt with regularly. The report is issued in accordance 
with the Hydatids Act, 1959: the Hydatids Amendment 
Act, 1961, strengthened the Act. 

A table giving the results of tests for tho worm in 
household pets shows that it was present in 554 dogs. 
Under the scheme for control, 300 county and municipal 
councils are organized in 87 Hydatid Control Authority 
Groups, employing 121 hydatid control officers, for 
observations on a quarter of a million dogs. Of 541,021 
fecal samples tested, 1:86 per cent yielded positive 
results. 109 human cases, including 32 old cases, occurred 
in 1959, and 102, including 44 old cases, in 1960. 
Before control measures were in operation it was 
estimated that one dog in four carried the worm. The 
measures taken, therefore, are considered to be val- 
uable. 


FOREST INFLUENCES 


N recent years more and more attention has been 

directed to the subject of forest influences as a result 

of an appreciation of its importance in the assessment of 

forest and other land use policies. Much of the fruits of 

these studies is now available in a recent publication 

issued by the Food and Agriculture Organization of the 
United Nations *. 

Forest Influences is a composite work of experts which 
is introduced by the late Aldo Pavari, that Italian forest 
research worker of international renown. Pavari directs 
attention to the complex relationship between environ- 
ment and forest vegetation, and he summarizes the in- 
fluence of forests on climate, soil and water supplies. 
There are two chapters on water action and movement in 
the forest and their bearing on land use. Data from 
selected experiments indicate the effect of forest cover in 
reducing overland flows of water and thereby spreading 
stream run-off over a longer period. Thus the presence of 
vegetation may exert a great effect on stabilizing soil and 
regulating streams, and the required density of the 
vegetation depends on whether the primary object of 
land management is flood regulation and soil stabilization 
or to obtain maximum water yields compatible with soil 


* Food and Agriculture Organization of the United Nations. FAO 
Forestry and Forest Products Studies, No. 15: Forest Influences. Pp. 
xix+307. (Rome: Food and Agriculture Organization of the United 
Nations; London: H.M.S.0O., 1962.) 3 dollars; 15s, 


stability and flood regulation. As the presence or absence 
of vegetation may exert a great influence on soil stability 
and regulation of stream flow, it is essential for the land 
manager to maintain minimum densities of vegetation 
above the critical level of deterioration. 

Joseph Kittredge, one of the contributors, is already 
well known for his authoritative work (Forest Influences: 
1948), and his chapter on the influence of the forest on the 
weather brings that subject up to date. There is a very 
good chapter on shelterbelts although it bears the rather 
curious title “Trees Outside the Forest”. The subject- 
matter is well supported by statistics and diagrams. In 
the concluding chapter, on the evaluation of the utility 
of forest influences, T. Francois profoundly states: “The 
forest is made up of a combination of benefits, and this is 
precisely what distinguishes it from other land uses and 
imparts to such land use its economic as well as physical 
and social value”. 

The Food and Agriculture Organization’s publication 
is a praiseworthy contribution as it explains the subject 
in an authoritative and easily understood manner, and 
this, surely, is a subject which is of very great importance 
to all those who, in any way, are concerned with land use 
administration and practice, and to research workers. 
Printing and illustrations are of a very high standard and a 
most useful bibliography is included. C. J. TAYLOR 


WHITE-LIGHT VERSUS NARROW-BAND OBSERVATIONS OF THE 
POLARIZATION OF THE ZODIACAL LIGHT 


By J. L. WEINBERG 
Department of Astrophysics and Atmospheric Physics, University of Colorado and High Altitude Observatory, Boulder, Colorado 


MPROPER correction of sky brightness observations 
for the airglow line and continuum components will 
result in a degree of polarization, p, which is not charac- 
teristic of the zodiacal light. Uncertain and, in some 
cases, unknown absolute intensities for much of the air- 
glow lines, bands and continua meake any attempt to 
correct white-light observations subject to considerable 
error. These corrections are difficult to make even when 
@ narrow-band filter is used. To illustrate the influence 
of the airglow radiation on the polarization inferred for 
the zodiacal light we havetaken a sample fromobservations 
of the zodiacal light (brightness and degree and orienta- 
tion of the plane of polarization) which were obtained 


with a scanning photoelectric polarimeter on 10,000 ft. 


“ Mt. Haleakala, Hawaii, over the period November 1961- 


May 1962. 

This zodiacal light photometer normally makes use of 
an interference filter with a peak transmission of 78 per 
cent at 5300 A and an equivalent width (the width for 
100 per cent transmission) of 70 A. The band-pass of tho 
photometer as a whole (minus filter) is approximately 
3000 A centred on 4800 A and is determined by tho 
transmission characteristics of the optical components 
and by the response curve (S-11) of the photomultiplier. 

Representative almucantar surveys taken in white- 
light (with the sky brightness signal electrically attenu- 
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Fig. la, b. Almucantar surveys in white-light and at 45300. 


component as seen through two adjacent quadrants of a rotating polaroid by a synchronous detector. 
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Channels 4, B and C each record differences in tho brightness of the polarized 


Channel D records tho total 


brightness 


ated) and at 45300 are shown in Figs. la and b, respec- 
tively. A comparison of these surveys immediately 
indicates that an increased band-pass makes it more 
difficult to determine what fraction of the total bright- 
ness is zodiacal light. Although the polarization in the 
brightest zodiacal light regions is distinct in the white- 
light surveys, the total brightness in the vicinity of the 
Milky Way, and elsewhere is comparable with that of the 
zodiacal light. 

To emphasize the influence of the total night-sky 
radiation field on the analysis of such measurements for 
the polarization of the zodiacal light, we compare in 
Fig. 2 the total degree of polarization, Ppop (which 
represents the uncorrected polarization field as seen by 
the detector), at 15300 and in white-light for the same 
time and in the same regions of the sky on successive 
nights. The observing conditions were oxcellent for both 
nights. The dilution effect that broad-band photometry 
(and, therefore, the inclusion of airglow emission) has on 
the polarized component is shown by the decreased 
polarization associated with the observations in white- 
light. This total degree of polarization is defined as the 
ratio of the brightness of the polarized component to the 
total observed brightness: 


Ln, zz — Ly, zL + > (Mi — I) 
= Tyan + Izt + & (Ly + Iih 
2 


_ Broz 
Boss 


(1) 


Pror 


where J, and I, are orthogonal components of brightness 
having their vibrations parallel and perpendicular, 
respectively, to the plane through the source, the Earth, 
and the observed point, and ZL and i refer to the zodiacal 
light and other brightness components, respectively. 
This comparison was prompted by the observations of 
Ney et al.1, that the polarization of zodiacal light as 
measured from a balloon at ~ 100,000 ft. is 3-4 per cent 
at an elongation, £, of about 60°. Their result, which was 
taken in white-light, is incompatible with ground-based 
observations of the zodiacal light in narrow wave-length 
intervals and was a measure of the total polarization as 
defined here. If all the polarization arises from the 


zodiacal light (& (Zu — Iı) = 0 in equation (1)), the 


t 
degree of polarization of the zodiacal light, pzz. becomes: 


Bror 5 
PzL = Prot “Bar (2) 


Since the zodiacal light is only some fraction of the total 
brightness, Bror, the polarization of zodiacal light will 
be greater than the total polarization. This is illustrated 
in Table 1, where we derive the polarization of zodiacal 
light from the data of a sample observation. The sample 
calculation gives 0-164 and 0-282 for the total and 
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Table 1. SAMPLE CALCULATION OF THE DEGREE OF POLARIZATION OF THE 
ZODIACAL Ligu? (45800), May 4/5, 1962, HALEAKALA 

Total observed brightness, Bg zg (Z = 70°, A = 290° 
(W.N.W.)) 

Total observed brightness corrected (for extinction and 
scattering) to outside the atmosphere, B ror 

Integrated starlight (6 = 14°, 1 = 169°) 

Airglow line and continuum emission 

Absolute surface brightness of the zodiacal light, Bz, 


640 Sya (vis)* 


780 Sio (vis) 
110 Syo (vis) 
220 Sip (vis) 


{8e = 60°, 8 = 2°) 460 Si (vis) 
Total degree of polarization, P ror 0-164 
Degree of polarization of zodiacal light, pzz 0-282 


* Tenth magnitude (visual) GO stars per square degree. 
zodiacal light polarizations, respectively. Although ex- 
tinction and scattered light at balloon altitudes are 
considerably lower, the airglow is relatively unchanged, 
and we conclude that white-light observations of the 
zodiacal light, whether ground-based or from a balloon, 
are subject to the same uncertain corrections. 

Equation (2) indicates the necessity for a rigorous 
analysis of the total brightness if reliable polarization 
information is to be obtained. The considerable disagree- 
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ment which now exists in measurements of the polariza- 
tion of zodiacal light cannot be divorced from the many 
different approximation techniques used to determine 
what fraction of the total brightness is zodiacal light. To 
partially obviate this difficulty we have combined the 
zodiacal light observations with simultaneous observa- 
tions of the airglow with a birefringent monochromator? 
to effect a detailed, point-by-point analysis of the entire 
night-sky radiation field. The result of such an analysis 
(which is being prepared at the present time for publica- 
tion) is an accurate determination of the brightness 
and polarization of zodiacal light over a wide range of 
ecliptic latitude and elongation. 

This research was supported by the National Aero- 
nautics and Space Administration under contracts 
NsG-15-59 and NsG-135-~61. 

í ; 
Ney D dant aa Maas. Re paper presented at 109th Meeting 


? Roach, F. E., Megill, L. R., Rees, M. H., and Marovich, E., J. Atmos. 
and Terr, Phys., 12, 171 (1958). 
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1,400 MEGACYCLES PER SECOND 


By Dr. JOHN D. KRAUS 


Radio Observatory, Ohio State University, Columbus 


N 1954 observations of the Andromeda nebula (M31) 
were made at the Ohio State University on 250 Mejs 
using a 96-helix array’. The resolution was so low, 
however, that only a few gross features were discernible. 
With the completion of the Ohio State University 260-ft. 
radio telescope? late in 1962, the opportunity was 
presented for much higher resolution observations. This 
telescope has a physical aperture of 18,200 sq. ft. (1,690 m?) 
the same as for a circular dish antenna 152 ft. in diameter. 
At 1,400 Mc/s the beam widths are 11 by 40 min. of 
arc giving 10 beam areas per square degree. 

The first definitive radio observations of M31 were 
made at Manchester in 1950 by Brown and Hazard‘. 
They used a fixed 218-ft. paraboloid on a frequency of 
158 Mc/s. In 1959 Brown and Hazard again mapped 
M31 but this time they used the Manchester 250-ft. 
steerable paraboloid on both 158 Mc/s and 237 Mc/s 
(ref. 5). Large, Mathewson, and Haslam® also used the 
same antenna to observe M31 on 408 Me/s. Both groups 
prepared maps, with 0-4 beam areas per square degree on 
158 Mc/s, 0-8 beam areas per square degree on 237 
Me/s, and 2 beam areas per square degree on 408 
Me/s. : 

Many other groups have examined M31, but the 408 
Mc/s map by Large, Mathewson, and Haslam‘ had the 
highest resolution. Although our 260-ft. radio telescope 
could provide 5 times higher resolution (at 1,400 Mc/s) 
there was a question whether the sensitivity of our radio- 
meter would be adequate. Observations of M31 by Lynds’ 
indicated a meximum temperature of approximately 
0-3° K at 1,400 Mc/s. With a 7 Me/s band-width and a 
14 second digital integration time a root mean square 
noise temperature of 0-07° K could be achieved with our 
1,400 Mc/s radiometer. This would give only a 4:3 
(=0-3/0-07) signal to root mean square noise ratio and a 
ratio of at least twice this was deemed to be essential. 
Accordingly, 4 profiles were required as a minimum for 
each declination scanned. 

The 1,400-Mc/s receiver consisted of a switching radio- 
meter built by the Ohio State University Radio Observ- 
atory staff under the supervision of Dr. Martti Tiuri of 
the Finland Institute of Technology. Dr. Tiuri was a 
visiting professor at this University during 1961-62. 
A parametric beam type pre-amplifier was placed between, 
the switch and the main receiver. Switching was botween 
the antenna and a sky reference horn. 


Observations were made at 9 declinations between 
40° 07’ and 42° 07’, inclusive. (All co-ordinates given are 
for epoch 1950.0.) The spacing between declinations 
was one-quarter degree. Between December 11, 1962, 
and February 18, 1963, 4 usable drift curves were obtained 
at 6 declinations and 5 usable drift curves at 3 declinations. 
Right ascensions between 00h 24m and Olh 00m were 
covered giving data for a map with a total area of nearly 
15 square degrees and over 150 beam solid angles within 
the map limits. 

All obgervations were by digitized output with a total 
of more than 5,000 individual readings used in preparing 
the map. In addition to the digital output, an analogue 
recorder was operated throughout the observations. 
These analogue records were used as a criterion for 
accepting or rejecting individual profiles. Since the 
root mean square noise on these records was about 0-13° 
the maximum expected temperature of 0:3° should be 
scarcely discernible, and, therefore, any significant 
rises appearing on the records were suspected as due to 
interference or receiver instability. Only these runs for . 
which the analogue profiles were sufficiently smooth 
and straight were accepted for further analysis. In a few 
cases where a profile had a few obvious peaks but the 
rest of the profile was acceptable, the peaks were con- 
sidered to be spurious and were smoothed out. Although 
this may have resulted in the omission of some true source, 
this was considered to be less serious than the inclusion of a 
spurious source. After obtaining 4 or 5 acceptable profiles 
the digital data were averaged and the results plotted 
with 4 points per sidereal minute, the digital system having 
an integration time of 14 sidereal seconds with 1 sidereal 
second idle time for print out. Most profiles showed a 
gradual drift which was removed by subtracting a straight- 
line drift from the profile. In a couple of cases levels 
remained near the ends of the profile which appeared 
to be too high and these were reduced by further sub- 
traction of a straight-line drift extending over part of the 
profile. A contour map, shown in Fig. 1, was then pre- 
pared from the 9 average profiles. The principal problem 
in the preparation of the map was the establishment of the 
zero reference-level of each profile. This was arbitrarily 
taken to correspond to the lowest level or levels in each 
profile. Incompatibility between adjacent profiles required 
a readjustment of the level in 2 cases by one contour 
interval. 
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resolution is 10 beam areas per square degree. 


Map of the region of the Andromeda nebula (2131) made on 1,400 Mejs with the Ohio State University 260-ft. radio telescope. 
The map contour interval corresponds to an antenna temperature difference of approximately 





40™ (1930.0) 


The 


0-05° K. The co-ordinates are for epoch 1950-0 The shaded area delineates the position and form of 331 and the cross-hatched areas the 


position and form of NGC205 and 


The contour interval on the map is about 0-05° K, 
which is only about 30 per cent greater than the root mean 
square noise-level. Thus, changes of one or even two 
contour intervals are so close to the noise fluctuation as to 
have little or no significance. At the centre of the map an 
extended source rising 6 contour intervals above the 
background has contours conforming roughly with the 
optical form of M31 (shaded area). The preceding edge 
contours appear to be almost parallel to the major axis 
of M31 while the position of the maximum of the radio 
source is within 4 min of arc of the M31 nucleus. The 
radio source has four spurs: to the north at 41m, to the 
south at 40m, to the following side at 40° 50’, and to the 
preceding side at 40° 45’. The maximum antenna tem- 
perature of this source is 0-28°K. The total corrected 
flux density of the source (within a contour at about 4:5) 
is 175x 10-7 W m= ¢.p.s.-?. This value is, however, 
quite uncertain due to the difficulty of determining the 
background level and also because contour 5 extends 
beyond the edge of the map. 

Closed contours elsewhere on the map suggest the 
presence of several other sources. These are listed in Table 
1. In this list the foregoing large extended source is in- 
cluded as No. 6. No. 7 is also an extended source. No. 10 
is a probable source but of uncertain extent. There are 
two other possible sources (Nos. 1 and 2), and four more 
sources (Nos. 3, 4, 8 and 9) are listed as uncertain. These 
latter sources are so close to the noise level that there is 
some probability they might be due to receiver noise or 
instability. Another region of interest on the map is the 
low temperature region or hole in the north preceding 
direction from the nucleus of M31. This hole is listed as 
object No. 5 in Table 1. 

No source was detected at the position of N@C205. 
An upper limit to its flux density at 1,400 Mc/s would 


Table 1. OBJECTS ON 1,400 Mo/s Map or M31 REGION 
Co-ordinates (epoch 1950-0) 
ô Remarks 


a S 
(00h.) (10-7 W m ¢.p.s.-1) 


1 31m 3ös +78 40° 41’+8’ 642-5 Possible source 

2 32m 363 +75 41°08 +5 6425 Possible source 

3 33m 00s +78 41° 53’+ 5 2-5 + 2-5 Uncertain 

4 35m 428 +78 41°27 +5 2542-5 Uncertain 

5 38m 16s 41° 42’ — Hole 

6 40m 10s 40° 577 175475 Extended source. 
Contours“conform 
approx. to` M81, 
Max, ant. temp. 
6-28° K + 0-05° 

7 45m 30s 41° 30° >10 Extended source 

8 46m 008 +78 40° 20'+5’ 2542-5 Uncertain 

9 51m 228 +78 40° 52’+5’ 2542-5 Uncertain 

10 538m 308 47s 41° 18/45’ 8425 Probable source 


, Contour interval, 0-047° K; root mean square noise, 0-035° K (14s 
integration time; 7 Me/s band-width); minimum detectable flux density, 
2-5 x 10-7 W m ¢.p.8.1; NG@C205 not detected (S < 2-5 x 10-7 W m- 
.p.8.-1); M32 detection inconclusive (S < 5 x 107? W m- o.p.s), 


32 as they appear in photographs. The M31 optical nucleus and major axis positions are also indicated 


be, therefore, 2-5 x 10-7? Wm- c.p.s.-1. Also no source 
can be definitely associated with M32 although this 
observation is rendered somewhat inconclusive due to 
the presence of what appears to be a spur extending 
South from the centre of object No. 6 at a right ascension 
approximately 00h 40m. This spur might represent the 
antenna pattern effect of the central peak of source 
No. 6. On the other hand, if the possibility is admitted 
that this spur is due to another source, its flux density 
would appear to be no more than 5 x 10-7? W m=? ¢.p.s.7 

The region covered by the map includes 2 sources noted 
by Large, Mathewson and Haslam’. One of their sources 
corresponds to source No. 8 (Table 1) but the other does 
not appear on the map. Baldwin and Costain® list four 
diserete sources within the area of the map. None corre- 
sponds to any of the sources listed in Table 1 although 
one is close to No. 8. Another of the sources is near the 
position of M32, but as explained here the existence 
of a discrete source at this position is very uncertain. 
Assuming a spectral index of 1 for the four sources listed 
by Baldwin and Costain (at 178 Mc/s) their flux densities 
would all be at or close to the noise level of the present 
1,400 Mc/s measurements. 

Data on the various radio observations of the M31 
region are summarized in Table 2. Included in the table 
are values for the maximum observed antenna temperature 
and the integrated flux density of extended radio sources 
coinciding with the position of M31. The data arc arranged 
in order of increasing frequency. Data are given for 600 
Mc/s based on recent profiles made by me with the Ohio 
State University 260-ft. radio telescope. A map of the M31 
region at 600 Me/s is in preparation with the assistance 
of S. Y. Meng but is not yet completed. This accounts for 
the omission of the flux density, a map being needed to 
deduce the flux density. The only exception to a flux 
density without a map in Table 2 is for my 250- 
Me/s observations!, made in 1954. The beam used for 
these observations was so wide in declination (8°) that it 
was assumed to cover the North-South extent of the radio 
object, permitting an estimate of the total flux density 
from measurements at only one declination. However. 
the maximum antenna temperature measurement was 
probably low because of the large extent of the beam in 
declination. 

The temperature and flux density data of Table 2 are 
presented in graphical form by Figs. 2 and 3. A range of 
ordinate indicates the difference in values for a central 
region or disk (smaller value) and for the disk plus -halo 
(larger value). A distinction between disk and halo appoars 
to be meaningful at only some frequencies. The poinis 
indicated by small open circles denote the maximum 
antenna temperatures or the total flux densities. Tho 
measurements at Ohio State University (solid circles) 
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Table 2. SUMMARY OF RADIO OBSERVATIONS OF M31 REGION 
Frequency Beam areas t S* 
(Me/s) Beam size (per deg.?) Ta* x 10-77 W m ep.s. Observer Ref. Date Remarks 
88 0-8° x 4-4° Ot 1,600°-2,600° — Baldwin 8 1960 E.—W., profile 
158 16° x 22° Q- — 2,000 Brown 5 1959 Map 
178 13-5’ x 4,6° 12 25°-45° — Baldwin 8 1860 E.W. profile 
287 11° x 15° 08 — 1,500 Brown 5 1959 Map 
250 18° x 8° O1 25° + 0-7° 1,000 + 400 Ohio State i 1955 E.-W. profile 
University 
400 18° x 2-2° 03 ` 3-2° 780 Seeger 10 1957 Map 
408 40’ x 56’ 2-0 4°-7° 80-1,400 Large. 6 1959 Map 
600 24’ x 95’ 2-0 15° + 03° — Ohio State 1962 E~W. profile 
University 
1,400 35’ x 35’ 3-7 035° — Lynds 1961 Axis profiles 
1,400 Ir x 40’ 10-4 028° + 0-05° 175 + 75 Ohio State 1963 Map 
: . University 2 
3,000 16’ x 16’ 18 < 0:03° — Lynds go st 1961 Detection attempt 


* Where two values are given, the smaller refers to the central region temperatitre or flux density and the larger to the total temperature or flux 


density, including halo. Sing! 


e values (with or without +) indicate total amounts. 


The beam area here is taken equal to the half-power beam width product multiplied by 2/4. This is slightly smaller than Qar referred to later. 


also have ranges, but in this case they indicate the probable 
errors. In the 3,000 Mc/s observations by Lynds no source 
was detected and the value given represents an upper 
limit. 

Straight lines corresponding to spectral indices (n) 
equal to 0, 0:5, and 1 are shown in Figs. 2 and 3, where n 
is defined by the relations: 


T = K, fim (1) 
S=K, f" (2) 


where T is the temperature, S is the flux density, f is tho 
frequency, K, and K, are constants and n is the spectral 
index. 

The best fit to the data of Fig. 2 corresponds to a spectral 
index of 0:5 while the best fit to the data of Fig. 3 corre- 
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Fig. 2. Antenna temperature spectrum {Ta deg. K.) for radio source 
at the porikjon of M31. The ore Hnes oe to spectral indices 
- 0 and 


sponds to a spectral index of 1. A possible interpretation 
of this difference is that the temperature spectrum in 
Fig. 2 refers more to the central region of the source while 
the flux density spectrum of Fig. 3 refers more to the 
entire source. This could imply a different index for the 
two situations. The data, however, are insufficient to 
warrant any definite conclusion. For example, if Brown’s 
integrated values were both reduced by a factor of 2 the 
index of best fit in Fig. 3 would be less than 1-0 and pos- 
sibly as low at 0-5. The temperatures of Baldwin and 
Costain® shown in Fig. 2 were measured with a wide 
antenna beam (over 4° in declination) so that. their 
temperatures may be low. A correction for this would 
result in a steeper spectrum with an index of best fit 
greater than 0-5 and possibly as high as 1-0. Thus, 
depending on the uncertainty attached to individual 
-observations, there is a considerable uncertainty in the 
index of best fit in both Figs. 2 and 3. The most definite 
conclusion both sets of data would seem to warrant is 
that the spectral index probably lies between 0-5 and 1-0. 
In this discussion the assumption has been made that tho 
spectral index is constant as a function of frequency, 
although the data at present available are scarcely suffi- 
cient to permit definite conclusions in this regard. More 
data are desirable, especially values obtained from 
the actual detection of a source at frequencies above 
1,400 Mc/s. 
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-Fig. 3. Flux density spectrum (S in units of 10-7? W mr? c.p.s,7) for 
radio source at the position of M31. The straight lines correspond to 
spectral indices of 0-5 and 1 
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The antenna temperature of a radio telescope is a 
function of the sky temperature and the antenna pattern 
as given by: 


l ; a3 
Tanpi) = az || P00) POs + otoda (8) 
4n + 


where 1'4(0),90) = antenna temperature; T(0,p) = tem- 

perature distribution over the sky (or ground); P(8,9) = 

normalized antenna power pattern; Q4=total beam solid 

angle of antenna pattern (=ff P(8,9) dQ); dQ = element 
dx 


of solid angle. 

In the scan of a discrete source the maximum observed 
temperature occurs when the antenna pattern is aligned 
with the source (8, = pẹ = 0). For this case the antenna 
temperature due to the source is: 


Qa l l T's(0,p) P(8,p) dQ 


source 


Ts, = (4) 


where 7'4 = antenna temperature for 6) = 9,= 0; Z's(8,e) = 
source temperature distribution. 

If the source is of very small extent compared with the 
antenna pattern, so that P(8,p) = 1 over the source, and 
if the source has a uniform temperature distribution, 
(4) reduces to: 


Qs 


Qa 


where Qs=solid angle.of source; Q4=total beam solid 
angle; T's =sourco temperature (uniform) 

Tf, on the other hand, the source is larger in extent than 
the main lobe of the antenna pattern (and the source 
temperature distribution is uniform) equation (4) reduces 
to: 


Ta = Ts (5) 


= & || P(O) dQ 


source 


Ta (6) 


Assuming that the source is small in extent compared 
with 4x (but larger than the main lobe of the antenna 
pattern) one may write: 


Qu 


Qa 


where Qm’ = beam solid angle of main lobe and side lobes 
out to limits of source (= ff P(8,p) dQ); y = beam 


source 


Ta = Ts = yTs (7) 


efficiency (0 < y < 1). 

If the source size corresponds exactly to the first null 
contour of the antenna pattern, the integral in (6) reduces 
to the solid angle of the main lobe and one has: 


Oy 
Q4 


whero Qu = beam solid angle of main lobe only. 
The above 3 beam angles are related by: 


Ta = Ts = y Ts (8) 


STRUCTURE OF 


N a useful commentary on Soviet papers in sediment- 
ology which are little known in the West, Hemingway 
and Clarke! emphasize the importance of appreciating 
cross-stratification as a three-dimensional geometry. 
They point out that the appearance of a vertical section in 
a trough or festoon cross-stratified unit will vary according 
to the alignment of the section with respect to the direction 
of the long axes of the erosional troughs, thereby adding 
further weight to conclusions reached by Niehoff?, 
Wurster? and Hamblin‘. 
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0. Oy (9) 


For typical telescope antenne the beam efficiency for 
the main lobe proper (OQm/Qa) may be 0-5-0-7, while the 
beam efficiency for the main lobe plus close-by side lobes 
(Que’/Q4) will be higher. A discussion of the effect of some 
pattern shapes is given by Ko®. At 600 and 1,400 Mc/s 
the Ohio State University main beam efficioncies are 
about 0-6 and 0-5, and the beam officiencies for the main 
lobe plus first few minor lobes approximately 0-7 and 0-6 
respectively. 

It is apparent from the foregoing that the brightness 
temperature of a uniform extended source distribution 
will be somewhat larger than the observed antenna tem- 
perature. It has been assumed in the foregoing discussion 
that the source distribution is uniform. Ifit is not uniform 
the maximum brightness temperature of the source will 
be still larger than the antenna temperature by an amount 
that could be calculated from equation (4), but this 
requires a knowledge of the true source distribution. 

From the various maps and profiles of the radio source 
at the position of M31 it may be inferred that tho source 
has a non-uniform temperature distribution. Hence, 
it is likely that the observed antenna temperature may 
be significantly lower than the maximum source tom- 
perature. In the measurements reported by me no 
attempt has been made to correct for either this effect 
or the beam efficiency. The map contour intervals and the 
temperature values given in Table 2 indicate observed 
antenna temperatures. The only correction to these was 
for cable loss, the temperature calibration signals having 
been introduced a few feet from the antenna terminals. 
The corrections that were made -by other observers are 
not certain in all cases. If the Ohio State University 
temperatures for 600 and 1,400 Me/s in Fig. 2 are 
corrected for beam efficiency the spectrum becomes loss 
steep at high frequencies but more inconsistent with 
Lynds’s 3,000 Mc/s value. However, the possibility of 
an appreciable thermal component or a small central 
source becomes less unlikely. 

This work was supported in part by the National 
Science Foundation, the Air Force Cambridge Research 
Laboratories, and the Mershon and Development Funds 
of the Ohio State University. 
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RIPPLE MARKS 


Hemingway and Clarke also comment on my prelimi- 
nary statement of a hypothesis to account for the genera- 
tion of certain types of cross-stratification by the migration 
of trains of ripples under conditions of net deposition’. 
Briefly, the hypothesis supposes “‘overstep by the advanc- 
ing foresets of a ripple on to the upstream (stoss) slope of 
the succeeding downstream ripple, which itself is being 
synchronously eroded up to the moment of its burial”!. 

As evidence considered to invalidate the hypothesis. 
Hemmingway and Clarke! refer to the “ubiquitous field 
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observation, that in both large- and small-scale cross- 
stratification the lower boundary of the cross-stratified 
unit or set is generally parallel and not generally oblique 
to the regional depositional dip, as evidenced by preceding 
and succeeding plane-concordant stratified formations”. 
However, in the Lower Old Red Sandstone and Reading 
Beds, to mention but two formations studied, it is gener- 
ally found that the lower boundaries of small-scale cross- 
stratified sets are detectably oblique to the apparent 
general depositional dip, as Hemingway and Clarke 
themselves have noticed in other deposits. This obliquity 
is explained by the fact that the upstream slopes of small 
ripples are relatively steep. Several types of ‘cross- 
drifting’: are included in small-scale cross-stratification, 
and the hypothesis of ripple migration seems to account 
satisfactorily for all these types®:®. 

Turning to the objection with regard to the generation, 
from large-scale ripples, of large-scale cross-stratified units 
arranged vertically in groups, it woùld seem that the 
lower boundary of a cross-stratified set could appear to be 
generally parallel to the “regional depositional dip” 
simply because the slope of the lower boundary is in general 
likely to be relatively low. Small differences in slope are 
difficult to detect accurately in the field, unless precision 
surveys have been made of large three-dimensional out- 
crops; and in claiming that the lower boundaries of sets 
are “generally parallel” to the “regional depositional dip” 
Hemingway and Clarke! make no mention of how, or to 
what extent, this general parallelism was established. 
Moreover, in formations such as the Upper Carboniferous 
and Yorkshire Jurassic, all of which are generally under- 
stood to have been deposited on sedimentary surfaces of 
some local relief, comprised of depositional and erosional 
elements variously oriented in space, there is the not 
inconsiderable difficulty of accepting any assemblage of 
bedding planes as truly expressing the “regional deposi- 
tional dip”. Hemingway and Clarke will have made a 
fundamental contribution to geology if they have solved the 
problem of establishing values of regional depositional dip. 
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Fig. 1 permits further elaboration of this point. It 
shows the height of large-scale ripples plotted against the 
thickness of the cross-stratified sets which could be gener- 
ated under different conditions of net deposition, in 
relation to isoclinal curves of the slope of the lower bound- 
aries of the sets. The plot was calculated using the known 
relation between the slope of the upstream sides of the 
ripples and the ripple heights’. In the calculation the 
slope was taken relative to the sedimentary surface over 
which the ripples were moving. The line which limits the 
field occupied by the isoclines gives the upstream slope 
of the ripples in relation to the ripple height. 

Under conditions ordinarily allowing net deposition 
in the environments where large ripples are found, it 
seems probable that the passage of each ripple leads to a 
cross-stratified set the thickness of which. is less than the 
height of the ripple. Set thicknesses of one-third to one- 
tenth the ripples height do not seem out of the ordinary, 
and for these cases the empirical relation between water 
depth and ripple height*»*, if accepted, simply allows the 
minimum depth of deposition of a cross-stratified set 
to be predicted. Fig. 1 shows that the slopes of the lower 
boundaries of such sets will correspondingly be less than. 
the slopes of the upstream sides of the ripples, both being 
measured relative to the sedimentary surface over which 
the ripples are moving. Even assuming that this surface 
is parallel to the “regional depositional dip”, then the 
differences between the slopes of the boundaries and the 
“regional depositional dip” could be so small as ordinarily 
to be undetectable. 

But in the rivers, estuaries and shallow seas where large 
ripples are found®:®, it seems highly probable that net 
deposition generally takes place where the ripples are 
travelling over the downstream sides of sand bars or banks 
which themselves are migrating downcurrent. The down- 
stream faces of such banks commonly slope in the same 
general direction as the surface of “regional depositional 
dip”, but usually exceed this surface in inclination relative 
to the horizontal. Fig. 2; depicting this situation in a 
hypothetical two-dimensional case, illustrates the relation- 
ship between the four surfaces involved: the surface of 
regional depositional dip, the sedimentary surface over 
which the ripples are travelling, the upstream faces of the 
ripples, and the erosional surfaces between the cross- 
stratified sets. The amount of net deposition in the figure 
was deliberately chosen to bring the lower boundaries 
of the sets and the surface of regional depositional dip 
into coincidence. A greater amount of net deposition 
would cause the lower boundaries to slope in the opposite 
direction to the regional depositional dip, and to show an 
oblique relationship. If, however, the net deposition 
were less than the chosen amount, then the lower bound- 
aries would again show an oblique relationship to the 
surface of regional depositional dip but would slope in 
the same direction at a greater inclination. Thus the 
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restriction of conditions of net deposition from ripples to 
certain parts of a sedimentary environment could be one 
of the most important factors leading to general parallelism 
between the lower boundaries of sets and the “regional 
depositional dip”. 

In accounting for large-scale trough cross-stratification 
differently, Hemingway and Clarke! point to the observa- 
tion by Simons et al.’ of the existence of ‘pot-holes’ in 
front of certain types of large ripples. Illustrations given 
by Simons et al.” often show the ‘pot-holes’ in conjunction 
with pronounced upstream re-entrants in the down- 
stream faces of the ripples. Thus the form of the ripples 
tends toward that of the rhomboedergrosrippeln described 
by Reineck® from German beaches. It has been shown 
elsewhere? that large-scale trough cross-stratified sets 
could be generated from trains of rhomboedergrosrippeln 
under conditions of net deposition. The ‘pot-holes’ 
referred to by Hemingway and Clarke are defined partly 
by the lee slopes of the ripples, where deposition of foresets 
occurs, but to a greater extent by the upstream sides, 
where earlier foresets are eroded. The generation of 
cross-stratified sets by the ripples must inevitably involve 
the overstep of the foresets of one ripple on to the upstream 
face of the succeeding downstream ripple. It is not 
necessary to suppose, as Hemingway and Clarke appear 
to do, that the lower boundaries of the sets in either trough 
or rectilineal cross-stratification should be generally 
oblique to the “regional depositional dip”. The only 
assumption of this kind in the hypothesis’ they object 
to is that the lower boundaries of the sets should be 
oblique to the sedimentary surface over which the ripples 
are moving. As was shown here, this surface itself is 
unlikely to coincide with the “regional depositional dip” 
when net deposition is occurring, but could then bring 
into general coincidence with the “regional depositional 
dip” the lower boundaries of the sets. It has been 
pointed out? that both large-scale linguoid ripples and 
rhomboedergrosrippeln could give rise to large-scale trough 
sets. 

The specific objections raised by Hemingway and Clarke! 
are not considered to invalidate the general mechanism 
proposed for the generation of certain types of cross- 
stratification, since it would appear that the more impor- 
tant of these objections has been based on an unwarranted 
assumption. The hypothesis, of course, needs to be tested 
against further data. Probably success in this endeavour 
will be achieved in the field of modern sediment studies 
and experimental work rather than by reference to fossil 
sediments, which can never reveal fully the details of the 
environment of origin. 

I thank Prof. P. Allen for helpful comments. 

J. R. L. ALLEN 

Sedimentology Research Laboratory, 
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We thank Mr. Allen for the elucidation of his modified 
views to his initial “Asymmetric Ripple Marks and the 
Origin of Cross Stratification”? and for his comments on 

‘our contribution®. We must emphasize, however, that 
our prime intention was not to give “... a useful com- 
mentary on Soviet papers little known in the West” but 
to direct attention to probable over-simplifications 
implicit in Allen’s initial communication, namely: 

(a) “This (planar cross-stratification) consists of tabular 
layers of foresets deposited on the lee sides of ripples as 
they advanced, bounded by plane erosional surfaces 
swept out by the stoss sides” (italics ours). A comparable 
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mechanism was suggested for trough cross-stratification, 
involving linguoid ripples. The latter would not produce 
festoon cross-stratification, however. 

We submit that the hypotheses propounded by Sorby’, 
McKee‘, Shantzer’, Wurtzer®, Niehoff? and implicit in 
the work of Simons, Richardson and Albertson!, although 
some are capable of further development, are not invalid- 
ated by Allen’s hypothesis. It would appear indeed that 
some types of cross-stratification could. be generated by 
more than one mechanism. 

(b) “... the thickness of planar cross-bedding assumes 
importance as a guide to depths of deposition . . . using 
the empirical relation above between ripple-height (cross- 
bed thickness) and water depth... .” 

We submit that this is true if, and only if, the mecha- 
nism propounded in (a) is correct in all instances and those 
of other workers cited above are of little or no significance. 

Further, in reply to Mr. Allen, we have not “generally 
found that the lower boundaries of small-scale cross- 
stratified sets are detectably oblique to the apparent 
general deposition dip”. All instances we have seen of 
this cross-drifting have been in marked contrast, even 
when the units are of similar thickness, to the deposition 
of the rib and furrow or micro-cross-lamination of 
Hamblin. Care is needed in field observations in order to 
distinguish between two very similar forms of cross-drift- 
ing. Large-scale cross-stratification has been observed 
in transition between the normal and that with counter- 
current’ small-scale cross-stratification up the foresets. 
We refer here to ripple-drift passing into highly inclined 
small units of cross-stratification. 

With regard to the upstream slopes of dunes it is well 
known that there is variation both in local gradient in 
an individual dune and in the average slopes in a society 
of dunes. From Simons eż al. it may be inferred that a 
society of dunes may move along a river bed without 
giving rise to any net deposition. On the smaller scale, 
in isolated ripple marks, this phenomenon may be seen in 
streams and in fossil form in almost any exposure of 
flaser bedding (for example, Niehoff’, Fig. 26). It may be 
that lack of equilibrium in sediment supply is anotber 
factor, not mentioned by Allen, which bears on the 
relation between dune height and thickness of the resulting 
cross-stratification. 

Allen’s argument appears to hinge on what is meant by 
‘generally parallel’ and ‘generally oblique’ to the regional 
deposition dip, as evidenced by preceding and succeeding 
plane concordant stratified formations. Within the Coal 
Measures, where evidence is obtainable, data from 
underground drifts are preferred to surface information 
because of the assured freedom from camber, cryoturbation 
and similar near-surface phenomena. In any cross-strati- 
fied lithostratigraphic unit within this series, however, 
the component straight units are markedly subordinate 
to the festoon. In consequence, the collection of sub- 
surface evidence is possible only on infrequent occasions 
and it will take some years before definitive data are 
obtained. Measurements have been taken between the 
Brockwell and Busty seams in a 300-yard continuous 
exposure in the Fishburn Colliery, Durham, locomotive 
drift, and at Mainsforth Colliery, Durham, between the 
Harvey and Busty seams in the Busty engine plane and 
the No. 1 Busty drift. In these localities the variation 
in interval between the named seams is a maximum of 
5 per cent over a minimum horizontal distance of 500 ft. 
Such variations as occur are non-systematic and of the 
same order as the variation in interval to the Harvey 
(mid-modiolaris) marine band as recorded in boreholes in 
both localities. From these and other similar observations 
elsewhere ib was concluded that the average depositional 
dip in specific instances such as these was commonly 
much less than 3 deg. and of random orientation. This 
results in a value near zero, in general. 

Tn all cases the strike of the plane cross-stratified units 
was within 20° of the strike of the foresets and the din 
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was both with and against the direction’ of the foreset 
. depositional- dip. The dip of- the unit varied between 
0° 30’ and 5° relative to the dip of the underlying coal 
seam. It was data such as these which led us to postulate 
a general parallelism of the cross-stratified units to the 
depositional dip. 

It would appear that Allen has now retracted his earlier 
hypothesis, cited here as (2), in favour of a mechanism 
akin to that of Shantzer®, involving the angle between -the 
tangent of the upstream slope at the point of burial and 
a variably inclined surface along which the ripples move. 
He has also modified hypothesis (b) to express only mini- 
mum depths of water. We can see no objection to this 
revised hypothesis, the measurable results of which could 
give rise to the same range of phenomena in most field 
exposures as those arising from other hypotheses. 

It is evident that any final synthesis of the diverse 
origins of cross-stratification is a joint field for those 
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working on flood control in river hydraulics, on sand bar 
movement in marine navigation, on paleofacies studies 
and on turbulence in fluid dynamics. 

J. E. Hemmeway 


Department of Geology, King’s College, 
University of Durham, Newcastle upon Tyne, 1. 


A. M. CLARKE 
Production Department, National Coal Board, 
Team Valley Trading Estate, Gateshead, 11. 
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INFLUENCE OF CRYSTALLITE SIZE ON THE THERMAL CONDUCTIVITY 
OF IRRADIATED POLYCRYSTALLINE GRAPHITE 
By |. B. MASON and R. H. KNIBBS 


Atomic Energy Research Establishment, Harwell 


HE thermal conductivity of many forms of carbon 
and graphite decreases if irradiated with neutrons of 


sufficiently high energy*. The electronic component of 
this conductivity, before and after irradiation, amounts 
‘to less than 1 per cent of the measured values. The 
decrease in thermal conductivity due to neutron irradia- 
tion may therefore be attributed almost entirely to extra 
phonon scattering by irradiation-produced defects. These 
defects may be conveniently represonted by an extra 
term in the Debye expression for thermal condustivity, 
which may be written: 

1 1l ( l 1 3 

Ri BO L mnt a) 
where K; = thermal conductivity after irradiation, A = 
constant, C = specific heat, V = phonon velocity, La = 
boundary scattering mean free path, Lia = lattice thermal 
mean free path, Li = mean free path for scattering at 
irradiation defects. . 

Since flow of heat in graphite is almost predominantly 
along the layer planes*, La can be identified with the 
average crystallite diameter. That is, for unirradiated 
graphites one would oxpect & linear relationship between 
the reciprocal of thermal conductivity and the reciprocal 
of the crystal size. 

Equation (1) is. really an expression for thermal resist- 
ivity and it shows that, on irradiating graphite, the 
thermal resistivity increases by an amount A(1/K;) given 
by: 


A(1/K4) = YL; . ALC. FV.) (2) 


Experiments were carried out to explore the variation 
of A(1/K:) with La. To obtain a series of graphite speci- 
mens with different La values, but with similar general 
structure, samples wore taken from a nuclear grade carbon 
stock and heat-treated to different temperatures in the 
range 1,800°-3,000° C. The mean sample density was 
1:62 g/c.c. Crystal sizes were determined prior to irradia- 
tion by X-ray diffraction, the measurement being made 
by Dr. E. G. Steward at the Hirst Research Centre, 
Wembley. Thermal conductivity was measured by the 
linear flow method as described by Powell and Tye* and 
all measurements relate to a temperature of about 40° C. 
A group of these specimens were irradiated under ambient 
conditions in an experimental channel in one of tho Calder 


reactors on two separate occasions: (1) to a measured 
equivalent dose of 177 MWd/t (adjacent) at about 250° C; 
(2) to a further dose of 390 MWd/t (adjacent) at about 
275° ©. (The relationship between the energy unit 
MW4d/t (adjacent) and integrated neutron flux has been 
discussed by Bell eż al.5). The specimens were packed 
close together in a container 11 in. long and thus may be 
regarded as being treated within a reasonably uniform 
flux. It was impracticable to measure specimen tem- 
peratures directly’ and the values quoted have been 
estimated from channel wall temperatures and certain 
property changes in other graphite specimens. They are 
assumed, correct to + 15° C. 

Values of the reciprocal of thermal conductivity, 
measured before and after irradiation, are shown in Fig. 1, 
where the plotted points represent separate specimens. 
In Fig. 2, values of the increment A(1/K;), for each 
specimen, are shown plotted against 1/La. 

For crystal sizes above about 100 A, A(1/K:) varies 
linearly with 1/La, and L; is approximately proportional 
to La. This means that for specimens of the same mean 
crystal size the pattern of the damage is the same, 
although this pattern is related in scale to the crystal 
diameter. : 

Thus for cach crystal size there must be the same 
average numbor of scattering centres in each conducting 
plane (as defined by -the crystal boundaries). Such a 
situation could only arise if the single irradiation defects 
in each plane clustered into a single aggregate. . (It is 
thought unlikely that there could be more than one 
cluster forming in each plane, for thon it is difficult to 
see why there should be the same number whatever the 
crystal size.) ; 

Rather more direct evidence of clusters has been 
obtained by Reynolds and Thrower: from an examination. 
of electron microphotographs of natural graphite crystals 
which had been irradiated to a dose and temperature 
similar to that of the present investigation. These authors 
found plate-like clusters of interstitial atoms of about 
60 A diameter, lying parallel to the layer planes, and 
with a mean separation, within a layer, of 3000 A. In 
the investigation reported here the mean crystal size of 
the most graphitic member of the series was 700 A, as 
determined by X-ray analysis. Thus, in no case was the 
crystal size large enough to permit more than the average 
number of one cluster in each plane. 


NATURE 


No. 4883 June l, 1963 
60 : 
s 
Additional dose of 
S9OMWd/t. at 275°C. 
177 MWd/t. 
at 250°C. 
50 | 
å, 
A 


pa 
© 


Reciprocal of thermal conductivity (1/K,) [eal em- see-t °C-1]-1 


30 a 
Aa 
+ 
o 
o 
20 s 
ry 
o 
. 
10 ; t 
i / 
1 aa à 
as 
ra 
F 
7 
“ 
0 
0 5 10 


Reciprocal of crystallite size, 1/La (Å) 


Fig. 1. Variations of thermal conductivity with crystal diameter for 


irradiated and unirradiated graphites 


40 








o —— 






567 MWd/t. [total dose 


bo g 
© Qo 


be 
oc 


Tnerement of thermal resistivity 2401/4) [eal em- see? °C] 





0 5 $ 10 
Reciprocal of crystallite size, 1/La (A)" 


Fig. 2. Variation of irradiation-induced component of thermal resistivity 


with crystal diameter 


Unirradiated 


15 x 10° 


15 x 10° 


851 


For a more detailed understanding of Fig. 2 it is con- 
venient to regard A(1/K;) as arising from an increaso in 
the probability of phonon scattering. Then, since the 
direction of heat flow is parallel to the lattice layors, it is 
reasonable to suppose that the scattering cross-section for 
each cluster is proportional to its diameter. Since each 
cluster is assumed to grow only from the intorstitials 
within the crystal boundary it is clear that tho area of 


` the cluster is proportional to (La? x dose) and the 


diameter is consequently given by: 
D œ La 4/dose (3) 


The number of clusters per unit volume is, according to 
the foregoing discussion, simply proportional to the 
number of crystal planes, and hence inversely proportional 
to (La)?. The scattering probability, S, for all the clustors, 
is therefore proportional to D/(Za)? and hence: 


A(1/Ki) x S œ 4/dose/La 

The data in Fig. 2 are reasonably consistent with this 
expression for crystal sizes below about 150 A. However, 
each of the two curves can be extrapolated back to a 
small positive intercept on the A(1/K;) axis. This indicates 
@ component of irradiation-induced scattering which is 
independent of crystal size. Such a component could be 
attributed to vacancies. These do not form clusters and 
diffuse away only slowly*; thus their concentration is 
independent of crystal size but approximately propor- 
tional to dose. The intercepts in Fig. 2 are not very 
precisely defined, but they are not inconsistent with this 
interpretation. 

When. the crystal size is so small that the number of 
crystal layers per unit volume is greater than the number 
of displaced atoms, clusters clearly cannot form (except 
possibly as a result of statistical variation in the damage 
and crystal size distributions). In such circumstances 
A(1/K:) will be directly proportional to dose and inde- 
pendent of crystal size, as in the case of vacancies. For 
a dose of 567 MWd/t it has been estimated’ that thore 
will be an average of one displaced atom in each layer 
plane for crystals of about 100 A diameter. For 177 MWa/t 
the corresponding diameter is 180 A. Thus, in Fig. 2, one 
would expect the two curves to bend over at those 
respective values of crystal size, and become lovel at 
smaller crystal sizes. The plotted curves do turn over, 
but not entirely in the manner expected; the broakaway 
in each curve occurs at much the same crystal size and. 
for the smallest crystal size, A(1/K;) is still proportional 


to 4/dose. An alternative explanation for this broakaway 
might bo that for the smaller crystals there is an increased 
chance of interstitials being lost to the boundaricos. This 
would be consistent with the bend occurring at tho same 
crystal size in each curve. 

When the crystal size is large, so that the diametor is 
greater than the separation distance between clusters. 
the number of clusters will be independent of crystal 
size. Then A(1/K;) will be independent of La and vary 
only as +/dose. 

In conclusion, it should be noted that there is other 
evidence? which indicates that a small correction should 
be applied to equation (1). This accounts for tho slight 
curvature of the lower part of the ‘unirradiated’ curve in 
Fig. 1. It does not, however, affect the foregoing dis- 
cussion and consequently it has been ignored in this 
article. 

We thank Dr. W. N. Reynolds for helpful discussion. 
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EFFECTS OF IRON AND ALUMINIUM OXIDES ON SILICA IN 
SOLUTION IN SOILS ; 


By Dr. L. H. P. JONES and K. A. HANDRECK 
C.S.1.R.O. Division of Plant Industry, School of Agriculture, University of Melbourne 


ITTLE is known of the form of silicon in the soil 
solution butitis a problem of fundamentalimportance 
because some plants, particularly gramineous species, 
absorb large amounts of this element, which is deposited 
as opaline silica within their tissues!-*. It is now possible 
to attack this problem with. more understanding than 
previously. Thus, it is known that silica passes into 
solution as monosilicic acid at pH’s below 9, and as silicate 
ions only at pH’s above 9 (refs. 3—5). By using the reduced. 
silicomolybdate method of analysis? one can determine 
monosilicie and disilicic acids exclusive of any higher 
polymers and colloidal silica*. Hereafter, the terms silica 
in solution and monosilicic acid will both be used to 
include the dimer. : 

Using a pressure membrane extractor’ we have obtained 
solutions from various potted soils kept at field capacity 
and have found that the concentration of silica differed 
among soils of the same pH and ranged from 6 to 67 
p-p.m. of solution calculated as silica. One field soil from 
the experimental area of the School of Agriculture, 
University of Melbourne, was available with various pH’s 
in the range 5-5-7-2 and the concentrations of silica in the 
soil solutions were found to increase from 23 to 60 p.p.m. 

‘silica with decreasing pH. 

The solubility of silica in soil solutions contrasts with 
the solubility of amorphous silica in water, which is in the 
range of 100-140 p.p.m. silica at 25°C and which is 
independent of pH over the range 1-9 (refs. 3-5). The 
mechanisms responsible for the differences between soils 
and for the apparent undersaturation of soil solutions are 
undoubtedly complex, but it is known that the solubility 
of silica is lowered in simplified systems by aluminium 
when added as a salt? or as an oxide’. These observations 
led us to investigate the effects of iron and aluminium 
oxides on the solubility of silica in both simplified systems 
and soil systems. 

Three ferric oxides were used (Fig. 1) in the simplified 
systems: I and JI were practically amorphous to X-rays 
but contained some very small crystallites of hematite; 
III consisted largely of poorly crystalline hematite and a 
trace of goethite. Four aluminium oxides were used 
(Fig. 2): II and III were practically amorphous to X-rays 
but had an incipient boehmite structure; I consisted of 
poorly crystalline boehmite and IV of moderately well 
crystallized boehmite. 

All oxide samples were ground to pass a 200-mesh 
I.M.M. sieve and their ability to remove monosilicic acid 
from solution was investigated as follows. Solutions of 
monosilicic acid were prepared by pouring a dilute 
solution of sodium silicate of known concentration through 
a column of ‘Zeo-Karb 225’ cation exchange resin in the 
hydrogen form. The pH’s of aqueous suspensions con- 
taining 100 mg oxide were adjusted as in Fig. 1 before 
adding to each an aliquot of monosilicic acid containing 
12 mg silica; the final volume was 100 ml. After 
mechanical shaking of the suspensions for 16 h, the pH’s 
were determined, the suspensions were centrifuged and 
the silica remaining in solution was determined. Through- 

_ out this work polyethylene was used wherever practicable 
as an alternative to glassware. 

Alloxide samples removed monosilicic acid from solution 
and their sorption curves (Figs. 1 and 2) have certain 
features in common. Each sample showed a maximum 
sorption close to pH 10, above which the silicate ion is 
formed and the solubility of silica increases sharply. 


Below pH 10 there is a range of maximum sorption which 
extends at the other end to pH 4 for all samples except 
aluminium oxide I, where it extends to pH 6. As pH 
decreases within this range smaller amounts of mono- 
silicic acid are sorbed. Below pH 4 the amounts which are 
sorbed decrease sharply and at pH 2 all the monosilicic 
acid is in solution. 

When samples of ferric and aluminium oxides of similar 
crystallinity are compared it is clear that the aluminium 
oxides are more effective in sorbing monosilicic acid than 
the ferric oxides. Decreasing crystallinity among the 
aluminium oxides is accompanied by a marked increase 
in ability to sorb monosilicic acid; among the ferric 
oxides this effect is present but slight. 

The mechanism by which ferric and aluminium oxides 
sorb monosilicic acid is unknown, but Der‘ suggests that 
the silanol groups of polysilicic acid react with basic 
metal groups as follows: 


. SIOH + Fe(OH)*+ =. (SiOFeOH)* + H+ 


This seems plausible, and agrees with our observations 
that pH decreased during equilibration of an oxide with 
monosilicie acid and that sorbed monosilicic acid may 
be desorbed on decreasing the pH of a suspension. 

The effects of ferric and aluminium oxides were then 
examined in soil systems. The soil used was a sandy loam 


120 


100 


80 


60 


Silica in solution (p.p.m.) 


40 





20 
ð { i i T 
0 2 4 6 8 10 12 
pH = 


Fig. 1. Effect of pH on the sorption of monosilicic acid by ferric oxides. 
IO, prepared in 1954 by the method of Schuylenborgh and Arens’°; 
IL@, prepared in 1961 by the method of Schuylenborgh and Arens’; 
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Fig. 2. Effect of pH on the sorption of monosilicie acid by aluminium 
oxides, LO, prepared in 1954 by the method of Serge ere unn 


and IIIW, prepared in 1961 by the method of Schuylenborgh™ but in 
preparation final pH was not allowed to exceed 7:2; IVA, a chromato- 
graphic oxide (Brockmann) manufactured by E. Merck, Germany 


from the experimental area of the School of Agriculture. 
It contains 12 per cent clay (particle size less than 2p) 
and 2-9 per cent free ferric oxide. Samples of ferric oxide 
I and aluminium oxides III and IV were uniformly mixed 
with separate lots of this soil at the rate of 5 per cent by 
weight of the air-dry soil. These mixtures and control 
lots of soil had their pH’s adjusted to 5-9+0-1; all were 
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brought to field capacity by adding water to make 18 per 
cent by weight and maintained with this water content 
for 6 months during which time small samples were 
temporarily removed so that silica in the soil solutions 
could be determined. The pH was determined from time 
to time and remained at 5-9+0-2. 

In solutions from the control soil the concentration of 
silica remained constant at 48 p.p.m. silica. Jt was 
lowered by ferric oxide III, initially to 27 p.p.m., but dur- 
ing the 6 months this increased to a steady value of 
40 p.p.m. The aluminium oxides had a more striking 
effect; thus sample III lowered the concentration initially 
to 7 p.p.m. silica and sample IV to 12 p.p.m. During 6 
months these concentrations increased only slightly to 
steady values of 9 and 15 p.p.m. respectively. i 

These investigations indicate that the levels of silica 
in solution in soils of the same pH are influenced by the 
amount and kind and crystallinity of free sesquioxides. 
This is illustrated in a general way by the two soils with 
extreme concentrations of silica in solution. Theso soils 
contain similar amounts of clay but that with 6 p.p.m. 
silica in solution is a krasnozem with large quantities of 
free sesquioxides, while the other, with 67 p.p.m., contains 
little if any free sesquioxides. It is not possible to 
distinguish between the contributions of ferric and 
aluminium oxides in the krasnozem, but the work with 
soil mixtures emphasizes that aluminium oxide has a 
greater effect than ferric oxide on the solubility of silica 
in soil solutions. 

We thank Prof. G. W. Leeper for advice and Prof. H. C. 
Forster for providing laboratory facilities. 
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BENZENE PHOTOSENSITIZED DECOMPOSITION OF CHLOROFORM 
By Dr. G. P. SEMELUK and I. UNGER 


Department of Chemistry, University of New Brunswick, Fredericton, Canada 


N a recent paper, Shelimov, Fok and Voevodskii! 
reported benzene photosensitized decompositions in 
solid solutions of benzene in methyl cyclohexane and 
3-methyl pentane at 90° K. Dubois and Noyes? examined 
the possibility of benzene photosensitized decomposition 
of a number of compounds in the gas phase, with negative 
results except for the case of methyl iodide, in which, 
however, photolysis occurred simultaneously. Cundall 
and Palmer? have used benzene to photosensitize the 
isomerization of the butene-2 isomers, and concluded that 
triplet activation was the cause of isomerization. More 
recently, Ishikawa and Noyes‘ have studied the effect of 
2537 A and 3130 A radiation on biacetyl—benzene mixtures 
as part of a wider investigation on the triplet state of 
benzene. Although it is quite clear that benzene photo- 
sensitized the decomposition of biacetyl at 2537 A, the 
analysis of the results is complicated by the simultaneous 
photolysis of biacetyl at this wave-length. 


We report in this article a clear case of a benzene 
photosensitized decomposition in the gas phase. The 
experiments were carried out in a cell 25 mm diametor 
and 50 mm long, using a low-pressure mercury arc and & 
Corning No. 9863 filter which offectively removed tho 
1849 A radiation, for times of irradiation of 70~72 h. 
Neither benzene nor chloroform showed any detectablo 
decomposition when irradiated alone under the same 
conditions. The major organic products, determined by 
gas liquid partition chromatography, are hexachloro- 
ethane, methylene chloride, «,«,«-trichlorotoluene, and 
pentachloroethane. Much smaller quantities of totra- 
chloroethylene and tetrachloroethane were also found. 
The dependence of the major organic products on benzeno 
pressure is shown in Fig. 1. The determination of the 
inorganic products hydrogen and hydrogen chloride has 
been more difficult and much less accurate; but it appears 
that hydrogen chloride production approximately parallels 
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Fig. 1. Dependence of product formation on benzene partial pressure. 
Partial pressure of chloroform, 2 cm 


the production of methylene chloride. A reliable method 
for the estimation of these two products is still being 
sought. 

Our observations are consistent with a mechanism 
based on a carbon—hydrogen bond split in chloroform 
following collision with an excited benzene molecule. In 
the following mechanism, which is based on reactions of 
excited benzene discussed by Ishikawa and Noyes‘, B 
represents benzene in the ground electronic state; B* ro- 
presents electronically excited singlet benzene; B’ 
represents electronically excited triplet benzene in a high 
vibrational energy-level; 3B’, represents electronically 
excited triplet benzene in the ground vibrational level; 
M = CHCl, + B represents an ‘energy removing body’; 
k: represents the rate constant ofthe ‘i-th’ step in the 
mechanism. 

(0) B+hy—>B* 
Ql) B*—B + hy 
(2) B* + B— 2B 
(3) B*—> B’ 
(44) B+ MB, +M 
(4a) B's + M—B+4+M 
(5) B’ + CHCl — B + COl. + H, or 
(6a) B* + CHCl, — B + CCl. + H 
(6) H + CHCh —> HCl + CHCl, 
(7) H + CHCl, — H, + CCl, 
-(8) H + B— H, + C,H; 
(9) 2CCl, + C,Cl, 


(10) CHCl, + H — CHCl, 
(11) C,H; + H—B 

(12) C,H, + CCl; —> C,H,CCl, 
(13) CHCl, + CCl, — C,HCl; 


If reactions (11), (12) and (13) are neglected, and either 
(5) or (5a) used to represent the primary dissociation 
reaction of chloroform, then application of the steady- 
state approximation predicts: (a) maxima with respect 
to benzene pressure exist in the rate of production of 
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both hexachloroethane and methylene chloride; (b) at 
low benzene pressures the rate of production is approx- 
imately the same for both products if kę > 10k,, and 
ks < k, This relationship between rate constants is 
suggested by a comparison of the results of Cremer, Curry 
and Polanyi with those of Fielding and Pritchard’; 
(c) the maximum for methylene chloride production 
occurs at lower benzene pressures than that for hexa- 
chloroethane. 

These predictions are qualitatively confirmed by the 
results, except at higher benzene pressures where the 
reaction is more difficult to assess because of the formation 
of a considerable amount of heavy products which deposit 
on the cell windows. Although it is not possible to 
determine from our experiments so far whether energy 
transfer to chloroform occurs from the excited benzene 
triplet (5) or the excited singlet (5a), data are available 
which narrow the possibilities. 

Shilov and Sabirova? have shown that the thermal 
dissociation of chloroform occurs through the molecular 
elimination of hydrogen chloride with rate constant 


2-6 x 10% 6 = The 112 kcal available at 


2587 A, or the 108 keal from the ground vibrational level 
of the excited benzene singlet? is more than enough not 
only for this decomposition path but also for the breaking 
of either a carbon-chlorine or the carbon—hydrogen bond. 
Since ourresults indicate a strong preference for the carbon— 
hydrogen bond break, it seems unlikely that decom- 
position occurs in the ground electronic state. 

Assuming spin is conserved during the energy transfor 
reaction, the dissociation of chloroform must then take 
place in either an excited singlet state (5a) or an excited 
triplet state (5). If the former is the case, then it is 
necessary to explain why this spin-allowed transition is 
not observed in the ultra-violet absorption spectrum. A 
zero electric-dipole transition moment may possibly result 
for the excitation of an electron from a non-bonding 
orbital on the chlorine atom to the lowest anti-bonding 
carbon—hydrogen sigma orbital to give an excited singlet 
state. On the other hand, if (5) represents the energy 
transfer reaction, then the change would probably involve 
the transfer of an electron from the sigma carbon—hydro- 
gen bonding orbital to the same anti-bonding orbital, but 
with spin inversion to give the much lower excited triplet 
state. This process would be analogous to the mercury 
photosensitized dissociation of carbon—hydrogen bonds in 
alkanes. However, this interpretation would require that 
the exciting species be a vibrationally excited benzene 
triplet, since only 83 kcal are available from the ground 
state of this triplet®, and it appears unlikely that the 
energy spacing between the chloroform levels involved 
can be so small (it implies that the carbon—hydrogen bond 
dissociation. energy in ground-state chloroform would be 
no greater than 83 kcal). Since the radiative lifetime of 
this benzene triplet is about 28 sec’, and vibrational 
relaxation is known to be a slow process, photosensitiza- 
tion by the triplet is a distinct possibility. The identity 
of this energy transfer process is the subject of further 
investigations in this laboratory. j 

The photosensitized decomposition of chloroform is in 
striking contrast to the photolysis with 1849 Å radiation. 
In this case the observations indicate a carbon-chlorine 
bond split as the primary process. Table 1 summarizes 
some of our results, obtained for 2 cm chloroform in the 
cell described here, for an irradiation time of 0-5 h. 
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Table 1. TYPICAL RESULTS OBTAINED IN THE PHOTOLYSIS OF A 2 CM 


CHLOROFORM AT ROOM TEMPERATURE 


Run No. Moles Moles Moles Ratio 
CHCl CHCl - CaCl, CrHCL/CsHyCL/C.Cl, 
65 17-02x10- 8-05 x 10-* 6-16 x 10% 2-12: 1:0765 
88 17-02 8-26 6:06 2-06 : 1 : 0-733 
69 17-76 8-79 6:45 2-02 : 1: 0733 


No other organic products were detected. These observ- 
ations can be adequately explained by the mechanism: 


No.4ses June l, 1963 
(14) CHCl; + hy — CHCI, + Cl 
(15) Cl + CHCl, — HCl + CCl, 
(16) CHCl, + CCl, > CHCl; 
(17) 2CHCl, æ C,H,Cl, 
(18) 2CCl, —> C,Cl, 


If (15) is sufficiently rapid, then the steady-state con- 
centrations of the CCl, and CHCl, radicals will be equal, 
and on a purely statistical basis it would be expected 
that C,HCl;, C,H,Cl, and C,Cl, would be formed in the 
ratio 2: 1:1, which would be changed if the activa- 
tion energies for (16), (17) and (18) were different. The 
expected relationship between these activation energies, 
Es > Ey, > En is roughly confirmed by our observa- 
tions. - 

An initial carbon-hydrogen bond rupture in the photo- 
lysis is shown to be unlikely by photolysing in the presence 
of an excess of hydrogen. If (14) applies, then this reaction 
would be followed rapidly by: ` 


(19) CI+ H, —> HCI + H 


and then by (6) or (7), which would increase the steady- 
state concentration of the CHCI, radicals relative to the 
CCl, radicals. In the case of a carbon—hydrogen rupture, 
however, little change would be expected. The ratios of 
C.H,Cl, and CCl, to CHCl; were found to be 0-84 and 
0-18 when chloroform (2 cm). was photolysed in the 
presence of 46 cm of hydrogen, while these ratios are 0-48 
and 0-36 in the absence of hydrogen. The extent of 
decomposition was not significantly altered by the 
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presence of hydrogen. Nitrogen, on the other hand, 
greatly reduced the extent of decomposition, but altered 
product ratios only slightly. Thus, our evidence strongly 
supports an initial carbon—chlorine bond rupture and is in 
line with the view of Mulliken’ that the continuous 
absorption band of chloroform, with maximum at 1750 Å", 
is due to the excitation of an electron from a non-bonding 
orbital on the chlorine atom to a sigma carbon-chlorine 
anti-bonding orbital. 

Other photolyses were carried out in the presence of 
ethylene, cis- and trans-butene-2, with and without added. 
nitrogen, using a high-pressure mercury-xenon lamp and 
an interference filter having maximum transmission at 
2150 A and a half-width of 150 A, to test for the possibility 
that dichlorocarbene is formed in the primary step. No 
cyclopropanes were detected in this series of experiments 

This work was supported by grants from the Nationa 
Research Council. 
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INFRA-RED SPECTRA OF SOME MONO-ESTERS 
OF PHOSPHORODICHLORIDOUS AND PHOSPHONIC ACIDS 


By L..C. THOMAS and K. P. CLARK* 


War Department, Chemical Defence Experimental Establishment, Porton Down, Salisbury, Wilts. 


S part of a systematic study of the relationships 

between the molecular structure and infra-red 
absorption spectra of organophosphorus compounds, 
some aliphatic and aromatic mono-esters of phosphoro- 
dichloridous and. phosphonic acids have been synthesized, 
and their infra-red spectra have been recorded. 

The phosphorodichloridites were prepared by the 
reaction of the appropriate, hydroxy compound with 
phosphorus trichloride under standard conditions! and 
purified by distillation. The phosphonic acid derivatives 
were prepared by careful hydrolysis of the corresponding 
phosphorodichloridite using the calculated molar amount 
of wet other: 


ROH + POl, -> ROPCI, + HCl 
(£) 


` ROPCI, + 2H,0 — ROP(OH), + 2HCl (2) 
. re) 
| OH 
ra 
ROP(OH), = ROP (3) 
H 
(I) 
R=CH,; C.H,; n-C,H,; n-0,Ho; n-C,Hy,; C,H; 


2-C,,H,; 2-CH,;.C,H,;; 4-CH,-O,H;. 


Attempts to purify the phosphonic acid esters (II) by 
distillation resulted in the production of the diester (ITT) 
presurnably by a disproportionation reaction: 


O OH RO 0O O OH 
anon’ = s + E (4) 
Ni RO a ‘oz . 


(IT) (ITD) 


Evaporation of the volatile solvent under reduced pressure 
at room temperature left the required product (II). 
As the infra-red spectrum of this material showed no 
bands corresponding to I, IIL or the corresponding 
pyrophosphonate, no further purification of JI was 
attempted. 

The compounds (I and II) were characterized. by their 
physical constants! and by their infra-red absorption 
spectra on the basis of published correlations of spectra 
and structure?. 

The infra-red absorption spectra of capillary films of 
these compounds have been measured in the following 
regions: 3,800-2,500 cm~! using a lithium fluoride prism. 
5,000-670 cm- using a sodium chloride prism and 800- 
400 cm-! using a potassium bromide prism. The phosphoro- 
dichloridites were handled in a glove-box in an atmosphero 
of dry nitrogen to prevent hydrolysis and oxidation 
occurring in the capillary films. 

The principal absorption bands of these compounds 
are listed in Table 1 (I) and 2 (11), together with the 
vibrations to which they are assigned”. Where it is apparent 
from the shape of the absorption band that the band has 
split by adventitious interaction with another vibration 
of approximately the same frequency, then the frequencies 
of both components are included in Table 1. For corre- 
lation purposes it is found that the mean frequency of the 
component bands is a good approximation to the true 
vibration frequency in such cases. For example, in Tables 
1 and 2 the vibration frequency of the P—O-(C) bond of the 
p-cresyl ester is observed as a doublet, the individual 
component frequencies of which differ markedly from those 
of analogous molecules. The mean frequency, however, 
falls into the general pattern of the series. 

In general, the vibration frequencies observed for these 
two series of compounds provide further support for the 
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“Table 1, ASSIGNMENT OF ABSORT TON BANDS OF PHOSPHORODICHLORIDITES 








Compound Absorption band frequency (em?) 
` P-Cl 
R P-O{C) c-oP) asym. sym. 
Methyl 1,036 1,166 495 450 and 462 
Ethyl 1,022 1,149 498 450 and 462 
n-Propyl 1,010 1,143 506 450 and 464 
n-Butyl 1,015 and 1,000 1,143 508 and 491 450 and 464 
n-Nonyl 1,004 1,136 508 and 495 456 
Phenyl 926 1,183 495 465 
2-Naphthyl 935 1,149 501 473 
o-Cresyl 930 1,160 498 462 
p-Cresyl 940 and 919 1,182 601 465 


correlations already published**. The 2-naphthyl ester of 
phosphonic acid has a P-H stretching frequency of 
2,450 cm~ which slightly extends the upper limit of 2,440 
cm~! previously assigned to this vibration®. The strongest 
band in the spectra of the phosphonic acid mono-esters 
is found at approximately 1,000 cm-?. This is assigned to 
the P-O-(H) vibration and satisfies the linear relationship 
which has been derived for this bandt. The close proximity 
of this band to the band ascribed to the P-H deformation 
vibration results in a broad complex region of absorption 
in the region of 1,000 cm-}. In the case of all the aliphatic 
esters except the methyl ester this prevents the unequiv- 
ocal assignment of the P-O-(C) vibration frequency 
which is expected to occur in this region. The aromatic 
P~O-(C) vibration, however, is sufficiently lower in fre- 
quency not to be obscured. It is observed on comparison 
of Tables 1 and 2 that both the P-O-(C) and C-O-(P) 
vibration frequencies are higher in the pentavalent than 
in the corresponding tervalent compounds. This is in 
agreement with observations on other groups of organo- 
phosphorus compounds. 
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Table 2, ASSIGNMENT OF ABSORPTION BANDS OF PHOSPHONIC ACID MONO- 


QO OH 
ESTERS (x Vv ) 
A 


VoL, 198 











Compound Absorption band frequency (em) 
P-H P-0O-(X) 

R P=0 str. def. X=C a OR (3) 
Methyl bare 2,440 976 1,047 1,000 1,188 2,630 2,180 1,613 
Ethyl 1,212 2,440 980 * 1,005 1,163 2,630 2,175 1,640 
n-Propyl 1,205 2,430 971 * 1,005 1,149 2,630 2,220 1,667 
n-Butyl 1,212 2,480 976 * 1,005 1,147 2,665 2,150 1,667 
n-Nonyl 1,212 2,440 970 * 1,008 1,148 2,665 2,175 1,667 
Phenyl id 2,440 990 935 1,013 1,195 2,705 2,175 1,613 
2-Naphthyl * 2,450 966 937 1,010 1,156 2,680 2,150 1,613 
o-Cresyl * 2,440 997 985 1,036 1,174 2,63 175 1,667 
p-Cresyl * 2,440 1,000 a 1,026 1,198 2,680 2,175 1,613 


* See comments in text. 


The phosphoryl absorption band in the aryl esters occurs 
as a broad, ill-defined absorption on which are super- 
imposed the strong multiple absorption bands of aromatic 
and aryl C-O-(P) vibrations. As a result it is impossible 
to assign a specific frequency to this vibration in these 
compounds. 


* Present address: Royal Military College of Science, Shrivenham, 
Swindon. 
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and Hail Ltd, 1060). , t p 
Siar C. and Chittenden, Rosemary, A., Chem. and Indust., 1913 
3 Thomas, L. C., Chittenden, Rosemary A., and Hartley, H. E. R., Nature, 

192, 1283 (1961). 
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SOME LIPID CONSTITUENTS OF NORMAL AND QUARTZ-DUSTED 
GUINEA PIG LUNGS 


- By PAUL BAILY and T. A. KILROE-SMITH 


Chamber of Mines Research Laboratories 


AND 


J. S. HARINGTON 


Pneumoconiosis Research Unit, South African Council of 
` Scientific and Industrial Research, Johannesburg 


N increase in lung lipids during the development of 
silicosis has been demonstrated by several investi- 
gators. Thus, Strachan and Simson! were the first to 
point out increases in pulmonary lipids associated with 
increasing severity of silicosis in rock miners. This was 
later confirmed in animals by Fallon?. Recently, Marks 
and Marasas® stated that phospholipids, cholesterol and 
free cholesterol increase in parallel with the accumulation 
of silica and collagen in the guinea pig lung. 

Apart from the work of Clerici and Pernis* on fibro- 
hyaline tissue of silicotic masses, little work appears to 
have ‘been carried out in characterizing the lipids of the 
lung and in demonstrating whether changes occur after 
guinea pigs have been exposed to quartz dust. The status 
of lipids in the development of silicosis has been discussed 
recently by Harington®. 

In the investigation recorded here, lung lipids were 
analysed by infra-red analysis and chromatography on 
paper impregnated with silicic acid, in an attempt to 
determine whether any différenées exist between lipids 
extracted from the lungs of normal animals and those 
exposed to quarté dust inhalation. From these results it 
is possible to assess whether a more detailed investigation 
of the role of lipids in silicosis id indicated. i 


Lipids were extracted by the method of Folch e¢ al.® 
from the lung tissues of control and dusted guinea pigs. 
The extracted fat was examined in the form of a cast 
film on a sodium chloride disk by infra-red absorption 
spectroscopy on a model 221 Perkin Elmer spectro- 
photometer. The spectra of the lipids derived from: (1) 
quartz-dusted lungs; (2) control lungs; (3) 1-a-lecithin 
(Sigma Chemical Corp., U.S.A.) are shown in Fig. 1. 
Qualitatively, the curves are similar, and it thus appears 
that tho lipids derived from both the normal and quartz- 
dusted lung tissues consist mainly of a lecithin-type com- 
pound. Pattle and Thomas’ deduced from similar curves 
to those shown here that the substance they expressed 
with water from the lung of the cow consisted, in the 
main, of a lecithin-protein complex. 

However, since infra-red analysis is not by itself 
sufficient to characterize lipids completely, the lipids 
extracted from guinea pig lungs were therefore further 
examined by chromatography on silicic acid impregnated 
paper (Reeve Angel—‘Trial Batch TAZ/S82’), using the 
methods outlined by Marinetti®. 

The lipids were found to be a complex mixture consisting 
largely of lecithin with smaller amounts of sphingomyelin, 
lysclecithin, and possibly a small amount of phosphatidyl- 
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serine (Fig. 2). From a comparison of the chromatograms 
of these phospholipids extracted from normal and quartz- 
dusted lungs (259 days’ exposure to quartz), it appeared 
that dusted animals’ lungs contained a greater proportion 
of lecithin and lysolecithin and less sphingomyelin than 
did normal lungs. Chromatography of the neutral lipids® 
showed that the percentage of free cholesterol was less in 
dusted lungs than in normal lungs. This was later 
confirmed by quantitative techniques®. Chromatography 
of the neutral lipids on silicone-treated paper (Mangold 
et al.) showed that the lipids from dusted lungs contained 
a larger amount of unsaturated monoglycerides than did 
lipids extracted from normal lungs. 

This preliminary survey shows clearly that chemical 
changes in lung lipids have occurred after the exposure 
of guinea pigs to quartz dust inhalation. Fallon? found 
that the phospholipids present in abnormal amounts in 
silicotic lung were themselves fibrogenic after they bad 
been extracted and then injected intraperitoneally into 
rabbits. Pinkerton™! demonstrated that animal fats 
caused marked fibrosis and giant cell formation a fow 
days after they had been injected intratracheally into 
animals. Also, free fatty acids derived from certain animal 
oils have been shown to produce caseation necrosis of 
lung tissue!. The work of Holzapfel!* has shown that the 
formation of organie compounds of silicic acid might be 
associated with an injurious action in silicosis and that 
fats may play an important part. 

Pattle!*, and later Clements, referred to a substanco 
possessing a characteristic surface activity which lines 
the internal surface of the lungs and helps to stabilize the 
air spaces. It is possible that this material could have 
been that expressed by Pattle and Thomas’ from cow 
lungs and which they considered to be a lipoprotein, 
containing lecithin as the major component. Klaus et 
al.15 proposed that tho surface-active lining of the mam- 
malian lung is formed in the mitochondria of the alveolar 
epithelial cells. Quartz dust may therefore first come into 
contact with lipids in the alveoli before actual phago- 
cytosis takes place, and the subsequent derangement of 
these lipids may play an important part in silicosis. 
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Fig. 1. Percentage transmissiorí (on arbitrary scale) of infra-red radiation 
through: (1) lipids extracted from quartz-dusted lungs; (2) lipids 
extracted from normal lungs; (3) sample of L-a-lecithin 


NATURE 


PE 


PS 


LEC 


SPH 


Lysalec 





Start 


A B C D 


Fig. 2. Photograph of a wet chromatogram stained with Rhodamine 

6G, using a Hanau ultra-violet lamp, 366 my. A represents 20 ug 

sphingomyelin (British Drug Houses, Ltd.); B and C represent 40 ug 

each of lipids extracted from normal and quartz-dusted guinea pig 

lungs respectively; D represents 32 ug lecithin (Sigma Chemical Corp.) 

(PE, phosphatidyl ethanolamine; PS, phosphatidylserine; LEC, 
. lecithin; SPH, sphingomyelin; Lysolec, lysolecithin) 


Consequently, in view of the changes in lung lipids shown 
here, further detailed qualitative and quantitative 
investigations of tho lipids and their role in silicosis are 
clearly indicated. 

We thank Mr. J. D. Greig for infra-red spectroscopy, 
Mr. J. Theron for photography, and Mrs. Fay Baily for 
reproducing the diagrams. 

This work is pubjished by permission of the Transvaal 
and Orange Free State Chamber of Mines. 
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CORTICAL STEADY POTENTIAL CHANGES: EXTRACELLULAR 
MICROELECTRODE INVESTIGATIONS 


By DrssCHOH-LUH LI and Dr. GIAN-CARLO SALMOIRAGHI 
National Institutes of Health, Bethesda, Maryland 


IHANGES in steady potential recorded from the 
surface of the cerebral cortex are known to occur in 
unanesthetized or lightly anesthetized animals!~’ and in 
human beings®®. The probable importance of this 
phenomenon in relation to cortical function has been 
often emphasized; but the mechanism by which it is 
produced is still not clear. Two questions may be asked: 
(1) Is there any relationship between cortical steady 
potential changes and cortical neuronal discharges? 
(2) Is it correct to assume that changes in steady potential 
recorded from the cortical surface also occur in recordings 
made at various depths in the cortex ? The following 
experiments were performed in order to answer these 
questions. 

Experiments were performed on 20 cats that were either 
anesthetized with intraperitoneal sodium pentobarbital 
(35 mg/kg) or subjected to mid-brain transection’. Fol- 
lowing immobilization of the cat’s head in a stereotaxic 
instrument, the cortex of both hemispheres was exposed 
and covered with warm mineral oil. Recordings from the 

_surface of the cortex were obtained by means of cotton 
wicks .protruding from glass tubes filled with saline-agar 
and connected to two calomel half-cells coupled to a 
stabilized d.c. pre-amplifier. Of these two electrodes, 
one was placed on the surface of the somatosensory 
cortex and the other, which served as the indifferent, on 
the bone overlying the frontal sinus. Depth and single 
unit recordings were obtained by means of micropipettes, 
filled with 3 M potassium chloride, having a tip diameter 
of about 0-5, and a d.c. resistance of 5-50 Megohms. 
Such microelectrodes were connected to a Bak amplifier! 
through a platinum wire inside a shielded probe and were 
inserted into the cortex at points immediately adjacent 
to the cotton wick surface-recording electrode. The 
animals were grounded through a backing circuit, earth 
being the reference for the potential detected by micro- 
electrodes. 

All recording systems were d.c. coupled throughout, 
and drift, as determined after death of the animals with 
all electrodes in situ, was never greater than 2 mV in 
1 h for the surface electrode and 5 mV in 1 h for the 
microelectrode, and never more than 0°1 mV in a 2-min 
period. Bipolar stimulating electrodes were placed on the 
cortex at a point 1-2 mm away from the surface-recording 
lead, at a corresponding point on the opposite hemisphere 
and in the nucleus ventralis posterior lateralis of the 
thalamus in order to induce direct cortical, transcallosal, 
‘and thalamic responses, respectively. Stimuli were rect- 
angular pulses of 0-3-0-5 msec at a rate of 1/sec-125/sec, 
which were given through a stimulus isolation unit during 
test periods. Their strength (0-5-5-0 V) was initially 
adjusted in all cases to be just sufficient to elicit a response. 

Shifts in cortical steady potential recorded from the 
surface occurred following direct cortical, transcallosal or 
thalamic stimulation at 3-60/sec for l-5 sec even in 
animals which were deeply anesthetized. Such shifts were 
always in the direction of negativity. Further, they were 
well localized; thus, if the surface-recording electrode 
was placed 5 mm away from the point of maximal 
response, little or no change in cortical steady potential 
was recorded following cortical, transcallosal or thalamic 

‘stimulation (Fig. 14). Finally, shifts resulting from 
direct cortical stimulation were larger in magnitude and 
longer in duration than those produced by transcallosel 
and thalamic stimulation of similar strength. 


In all cases, the magnitude and duration of the shift in 
surface steady potential varied with the frequency and 
duration of stimulation applied to the thalamus or to the 
cortex. For example: measurements of 50 responses to 
direct cortical stimulation, taken at random from our 
data, showed that although the magnitude and the 
duration of the shifts varied from experiment to experi- 
ment, and in each experiment from time to time, on the 
average stimulation at 3/sec for 4-5 sec elicited a shift 
reaching a maximal amplitude of —0-17 mV, gradually 
disappearing within 2 sec after the end of the stimulus. 
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Fig. 1. A, responses to direct cortical stimulation at 40/sec. Distance 
between the stimulating and surfacd-recording electrodes; about 1 mm in 
AAand4mmin áB. In AA, the initial portion of the record is missing 
as a result of stimulus artefact moving the beam from the tube face of 
the oscilloscope. B, responses to direct cortical stimulation at 12/sec, 
BA; 24/sec, BB; 48/sec, BC. C, responses to stimulation of nucleus 
ventralis posterior lateralis at 60/sec simultaneously recorded from 
cortical surface (upper trace of each pair) and at depth of 800” (lower 
trace). In CA, zero potential levels for surface and depth electrodes 
inked in. CA and CB, continuous records, D, responses to direct cortical 
stimulation at 15/sec simultaneously recorded from surface capper trace) 
and depth of 1.600z (lower trace). For both traces, zero potential levels 
inked in. ŒE, cortical spreading depression recorded from a depth of 
800 microns which developed 33 sec after direct cortical stimulation 
and lasted for 50 sec. Note lack of change in surface lead (upper trace). 
In all illustrations, positivity is upwards. Vertical bars represent 
2 mV; horizontal bars .1 sec 
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Stimulation at 6/sec for 3-5 sec produced a shift of 
0-42 mV subsiding in 3-5 sec; stimulation at 10/sec 
for 2-5 sec evoked a shift of —1-70 mV ending within 
6-0 sec, and stimulation at 60/see for 5 sec induced a shift 
of — 6:0 mV which gradually subsided in 37 sec. Similar 
results were observed following transcallosal and thalamic 
stimulation. In general, the stronger the intensity of 
stimulation, the greater the magnitude and duration of 
the shift (Fig. 1B). Shifts reached their maxima usually 
1-2 sec after the onset of stimulation; thereafter, the 
potential followed an exponential decline. If a test was 
repeated within 3-5 min after a preceding one, a much 
smaller or no shift was produced. 

Shifts in steady potential in response to direct cortical, 
transcallosal or thalamic stimulation recorded with micro- 
electrodes from the depth of the cortex were, in most 
instances, also negative in direction but were often much 
smaller or much larger than those simultaneously recorded 
from the surface. Systematic exploration with the pene- 
trating microelectrode failed to reveal a gradient of 
potential at various depths of the cortex. In some cases, 
a large shift of potential to negativity was recorded from 
the surface, while a small shift to positivity was recorded 
from the depth (Fig. 10). In still others, there was even 
a discrepancy between the two with regard to the onset 
and the time course of the shift (Fig. 1D). No change 
in steady potential was recorded when the tip of the 
microelectrode was in the white matter. 

In three cases, spreading depression!?-!* occurred fol- 
lowing direct cortical stimulation. In two of these, the 
magnitude of the spreading depression wave recorded 
from the cortical surface was much smaller than that 
simultaneously recorded from the depth. In the other 
case, spreading depression waves were recorded from the 
depth while no change in steady potential was detected 
from the surface (Fig. 1E). The amplitude of such 
spreading depression waves was greatest at depths of 
200-1,200u; they could no longer be detected at points 
deeper than 2,000u. On the average, the onset of a 
spreading depression wave occurred 26-4 (S.D. = + 14:4) 
sec after direct cortical stimulation, its amplitude was 
— 17-8 (S.D. = 45-5) mV and duration between 24 and 
480 (median = 47-5) sec. 

Investigation of the behaviour of more than 100 cor- 
tical nerve colls during the occurrence of cortical steady 
potential changes following direct cortical, transcallosal 
and thalamic stimulation did not show a consistent 
relationship between cortical potential shifts recorded 
from the depth and direction of change in the discharge 
frequency of nerve cells. (This, however, does not apply 
in cases in which cortical spreading depression occurred. 
In these cases, an acceleration of spike discharge and a 
rapid decrease in spike amplitude always occurred with 
the development of cortical spreading depression as shown 


No, 4883 


NATURE 


859 


in Fig. 1#. This acceleration of spike discharge was 
followed by a prolonged period of absence of spikes, and 
this period corresponded to the time course of the 
spreading depression). 

When the frequency of the stimulation was less than 
24/sec, in most instances the stimulus applied to the 
cortex or thalamus either activated cells in a one-to-one 
relationship or caused a diminution or totel disappearance 
of their spontaneous discharge. After stimulation was 
discontinued, unit spike discharges reappeared. Their 
reappearance tended to coincide with the subsidence of 
the surface negative steady potential, but showed no 
consistent relationship to the deep steady potential 
recorded by the microelectrode which also recorded the 
spikes. In other instances, cortical, transcallosal or 
thalamic stimulation at a rate less than 24/sec did not 
alter the spontaneous activity of the cell. Stimulation at 
frequencies higher than 24/sec frequently (59 of 84 colls 
or 72-6 per cent) resulted in an arrest of the spontaneous 
spike discharges. In other cases, the rate of discharge of 
the cell showed a marked increase. Cells that evidenced 
various types of responses to cortical, transcallosal or 
thalamic stimulation at different frequencies were en- 
countered at various depths throughout the entire thick- 
ness of the cortex. There was no consistent relationship 
between the responses of these cells and changes of 
cortical steady potentials. 

It is therefore concluded that changes in steady 
potential recorded from the depth of somatosensory 
cortex following direct cortical, transcallosal and thalamic 
stimulation have no clear relation to steady potential 
changes recorded from the cortical surface nor to dis- 
charge activity of cortical nerve cells. The mechanism 
for the production of cortical surface steady potontial 
changes remains obscure and these negative findings may 
indicate that there are limitations to the assumption 
about their importance. 
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ISOLATION AND GROWTH OF ENDOTHELIAL CELLS IN 
TISSUE CULTURE 


By Dr. C. M. POMERAT and W. C. SLICK* 


Pasadena Foundation for Medical Research, Pasadena, California 


HE literature dealing with the cultivation of endo- 
thelium up to 1950, which is readily accessible in 
Murray and Kopech’s Bibliography!, comprises one article 
on invertebrate endothelium, 9 amphibian, 3 cat, 56 chick, 
3 dog, 2 fish, 11 guinea pig, 5 mouse, 1 pig, 27 rabbit, and 
17 rat. The largest number (56) involved chick material. 
Woodard and Pomerat? were successful in growing 
human capillaries from fragments of rib marrow pulp. 


sear address: Estelle Doheny Eye Foundation, Los Angeles, Cali- 
fornia, 


The behaviour of the endothelial cells and the activity 
of hemic elements in the lumina of capillary oxtensions 
were recorded cinematographically. The key points for 
achieving success with short-term organotypic cultures 
were attributed-to the immediate transfer of the surgical 
specimen to the culture and the elimination of bony 
spicules. 

This work was prompted by the importance of finding 
a cell type which would be adaptable for coating plastic 
material to be used as artificial heart valves. From this 
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Fig. 1. Epithelial island from a 4-day primary culture of rabbit aorta 

derived from cells collected with the introduction of 0-25 per cent 

trypsin in a calcium, magnesium-free balanced salt solution. Living 
cells. Phase contrast microscopy 


Fig. 2. Same cell strain as shown in Fig. 1 but 6 days after the 48rd 

passage, approximately 7 months after initial explantation. Note change 

in morphology to a spindle shape, Living cells. Phase contrast micro- 
scopy 


point of departure it became essential to establish a 
method for removing endothelial cells from vascular 
beds without disturbing other elements so that a detailed 
investigation of their properties, could be made. In the 
course of the work it was obvious that much could be 
learned not only about endothelium but also that the 
epithelial lining of all hollow organs might be collected 
for in vitro analysis with the method which was evolved. 

The method adopted to obtain luxuriant cultures of 
endothelium consisted of subjecting the interior of the 
dorsal aorta of young rabbits to the action of trypsin. 
A. segment of the vessel was selected and two ligatures 
placed along its length about 1-5 in. apart. This was done 
to avoid contamination of the interior when the organ 
was cut free. The artery was then removed to a Petri 
dish and severed beyond the sites of the two ligatures. 

Using sterile techniques, a Pastour pipette or a syringe 
fitted with a blunt needle, filled with Gey’s balanced salt 
solution, not including calcium and magnesium ions, was 
carefully inserted into the lumen of the vessel to rinse out 
its content. This process was repeated until the interior 
was free of any blood elements. One end of the vessel was 
then carefully fitted over the blunt metal tip of a sterile 
5 ml. syringe containing 3 ml. of a 0-25 per cent trypsin 
solution. A silk ligature was used to secure the vessel to 
the syringe tip and as a further precautjon the free ends of 
the thread were taped to the barrel of the syringe. To 
the other end of the vessel another sterile 5 ml. syringe 
was attached in a similar manner. 

By withdrawing the plunger of one syringe and depress- 
ing that of the other simultaneously, the vessel lumen 
was bathed with the solution of trypsin without undue 
pressure being placed on its interior. The menipulation 
was repeated intermittently, ellowing the trypsin to 
remain in the lumen to act on the lining cells. This 
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process was conducted at room temperature for a period 
of 20 min, which appeared optimal under the conditions 
used. A slightly turbid susponsion was withdrawn 
into one syringe, which was removed from the vessel and 
its contents expressed into a sterile 15 ml. conical centri- 
fuge tube. After 3 min centrifugation at 1,000 r.p.m. the 
supernatant fluid was removed and the remaining pellet 
of cells resuspended in I'ml. of Eagle’s medium together 
with 10 per cent calf serum. One-half of this fluid was 
placed in each of two Rose chambers or the entire sus- 
pension placed in one Earle 7'-30 flask. All cultures were 
incubated at 37° C. 

After 5 or 6 days incubation, primary cultures were 
composed of mesenchyme-like colls with large nuclei and 
an abundance of cytoplasm. In the first few passages there 
was a tendency to form epithelial-like colonies (Fig. 1). 
Binucleate and multinucleated cells were not uncommon. 
Many nucleoli were seen, and the Golgi zone was pro- 
minent. The cytoplasm was slightly pink in May- 
Griinwald—Giemsa preparations. Polak’s modification of 
the silver carbonate method failed to reveal intercellular 
fibrillar networks. However, this method was useful for 
the demonstration of prominent tension lines, especially 
in cells at the periphery of the colonies. These were also 
readily visible with phase contrast microscopy. 

Cells transferred to Rose chambers lost their mor- 
phological similarity to epithelium, failed to produco 
colonies, and assumed spindle and stellate forms (Fig. 2). 

Following trypsinization for sub-culture, endothelial 
cells showed very rapid attachment to the glass substrate 
and a marked thigmotactic reaction to glass wool fibres. 
These phenomena are being examined with time-lapse, 
phase contrast cinematography. 

Incorporation of endothelial cells within a clot consist- 
ing of equal parts of heparinized cockorel plasma and 
10-day chick embryo extract led to another oxpression 
of morphological pleomorphism. In the deeper area of the 
clot elongated cylindrical forms of relatively uniform 
diameter showing branching and anastomosing patterns 
were produced which presented a striking similarity to 
capillary networks. 

Chromosome analysis was not undertaken until it was 
fairly certain that the cells could be maintained through 
repeated sub-cultures. We thank Messrs. Takeshi 
Seto and Hidetsune Oishi, who carried out this part 
of the work. The euploid number of 44 was established 
at tho 30th sub-culture some 5 months after the original 
material has been explanted. This number remained 
unchanged at the 40th and 50th sub-cultures after 7 and 
9 months respectively. The cells continue to grow at a 
rapid rate after more than a year. It would appear that a 
cell strain, having the characteristics attached to that 
term by Hayflick and Moorhead’, has been established 
for the aortic endothelium of the rabbit. Analyses of the 
karyotype of cells collected at various periods in the 
history of this strain are under investigation. 

The introduction of trypsin in a balanced salt solution 
not containing calcium and magnesium ions offers a logical 
method of collecting the lining epithelial cells. of hollow 
organs. Attention must be directed at determining the 
optimal concentration of the enzyme, time of exposure, 
and the temperature. Elements from stratified epithelial 
systems may be examined advantageously by collecting 
samples in a progressive time series. Such an approach for 
cells from the female reproductive tract is proving valuable 
in this laboratory in the hands of Dr. Carlo Valenti. 

The method described invites systematic studies on 
normal and pathological vascular channels. In addition 
to the collection of endothelial cells from majonarteries and 
veins, the heart, capillary beds, as well as hepatic and 
renal vessels offer challenging opportunities. 

Variations in the composition of the culture medium with 
special reference to basic constituents, hormones, steroids 
and drugs may serve to uncover cytophysiological pheno- 
mena not ordinarily so accessible to controlled experi- 
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mentation. Since Eagle’s medium is usually reinforced with 
the addition of 10 per cent serum it would seem opportune 
to examine the influence of blood constituents from 
patients with various pertinent diseases together with 
suitable controls. 

Present interest in the development of euploid cell 
strains makes the finding of a persistence of the karyotype 
in the object of the present investigation particularly 
important. Efforts to establish endothelial cell strains 
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from healthy human sources may prove valuable for 
virological and genetic studies. 

This work was supported by the U.S. Army Medical 
and Development Command, Department of the Army, 
under research grant DA-M D-49-193-63-@80. 
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IMMUNOLOGICAL IMPLICATIONS OF ACQUIRED TOLERANCE TO 
HETEROLOGOUS TUMOURS 


By Dr. MARY R. ANDERSON and Pror. H. N. GREEN 


Department of Experimental Pathology and Cancer Research, University of Leeds 


ALIGNANT cells contain all? or most of the normal 
species antigens, and as Klein? has shown using 
heavily irradiated tumour cells, they do not lack normal 
iso-antigens, except in the case of very freely transplant- 
able tumours’. Therefore, tissue-specific antigens which 
have been found to be totally or partly absent from all 
malignant tumours so far investigated‘ are likely, if the 
immunological approach to carcinogenesis is correct, to be 
causally related to neoplasia. If this is so, the induction 
of acquired tolerance in a host animal should allow the 
growth of homologous or heterologous tumours. Acquired 
tolerance to tumour tissue was first demonstrated by 
Koprowski®, who injected tumour cells intrafcetally in 
normally resistant strains. Using the same technique 
we have obtained similar findings with a heterologous 
tumour. 

One intrafcetal injection, 2-4 days before birth, of a 
cell suspension from a Crocker sarcoma growing in 
Strong A strain mice, was given to Wistar rats. This was 
followed by an injection subcutaneously of tumour mince 
within 24 h after birth. Of the surviving 12 rats, 3 died 
with large subcutaneous tumours at 2 weeks of age. The 
remaining 9 rats received further injections subcutaneously 
of tumour mince 2 and 4 weeks after birth. Four developed 
lethal tumours, and died between 13-17 weeks of age. 
The remaining 5 rats were given a final injection of tumour 
mince at 12 weeks of age. All developed tumours, 3 of 

- which regressed 4 weeks later, while the remaining 2 
grew to lethal size in 14 weeks. Histological examination 
confirmed their similarity to the tumours growing in its 
normal hosts. 

In another experiment 30 Strong A mice were inoculated 
subcutaneously on the first day of life with rat Rd/3 
sarcoma. Eight mice survived, and the tumour grew 
in all, killing 6 at 2-4 weeks, and 2 at 11 weeks. 

It is thus clear that acquired tolerance to heterologous 
tumours can be induced in rats and mice. The surprising 
fact is, however, that the mouse tumour growing in rats 
was transplantable to untreated adult rats, and grew to a 
lethal size in three successive generations, but failed to 
grow in the fourth. Moreover, while growing in rats it did 
not take in adult Strong A mice, but grew to a lethal size 
if transplanted to day-old mice, that is, tolerance had now 
to be induced before it could grow in its strain of origin. 

Autologous tissues excised, minced and re-injected 
into an ectopic site did not survive even when humoral 
regenerative stimuli were possibly present. Rat liver 
(subcutaneously and intra-renal) after partial hepatectomy, 
and rat spleen (under liver capsule) after splenectomy did 
not survive. 

It could be argued that growth of transplant tumoyrs 
in tolerant heterologous hosts is not due to their lack of 
surface tissue-specific antigens, but to their inherent 
high growth momentum which, when the normal immune 
response is absent, allows them to grow without restraint. 


Tumour cells do not grow faster in tissue culture’ than 
their normal prototypes, and this favours the view that 
rapid growth in vivo is due to failure of the dofonce 
mechanism to identify the surface of the malignant cell. 

These experiments may have a bearing on the immuno- 
logical status of the cancer cell. The hypothesis! that the 
essential lesion in malignancy is a deletion, or masking, of 
tissue-specific antigens at the cell surface is able to account 
for the two essential features, that is, invasion and mote- 
stasis. This implies that the tissue-specific antigens on the 
cell surface are recognized by the intrinsic defence mech- 
anisms of the body which maintain tissue integrity. and 
that, if tissue-specific antigens are absent, the adven- 
titious cell is able to grow in a tissue normally alion to it. 
It is thought that tissue-specific antigens express thoni- 
selves only when outside their normal site, when they 
stimulate an immune response which causes the removal 
of the ectopic cell. It has been shown by photo-micro- 
graphy of cells in tissue culture that when a cell is about 
to die, scavenging cells become informed of its impending 
death, and surround and ingest it®. It is possible that a 
common mechanism is at work in both cases. 

Intact autologous organs survive grafting provided that 
the blood supply is maintained. However, dissociated 
cells do not, and we have believed for some time’ that 
this is due to an alteration in the cell surface as a result 
of its being in an abnormal biochemical onvironment. 
Confirmatory evidence of the importance of alteration in 
the cell surface in initiating disposal mechanisms has 
recently been given by Mollison!!, who found that after 
labelling ‘and re-injecting, autologous red cells were 
removed by the spleen or the liver, according to the diffor- 
ent type of antibody with which he had coated them. 
Mechanisms of this type are thought to be at work in both 
auto-immune disease and chemical carcinogenesis. In 
auto-immune disease, antibody to modified tissue- 
specific antigens, which cross-reacts with normal organ 
tissue-specific antigens, and in chemical carcinogonesis 
the key reaction is believed to be binding of the chemical 
to surface antigens which elicit a similar cross-reacting anti- 
body. Where the concentration of chemical is high, 
protein binding results in cell death; if, however, the con- 
centration is. lower, a cell protein-carcinogen complex is 
formed which induces an antibody that cross-reacts 
with the protein part of the complex. 

It seems that tissue antigens do not normally gain access 
to that part of the reticuloendothelium system which can 
respond to them. Alvord}* has shown that when different 
sites are used for adjuvant and the homogenate no lesions 
develop in experimental auto-immune disease. This 
suggests that the particular type of cross-reacting antibody 
which causes auto-immune disease is elicited by an antigen 
which requires modification before it can stimulate 
an immune response. We think that these mechanisms 
are of a similar nature, and the antigens require an 
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alteration, which is mediated by a foreign environment, 
before they can be recognized. Being the antigens of fixed 
tissues, they only express themselves when, as in traumatic 
injury, they become displaced from, their normal organ. 
Complete tolerance to modified tissue-specific antigens, 
such as the prevention of auto-immune disease by pre- 
treatment, has never been found to induce malignancy, nor 
in clinical cases do blood chimeras develop leukemias. 
This may be because such cells possess recognition mar- 
kers, although the host cannot detect them. Other 
evidence of specific tissue recognition markers is provided 
by the conglutination of dispersed sponges, and by the 
association together of like cells to like, when grown. in 
tissue culture. 

If the defence mechanism for the disposal of displaced 
normal autologous cells is in any way related to classical 
immune processes, then acquired tolerance to tissue- 
specific antigens cannot occur naturally. But it would 
appear to have been induced experimentally, for auto- 
immune disease can be prevented by neo-natal injection 
of the appropriate tissue. Paterson!* used a spinal cord 
suspension to prevent the allergic encephalitis produced 
by nervous tissue plus adjuvant, and Chutna™ used testes 
extract to prevent auto-immune aspermatogenesis. Using 
auto-immune techniques it has also been shown that 
embryonic and newborn rat nervous tissue is not paralytic 
for the adult, as these tissues do not develop specific 
antigens until a few days after birth. Their time of 
appearance varies according to specios, and follows the 
course of myelin development. 

Cancer cells, however, at a certain stage of progression, 
do survive when displaced. Moreover, when acquired 
tolerance to their species and iso-antigens is induced, they 
survive just as well in the tissues of an alien strain or 
species. Such cells must lack surface factors which nor- 
mally identify them, and a mass of evidence’. direct or 
indirect, has revealed that they are in fact deficient in 
the tissue-specific antigens located in the microsome 
fraction, that is, in the surface membranes. 

An interesting aspect of this work is that a mouse 
tumour growing in a rat could apparently—at least for a 
time—acquire the species specificity of its host, and fail, 
in the absence of tolerance, to grow in its host of origin. 
There is growing evidence!*-!’ that the tumour cell surface 
incorporates environmental constituents which would, 
as in this case, presumably neutralize iso-antigens. 
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We have previously suggested!* that acquired tolerance 
might be due to the induction of a univalent blocking 
antibody which continued to be produced on challenge 
when immunological maturity was reached. Now we 
know that the challenged foetus can produce?®?! antibodies, 
yet at the same time acquire antigenic tolerance, and 
also that in vitro exposure to iso-antibodies produces 
enhancement (that is, adult tolerance) of tumour growth”, 
this suggestion becomes more plausible. 

In the present experiments an inherited species toler- 
ance for three generations was obtained, so that the 
tumour would no longer grow in its original host 
except under conditions of acquired tolerance, presumably 
because rat protein had been incorporated in the cell 
surface. These results aro in line with the work of 
Molomut?’, who described a reversible homotransplant- 
ability, while we here describe a reversible heterotrans- 
plantability. ; 

The implications of these results, both to the mechanism 
of acquired tolerance and the now undoubted importance 
of cell surface change as a crucial factor in the emergence 
of the cancer cell, seem interesting. 
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A UNIVERSALLY APPLICABLE METHOD FOR ASSAYING THYROID 
FUNCTION IN VERTEBRATES 


By Da. C. C. 


LUSHBAUGH 


Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 


CP physiology needs a universally 
applicable method for measuring thyroid activity 
which is non-destructive and independent of size of 
animal. Thyroid function is at present measured in small 
vertebrates by histological appraisal of the height of the 
thyroid acinar epithelium!. More recently, the serum 
iodine-131 conversion ratio has been used for this pur- 
pose*, Both methods, however, usually involve killing 
the animal, because thyroid tissuo or relatively large 
amounts of blood serum must be obtained. Although 
thyroid uptake of iodine-131 has been examined in mice 
and rats by small collimated sodium iodine crystal secin- 
tillometers*, as commonly done clinically in man, this 
method is not applicable to more minute mammals or 
non-mammalian vertebrates, particularly aquatic species. 
A method of measuring thyroid function by determining 
thyroid iodine binding by whole-body assay‘ of retention 
of iodine-131 is reported here because it is non-destructive, 
requires a minimum of handling and restraint, and does 


not require collection of serum or excreta. It is also 
independent of body size and shape and localization of 
thyroid tissue. 

The method requires a scintillometer with a-well large 
enough to hold the entire body. For minute species, a 
sodium iodide crystal well counter ordinarily used to 
assay serum samples can be used. For animals greater 
than 5 em. in length, either a tank-type liquid seintillo- 
meter or two large, flat-surfaced sodium iodide crystals 
are needed. In order to reduce to a minimum the impor- 
tance of the geometric localization of iodine-131, the 
animal is placed between two crystals in permanently 
fixed position, or within the well of the tank-type liquid 
scintillometer. In the method described here, three liquid 
scintillometers, known respectively as the Los Alamos 
Small Animal Counter®*, Humco I? and Humco IIS, 
were used. The counter for small animals*-* consisted of 
@ 35-5-litre stainless steel tank of 1,4-b7s-2-(5-phenylox- 
azolyl)-benzene solution scanned by six 2-in. photo- 
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multiplier tubes and the usual electronic scaling and pulse 
height analyser units. It had a horizontal well, 4-25 in. 
in diameter and 12 in. in depth, into which a quart 
tubuler paper ice-cream carton containing the animal 
could be placed for assay. The tank was shielded by 
1-5 in. of liquid mercury or 7 in. of armour plate in order 
to achieve a low background. Commercial models of this 
counter have recently become available. The counters 
used for large animals and man’ are similar in principle 
and have been described recently in full detail else- 
where. 

Animals to be assayed are given about 1 uc. of iodine-131 
as sodium iodide in water. This dose should be varied in 
relation to the individual counting apparatus so that a 
maximum counting rate can be achieved immediately 
after administration of the dose without coincident or 
mechanical loss of counts. The route of administration 
is chosen which suits best the species being studied. 
Intravenous dosage is unnecessary because gastric and 
peritoneal absorption of iodide is complete. Thus, the 
iodine-131 is given commonly by stomach tube or intra- 
peritoneal injection to most animals. It can be adminis- 
tered in the drinking water or in the tank in which the 
fish or amphibians reside. In frogs, injection into the 
dorsal lymph sac seems the best route. The animals are 
assayed in the whole-body counter immediately after the 
dose is given or absorbed, and the total (or 100 per cent) 
dose is determined in whole-body counts per second for 
each animal. Individual whole-body retention curves are 
then determined by recounting the animals at successive 
intervals in the same manner. The necessary frequency 
of assay is determined by the rapidity of urinary excretion 
of unbound iodide in the species being studied. Since in 
most animals, including man, urinary excretion of unbound 
iodide has a half-time of 6-9 h, unbound iodine-131 
sufficient in amount to raise the whole-body radioactivity 
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Fig. 1. Whole-body retention curves of iodine-131 in A. tigrinum, R. 
catesbeiana and B. americanus. The dotted lines extend the fiat terminal 
portion of the curve to the ordinate, where the point of interception is 


considered the thyroid uptake percentage 
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Fig. 2, Whole-body retention curve (heavy line) of iodine-131 in 26 
normal human subjects and the two exponential regression lines (dotted) 
composing it. The thin lines parallel to the second component line 
rotein-bound iodine compartment) represent the 68 and 95 per cent 
ducial limits of the fitted (heavy) line. Retention of iodine-131 within 


this area (10-27 per cent) is normal. The haif-time regression rate in 


this compartment in man is 91:9 days 
significantly is present for only 3-4 days, After 
this time, whole-body radioactivity is due to bound 
iodine-131 in the thyroid and in the circulation!®. Assays 
performed at daily intervals for one week are, therefore, 
frequent enough to determine the shape of the whole- 
body retention curve for most species. After this curve 
has been determined once for a species of animal, thyroid 
iodine uptake can then be determined by this method 
with only an initial (or 100 per cent) assay and a second 
one 3-4 days later. This economy of measurements is 
possible because the size and regression rates of the meta- 
“bolic compartments which determine the shape of these 
eurves for whole-body retention. of iodide are typical for 
each species. 

In Fig. 1, three whole-body retention curves for 1 pe. 
of intraperitoneally injected sodium iodine-131 are shown 
to illustrate typical results obtained by this method. 
These curves are fitted to the arithmetic means for the 
data obtained from whole-body counts of three tiger 
salamanders (A. tigrinum), four frogs (R. catesbeiana) and 
six toads (B. americanus). The terminal straight portion 
of each curve has been extrapolated back to zero time 
by the dotted line. The point of its intercept with the 
ordinate is considered the percentage of the whole dose 
that was bound to protein by the thyroid gland and is 
clinically called ‘thyroid uptake’. The level of inter- 
ception of this line can be lowered by feeding sufficient 
inert iodine to block thyroid function and, in some 
species, raised by pre-injection with thyroid-stimulating 
hormone. For the species examined here, the mean 
thyroid uptake was: salamander, 21 per cent; frog, 18 per 
cent; and toad, 6 per cent. By this method, normal man 
has a thyroid uptake within the range of 10-27 per cent, 
with a mean of 18-47 + 0-93 per cent* (Fig. 2). 

Hypothyroid man has a thyroid activity remarkably 
similar to that of the toads measured in this examinations. 
The slopes of the terminal straight portion of the retention 
curve indicate that the rates of utilization of the protein- 
bound or hormonal iodine differ widely in these species. 
The slope for the toad approximates that for normal man. 
where the regression formula for this exponential portion 
of the curve has been found to indicate a turnover rate 
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of hormonal iodine of 7:7 per cent a day*. Homeostasis 
and a normal dietary intake of iodine must be maintained 
during such observations if the true slope for hormonal 
utilization rate is to be determined accurately by this 
method. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 
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HEAT-LABILE COMPLEMENT-FIXING ANTIGENS IN THE GROWTH-CYCLE 
OF FOOT-AND-MOUTH DISEASE VIRUS 


By D. N. PLANTEROSE, B. CARTWRIGHT and F. BROWN 


Research Institute (Animal Virus Diseases), Pirbright, Surrey 


E has been shown by differential centrifugation! and 
agar diffusion? that foot-and-mouth disease virus 
suspensions contain two components which fix comple- 
ment with type-specific antiserum. The two components 
behave differently on heating at 56°. The 25-mp. infective 
component is broken down to its ribonucleic acid and a 
component serologically indistinguishable from the natur- 
ally occurring small component** with an approximate 
doubling of the complement-fixing activity, whereas 
the smaller, non-infective, component appears to undergo 
relatively minor changes. Bradish and Brooksby® showed, 
however, that the small component, prepared from guinea 
pig pad epithelium by ultra-centrifugation at 45,000 
r.p.m. for 54 min, lost about 25 per cent of its complement- 
fixing activity on heating at 56°. They considered this 
lability to be a normal property of the small component. 
In the experiments described here, we have found that 
the separated 25-my component as well as the small 
component possesses some complement-fixing activity 
which is destroyed by heating at 56°, the proportion of 
labile and stable activity depending on the time at which 
the virus is collected after infection. 

Heat-labile complement-fixing activity has been ob- 
served in all the different sources of virus we have so far 
examined. With unfractionated virus suspensions pre- 
pared from the leg muscles of 7 days old mice paralysed 
after intraperitoneal inoculation of the virus and the 
harvests prepared from suspended cultures of bovine 
tongue epithelium fragments infected with the virus, 
the proportion of heat-labile complement-fixing activity 
was much greater than we have normally encountered 
with guinea pig pad vesicle fluid. In some of the tongue 
epithelium cultures collected 18 h after infection, as 
much as 80 per cent of the complement-fixing activity 
was destroyed by heating at 56° for 1 h. 

Efforts have been made to separate the heat-labile 
component from the 25 my and small components of the 
virus by sucrose density gradient centrifugation®, but a 
separate heat-labile component was not found. Guinea 
pig vesicle fluid collected 30 h after infection of the pads 
with type O (strain 1) showed two bands possessing 
complement-fixing activity (Fig. la). The complement- 
fixing activity of the 25 my component band increased 
2-fold on heating at 56° for 1 h, whereas the activity of 
the small component decreased only slightly. Other 
samples of vesicle fluid collected earlier than 30 h after 
infection showed the same two bands. With these, how- 
ever, the complement-fixing activity of the 25 my com- 
ponent band increased by less than 2-fold and that of the 
small component band decreased as much as 20 per cent 
when heated at 56°. In contrast, both bands obtained 
with a concentrate prepared from an 18 h bovine tongue 
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Fig. 1. Separation of foot-and-mouth virus suspensions by sucrose 
density centrifugation, The suspensions were layered over 15-45 per 
cent sucrose in 0-01 M phosphate, pH 7'6, and centrifuged at 36,000 
r.p.m. for 120 min in the SW-39 head of the Spinco ultra-centrifuge. 
The figure shows the separation of (a) guinea pig vesicular fluid and 
(b) bovine tongue epithelium cultures. Each fraction contained 4 drops. 
The ordinate shows ml, 1/80 complement fixed by each fraction. 
@, Unheated; O, heated at 56° 


` epithelium culture showed a loss: of complement-fixing 


activity on heating at 56° (Fig. 1b). These results suggested 
that the properties of the two components might be 
influenced by the time at which they were collected 
from the infected tissues. 

In order to examine this point in more detail, the 
formation of the heat-labile material in pig kidney tissue 
culture cells has been examined. This system was chosen 
because a high percentage of susceptible cells can be 
infected simultaneously. Pig kidney cells grown as mono- 
layers on glass were suspended by trypsinization, washed 
and then mixed with high titre virus (type C, strain 997). 
The infected cells were then washed in phosphate-buffered 
saline and incubated at 37° in Earle’s saline containing 
yeast extract and lactalbumin hydrolysate. At intervals, 
aliquots of the suspension were centrifuged, the medium 
removed, and the cells homogenized as previously 
described’. The complement-fixing activity of the 
homogenized cells and medium were each estimated 
before and after heating for 1 h at 56°. Fig. 2 shows that 
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complement-fixing activity could first be detected in the 
homogenized cells 1:75 h after infection and reached 
a maximum at 2-5 h. The complement-fixing activity of 
cell homogenates prepared 2 h after infection decreased 
by about 50 per cent when heated at 56°, whereas 2°5-h 
homogenates decreased by only 30 per cent. Complement- 
fixing activity could not be estimated with accuracy 
in the medium until at least 3 h after infection. At this 
time, heating at 56° did not alter the complement-fixing 
activity. At later stages in the growth-cycle, heating the 
medium at 56° increased its complement-fixing activity 
and the activity of medium collected 18 h after infection 
increased by about 50 per cent due to breakdown of 
25 my particles (Table 1). 
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Table 1. EPPEOT OF ‘ARCTON’ TREATMENT AND SUBSEQUENT HEATING AT 
56° ON THE COMPLEMENT-FIXING ACTIVITY OF Pia KIDNEY VIRUS SUSPEN- 
SIONS AND INFECTED CELL HOMOGENATES 


Homogenato 2 h Virus suspension 


after infection 18 h after infection 
Unheated Heated Unheated Heated 
Original material 1:60 0-62 114 162 
Extracted three times with { 
‘Arcton 113° 0-81 0-61 70 13-2 


The units are ml. 1/30 complement fixed by antigen from 2x 10? cells. 


The effect of ‘Arcton 113’ on the heat-labile material 
present in the early stages of the multiplication cycle 
of the virus in pig kidney cells has been examined. This 
fluorocarbon removes the smaller component from 18 h 
pig kidney virus suspensions without loss of the infective 
25 my component! and the complement-fixing activity 
of these ‘Arcton’-treated suspensions is about doubled on 
heating at 56°. In contrast, the complement-fixing 
activity of cell homogenates (prepared 2 h after infection) 
which had been extracted with ‘Arcton’ did not increase 
on heating, suggesting that half the activity in the 
treated homogenate was due to heat-labile material 
(Table 1). ‘Arcton’ treatment did, however, remove some 
heat-labile material along with the small virus component. 
These results, like those obtained by sucrose density 
gradient centrifugation, suggest that heat-labile material 
is associated with both the 25 my and small components 
of the virus. 

From these findings it appears that heat-labile comple- 
ment-fixing material is present at some stage of the virus 
growth cycle in the host animals and cells examined here. 
The proportion appears to depend on the time after 
infection at which the tissue or cultured tissue cell is 
collected. The reason for the high proportion of heat- 
labile activity in tongue epithelium cultures collected 
18 h after infection or in the leg muscles of paralysed 
mice may be that the conditions of infection of these 
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Fig. 2. Complement-fixing activity of virus-infected pig kidney cell 
suspensions. The cells were separated from the medium and homogen- 


ized before measuring the activity. The ordinate shows ml. 1/30 
complement fixed by antigen from 2 x 10” cells. @, Unheated; ©, heated 


hosts are such that only a small proportion of the suscep- 
tible cells is initially infected. 

The absence of a third band in the sucrose density 
gradient appears to eliminate the possibility of a third 
viral component which itself is heat-labile. It is possible 
that the loss of complement-fixing activity at 56° is duo 
to the masking of the viral components by a cellular 
constituent. However, the reaction is not the same as 
the eclipse reaction which takes place when virus is added 
to cells or cell homogenates®:19, as these reactions are rapid 
even at 37°. An alternative explanation is that the early 
viral components are incomplete in some way and aro 
therefore less heat-stable than the normal viral com- 
ponents. 

We wish to thank Mr. A. W. Morrow for supplying the 
bovine tongue epithelium culture virus. 
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REACTION OF ERYTHROCYTE MUCOPROTEINS WITH ANTI-N 
PHYTOAGGLUTININS FROM VICIA GRAMINEA SEEDS 


By Dr. ELWIRA LISOWSKA 


Department of Biochemistry, Ludwik Hirszfeld Institute of Immunology and Experimental Therapy, Wroclaw, Poland 


URING investigations of human M and N blood- 
group substances it has been firmly established that 
N-acetylneuraminic acid is an important component of 
the receptors for anti-M and anti-N rabbit immune sera. 
Romanowska! reported that treatment of M and N 
blood-group substances with influenza viruses destroyed 
completely their blood-group activity. 

Extracts from V. graminea seeds agglutinate human 
erythrocytes possessing agglutinogen N and also horse 
erythrocytes. When horse erythrocyte mucoprotein 
(HEM) was examined’, it was noticed that removal of 
sialic acid did not destroy the activity against anti-N 
phytoagglutinins from V. graminea. To learn more about 


this subject, other erythrocyte mucoproteins and the 
products of their degradation were examined as inhibitors 
of V. graminea extract. 

Mucoproteins from human, horse and bovine erythro- 
cytes were obtained by the extraction of stroma with hot 
phenol, a method used earlier in our laboratory for the 
preparation of M and N blood-group substances’. The 
preparations of HEM contained 12-15 per cent of N- 
glycolyIneuraminie acid’, human M and N blood-group 
substances contained 15~—17 per cent of N-acetylneuraminic 
acid’. 

The mucoproteins were hydrolysed by 0:05 N sulphuric 
acid at 80° for 80 min. In that time more than 90 per cent 
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of sialic acid was split off. The samples after hydrolysis 
were neutralized with saturated barium hydroxide solution 
and the barium sulphate formed was removed. The super- 
natants were used for serological determinations directly, 
or they were dialysed and then lyophilized. Dialysis and 
lyophilization did not influence the results. The conditions 
of enzymatic hydrolysis were as reported elsewhere’. 

The extract from V. graminea seeds was made accord- 
ing to van Vageningen and Nijenhuis‘. It did not agglu- 
tinate blood-group M erythrocytes; it agglutinated N 
erythrocytes to a titre of 8-16. The serological activity 
of mucoproteins was determined by inhibition of agglu- 
tination of human group N erythrocytes by V. graminea 
extract. 


Table 1. SEROLOGICAL ACTIVITY OF ERYTHROOYTE ALUCOPROTEINS 


— 





Concentration (mg/ml.) oi amucoprorin inhibiting 
C y 























omple 
Preparation i š 
Rabbit anti-M Rabbit anti-N V. graminea 
serum gerum extract 
IV HEM | 0-125 
HEM’ 0-008 
HEM’ , 0-008 
VI HEM | 0-310 
HEM’ | 0-005 
VIL HEM 0-250 
HEN’ 0-008 
HEM” 0-016 
VII HEM 0-500 
H 0-062 
ZI >10 0-62 0-080 
N’ >10 >10 0-040 
Ia N >10 1-25 0-160 
N’ >10 >10 0-040 
HA N >10 0:62 0-080 
N’ >10 > 010 0-080 
ZB MN 1-25 1-25 0-310 
MN’ >10 >10 0-310 
ko M 0-16 >10 >10 
M’ >10 >10 1-25 
KU 0-62 >10 >10 
M’ >10 >10 2-5 
so M 0-16 >10 >10 
M >10 >10 1-25 
KM M 0-31 >10 >10 
w >10 >10 2-5 
wo M 0-16 ' 10 10 
M’ >10 >10 0-31 
KB M 0-62 >10 10 | 
w >10 >10 0-62 | 
BEM >10 1 
BEM’ | >10 { 
I 
Abbreviations used: HEM, horse erythrocyte muco rotein; BEM, 
bovine erythrocyte mucoprotoln; M, LA human M, MN and N blood- 
group substances; HEM’, N’, M’, MN’, EM’, the same preparations after 


acid hydrolysis; HEM’, "eat after Eeapneht with neuraminidase from 
V. cholerae (Boehringwerke). 


The results are presented in Table 1. Horse erythrocyte 
mucoprotein, which does not inhibit rabbit anti-M and 
anti-N immune sera, inhibits V. gramineaanti-N agglutinins. 
After removal of sialic acid from HEM by acidic or 
enzymatic hydrolysis the activity is considerably en- 
hanced. Human blood-group N substances inhibit anti-N 
phytoagglutinins somewhat better than HEM. The 
activity of these substances is not destroyed after removal 
of sialic acid; but in this case there is little or no increase 
of activity. 

From these results it can be concluded that sialic acid 
is not a component of the erythrocyte receptor substance 
for the anti-N agglutinin of V. graminea, though it is an 
essential part of the receptors for rabbit anti-M and 
anti-N immune sera. Tho removal of sialic acid from HEM 
probably uncovers more receptors for V. graminea 
agglutinins or makes them more able to react. It may 
be assumed that these receptors contain other sugar 
components (that is, galactose and hexosamine**) of 
erythrocyte mucoproteins. In view of these observations 
it is difficult to explain the results of Uhlenbruck and 
Kriipe®, who reported that in their preparation of horse 
erythrocyte mucoids the ‘N’-activity was almost com- 
pletely destroyed by treatment with neuraminidase. 
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The diverse nature of blood-group agglutinins with the 
same general specificity is known. Watkins and Morgan® 
reported differences between certain anti-H agglutinins 
of plant origin and the anti-H agglutinins in eel serum. 
The blood-group specificity of plant haemagglutinins is 
considered to be fortuitous, and it would appear, therefore, 
that the combining sites of V. graminea agglutinins may 
be directed against a chemical structure which is also a 
component of the blood-group N receptors for rabbit 
anti-N sera. 

Four of six human M blood-group substances examined 
(Table 1) did not exhibit any N activity against rabbit 
anti-N sera or against the anti-N phytoagglutinins of 
V. graminea. A weak activity against this phytoagglu- 
tinin, however, appeared after the removal of sialic acid 
by acid hydrolysis. The last two M preparations (WO and 
KB) in 1 per cent solutions, inhibited partly or com- 
pletely anti-N reagents. These M substances were more 
active against V. graminea extract after removal of sialic 
acid. The appearance of N activity in mucoproteins 
prepared from human group M erythrocytes was noticed 
earlier’. The results now reported may also suggest the 
existence of N structures in erythrocytes of group M. 
These facts are important for genetic considerations. 

Bovine erythrocytes are known not to be agglutinated 
by V. graminea extracts, and the mucoprotein obtained 
from these erythrocytes is inactive against V. graminea 
phytoagglutinins both before and after the removal of 
sialic acid (Table 1). 

It was reported® that proteolytic enzymes diminish the 
serological activity of M and N blood-group substances 
against rabbit sera. The activity of N substances 
against anti-N phytoagglutinins from V. graminea is also 
decreased by trypsin and ficin (Table 2). The activity of 


Table 2. EFFECT OF THE PROTEOLYTIO DEGRADATION ON THE ACTIVITY 
OF HUMAN BLOOD-GROUP N SUBSTANCES AND HEM AGAINST V. graminea 

















EXTRACT 
Conc. (mg/ml.) of 
Source of N substance or 
; Mucoprotein Preparation H inhibiting 
Eo V. graminea extract 
ZZ ZR untreated 0-160 1 
Human R after trypsin treatment 5 | 
erythrocytes FR untreated 0-160 soy 
: of group N FR after trypsin treatment l 
H FR after ficin treatment 10 
| HEM untreated 0-080 
HEM after trypsin treatment 0-080 
Horse HEM after ficin treatment 25 
i erythrocytes HEM’ untreated 0-005 
HEM’ after trypsin treatment 0-005 
| HEM’ after ficin treatment 0-160 








HEA’, HEM after mild acid hydrolysis. 


HEM against V. graminea extract is affected only by 
ficin and not by trypsin. This is because trypsin acts on 
HEM to a very slight degree, whereas ficin degrades 
molecules of HEM into smaller but non-dialysable 
fragments’. Ficin diminishes activity of HEM and 
HEM’ (HEM after acid hydrolysis) proportionally to the 
same extent, that is, about 32-fold. 

I thank Prof. T. Baranowski for advice and Prof. 
J. J. van Loghem and Dr. T. van Wageningen of the 
Netherlands Red Cross, Amsterdam, for gifts of V. graminea 
seeds, and Prof. B. Popielski eż al. of the Blood Group 
Department of our Institute for supplies of anti-M and 
anti-N rabbit immune sera. 


1 Romanowska, E., Naturwiss., 47, 66 (1960); Arch. Immunol. i Terapii 
Dosw., 2, zaa (1958). 
2 Lisowska, E., Arch. Immunol, Ther. Ezp., ve 1011 (1962). 


3 Baranowski, T., Lisowska, E., Morawiecki, » Romanowska; B., and 
Strozecka, K, Arch. Immunol. Ther. Exp. 4 "45 (1957). 


tvan Vageningen, T., and Nijenhuis, L. E., Vos. Sang., 5, 572°(1960). 

8 Uhlenbruck, G., and Kripe, M., Z. Immuneforsch., 24, 342 (1962). 

t Watkins, W. M., and Morgan, W. T. J.,3Vox.’Sang. 7, 1297(1962). 

7 Uhlenbruck, G., Zentralbl. Bacteriol.,177, 197 (1960). Baranowski, T., and 
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GROWTH CHARACTERISTICS OF CITRUS FRUIT TISSUE IN VITRO 
By Dr. H. A. KORDAN 


Department of Botany and Plant Biochemistry, University of California, Los Angeles, California 


N February 1960, at the University of California, Los 
Angeles, excised vesicle stalks from mature lemon 
fruits (Eureka variety)were placed in vitro on a completely 
synthetic medium of mineral salts and sucrose'*. These 
explants have been cultured and sub-cultured on this 
medium and are being maintained under the same con- 
ditions. Reported here are some growth characteristics 
of tissue proliferating in vitro for varying periods, 

A mature juice vesicle of the lemon fruit is composed 
of two morphologically distinct regions, a relatively large 
club-shaped sac and a slender, thread-like stalk (Fig. la) 
by means of which the juice sac is attached to the fruit 
wall’. The stalk is a relatively homogeneous structure 
consisting of slightly differentiated cylindrical cells? 
(Fig. 3) without vascular elements‘ (Figs. 2 and 3). Length 
of stalk is dependent on the position of the juice sac in 
the fruit segment*. Vascular tissue which conducts water 
and organic materials is confined to the peel and central 
axis of the fruit, none of which penetrates the fleshy portion 
(vesicles) of the fruit except where vascular bundles 
branch from the central axis and connect with the seeds 
in the locules*. 

The earliest visible manifestation of stalk growth in 
vitro is the appearance of localized swelling at one or 





Fig. 1, a, Living normal non-proliferating vesicle, stalk; b, living 2-5-year- 

old proliferating stalk, fifth sub-culture; e, living 2-5-year-old prolifer- 

ating stalk, seventh sub-culture. The film floating on the surface of the 

medinm contains fluorescent reper Samana by the growing tissue, 
(See ref. 





Fig. 2. 


Cross-section of a normal vesicle stalk stained with Jackson's 
erystal violet (= 100) 





as 
REN 
FT, 


Fig. 3. Longitudinal-section of a normal vesicle stalk stained with 
methyl green-pyronin. The dark patches of materia) scattered among 
the calls is extracellular debris left from the staining procedure (x 200) 


more points along the stalk axis*. Numerous bubble-like 
protrusions which consist of new cells emerge from these 
swellings and continuous growth of these regions results 
in a relatively large mass of callus or callus-like tissue 
(Fig. 1b, c). Histological sections of 5-, 7- and 30-month- 
old proliferating tissue do not manifest apparent morpho- 
logical differences (Figs. 4, 5, 6 and 7). During growth, 
the cylindrical stalk cells become more or less isodiametric 
and assume a shape characteristic of parenchyma. The 
isodiametric condition is prevalent regardless of the age 
of the culture and the tissue remains relatively homo- 
geneous as no differentiation of cells into elements other 
than parenchyma is apparent. Monoclinic rhombohedral 
calcium oxalate crystals (one per cell) surrounded by a 
special cellulose covering? are apparent in some cells of 
proliferating tissue (Fig. 6). 

Prevalent in proliferating tissue and apparently absent 
from normal non-growing stalks and cells of quiescent 
cultures are relatively large, ‘thick-membraned’ structures 
in the cytoplasm (B-2 bodies)’ (Fig. 6) which receive 
definitive units (satellites) (about łu x lu) from the 
nucleolus. (The term ‘satellites’ as used here designates 
definitive bodies originating in the nucleoli and which are 
sent out into the cytoplasm of the growing cells. Tt 
should not be confused with the term satellites 
denoting chromosome constrictions in the region of the 
nucleolar organizer‘. The terms B-l and B-2 bodies 
designate cytoplasmic structures which appear to be 
morphologically alike, but differ in size.) After receiving 
the satellites, the B-2 bodies release the nucleolar material 
to the cytoplasm through an unknown extrusion mech- 
anism and the satellites in turn end up in smaller bilobed 
cytoplasmic entities (B-1 bodies) (Fig. 7). 

Matlack’, in describing plastid shapes in juice sacs of 
citrus fruits, states that: “The Indian Red Pummelo is 
an exception in that it contains in addition to elaioplasts, 
pink crystals which appear at times to be surrounded by 
a pink stroma”. Matlack may have been describing B-! 
bodies containing nucleolar satellites, since B-1 bodies 
observed in living sections of proliferating stalks appear 
to be lined internally with a red stroma and the nucleolar 
satellites appear as red-coloured objects in living or fixed 
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material. The work of Matlack suggests the possibility 
that the B-1 bodies are part of a plastid complex (plasti- 
dome)*. Cinematographic studies of hanging drop cultures 
of vesicle stalks reveal vigorous activity of the B-1 bodies 
about the nuclei of growing cells. In normal non-growing 
stalk cells there is an apparent absence of B-1 bodies 
and an obvious lack of activity about the nuclei. A 
number of B-1 bodies are apparently in close association 
with the nuclei of growing cells at all times*. The aggre- 
gation of plastids about the nuclei of cells* also suggests 
the possibility that the B-1 bodies of growing citrus cells 
are part of a plastidome. 





Fig. 4. 


Five-month-old proliferating stalk stained with methyl green- 
pyronin. ) 


Section prepared from four different cultures. (x 200 





Fig. 5. 


Seven-month-old proliferating stalk stained with safranin and 
fast green, Section prepared from four different cultures. (x 200) 
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Hig 6. Two and one-half-year-old proliferating stalk stained with 
chlorazol black Æ and aceto-orcein, Section prepared from four different 
cultures. Arrow indicates calcium oxalate crystal. ( x 200) 





Fig. 7. Five-month-old proliferating stalk stained with methyl green- 


pyronin, Section prepared from four different cultures. (x 200) 

Living hand-sections of petioles and leaf epidermis of 
the cotton plant (Gossypium hirsutum (L.), variety Acala 
4-42) reveal cytoplasmic structures which are morpho- 
logically the same in appearance as the B-1 and B-2 
bodies observed in growing citrus tissue’. In addition, 
these bodies manifest the same epparent activity about 
the nuclei as described in proliferating lemon fruit tissue. 
Consequently, the nucleo-cytoplasmic interaction ob- 
served in growing citrus tissue? possibly exists in the 
eotton plant. 

Proliferating vesicle stalks manifest an autonomous 
yellow-green fluorescence under short-wave ultra-violet 
light (253 mu). whereas non-growing material absorbs 
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ultra-violet light’, Fluorescence in living hand-sections 
of growing tissue stems primarily from the B-2 bodies 
and cell walls, However, intensity of fluorescence appears 
to be most prominent in the B-2 structures. Since fluor- 
escent material is found in the nutrient solution supporting 
growing tissue’, fluorescence of the cell walls may be 
due in part to an accumulation of an unknown com- 
pound(s) released from the B-2 structures during the 
release of nucleolar satellites into the cytoplasm. Tissue 
fluorescence possibly is a direct indication of B-2 body 
formation in conjunction with nucleolar activity. This 
may explain the observation that proliferating fruit tissue 
manifests autonomous fluorescence under ultra-violet 
light, whereas non-growing stalks do not. Autonomous 
fluoreseenee is also evident in living hand-sections of 
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growing regions of roots and stems of germinating seeds 
from several citrus varieties!® and is not apparent in 
older non-growing regions of the parent plante 


1 Kordan, H. A., Ph.D. Dissertation, Univ. California, Los Angeles (1961) 
* Kordan, H. A., Bull. Torrey Bot. Club, 89, 49 (1962). 
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Webber, H. J., and Batchelor. L. D.. 1, 680 (Univ. Californias Press, 
Berkeley and Los Angeles, 1948). 
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A PREDICTION CONFIRMED 


By Dr. W. E. NANCE and Dr. O. SMITHIES 


Department of Medical Genetics, University of Wisconsin 


UMAN haptoglobin, the serum hæmoglobin-binding 

protein, can be differentiated into three common 
types (Hp 1-1, Hp 2-1 and Hp 2-2) by means of starch-gel 
electrophoresis at pH 8:6 (ref. 1). These differences were 
thought to be determined by a pair of allelic genes, Hp' 
and Hp? (refs. 2 and 3). However, by means of a recently 
described sub-typing procedure, two different Hp' alleles 
(Hp\¥ and Hp'S) can be recognized, leading therefore to 
six different genotypes'®. While the polypeptide chains 
hp 1Fa and hp 1S (determined by the alleles Hp‘? and 
Hp") differ by a single amino-acid substitution, the hp 2« 
polypeptide has a molecular weight nearly twice that of 
the hp lx polypeptides, and is almost certainly the pro- 
duct of a partial gene duplication presumably formed as a 
consequence of non-homologous crossing-over within 
an Hp'¥ and Hp'*S gene*. In regions of genetie duplica- 
tion, the opportunity exists for the generation of higher 
and lower orders of duplication with appreciable frequency 
by means of unequal but homologous crossing-over: 
genetic triplication was therefore suggested as the prob- 
able explanation for a rare haptoglobin variant known 
as the Johnson type, which has been reported in many 
different human populations. 

In addition, the existence of four types of Hp? allele 
was predicted*. These alleles correspond to the four 
possible chromosomal rearrangements resulting from 
crossing-over within the haptoglobin locus in appropriate 
Hp 2-1 heterozygotes and may be designated Hp*FF, 
Hp*?S, Hp*S? and Hp?5S. The origin of these alleles is 
illustrated diagrammatically by the example shown in 
Fig. 1. It was anticipated that two of the products of 
these Hp? alleles. hp 2FF« and hp 2SS«, should be readily 
distinguishable from each other and from the other pair 
hp 2(FS)a, by electrophoresis. 

During the course of a genetic investigation of a Brazil- 
ian population of mixed ethnic origin, we have encountered 
two types of unusual Hp? alleles in 12 of approximately 
500 families studied to date. The polypeptide determined 
by one of these two variant Hp? alleles migrates approxim- 
ately 3 per cent faster than the usual hp 2x polypeptide, 
while the product of the other migrates about 1-5 per cent 
slower in the acidic 8 M urea gels used for sub-typing. 
The phenotypes determined by these alleles are indis- 
tinguishable from those associated with the common 


S 


F S 
Hp*?s S a Hp'* 
— + 
Hp¥ ee j 
F F F 


Fig. 1 


Hp? allele in standard haptoglobin typing with alkaline 
gels. , 

We realize that these newly recognized alleles could 
have arisen by ‘point mutations’ leading to single amino- 





ndi 

ps, Hp Hprr p> | Hp Px, Hpi pta, 

Hp'S/Hp'8 Hp HFP, Hpis [Apur S, Hp'SjHpi55, Hp’? 75, 
p 


Fig. 2. Haptoglobin sub-types corres; , from the left, to the geno- 

types Hp aP, Hp? Hy 

HpFS\/Hp*FS), Hp? ag SS, ‘S/Hp*88 specimen is not 

convincingly resolved from Hp*?'5)/Hp*?*) in this gel, but the genotype 
could be inferred from the pedigree 





| Table 1. HAPTOGLOBIN NOMENCLATURE 
; ee “Phenot ; 


Alleles “Polypeptides cee 
Apr EE GP ee) hp iFa Hp 1F-1¥, Hp IFIS, 
2 P Tip 2FF-1F, Hp 2-iF, 

Hp 285-1F' 
Hps hp 184 Hp 18-15; Hp 2FF-18, 
p 2-18, Hp 288-18 
Apr hp 2FFa Hp 2¥F-2FF*, Hp 2FF-2, 


ip 2F¥-258* 
ee t Hp?) or Hp’ hp 2(FS)a or hp 2e Hp 2-2, Hp 2-288 
Hp*s8 hp 288a Hp 288-288" 
* Indicates phenotypes which have not yet been observed. 


acid. substitutions, rather than by the predicted chromo- 
somal rearrangements. However, since we have thus far 
observed two and only two electrophoretic variants of 
the hp 2a polypeptide and no additional variants of the 
hp lx polypeptide, and since one of the observed variants 
migrates slightly faster and the other slightly slower than 
the usual hp 2 polypeptide, we believe that they do in 
. fact correspond to the Hp??F and Hp*SS genes which 
were predicted. Chemical analysis of purified hapto- 
. globin from carriers of the unusual alleles will, of course, 
-be required to confirm this interpretation. 
In 8 families the Hp?FF allele was transmitted to 
- 15 of 29 offspring while in 4 pedigrees the Hp*5S allele 
- was inherited by 13 of 27 progeny. The addition of 2 
alleles to the haptoglobin system has permitted the 
recognition of 6 new haptoglobin phenotypes. These, 
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ith 6 previously recognized haptoglobin sub-types, 





along 
are illustrated in Fig. 2, and our extended nomenclature _ 


-is given in Table 1. : ae 
- By confirming the predictions of Smithies, Connell and : 
Dixon’, these findings give strong support to the hypo- __ 


thesis that the Hp? allele is in fact a partial gene duplica- 


tion. They also emphasize the high degree of variability _ L 


that may be anticipated as a consequence of chromo- 


somal rearrangement at complex loci involving genetic a 


duplication. The probable significance of this instability 
at other loci known to involve duplication and its possible 
relevance to somatic differentiation have been discussed 
elsewhere’. 

This work was supported by National Science Founda- 
tion and National Institutes of Health grants and by 
U.S. Public Health Service grant GM-10424 to the 
University of Hawaii, and was made possible by the 
collaboration of the Serviço Médico, Departamento de 
Imigracio e Colonizaçað, São Paulo, and the Universidade 
de Sao Paulo. 
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ELECTROENCEPHALOGRAPH CORRELATES OF THRESHOLD REGULATION __ 


By Dr. N. F. DIXON 
Department of Psychology, University College, London 
AND 
Dr. T. E. LEAR 
Department ot Psychological Medicine, University College Hospital, London 


UBSTANTIAL behavioural evidence exists for the 
K phenomenon of threshold regulation’. This evidence 
suggests that the perceptual threshold for meaningful 
material may depend on the latter’s emotional significance. 
It is only in recent years, however, that the validity of 
these phenomena of ‘perceptual defence’ and ‘sensitiza- 
tion’ has gained considerable. extra support from neuro- 
physiological studies of the reticular activating system*. 
“Some suggestions regarding the relevance of these 
-neuro-physiological data were contained in a previous 
paper®. They may be stated in the form of a number of 
hypotheses based on Fig. 1. 









Stimulus P; 
p 


Receptor 






o Fig.l 


__ Specific sensory information can reach the visual] 
ver P, despite insufficient activation, over P,, 
for ' conscious perception. i 

¿o (2) Lack of sufficient cortical activation would result 
from insufficient, duration or intensity of the stimulus 
for excitation of the reticular. system by the afferent 
collateral Py—{a condition necessary for the phenomenon 
of discrimination without awareness). 9 > 


(3) Raised or lowered perceptual thresholds for visual: : 


information mediated by P, might also result from cortical 
control of the reticular system over the cortico-reticular 


projection P, Such changes in cortical ectivation 
could, it is suggested, result from the prior discrimina- 
tion by the cortex of the afferent supply at.P,. These | 

conditions would explain the raised or lowered perceptual — 


thresholds that oceur for emotionally important: or- 
threatening stimulus material. eens 

(These hypotheses are consistent with the findings, 
respectively, of Gellhorn‘, Gangloff and Monnier’, French, 
Livingston and Hernandez-Peén®, French and Hernández: > 
Peón’ and Ingvar and Hunter®.) ; 


Now one prediction which would follow from this model? eS 
is that a relationship should be found between the recog- 


nition thresholds for different classes of stimulus material | 
and the pre-recognition occipital electrooncephalograph. 
More specifically it is suggested that raised thresholds 
for emotive material. would. follow a lack of desynchro- 
nization in the pre-recognition electrooncephalograph | 
while lowered thresholds would be heralded by the typical 
desynchronous activation pattern. SEs 
These hypotheses we are at present investigating on 





normal people and patients at University College Hos- : 


pital, London: 


For our first. experiment, on seven normal subjects, 
J 


four emotionally loaded and four neutral words were. 


chosen for each individual on the basis of results froma 
word association test. All eight words were then pro 
jected successively, and in a random order, on a trans- 

lucent screen that could be viewed by the subject froma 
reclining position on the electrooncephalograph couch. © 
In this part of the experiment the brightness of each 
word was ‘gradually increased’ from near zero to that eee 














































‘ aE This poni. the awareness 
lled. by the subject via a bell-push 
slectroencephalograph write out. The 
further: increased until the subject 
the word, when the stimulus was 
lay of about 30 sec the next. word 
at a very low intensity and the 
before. ‘The whole sequence of 
wice over for all eight words, the 
ting approximately 45 min. 
period electroencephalographs were 
l way. In addition to the write out, 
lectroencephalographs recorded from the 
also frequency modulated and stored 
tape. The second track was used to provide 
record of the stimulus: presentations and 


terwarda the taped record was demodulated and fed 
ough a Muirhead 1/f analyser. By this means electro- 
encephalograph component frequencies in the «-, B- and 
-bands could be separately integrated over 6-sec epochs 
ighout the entire record. Integration was achieved 

ing each goroponent through a low inertia motor 





soncornèd with the relationship between 
d the electroencephalograph the first analysis 
ts entailed dividing the subjects into two 
ording to their threshold scores. In group A 
‘were put three subjects who showed higher awareness 
bee thresholds. for ‘emotive’ words than they did for ‘neutral’ 
words. Group B, on the other hand, constituted those 
four subjects who showed the reverse effect of lowered 
thresholds for ‘emotive’ words. In terms of these ‘thresh- 
old’ groups the following curves (Fig. 2 and 3) show the 
idence of « for the two sorts of stimulus material 
tire experiment. 
point of interest is that the differences in 
o sorts of stimulus material, recorded during 
ec after onset of the stimulus, are considerably 
r than those of the pre-stimulus resting record. 
ver all subjects these differences are positively corre- 
16 
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Fig 2 Incidence of a rhythm during presentation, at at rising intensity, 
of ‘emotive’ (Eyand ‘neutral’ {N} words 
Means. for three: subjects, (group A) having higher awareness threshold 
‘for ‘emotive’ than for ‘neutral’ words 
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Fig. 8. Incidence of a rhythm. ‘during presentation & rind i 
of ‘emotive’ and ‘netitral’ words 

Means for four subjects (group B) having lower 3 warenean fhivaho 
‘emotive’ than for ‘neutral’ worde 
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lated (p = 0-857) with the awareness threshold differences 
for the two sorts of stimulus material. This result 
significant at the 2 per cent level of confidence {2% 
_It will be seen that during these first 6 sec the 
fall in g for the high threshold group (4) anda 
in æ for the low threshold group (8), whe 
words were being presented. pii 
During the two succeeding epochs (Fi 
were reversed. At the awareness th 
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“tion between threshold and « amplitude for ‘emotive’ 
~ words (x H-a N) is significant at the 5 per cent level of 
confidence (p = 0-814). After tho awareness threshold 
è difference of « recorded for ‘emotive’ as opposed to 
material continued to increase up to the point 
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urned off, the differences in « for the two groups anc 
the two sorts of stimulus material quickly returned to 





fo 
< The curve in- Fig. 5 is significant by the curvilinear. 
ranking test** at the 2 per cent. level of confidence. 

While it remains to analyse in detail the 8 and 0 com. 
ponents these do: appear to show ‘interesting changes’ 
over the experimental period. In the meantime, our 
results so far are not: inconsistent with our hypothesis. 
If lack of « is taken as an index of activation it does seem 
to be the. case that perceptual sensitization for emotion- 
provoking stimuli is preceded, and followed, by a state 
of cortical activation, while ‘perceptual defence’ effects 
(raised threshold for ‘emotive’ material) go along with an 
increasing inhibition of the activation response. 

An unexpected finding is the shortlived reversed offect 
at the beginning of the stimulus presentation. 

That there is, as we saw earlier, some cortical ‘dis- 
turbance’ early in the record, correlating in its extent 
with the difference in threshold for the two sorts of word, 
suggests that this part of the curve may reflect the initial 


discrimination which in turn determines the subsequent 


level of cortical activation. These tentative hypotheses 
will be the subject of further research. 

We thank the Psychiatric Department of University 
College Hospital, Dr. A. R. Jonekheere, and Mr. J; 
Chambers for their help. and advice. 
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Mental Health Research Fund. 
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TRANSLOCATION OF DIQUAT IN PLANTS 
By B. C. BALDWIN 


Jealott’s Hill Research Station, Imperial Chemical Industries, Ltd., Bracknell 


SHE distribution of radioactively labelled materials 
| A through: plants as demonstrated by whole plant 
autoradiography has given useful information not only to 
| plant physiologists but also to those working on pesticides. 
Yamaguchi and Crafts! have described their method of 

freezing, freeze-drying and autoradiography in . detail. 
Other methods of drying the plants can be used, but 
artefacts. may occur*. In this investigation the plants 
were cut into pieces before oven-drying at 70° C to minim- 
ize the possibility of falso movement; essentially the same 
results have been obtained using freeze-drying. 
oo Diquat dibromide (1,1’-ethylene-2,2’-bipyridylium di- 
| bromide) has been described as a herbicide for which light 
and oxygen are essential for its activity, and it is suggested 
_ that this deponds on its reduction during photosynthesis 
- to a free radical which is herbicidal when rapidly reoxid- 
ized by oxygen”. Thus it might be expected that light 
< will have an effect on the movement of the material 
through plant tissues and this indeed has been found. 
Plants treated with tho herbicide on one leaf only and kept 
under normal daylight suffer only localized damage, 
whereas kept in the dark for a period after treatment 
they are rapidly and completely killed when brought 
out into the light*. 
One explanation of this phenomenon was that during 
darkness the herbicide was able to distribute itself through 





the plant, so that when the plant was brought out ito o 


the light a very rapid and extensive kill ensued. The 


results of Dr. G. C. Mees (unpublished) on the pattern of Ee 


death under light and dark conditions showed that this 
was not the case. and these experiments using diquat 
dibromide labelled with carbon-14 and the autoradic-' 
graphic technique have shown the herbicide only begins 


to move out of the treated leaf when it is exposed to light. = : 


Tomatoes (Ailsa Craig) were grown in John Innes No. 1 
compost in the greenhouse under Philips MBFRIU 


mercury fluorescent lights (type 572256/93) on a 16-h day ~ a 


until they were 5-6 in. tall. Night temperature was 


minimum at 15° C and the daily maximum was 24°-27°C, 


They were then transferred to plant growth chambers. 


maintained at 21° C and 85 per cent relative humidity o 
and kept dark for 24 h. Using reduced illumination onec- 
leaflet of a mature leaf was treated with two drops (0005. 


mi. each) of a l per cent (w/v) labelled diquat dibromide 
solution containing 0-1 per cent ‘Lissapol NX?’ as wetting- 
agent. The specific activity was such that each drop- 
contained 0-14 uc. earbon-14. After a further 24h in 
darkness the plants were brought into daylight (approxim- 
ately 30-40,000 lux, 23° C and 60 per cent relative humid- 
ity). Two plants were collected immediately, cut into 
pieces, mounted with adhesive tape on card and oven 
dried. Others were taken after 1, 3 and 5 h in daylight 
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t. Tomatoes treated 
on one leaflet. The 


Left, aw aph ; prepared 
wi diquat * ditvomide labelled with carbon-14 


ication was preceded and followed he Boss h complete darkness. = 
shows the movement of the icide whieh occurs wi 
ards being allowed cart fo: for re 0 h, „B 1 inh, R, (C) 


h, and (D) 5 h. The arrow shows the 
which was removed before au 


pawn pro in CDa 

and treated in the same manner. In these plants death 
of the tissue was first noted in the treated leaflet after 
1 h and in the whole of tho leaf after 5 h. 24 h after the 
plants were brought into daylight the remaining un- 
gathered plants had been completely killed. 

Fig. 1 shows the movement of the labelled diquat 
dibromide. As no evidence of significant biochemical 
degradation of diquat has been found to date, the radio- 
activity is assumed to correspond to the position of the 
compound. It can be clearly seen that without any light 
the material has not moved from the treated leaflet to 
any extent. After only 5 h light the material is almost 
completely distributed in every part of the plant. 

It is suggested that this pattern of movement is com- 
patible with a transport of diquat in the xylem. Thus in 
the dark stomata are closed and translocation is greatly 
reduced, and distribution will be mainly confined to the 
treated area of the leaf. If the plants are now brought into 
the light, transpiration will distribute the herbicide in 
the leaf, and when the tissue has been damaged, movement 
will then occur to other transpiring surfaces in other parts 
of the plant. This hypothesis will not explain the differ- 


+, 
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ence in biological effect observed when plants are treated 
in light and dark conditions as mentioned in the second 
paragraph. This is thought to be connected with the 
localized damage preventing movement of diquat to the 
conducting elements of the leaf tissue in daylight treat- 
ments. 

Factors which modify the Water requirements of the 
plants have been found to alter the movement of diquat 
and support the suggestion that the compound is normally 
transported in the xylem. Plants given the same amount 
of diquat dibromide during a similar dark treatment to 
that described here were completely immersed in water 
except for the herbicide-treated leaflet when they were 
illuminated. After 24 h continuous illumination they 
showed much less export of radioactivity from the leaflet 
than control plants which had tho 24 h illumination 
without any water treatment (Fig. 2). This is presumably 
because the transpiring surfaces elsowhere in the plant 
have been eliminated, or in Crafts’ concept, the sinks for 
water movement have been removed®. The rapid move- 
ment of diquat which has been deseribed is not affected 
by killing the petiole by steaming. 


. 2. Left, aui right, prepared plant. Tomatoes treated 

labelled diquat di erent E on one irg A, plant was immersed in 

ert except for the treated leaflet; B, control plant. The arrow 
indicates the treated leaflet 


The effect has been demonstrated in sugar bost, cabbage 
(January King and Primo), French and broad beans in 
addition to tomatoes, so it may well occur very generally. 
Paraquat dichloride (1,1’-dimothyl-4,4’-bipyridyliam di- 
chloride), a herbicide having very similar properties to 
diquat’, behaves in tho same manner. 

The bipyridylium herbicides differ from the other 
herbicides that are active through photosynthesis (for 
example, the substituted ureas and triazines") in that 
their action is extremely rapid. Therefore various condi- 
tions of light and darkness profoundly influence the 
translocation of the compounds. So far as is known, 
light and dark have not been shown to have an effect on 
the movement of these other herbicides which act through 
photosynthesis. 

I thank many of my colleagues, especially Dr. R. 
Brian, for helpful discussions. 

* Yamaguchi, S., and Crafts, A. 8., Hilgardia, 28, 101 (1958). 
* Levi, E., Science, 187, 344 (1962). 
* Mees, G. C., Ann. App ‘ped &; 601 (1960). Homer, R., F., 


and ‘Tomlinson Food Agric., 11, 309 (1960). 
B. C. (unpublished pe ied h 

* Brian, R. O. (personal communication). 

* Crafts, A. S., Translocation in Plants (Holt, Reinhart and Winston, New 
York, 1961). 


* Brian, R. C., in The Physiology and vs of Herbicides, edit. by 
‘Audus Lk. ee (Academic Press, in the press). 
? Jeater, R. 8. L.. 


Mews, G. C., 
Baldwin, 


Agric. Vet. Chem. (in the press). 















-RADIOPHYSICS 


Use of ‘Local Mean Auroral Time’ for 
: Very-low-frequency Emissions 
Iv has been shown by Allcock! and Pope? that the 
diurnal -occurrence of very-low-frequency emissions de- 
pends on geomagnetic latitude up to about 60°, with the 
maximum occurrence, measured. in local time, increasing 
linearly with latitude. At higher latitudes, a band of 
noise (the ‘low emission band’), centred typically about 
750 ¢/s and a few hundred c/s wide, is observed’ which does 
not appear to continue the pattern of lower latitude 
emissions’... However, a consistent picture is obtained if 
the time. of peak occurrence is measured in a new co- 
ordinate system, apparently related to auroral occurrence 
- and called ‘local mean auroral time’. 
<o Vegard’ defined.a system of geomagnotie time, a dis- 
-cussion of which is given by Chamberlain’. In this system, 
geomagnetic time is defined in terms of geomagnetic 
longitude. A parallel development. may bo used to define 
‘auroral time’. A location is chosen. at approximately the 
contre of the southern auroral zone’ and this location and 
the antipodal point are called  austral-auroral poles. 
(Because the centres of the northern and southern auroral 
zones are not antipodal, a different pair of points is 
required for the northern auroral zone, these being desig- 
nated the boreal-auroral poles.) Given such a pair of 
poles, the co-ordinates of any given location may be 
expressed in auroral latitude and auroral longitude, with 
-= the meridian of zero longitude defined. as passing through 
_ the geographic poles. Auroral time is then found from the 
between the meridian of auroral longitude passing 
through the station and the one passing through the Sun, 
. each fifteen, degrees representing one auroral hour of time 
- difference from. auroral noon. The difference between 
*. local méan solar time (commonly. called simply local time) 
. and auroral time is then, like geomagnetic timo, a function 
_ of location, time of day and season. To obviate this 
difficulty, we define local mean auroral time so that the 
difference: between local (mean solar) time and local mean 
auroral time is constant. 
. For any location on a meridian of auroral longitude, 
` loeal mean auroral time is defined as equal to local mean 
solar time at. the intersection of this meridian and the 
| geographic equator. The seasonal variation of auroral 
_ time is thus eliminated by using the mean Sun position (for 
which the sub-solar point is always on the equator) and 
the diurnal variation by defining the duration of a mean 
auroral hour to be constant. Since the auroral pole 
is located at a high geographic latitude, a good approxim- 
ation to the difference between mean auroral time and 
mean solar time is given by the angle between the direction 
of the auroral pole (along a great circle path) and the 
-eorresponding geographic pole (north or south), each 15 
- degrees representing 1 h. Although at the geographic 
- pole loeal time is undefined, mean auroral noon occurs 
“when this pole is directly between the auroral pole and the 
_ Sun, this being local (mean solar) midnight at the auroral 
- pole. Use of local. mean auroral time gives a consistent 
< diurnal occurrence pattern for very-low-frequency emis- 
“SIONS. 7 
“Along the west coast of Greenland, emissions were 
‘recorded at a series of locations‘, all approximately on the 
same auroral meridian. None of the lower latitude types 
of emissions was heard and the time of peak occurrence of 
the low band appeared constant, regardless of latitude. 
At a series of locations in Antarctica, no such consistency 




















was observed when the peak occurrence was measured in 


local time. However, the difference between the measured 


local time and that given by the Greenland data corre: >: 
sponded approximately at each location to the angle 
betweon the direction of the auroral pole and geographic 


south. Hence, if the occurrence is measured, not in local eo 


mean. solar time, but in local mean auroral time, much” 
better consistency is found among the Antarctic stations 
(including observations at the south geographic pole), and 
agreement with the Arctic results. Since the emission 
peak is & couple of hours wide, no great increase in error is 
introduced by using approximate mean auroral time 
rather than exact auroral time. The latter has several ` 
interesting features which will be discussed: elsewhere... 
The time of peak occurrence for emissions below 60° 
auroral latitude increases approximately. linearly with 
latitude while the higher latitude low band peak is approx- 
imately independent of auroral latitude. The overall 


effect, is similar to a spiral caused by positive particle > 


precipitation. Further measurements and refined analysis 


may determine whether there is a continuous variationin __ 
peak occurrence or whether the lower or higher latitude ue 


phenomena, are essentially independent. a 
Collection of data used in this work was sponsored iti 
part by the National Science Foundation grant NSF 
G19498 and the analysis of results by National Science 

Foundation grant NSF G@25149. 
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PHYSICS 


Refractometry in the Far Infra-red using a : 
Two-beam Interferometer 


A MICHELSON two-beam interferometer can be used for |. Ae 


refractive-index determination by measuring the shift: of 
the achromatic fringe when a specimen of known thickness 


is placed in one arm of the interferometer. Such a measure: 


ment using a broad spectrum and ‘white-light’ fringes 
gives only a single index value and that cannot be related. 
to a definite wave-length. Monochromatic radiation ~ 
cannot be used because of the impossibility of identifying 


a given fringe after displacement. It appeared plausible. a 2 
however, that a spectrum of refractive index could be | 


obtained by making observations of intensity over a range 


of path-difference and taking the Fourier transform of the 


two-beam interferogram, the method being an extension 
of that used for obtaining infra-red power-spectra!. This 
has been realized in the far infra-red region, where the 


method has been used to determine the refractive-index = 


spectrum of crystalline quartz over the wave-length range 
500-180 (20-56 cmt). No values have been previously 
reported over much of this range. 

__ The convergent-beam interferometer made specially for 
this trial is shown in Fig. 1. For convenience it was 
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Arrangement of: two-beam interferometer. S, Mercury-lamp 
spherical mirror 40-crn focal length and 15-em diameter; 


itm Doan divider; C, Cassegrain system; D, Golay-cell 


‘detector 
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oo Rig. 2. ‘Typical interferograms. a, Non-dispersive interferogram; 
i-p, dispersive (unsymmetrical) interferogram, given by quartz specimen 
of thickness ¢ = 0-048 em 
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Refractive index of crystalline quartz (ordinary ray). Our 
+, rand; A, run 2; ©, run 3. From Korf and Breit: @. 
From Geick (average): = tae 


Fig: 3. 
results: 


operated in the atmosphere, despite difficulties with 
-absorption by water vapour. With this arrangement 
--veeords: (interferograms) of radiation intensity at the 
detector as a function of path-difference (varied by a 
linear displacement of the moving mirror) were made with, 
_and without, the sample placed at P. Typical records are 
: shown in Fig. 2. The ae with ite was a quartz plate of 
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where v, is the length shown in Fig. a: 
and Q(k) the imaginary part of the. Four 


n{k) = 
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a) 


of the interferogram-function F(x); and 
function arising in an obvious way from the mo 
nature of the inverse-tangent function. 

By assigning a frequency k, to a mean refract 
n given by 2(7—1)t=a, a value of the in 


nearest to — 1 = tan"? me, was found. Equation | 


then used to aeie the values of refractive ind 
in Fig. 3. The results, of which three t 
presented, suggest a reproducibility of + 0-01 in 
out the range. Our valūes of n may be comp 
they overlap, with those of Geick*® and that. quoted 
Korff and Breit’. There is believed to be a small 
error in our determination, due to absorption by 
vapour, which could account for the slight 
increase of index with increasing wave-length an 
variations where there are strong features in the water 
vapour rotation-spectrum. : 

This work forms part of the research progra: 
National Physical Laboratory and is denori 
permission of the Director. 
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An Analogue for Interfacial Phenomena in l 


SEVERAL communications have considered the 
pendent drops under. the influence of unev 
tension. In general, liquid-liquid systems 
observed with a solate transferring betws 
Lewis and Pratt? reported pulsations in bo 
pendent drops when a solute passed from a 
into water. A necessary condition for dr 
appeared to be the local variation of in 
resulting from thermal effects of uneven so 
tion. Garner, Nutt and Mohtadi® obse: 
high solute concentration randomly appro 
surface of a pendent drop and cause dis 
appeared to be in the direction of lower 
Haydon! also observed the tendeney o: 
toward an area of lower interfacial tension as 
non-uniform solute distribution. In later 
together with Davies*:', investigated more thorougl 
movements of pendent drops. 

During a recent. visit to this laboratory, Dr. F, Brooke 
Benjamin, of the University of Cambridge, suggested an 
interesting analogue to shed light. on the behaviour of 
drops. The motion of a drop is considered to be generated 
by movement of the. interface under the influence of 
changing interfacial tension. This is true for the cass of 
free drops, which we were investigating, as well as pendent 
drops, as observed by previous investigators. Therefore. 
if similar surface movements could be induced in s 
film restraining a gas bubble, that bubble. migh 
expected to have responses similar to those of 
drop. Since then, we have undertaken to de 
this similarity and have obtained nia 
pictures of the experiment. 
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Fig. 1. Rupture of a soap bubble. Times are measured from initial 
rupture, ta, 0:0087 sec; b, 0-013 sec; e, 0-023 sec; d, 0-15 sec; e, 0-30 sec 


The bursting in air of a 3—5-cm diameter soap bubble 
filled with smoke was accomplished by contact with the 
sharp point of a hypodermic needle. The contents of the 
bubble, originally formed on the open end of a burette, 
were invariably displaced in the direction of the rupture, 
retaining their identity for a significant period. The 
individual frames in Fig. 1, selected from a typical 
sequence, illustrate this rupture and displacement process. 
Within 0-0067 sec after initial rupture, the film has con- 
tracted more than half-way around the bubble, remaining 
intact only on the side opposite to the point of rupture. 
Afterwards, 0-013 see after rupture, the entire film has 
contracted to the opposite side. At this point the analogy 
breaks down in that the film material detaches from the 


NATURE 


June 1, 1963 


contents of the bubble and continues to move away, as for 
example in Fig. 1, 0-023 sec after rupture. However, as in 
the case of the liquid drop, the bulk contents of the 
bubble are propelled toward the point of rupture in a 
direction nearly opposite to that of the surface. This may 
be clearly seen in the final two exposures, taken at the 
significantly higher elapsed times of 0-15 and 0-3 sec. 

The analogy drawn to liquid drop behaviour is now 
obvious. The soap film acts as the liquid interface having 
a tension analogous to the interfacial tension. Rupture of 
the film corresponds to lowering the interfacial tension (to 
zero in this case) at a point and the subsequent behaviours 
are analogous except as noted. 


VoL, 198 


R. S. VALENTINE 
W. J. HEIDEGER 
Department of Chemical Engineering, 
University of Washington, 
Seattle 5. 
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Attenuation of Ultra-high-frequency Acoustic 
Waves in Quartz at Low Temperatures 


THE temperature-dependent part of the ultra-sonic 
attenuation in single crystal quartz at frequencies in the 
range 600-1,200 Mc/s has been investigated at low tem- 
peratures. Fig. 1 refers to measurements in natural quartz 
for longitudinal waves and Fig. 2 shows the attenuation 
of shear waves travelling in the AC-direction. Fig. 3 
is a comparison of the attenuations of 1,100-Me/s shear 
waves in natural and synthetic crystals. Both for shear 
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Fig. 1. Longitudinal wave attenuation. Points for 3-mm square section 
quartz denoted by x. Points for 10-mm diameter circular section 
quartz denoted by ©. fı, 1,000 Mc/s; Je. 610 Me/s 
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Fig. 2. Shear wave attenuation. fı, 1,100 Mc/s; fa, 610 Mejs 


10 


0-5 


Attenuation (db./em) 
o 
rw 


o 
pa 


0-05 


0-02 


Temperature (°K) 


Fig. 3. Shear wave attenuation at 1,100 Me/s. 
©, synthetic quartz 





x, Natural quartz; 


and longitudinel waves the attenuation is found to be 
nearly proportional to frequency over the temperature- 
range investigated. Below about 20° K the attenuation 
of both shear and longitudinal waves in synthetic quartz 
is substantially greater than in natural quartz. It is 
also found (Fig. 1) that the attenuation of longitudinal 
waves in two natural quartz samples of different sizes 
are identical, to within the experimental error, indicating 
that the size-dependent thermal conductivity is not a 
significant parameter. 

In all the experiments described, the frequency œ 
of the ultra-sonic wave and the mean free time r of tho 
thermal phonons are such that w7>1. When this con- 
dition is satisfied it is physically meaningful to speak of 
collisions between the low-energy phonons which con- 
stitute the ultra-sonic wave, and the higher energy thermal 
phonons; Landau and Rumer! have shown that for 
collisions involving only 3 phonons the resulting attenua- 
tion of transverse waves is proportional to wZ* (where 
T is the absolute temperature). As seon from the JZ" 
line in Fig. 2 there is fair agreement with the experimental 
results at the higher temperatures (for example, at 25° K) 
but below this temperature the attenuation decreases 
more rapidly than predicted. 

It is well known? that, because of the required conditions 
of conservation of energy and momentum, ultra-sonic 
longitudinal phonons, that is, long wave-length phonons, 
cannot in general interact with thermal phonons in three- 
particle processes. Pomeranchuk? and Orbach* have 
independently calculated the effect of processes involving 
four phonons and have found that these cause an attenua- 
tion Aw*Z” for longitudinal waves. Orbach’s estimate 
of the constant A suggests that this attenuation process 
is several orders of magnitude too small to explain tho 
observed effects, for example, at 20° K and 1,000 Me/s; 
Orbach’s theory gives an attenuation of 3:5 x 107 
db./em as compared with 1-4 x 10-! db./em from the 
author’s experimental results. 

H. J. Maris 
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Department of Physics, 
Imperial College of 
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CRYSTALLOGRAPHY 


Electron. and X-ray Diffraction applied to 
Brominated Graphite 


WHEN subjected to an atmosphere of bromine, graphite 
takes up bromine and swells, ultimately reaching a volume 
55 per cent greater than its original volume. The mode of 
adsorption is said to be by intercalation between the 
layers of graphite atoms. We have been able to obtain 
electron and X-ray spot diffraction patterns from relatively 
perfect natural single crystals of graphite which have beon 
brominated previously for periods of 2—60 h. 

These diffraction patterns show normal graphite 
reflexions together with two-dimensional suporlattice 
reflexions which indicate that layers of bromino atoms 
exist, and that within a layer there is a well-defined regular 
two-dimensional crystal structure. The cell dimensions 
are a= 4-25 A, b = 17-25 A, and it has a precise orientation 
relative to the adjacent graphite layers (Fig. 1). Fig. 1 
also shows @ proposed arrangement of bromino atoms 
within the unit cell. It is based on an analysis of the 
intensities of the superlattice reflexions, but because of the 
paucity of data should at this stage be regarded only as a 
first approximation to the probable structure. 
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Fig. 1 


It has also been possible to confirm Rudorff’s suggestion? 
that at high degrees of bromination there is a regular 
sequence of one bromine layer to every two graphite 
layers. The dimensions of this sequence are such that the 
original graphite c parameter, 6'74 A, is expanded to 10:3 A 
thus leading to a volume change of 53 per cent. 

Diffraction patterns of powdered artificial graphite 
which had been subjected to bromine vapour show diffuse 
bands in addition to the normal graphite lines. These 
diffuse bands are really the same two-dimensional super- 
lattice reflexions as given by single crystals smeared out as 
@ result of the random orientations which occur in the 
powder. The powdered brominated graphite therefore 
has the same crystal structure as the large single crystals. 

W. T. EELES 
J. A. TURNBULL 
Central Electricity Generating Board, 
Berkeley Nuclear Laboratories, 
Berkeley, Glos. 


1 Saunders, G. A., Ubbelohde, A. R., and Young, D. A., Proc. Roy. Soc., A. 
271, 499 (1963). 
2 Rudorf, W., Z. Anorg. Allg. Chem., 245, 383 (1941). 


Ambiguity in the Determination of Crystal 
Structures: 2-Phenylazulene 


Our previous communication’ thet 2-phenylazulene, 


‘like azulene itself?)*, was disordered in the crystal, with 


the longest molecular axis reversed at random, must now 
be amended as a result of the additional refinements to 
which we referred in ref. 1. 

In the subsequent more extensive study of azulene* it 
was confirmed that the disordered structure was the 
correct one, a result which strengthened our feeling that 
the 2-phenyl derivative was also disordered. Our refine- 
ment was accordingly continued on that basis in the centro- 
symmetric space group P2,/a. Least squares refinement 
of the positional parameters was then carried out, and after 
six cycles convergence was attained. A single isotropic 
temperature factor of 4:0 A, obtained by comparison 
of observed and calculated structure factors, was used. 
The agreement factor, R, was reduced to 16-5 per cent for 
all observed reflexions, a figure which is rather unim- 
pressive by present-day standards. The final projection 
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Fig. 1. Electron density projection on (010), phases calculated with the 
disordored structure 


of the electron density on (010), made with all 72 of the 
observed Fy, a8 opposed to the 48 F: used in the 
preliminary projection?, is shown in Fig. 1. Although none 
of the atoms is resolved, the false detail is seen to have 
disappeared, the general appearance of the Fourier map is 
clean and just what is expected for the two superimposed 
molecules. 

Although the foregoing evidence might be considered 
conclusive, we nevertheless explored the ordered structure, 
which, largely on the basis of the results reported for 
azulene, we had previously ignored. Least squares 
refinement in the non-centrosymmetric space group Pa 
was accordingly carried out on the positional parameters. 
Comparison of observed and calculated structure factors 
did not indicate any change of the single isotropic tem- 
perature factor from the value obtained for the disordered 
structure. The ultimate value of R achieved was 13:9 
per cent, a distinct, but scarcely startling, improvement 
over that for the disordered structure. The corresponding 
projection of electron density is shown in Fig. 2, in which 
it is seen that its general appearance is also excellent, and 
that the resolution of the atoms,in the three rings is quite 
good. It is probably fair to say that had the ordered 
structure alone been considered, the conclusion that the 
ordered structure was correct would doubtless have been’ 
reached. z 

Although it is perhaps generally known that the Fourier 
method of structure analysis has a tendency to give back 
what was put inë, this property is worthy of continuous 
emphasis, even though there are not a few examples in 
the literature of respectable electron density functions 





Fig. 2. Electron density projection on (010), phases calculated with the 
ordered structure 
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which were latcr shown to have resulted from the assump- 
tion of incorrect structures. Unfortunately, it is impos- 
sible to assess how many additional false Fouriers are at 
present lying undetected there. In the case of 2-phenyl- 
azulene, the Fourier evidence for the ordered structure is 
apparently strengthened by the least squares results, but 
in view of the experiences reported for azulene itself! it 
would be rash indeed to conclude that the structure of the 
former has been established. The principal conclusion 
which should be drawn, we feel, is that structures based on 
incompleto data, in this.case a single, albeit well-resolved, 
projection, should be accepted with extreme caution, 
whether or not unusual structural features turn up, 
regardless of how free the electron density distribution is 
from false detail, and corroboration. by least squares 
notwithstanding. 

This work was supported by the U.S. National Science 
Foundation. - 
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J. DONOHUE 
B. D. SHARMA 
Department of Chemistry, 
University of Southern California, 
Los Angeles. 
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3 Sim, G. A., Acta Cryst., 18, 850 (1960). 
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Acta Cryst., 15, 1 (1962). 
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Crystal Structure of a Nitrogen Isostere 
of Pentacyclo-Octacosadodecaene 


A NITROGEN isostere of pentacyclo-octacosadodecaene, 
namely, 2,8,14,20 tetraazapentacyclo [19,3,1,1%7,1%1%, 
11519] o¢ctacosa-1[25],3,5,7[28],9,11,13[27],15,17,19[26],21, 
23-dodecaene, recently prepared in these laboratories, 
has a structural formula as shown in Fig. 1 and 
has been examined by optical and X-ray diffraction 
methods. Crystals were grown from the mother liquid in 
bunches of long, thin needles, up to 1 em in length and 
with a cross-section of 0-1-0:3 mm. The prism faces 
showed well-developed forms of {100} and {110} with all 
interfacial angles, constant within experimental error, of 
45°, Frequently the form {110} showed the greater 
development, but pinacoid and pyramidal faces were not 
observed. 

In polarized light, straight extinction was observed onall 
prism faces. No cleavage was found perpendicular to the 
needle axis and only with difficulty could a near basal 
section be cut which gave an interference figure of a 
uniaxial crystal of negativo optic sign. The birefringence 
was high and the refractive indices were measured as 
© > 1-844 and s= 1-594, i 
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Single-crystal zero and upper layer oqui-inclination 
Weissenberg photographs about the c axis showed diffrac- 
tion symmetry 4/mmm, and from zero layer Weissenberg 
photographs about the a and c axes the following unit coll 
parameters were obtained: a=20-69+0-02 A, c= 8-69 
+ 0-02 A; density measured by flotation = 1-297 + 0-006 gj 
c.c.; No. of molecules/cell = 8; theoretical density = 
1-301 g/e.c. 

No systematic absences were observed for the Akl 
reflexions but systematic absences were observed for Okt 
with Z odd and Ahl with 1 odd. The space-group is thore- 
fore either P4cc or P4/mcc. A crude test for pyroelec- 
tricity was negative and the distribution of the Ok 
intensities favoured the centric curve. The distribution of 
the hk0 intensities lay between the centric and hypor- 
centric distributions. 

In its unstrained state the molecule is not flat and from 
general packing considerations it seems very unlikoly 
that the eight molecules could be sited in tho centro- 
symmetric space group. The Patterson projection P(v,w) 
calculated using 114 independent Oki reflexions showed 
features that were not consistent with tho presence of a 
mirror plane. The Patterson projection down the c axis 
was also calculated using 443 AkO reflexions. This map 
was too difficult to interpret, though the distribution of the 
peaks indicated that the molecules were lying in general 
(x,y) positions and that many vectors, obviously of inter- 
molecular origin, were approximately of the typo (4.7). 
(x,4) and (4,4). This is not surprising as the diametor of 
the molecule, excluding the hydrogen atoms, is about 10 A 
or roughly half the @ axis. 

Tn view of this evidence and the absence of any cleavage 
it would appear that the space group is probably Pee. 
The first ten orders of the 200 and OkO roflexions 
showed odd orders were very weak and even orders very 
strong and, from packing models, the most likely sites for 
the molecules which allow sufficient Van der Waals 
separation is for the centres of the molecules, projected 
down the c axis, to be close to the positions (4,4). 
(2,4), (4.2) and (3,2) with an approximate orientation as 
shown in Fig. 2. The positions of tke other four molecules 
are obtained by the c glide operation so that the benzone 
rings of the upper molecule lie between the rings of the 
lower molecule. It would seem that the high symmetry 
of the molecule itself is not used within the crystal. 








Fig. 2 


I thank the Chairman and Directors of the British 
Petroleum Company, Limited, for permission to publish 
this communication. 

G. W. SMITH 
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Carbon-!4 Dating of Medieval Alluvium 
in Libya 

CarBon-14 dating has confirmed estimates (based on 
archeological evidence) of the age of a recont stream 
deposit widespread in north Libya. 

Deposition of alluvium derived largely from Pleistocene 
deposits occurred to a depth of 9-25 ft. in most of the 
streams draining the hills of north-eastern Tripolitania 
(Gebel Tarhuna and Msellata) some time after the 
collapse of stone dams built in Roman times’. A similar 
feature is found in the Gebel Akhdar of Cyrenaica, in 
wadis en Naga, Susa, Gla’a, Kuf and Bel Ghadir. In the 
upper reaches of the last-named, deposition continued 
until the beginning of this century, as shown by compari- 
son of photographs taken in the ’thirties with the present 
situation. 

Carbon-14 dating has provided a date for a mid-point in 
deposition in the lower Wadi Ganima (Tripolitania). A 
Jens of charcoal halfway up a terrace 10 ft. high (grid 
point 321450 on Tripoli 1:100,000 map, 1945 ed.) gave a 
date? of 610+100 s.e. Thus deposition, here at least, 
continued during the 14th century. Most of the wadis, 
including Ganima, are now engaged in eroding the media- 
val alluvium. 

A low terrace in the Rharb area near Rabat, Morocco, 
has given a carbon-14 date of 800+ 200 B.P.” Deposits of 
similar age are reported from Algeriat and have been 
found by me in Tunisia. 

The belief of some historians and archeologists that 
‘widespread soil erosion occurred in parts of north Africa 
in post-Classical timos now receives geological confirma- 
tion. 

©. Vrra-Finz1 
Department of Geography, 
Cambridge. 
4 Vita-Finzl, C., Assoc, Intern, Hydrol. Sci., Helsinki, 53, 61 (1960). 
2 Godwin, H., and Willis, E. H., Amer. J. Sci. Radiocarb. Supp. 4, 69 (1962). 


3 Gigout, M., Trav. Lab. Geol. Lyon, 8, 138 (1960). 
4 Boulaine, J., quoted by Gigout, op. cit., 83. 


A Striated Pavement beneath the Basal 
Gondwana Sediments on the Ajay River, 
Bihar, India 


Wir the growing interest in ancient climates many 
geologists have questioned the validity, as indicators of 
glacial conditions, of those poorly sorted conglomerates 
which were called ‘tillites’ by earlier geologists. It is now 
recognized that very similar deposits can be formed by 
submarine slumping. Most geologists agree, however, that 
the presence of a striated surface beneath such poorly 
sorted conglomerates is strong evidence of a glacial 
origin’. To this criterion I would add the need to find 
several widely separated pavements of the same age. 

The Talchir conglomerate, which is the basal member of 
the Gondwana, succession and which is believed to be of 
glacial origin, is widespread in India. However, though 
it occurs over 17° of latitude there appears to be only one 
authenticated account of a striated pavement and a few 
passing references to polished surfaces beneath the con- 
glomerate. None of these had been examined in recent 
years until in December, 1960, I visited the sole 
known pavement which is exposed at Irai, some 10 miles 
-weat-south-west of Chanda, Maharastra, Central India. It 


was Fedden’s discovery of this pavement in 1872? which 


-was taken as the final proof of Blanford’s hypothesis® that 
the widespread Talchir conglomerate was of glacial origin. 
‘My re-examination of the large Irai exposure confirmed 
“Fedden’s interpretation and a detailed description is now 
awaiting publication‘. 

When visiting the Talchir conglomerate exposed on the 
northern edge of the Raniganj Coalfield, Bihar, in January 
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1963, I was fortunate enough to find a second, hitherto 
unrecorded, striated pavement. It is exposed on the 
south bank of the Ajay River near the village of Sarasbad, 
some 1] miles due north of Asansol which is about 130 miles 
north-west of Calcutta. The pavement is only about 8 ft. 
by 1 ft. in size and is cut on a surface of Archean schist. 
The surface is highly polished and is covered with a great 
number of striations of varying dimensions which are 
aligned north-south. Many of the larger striations are 
deepest at their southern ends and this, together with small 
marks which are thought to have been caused by plucking, 
indicate that the direction of movement of the striating 
agent was towards the north. There is no suggestion of a 
tectonic origin for the striations. 

The conglomerate above the striated pavement is poorly 
sorted and consists of angular fragments of feldspathic 
gneiss, schist and pegmatite set in a brown-green felds- 
pathic silt matrix. The angular fragments vary con- 
siderably in size, the largest exposed exceeding 3 ft. in 
length. Also set in the matrix are occasional small, well- 
rounded, pebbles of quartz. There does not appear to be 
any orientation of the fragments. A detailed description 
and illustrations of this pavement and conglomerate will 
appear elsewhere. A general description of the conglom- 
erate and the overlying rocks, but without mention of a 
pavement at this place, appears in Gee’s memoir on the 
Raniganj Coalfield’. 

There is little doubt that the Talchir conglomerate is a 
terrestrial deposit wherever it occurs in India. In many 
places it exhibits a fair degree of sorting which would 
suggest that at those places it is a fluviatile deposit, but in 
other places, particularly where it is seen to rest on a 
pavement, the deposit is poorly sorted. While such a 
pavement and poorly sorted conglomerate, with its 
occasional scratched pebbles, could have resulted from the 
action of a variety of agencies, the presence of two such 
pavements of the same age more than 600 miles apart 
strongly suggests a climatic control of the agent of their 
formation. Ice is the most likely agent. 

No great regional importance can be attached to the 
direction of movement of the ice as indicated by the 
features which occur on the pavements since the controls 
of such movement may be quite local. It would thus be 
rash to make paleogeographic reconstructions on the 
evidence from only two localities. However, the discovery 
of a new exposure of a striated pavement beneath the 
poorly sorted Talchir conglomerate is of considerable 
importance in the present debate on the paleoclimatic 
significance of some poorly sorted conglomerates which 
have been called tillites. 

The discovery at the Ajay River was made while I was 
in India as the guest of the Indian Statistical Institute. 
I thank the Geological Studies Unit of the Institute for 
assistance. 

A. J. SMITH 

University College, 

London. 
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Determination of Sedimentation Coefficients in 
Rapidly Equilibrating Polymerizing Systems 
Waen systems undergoing a rapid chemical re- 

equilibration between monomers and a single higher 

polymer are examined in the ultracentrifuge, a bimodal 
reaction boundary is predicted, if the degree of polymer- 
ization is greater than two, The sedimentation coeffi- 
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cient of the monomer at infinite dilution, (ss;),, may be 
found by extrapolation of the weight-average values, 4, 
determined from the rate of movement of the position 
corresponding to the square root of the second moment of 
the entire schlieren diagram at a series of total protein 
concentrations’, or by examining the system in an environ- 
ment where aggregation is inhibited. For example, the 
latter procedure was used to estimate (sm), for «-chymo- 
trypsin as ~ 2-5 S45. Tho determination of the sedimen- 
tation coefficient of the polymer, sp, however, at a par- 
ticular concentration (and hence (sp), at infinite dilution) 
is difficult, for there is no defined position on the experi- 
mental schlieren pattern which corresponds to the position 
of the polymer at a given time. Certainly, an extra- 
polation of sfast, found from the rate of movement of the 
faster peak of the bimodal boundary, leads to serious 
error®.?, A value may be estimated on the basis of 
elementary theory? and the equations of Perrin’, by 
assuming a model and assigning valucs to (saz), and n*7, 
The latter procedure is not satisfactory, in view of the 
importance of sp as an essential parameter in determining: 
(1) the value of tho equilibrium constant from s data, 
which could be compared with that obtained from the 
Gilbert theory!; (2) the theoretical concentration depen- 
dence of s values for observed peaks in sedimentation 
velocity experiments? ’. 

A mothod for estimating sp from experimental data 
follows from equation (12) of ref. 2, which, for this special 
case, indicates that a single minimum exists at: 


(n —2) 
3(n—1) 
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a/t—vum = 
Vp—UM 


(1) 





whore is the distance from the minimum to the meniscus 
after time t, vas and vpr are the velocities of monomer and 
polymer, respectively, and n is the degree of polymerize- 
tion. The position of the minimum is a function only ofn, 
when the position of the minimum, 2, is in terms of the 
reduced co-ordinate, x/vrt, referred to a frame of reference 
moving with the velocity of the monomer, var, in a rec- 
tangular cell and a homogeneous field!. If equation (1) is 
rewritten as: 





Lı— t _ (n—2) 
= = 3(n— 1) (2) 


where %, X and a, are the distances from the meniscus to 
the positions of the minimum, monomer and polymer, 
respectively, after a time, t, then for a given value ofn, and 
measured values of , and za %; may be found as a func- 
tion of t: the calculation of sp follows directly®. Values of 
æ, represent hypothetical positions of the polymer, if it 
existed alone: this position at any time cannot be less 
than tho distance of the meniscus to the position of the 
fast peak, but no other restriction is imposed. Conse- 
quently, when the value ofn is not known, an approximate 

lim (n—2) _1 
n=% 3{n—1) 3 
little sensitivity is expected (for practical purposes, n> 10 
may be considered infinite). 

Table 1 summarizes results obtained from sedimenta- 
tion velocity experiments with -chymotrypsin in diethyl- 
barbiturate buffers, pH 8-4, J=0-05 at 20°. The following 
points in relation to the table require comment: 

(1) Since the minimum position is a function only of n 
(reduced co-ordinates and moving frame of reference being 
implied), the value of the concentration at which the 
minimum occurs, A; is therefore a function only of n and 
the chemical equilibrium constant, K, and is a character- 
istic physical constant for the system in the chosen 
environmont. When «-chymotrypsin was sedimented in 
phosphate buffer, pH 7-9, I ~ 0-034, As was measured as 
0-18 g/100 ml., which may be compared with the values in 
Table 1. The difference reflects a change in K or n, 
inherent on the change of ionic strength or the isoelectric 
point of the protein”. 


upper limit may be determined, but as 
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Table 1. SEDIMENTATION DaTA* FOR a-CHYMOTRYPSIN IN DIETHYLBARB- 
ITURATE BUFFERT, pH 8-45; I, 0°05; TEMPERATURE, 20° 


Protein concentration { 1 2 3 
(g/100 ml.) 
4, (2/100 ml.)§ 0°36 0-39 0°35 
Slow 27 27 27 
8fast 65 66 TO 
sp g = 6) 12-2 11-2 10:8 
8p (n = 8) 116 10- 10-3 


* Allg values are reported in Svedberg units, and are not corrected for 
buffer viscosity. 


+ Buffer composition: 0-02 M sodium chloride, 0-03 sodium diethyl- 
barbiturate and 0-008 M diethylbarbituric acid. 


t Solutions were prepared by weighing, and concentrations were con- 
firmed by spectrophotometrie and refractometric measurements. 


§ Based on relative area measurements, 


(2) With either model chosen (n=6 or »=8) plots of 
In 2, versus t were linear, the standard deviation of points 
from the statistically determined slopes being 8x 10-4. 
The constant values of sgiow and the increasing values of 
Sfast, in the concentration range studied, are typical of 
other measurements from experimental records!:4:711, The 
8 values for the chosen models are greater than sfast at all 
concentrations, in accordance with expectation®’: the 
values, moreover, decrease with increasing concentration, 
behaviour generally expected for a single non-interacting 
protein. 

(3) The choice of values of n = 6 and n=8 was essentially 
arbitrary, being guided by other calculations, where n = 6 
was used!, and the apparent agreement between the 
measured s (n=8), reported in Table 1, and those caleu- 
lated by assuming?” (sp))= (8) on?/*. On the basis of a 
more detailed model, involving a shape factor’, a higher 
degree of polymerization is indicated. It is to be ompha- 
sized, then, that the values selected to illustrate the salient 
features of the proposed method do not uniquely charac- 
terize the a-chymotrypsin system (cf. Gilbert’?:*). The 
method would be particularly suited to a rapidly re-equilib- 
rating system, where other physico-chemical moasure- 
ments had indicated that ñegligiblo amounts of inter- 
mediate polymers existed, and a value of n was available 
(for example, the association of 8-lactoglobulin 41:13.14), 
In these cases, the proposed method would provide the 
first evaluation of sp from experimental results, relating 
to the real system. 

This work was made possible, in part, by U.S. Public 
Health Service research grants RG-3449 (to Clark 
University) and H-7297 (to Harvard Medical School). We 
wish to thank C. L. Sia for assistance and G. Kegoles for 
helpful discussions. 
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Electron-microscopy of Permselective 
Membranes 


THERE have been some attempts to gain an insight 
into the fine structure of ion exchange resins by electron- 
microscopy!-*. To this end the pores of the resins have 
been imbibed with a solution of heavy metal compounds, 
such as, for example, platinum or uranyl-salts. Ton- 
exchange material in the membrane form offers a new 
possibility of filling the membrane pores more or less com- 
pletely with metals in the solid, compact form. More 
complete filling of the pores should enable us to obtain 
better pictures of the internal structure of the resin. This 
communication gives a description of an impregnation 
technique together with reproductions of photographs 
obtained by its means, without as yet attempting a 
serious discussion of the structures obtained. 

The membrane was brought into direct contact with a 
metal such as silver or mercury and immersed in an electro- 
plating solution of silver. Electrolysis across the mem- 
brane with the metal as cathode caused cathodic deposi- 
tion of silver within the membrane. Prolonged treatment 
brought the silver right across the membrane giving it a 
metallic lustre even on the surface facing the solution. 

The main technical difficulty was to avoid short-circuit- 
ing the current around the wet edges of the membrane 
impregnated with the solution. This was avoided in the 
following manner. A round piece of membrane, about 
6 cm diameter, was suspended horizontally by filaments 
fastened to its periphery. Its middle portion of about 
2 em diameter was wetted with the plating solution so 

„that it became deformed by swelling; it was then easy to 
push this swollen inner part downwards to form a hollow 
dish. Some mercury was now placed into this dish so as to 
cover about | cm? of the membrane surface and a beaker 
containing the plating solution and the silver anode was 
slowly raised into position from below until the region of 
2 cm diameter was immersed: The mercury was connected 
to the negative pole of the circuit. The dry rim of the 
membrane projecting from the plating solution prevented 
the current from creeping around the edge of the mem- 
brane. The current applied was between 10 and 20 
m.amp/cm?. The plating solution contained 3-5 per cent 
silver nitrate, 7-7 per cent sodium cyanide and 4-2 per 
cent sodium carbonate. Electrolysis lasted from 2 to 
20 h, aceording to the degree of penetration desired. 

It is clear that the first bridgehead of silver which grows 
across the membrane represents a shunt which works 
against further electrodeposition of silver within the 
membrane on parallel routes. We are confronted with a 
problem of ‘throwing power’ of electrodeposition well 
known in the plating industry. We can help ourselves by 
using solutions with good throwing power at high current 
densities but mainly by prolonging the electrolysis until 
even such regions of the membrane, which have been 
heavily shunted, become filled, 

After having been impregnated with silver the mem- 
branes were dried, embedded in polymethacrylate and 
sectioned with a diamond microtome. Sections showing a 
silver or silver-gold interference colour were selected for 
observation with an R.C.A. EM V30 electron microscope 
at 100 kV. Magnifications up to 250,000 diameters were 
obtained after optically enlarging the direct pictures 
four-fold. They show far more and far clearer details than 
electron micrographs previously published. 

Fig. 1 is.a section of a cation selective membrane which 
has been prepared from commercial polyethylene by 
sulphochlorination and subsequent hydrolysis‘. The 
photograph shows large numbers of black spots of circular 
or polygonal cross-section of widely varying diameters 
which are metallic silver. The larger of these are surroun- 
ded by a halo which is mostly a chain of smaller and 
lighter spots. We may assume that these haloes represent 
‘holes’ in the membrane matrix which.are completely or 
partially filled with silver. We may perhaps additionally 
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Fig. 1 


assume that the ‘holes’ represent cross-sections of channels 
through the membrane. Clearly, once a filament of 
silver has grown across a channel it shunts the channel 
itself in addition to the neighbouring channels. This 
could be the reason that a part of the channel is so often 
left empty. It is not clear as yet why these large ‘holes’ 
all have circular cross-sections in the pictures. Presuppos- 
ing a statistical orientation in space of the channels their 
cross-sections should be mostly elliptical with different 
axial ratios. The smaller black spots have a diameter of 
about 30-50 A and are much more often elliptical in their 
cross-sections. Perhaps these, or channels even thinner 
than these, are the main routes of water and ion transport 
in the membrane. 





Fig. 2 is a section across a commercial cationic mem- 
brane based on polyethylene which has been impregnated 
with styrene, the latter polymerized within the sheet and 
sulphonated. The silver-filled areas in this picture are less 
regular than in Fig. 1, but of the same order of magnitude 
as the larger ‘holes’ in the latter. There are very few 
smaller ‘holes’ and it is difficult to believe that a membrane 
with high conductivity and swelling of 30 per cent in water 
should be as compact as this. Of course, it might easily 
happen that the real ‘pores’ which are responsible for 
conductance and swelling are an order of magnitude 
smaller—below the resolving power of the instrument. 
Some nearly circular white patches in the picture might 
be holes unfilled with silver and deserve further examina- 
tion. 

The impregnation technique is relatively simple, and it 
would probably be worth while to make use of it for electro- 
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micrography of all sorts of membranes and films with 
‘pores’ within them which can be filled with plating 
solution. 

The sectioning, preparation and electron microscope 
work were done at the Department of Experimental 
Medicine and Cancer Research of the Hebrew University, 
Jerusalem, which also provided the photographs. I 
thank Prof. J. Gross and Dr. O. Stein for their help and 
advice. 
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Octachlorophenothiazinyl: a Very Stable 
Nitrogen Radical 


By chlorination of phenothiazine in nitrobenzene under 
conditions (to be published elsewhere) undecachloropheno- 
thiazine (I) was obtained. The structure of this substance 
was confirmed by microanalysis and its infra-red spectrum. 

If heated very quickly, undecachlorophenothiazine 
shows a net melting point at 210° C, followed by rapid 
decomposition, accompanied by emanation of chlorine. 
Using the common 4°/min heating rate, a change in 
colour from yellow to deep-green was observed at 180° C, 
and then the melting occurs at 375° C. 

The thermogravimetrical data enabled us to establish 
that I lost three atoms of chlorine between 130° and 205° 
O. Thermodifferential analysis showed only an endo- 
thermal effect, with a maximum at 180°-182°, which 
corresponds with the maximum rate of formation of 
chlorine. 

The kinetics of the reaction, ‘calculated by the Freeman- 
Carrol method!, was strongly dependent on the rate of 
heating. The activation energy is in the neighbourhood 
of 70 kcal/mol. and the reaction order between 0 and 1. 
A simultaneous cleavage of N-Cl and S-Cl bonds seems 
to be more probable. 

From these results, we assume that the thermal decom- 
position of undecachlorophenothiazine is as follows: 
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To demonstrate that II really is a stable free radical’ 
the electron spin resonance spectra were recorded. (The 
JES-3B electron spin resonance spectrometer was used.) 
Tn the solid-state, II gives a signal of about 9 gauss width. 
The g value was 2:006 +0002. The concentration as a 
free radical seems to be relatively high but is to some 
extent dependent of decomposition conditions; the rela- 
tion between the radical and an eventual dimer will be 
widely discussed elsewhere. In every case, the Debye- 
Scherrer diagram of IT is identical with that of octachloro- 
phenothiazine III (but very different from that of I) and 
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this fact is a further indication of the predominance of 
the free radical in the product of thermal decomposition. 
The absence of N-H bands in the infra-red spectrum of I] 
indicates that no pollution of II by IIT is possible. 

IZ is only slightly soluble in all usual organic solvents. 
Nevertheless, an electron spin resonance spectrum of «u 
solution of II in o-dichlorobenzene was recorded, showing 
an incompletely resolved, but distinct, triplet. On tho 
other hand, II is very soluble in concentrated sulphuric 
acid giving a deep-blue solution. The expected hyperfine 
pattern with four lines was obtained by recording the 
electron spin resonance-signal of these solutions (1). 
Solutions with identical properties were obtained by heat- 
ing undecachlorophenothiazine previously solved in 
sulphuric acid or by oxidation of octachlorophenothiazinc 
with hot sulphuric acid; in all these cases the protonated 
form of octachlorophenothiazine IV is formed. The 
asymmetry is # common feature of all these spectra. 

Octachlorophenothiaziny]l seems to be one of the organic 
radicals most stable towards thermal treatment. It can be 
sublimated (290° C) or melted (380° C) in air, but the 
electron spin resonanco signal diminishes in intensity to 
less than 10 times. The sulphuric acid solutions are also 
stable for many weeks. 

C. BODEA 
J, SILBERG 


Institute of Chemistry, 


“Academy of Rumanian People’s Republic, 


Cluj, Rumania. 
1 Freeman, E, S., and Carrol, B., J. Phys. Chem., 62, 804 (1958). 


Catalysis, Electrocatalysis, and Hydrocarbon 
Fuel Cells 


Catatysis is usually defined as the enhancement of the 
rate of a chemical reaction by asubstance, not consumed in 
the reaction, called the catalyst. The spocial caso of 
catalysing the electrode reactions in a fuel cell in which a 
fuel or oxygen must react electrochemically with the 
production or consumption of charged specios at. anode or 
cathode deserves a special name because in many ways this 
process is expected to be qualitatively different from 
ordinary catalysis. The name electrocatalysis has been 
suggested!, and this seems to be a convenient term to 
highlight the distinction noted here. Electrocatalysis 
may be defined as the enhancement of tho rate of an 
electrochemical reaction by’ substance, not consumed in 
the reaction, called the electrocatalyst?. 

Electrocatalysis is expected to be particularly important 
in hydrocarbon fuel cells. The relatively low electro- 
chemical reactivity of hydrocarbons necessitates speeding 
up their anodic oxidation reactions by the use of electro- 
catalysts. Equally important they must causo such fuels 
to be oxidized completely or nearly so. These are two of a 
number of conditions which must prevail in any successful 
hydrocarbon. fuel cell. 

Propane has been electrochemically oxidized in fuel 
cells at 65° C with the production of carbon dioxide as the 
major carbonaceous product®. It is of course to be expec- 
ted that higher temperatures would enhance the rata of 
such electro-oxidation. However, it is also known!'* that 
just above 65° C, the cracking reaction of propane on 
platinum and other transition metal catalysts becomes 
rather rapid with production of large amounts of methane. 
Methane is noted for its great inertness in fucl cells vom- 
pared with other hydrocarbons*:*. Thus the propane fuel 
cell faces an apparent dilemma: that higher temperatures 
necessary for faster electrochemical oxidation might also 
cause the cracking reaction to produce so much inert 
methane that the overall electrochemical oxidation of 
propane could not proceed to completion. 

It has now been found that the electrochemical oxida- 
tion reaction of propane at a platinum catalysed fuel cell 
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anode interacts with the gas-surface cracking reaction of 
propane. This occurs in such a way that the cracking 
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reaction is suppressed when the fuel cell is under electrical _ 


lead. Cracking occurs on open circuit in the same manner 
as observed in conventional gas surface investigations’. 
These novel effects have been demonstrated in a series of 
experiments carried out in a special apparatus consisting 
of a fuel cell integrated with a chromatographic gas 
analysis system. 

While the results are of considerable practical interest 
with respect to hydrocarbon fuel cells, they are even more 
interesting as an example of one facet of the complex 
phenomenon of electrocatalysis. Such phenomena as 
interacting gas-surface and electrochemical reactions 
require much further investigation before the intricacies 
of hydrocarbon electro-oxidation processes can be 
understood. 

The experimental technique, structure of the fuel cell 
and further details of this work will be reported elsewhere. 

This work was supported in part by the Advanced 
Research Projects Agency through a contract with the 
U.S. Army Engineer Research and Development Labora- 
tories, Fort Belvoir, Virginia. 


W. T. GRUBB 


General Electric Research Laboratory, 
Schenectady, New York. 
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BIOCHEMISTRY 


Specific Acetylcholine Acyl-hydrolases of 
Sheep Brain 


UNLIKE the acetylcholine acyl-hydrolases (‘cholines- 
terasés’) of mammalian blood, those of mammalian brain 
have received relatively little attention. 

Both the specific activities? and protein 

content are low; and the high factors of < 
purification obtainable with material from g 
electric organs? could not be achieved in 
the case of brain from rat!:-§, pig’, rabbit 
or calf’. The highest specific activity (in 
units of ul. carbon dioxide/h/mg protein, 
at 37° in our manometric experiments) 
reported appears to be 765 in the case of 
rabbit brain’. Preparations from sheep 
brain with higher specific activities are the 
subject of this communication. 

Fresh sheep brains were frozen in liquid 
air. After thawing, homogenization in 
0-001 M sodium chloride and freeze drying 
one obtained a powder (about 50 per cent 
protein) of specific activity 180, which was 
extracted with 0-8 per cent ‘Lubrol W’ 
in 0-05 M sodium chloride at 1°-5°. After 
centrifugation (54,000g) the turbid pink 
supernatant was fractionated with am- 
monium sulphate?’ and afforded 70-75 mg 
total protein with specific activities of 
1,100-2,000 units (average yield about 3 
per cent). In a modification of the method 
which omitted the final step of acidification 
75 mg protein of specific activity 15,000 was 
obtained. Further fractionation with am- 
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monium sulphate gave 15 mg protein of specific activity 
35,000, corresponding to a degree of purification of nearly 
200. The activities towards acetylcholine, acetyl-8-methyl- 
choline and benzoylcholine were in the ratios 1-0:0-4:0-1 
at all stages of purification. 

While preparations of low activity keep well and are 
not inactivated by moderate dilution, highly active 
preparations lose their activity after a few days’ storage 
in the cold. Rectilinear plots of activities against inverse 
dilution suggest competitive inhibition by an unidentified 
constituent of crude extracts. This is the reason for the 
apparent increase of total activity in highly purified 
samples. 

Preparations (60-108 mg protein) of low specific 
activity (500-900) were eluted with phosphate buffers 
(pH 6-7-8) from a diethylamine-cellulose ion-exchange 
column at +1° (refs. 10 and 11). Two main protein 
fractions, in the ratio 3:1, had specific activities of 500 
and 1,500 respectively (Fig. 1). Butyrylcholine was only 
slightly hydrolysed by either fraction. Minor active 
fractions show up better on gradient elution with tris- 
buffer??. 

Ultracentrifugal investigations show that the enzymatic 
activity is concentrated in a broad, obviously hetero- 
geneous, band of components with sedimentation constants 
in the range of 6-10 S. 

Like the cholinesterases of other mammalian brains®? 
and of the electric organ of Electrophorus!#, the cholin- 
esterases of sheep brain are accompanied by yellow 
pigments. Intense absorption at 406-5 ym and lower 
bands at 537, 575 and 625 pm indicate porphyrin 
pigments. After reduction with sodium dithionite the 
Soret band moves to 425 um (at pH 7:0) and a possibly 
heterogeneous band of low intensity appears at about 
550 ym. A mixture of cytochrome-c and denatured 
hemoglobin would account for these observations. In 
any event, the pigments are not identical with that found 
in rat brain microsomes and regarded identical with 
cytochrome-B, from rat liver microsome®’. A yellow 
pigment is reported to be associated with the activity of 
pig brain cholinesterase’. No definite assertion of this 
nature about sheep brain cholinesterases can be made at 
present. However, at least one fraction of the pigment 
seems to be closely associated with enzymatically active 
pretein; the intensity of the Soret band is approximately 
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Fig. 1. Activity and specific activity of cholinesterases from sheep brain, dractionated 
by gradient elution from a diethylamine-cellulóse column (pH. 7-6-7-1) 
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proportional with the protein concentraticn of active 
preparations. : 
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Increased Plasma Isomerase and Trans- 
aminase Activity in Mice infected with 
Lactic Dehydrogenase-elevating Virus 


Miror bearing large tumours or with advanced leukemia, 
have a raised plasma lactic dehydrogenase (LDH) activity 
which may be wholly due to the presence of the neoplastic 
cells or in part due to a virus which is frequently found 
contaminating transplantable tumours and virus prepar- 
ations derived from mouse tissues)?. This enzyme- 
elevating virus (Riley virus) causes a permanent viremia in 
the infected mice, and the 5-10-fold increase in the plasma, 
LDH activity which it produces persists indefinitely. The 
site of virus replication and the mechanism by which the 
plasma LDH activity is elevated have not been determ- 
ined, but the plasma LDH activity does not appear to 
be a property of the virus particle, as the virus titre and 
the LDH activity of the plasma are not correlated’. It 
would seem that the increased plasma LDH activity must 
come from cells damaged or altered by the virus, and so it 
seemed of interest to know if other plasma enzymes were 
affected by this enzyme elevating virus. 

Outbred albino mice were infected with Riley virus by 
intraperitoneal inoculation of diluted plasma from an 
infected mouse. Heparinized blood samples were drawn 
by cardiac puncture under ether anesthesia 2, 4, 7, and 
10 days after injection, control uninjected animals being 
sampled together with the experimental groups at each 
stage. A sample of whole blood was diluted 1 : 200 in 
aramoniacal distilled water and the optical density read 
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Fig. 1. Correlation between plasma LDH activity and the plasma 
activities of PGI (O) and ALD (x) in control and ‘Riley-infected mice 
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Table 1, PLASMA ENZYME AND WHOLE BLOOD HÆMOGLOBIN LEVELS IN 
MIOS SAMPLED AT VARIOUS PERIODS AFTER INFECTION WITH RILEY VIRUS 


Days after Alk 
inoculation LDH PGI GOT GPT Pase Hb 
0 260 + 23 1604238 6246 1042 191414 129+03 
(21) (19) (16) (17) (17) (20) 
2 1,170 + 55 §00+45 9347 1642 153412 12:1+405 
(6) (6) (6) (6) (4) (6) 
4 2,180 + 94 1,190+49 6545 8+2 153429 11:940-4 
(6) (6) (8) (6) (4) (6) 
7 1,740 + 223 870456 76411 1641 180417 12:2+0-4 
(8) (6) (8) (6) (6) (6) 
10 1,960+106 1,120457 6648 2242 167+6 1268+04 
(8) (6) (5) (5) (3) (6) 


Values for plasma enzymes (international units) and whole blood hemo- 
globin (g %) expressed as means + S.E. No. of animals in parentheses. 


at 540 my for hemoglobin determination; plasma was 
separated by centrifugation and stored at —5° C. All 
enzyme determinations were carried out within 24 h. 
Samples showing any signs of hemolysis were discarded. 
The enzyme activities, studied by standard assay methods, 
included lactic dehydrogenase (LDH), phosphoglucose 
isomerase (PGI), alkaline phenyl phosphatase (Alk Pase), 
glutamic-oxaloacetic transaminase (GOT), and glutamic- 
pyruvic transaminase (GPT). Values aro expressed in 
international units‘. 

The results obtained are summarized in Table 1. There 
was a sevenfold increase in both LDH and PGI activity 
within four days after inoculation, with a smaller rise in 
GOT and GPT. The activity of Alk Pase, on the other 
hand, showed no significant elevation. Since it has beon 
suggested that erythrocyte destruction is a likely source of 
elevated LDH activity’, whole blood hemoglobin con- 
centrations of control and infected mice were determined 
on all specimens. No significant fall in mean hemoglobin 
concentration occurred compared with the controls, how- 
ever, and there was no correlation in individual samples 
between the levels of any of the enzymes and the blood 
hemoglobin level. 

A further experiment was carried out in which groups of 
mice were sampled at daily intervals after infection with 
Riley virus, and plasma PGI and LDH levels compared to 
the level of plasma aldolase (ALD). No increase in ALD 
activity was found, although the PGI and LDH values 
showed the expected rise (Fig. 1). These results suggest 
that simple tissue damage is unlikely to account for the 
raised LDH in Riley-virus infection, and the lack of any 
gross or microscopical evidence of necrosis in Riley-virus 
infection! supports this conclusion. It seems more likely 
that this virus induces a characteristic alteration in coll 
permeability without effecting any irreversible tissuc 
damage. 

Since these experiments were carried out reports havc 
appeared® of similar series of experiments to our own in 
which essentially the same results were obtained. Our 
results differ only in that we find a rather greater increase 
in PGI, of a similar order to that of LDH, and a riso in 
GPT. These discrepancies probably reflect differences in 
the assay techniques used for the respective enzymes, 
and the results are presented as independent confirmation 
of the work quoted. 

This work was partly supported by a grant from the 
British Empire Cancer Campaign. 
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Purification and Stabilization of Factor V 


Faotor V, a coagulation factor in plasma necessary 
for the conversion of prothrombin to thrombin, was 
discovered by Owren in 19431. The same type of activity 
as part of a hypothetic prothrombin complex was 
independently described by Quick?, who named it ‘labile 
factor’. Several other investigators have also. suggested 
the existence of a clotting factor with the properties of 
factor V, that is, the prothrombin accelerator by Fantl 
and Nance? and the accelerator globulin by Ware et al.4. 
The isolation of factor V has been hampered by its remark- 
able lability. Thus this activity rapidly diminishes on 
storage not only in plasma, especially oxalated®-*, but 
also in partially purified fractions. Despite these difficul- 
ties partial purification of factor V has been achieved?-1?/19, 
However, the precise function of factor V in blood clotting 
is still obscure, and no chemical characterization has been 
given. 

Since we felt that factor V occupies a key position in 
the prothrombin-thrombin transformation we began to 
examine the properties of this factor. During the 
attempts to purify it from plasma, considerable 
difficulties arose, as the purity increased, mainly due to 
its well-known lability. It was, however, observed that 
certain metal ions, for example calcium ion, had a 
pronounced stabilizing effect on the partially purified 
factor V preparations. 

For obtaining the partially purified factor V the following 
techniques were adopted. Citrated or ACD plasma was 
used to begin with. Fraction I and fractions II+ III 
were precipitated according to Cohn’s method (ref. 13). 
Most of the factor V activity remained in the supernatant 
of fraction II+III. After precipitation of fraction IV—1 
from the supernatant of fraction TI+ITI, at pH 5-5—5-6 
the factor V activity was precipitated by adjusting the 
pH to 50-51 with acetic acid. This fraction, IV-14, 
was extracted at — 5° C with 0-6 M 
glycine, pH 5:3, containing 14 per 
cent ethanol’4. The precipitate 
after extraction, IV-1B, was dis- 
solved in ice cold water at about 
pH. 6 and freeze-dried. A yellow- 
greenish powder with a rancid 
smell was obtained. The yield of 
factor V activity in the different 
fractions of a representative frac- 
tionation is presented in Table 1. 

Fraction IV-1B was next ex- 
tracted twice with absolute meth- 
anol at —6° to —10° C. Thirty 
to forty per cent of the material on 
a weight basis was soluble in 
methanol. The residue after extrac- 
tion was dissolved in cold water 
and freeze-dried and constituted a 
whitish, scentless powder (fraction 
IV-~-1M). The yield of factor V 
activity in this fraction was be- 
tween 70 and 80 per cent of that in 
fraction IV~LB, the specific activity 30 
being about the same or somewhat 
higher. 

If fraction IV-1M was dissolved 
in water and kept at room tempera- 
ture the activity deteriorated within 
a few hours. At 0° C the decrease 10 
in activity occurred much more 
slowly. In the presence of oxalate. 
however, a nearly complete inacti- 0/40 
vation occurred within a few hours 15 
even at 0° C. It was then found 
that the alkaline-earth metals, 
magnesium, calcium and strontium, 
had a remarkable stabilizing effect. 
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acid buffer, pH 5:1, at + 5°C. Sample: 90 mg IV-1M was dissolved in 3 ml. of 0-1 M 
Undissolved material was removed by centrifugation. 
was applied to the column. 
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Table 1. YIELD OF ACTIVITY AND PROTEIN IN DIFFERENT FRACTIONS 


Protein determinations were made according to Lowry et al. (ref. 18), The 
extinction values were expressed in the equivalent amount of human albumin 


Total Specific 
Sample Vol. Total activity protein activity 
(ml.) (units/5 min) (g) (units/mg) 
ACD-plasma 6,020 626-000 430 1:5 
Supernatant fraction 
6,700 549-400 388 T4 
I + II 10,300 515-000 283 18 
Iv-1 14,150 382-000 262 15 
IV-14 14,400 65-000 252 0-26 
Extract IV-14 1,840 om oe 29 0 
Fraction IV-1B 486 336-000 12-9 26 


on the factor V activity, whereas barium had no effect 
(Table 2). Other metal ions such as cupric and zine ions 
had no stabilizing effect. Several unsuccessful attempts 
were also made to stabilize the factor V solution by the 
addition of ascorbic acid, cysteine, trypsin inhibitors 
and ec-aminocaproic acid. 


Table 2, EYFEOT OF DIFFERENT METALS ON THE STABILIZATION OF FACTOR V 


30 mg IV-1M were dissolved in 1 ml. water or 0-1 M salt solution, pH. 6-0. 
Samples were taken immediately and after 2 h at room-temperature and 
stored at — 20° C until tested 


Sample dissolved Activity (units/ml./5 min) 
in 0 time After 2 h 
Water 272 28 
Magnesium acetate 324 366 
Calcium acetate 396 496 
Strontium chloride 350 302 
Barium acetate 324 0 


The stabilizing effect of calcium was investigated at 
different concentrations and it was found that a rather 
high concentration (about 0-1 M) was needed to give a 
good stabilizing effect (Table 3). 

Optimum stability of factor V in calcium acetate 
solution was found between pH 5 and 7-0. At pH 4:5 
and lower, instantaneous inactivation occurred. Consider- 
able inactivation also took place at pH 8 and above. 


Prothombin concentration in %oof normal plasma ==. — - 
U.V.- absorption at 280 mp. (Dilution 4:5) 


Factor ¥ concentration in units /ml /S minutes - ~--— 


30 45 60 75 90 
Effluent volume (ml.) 


Column: ‘Sephadex G 200’ 1:6 cm x 25 cm, equilibrated with 0-1 M calcium acetate-acetic 


caleium 
2:3 ml. of the supernatant 
Flow-rate: about 2 ml./20 min 
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Table 3. INFLUENCE OF DIFFERENT CONCENTRATIONS OF CALCIUM ON THE 
FACTOR V ACTIVITY 


30 mg IV-1M were dissolved in 1 ml. of calcium acetate, pH 5-5, of 
different concentrations. Samples were taken immediately and after 2 h 
at room-temperature, and stored at — 20° O until tested 


Calcium-acetate Activity (units/ml. /65 min) 
(mM) 0 time After 2h 
12-5 382 45 
374 0 
50 428 258 
100 370 284 


It was noted that a solution of factor V which had been 
inactivated by storage could be partly reactivated in the 
presence of calcium ions. However, the factor V activity 
was never reactivated to more than 50 per cent of the 
original value. 

The possibilities of stabilizing factor V by alkaline 
earth metals proved to be most valuable for its further 
purification from fraction IV-1M. Of the different 
techniques applied gel filtration of the calcium stabilized 
factor V solution on ‘Sephadex G-200’ has hitherto given 
the: most promising results. Such an experiment is 
illustrated in Fig. 1. The factor V activity is not retained 
by the gel whereas the contaminations of prothrombin 
(+ factor VII) in fraction IV-IM are retained. The 
total yield of factor V in the different fractions was 70 
per cent of the activity applied to the column. 

The factor V activity was assayed in -a test system 
recently developed" in which the initial speed of thrombin 
formation from prothrombin is measured in the presence 
of factor VIII, serum: factors and lipid. Under certain 
conditions the factor V concentration is the limiting 
factor. The factor V activity has been expressed in 
arbitrary units, that is, units of thrombin formed per ml. 
per 5 min. Normal plasma has an activity of about 100 
units per ml. : 

Some of the fractions were also, with the same results, 
tested in a recalcification system on stored oxalated 
human plasma in the presence of an excess of extrinsic 
thromboplastin". 

We thank Miss Eivor Holmberg, Mrs. Ella Agrell and 
Mr. Bert Pettersson. for their assistance. This work was 
supported by grants from the Swedish Medical Research 
Council and Greta and Harald Jeanssons Stiftelse and 
Alice and Knut Wallenbergs Stiftelse. 
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Modified Substrate Specificity of Cell-bound 
Penicillinase 


PENICILLINASE formed by Bacillus cereus consists of two 
serologically distinguishable fractions!. One fraction, 
«-penicillinase, is extraceilular and accounts for 90 per 
cent of the penicillinase activity of a culture. The other 
fraction, designated as y-penicillinase, is firmly bound to 
the cell membrane?. y-Penicillinase, which is further 
characterized by susceptibility to iodination’, is definitely 
not æ precursor’, and there is evidence that it is a 
derivative of «-penicillinase. 

It is presumed that the modified antigenicity and 
iodine reactivity of y-penicillinase reflect a change in 
conformation caused by the association of the enzyme with 
the cell membrane. The change appears to be subtle 
since further comparison of the enzymatic and physico- 
chemical properties of the two fractions of penicillinase 
has failed to bring out other significant differences. In 
particular, the substrate specificity of y-penicillinase is 
reported to be identical with that of the exoenzyme’. We 
have now re-examined this conclusion since the avail- 
ability of new classes of semi-synthetic penicillins provides 
a broader basis for such comparison. 

. Our results indicate that the association of penicillinase 
with the cell membrane does indeed modify the substrate 
specificity of the enzyme. A clinically significant conse- 
quence, illustrated in the present report, is that y- 
penicillinase differs from o-penicillinase (and from any 
other known penicillinase) in its relatively marked ability 
to hydrolyse a ‘resistant’ penicillin. 

«-Penicillinase was prepared from the culture super- 
natant of the constitutive Bacillus cereus strain 569/H 
(ref. 6). y-Penicillinase preparations derived from cells 
of that strain and of the inducible parent strain 569 were 
made as previously reported’. The enzymatic activities 
were assayed by the manometric procedure described by 
Pollock’. The substrates used: were benzylpenicillin and 
methicillin (6[2,6-dimethoxybenzamido]-penicillanie acid) 
(Bristol Laboratories). 

Methicillin is highly resistant to the commonly encoun- 
tered penicillinases* and is a competitive inhibitor of 
a-penicillinase®. The relative rates of hydrolysis of 
methicillin by «- and y-penicillinase are compared in Fig. 
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Fig. 1. Rates of hydrolysis of benzylpenicillin and methicillin by a- and 
y-fractions of penicillinase. 10 uM of each substrate were used, and 
formation of the respective Peaielliois acids was measured by displace- 
ment of carbon dioxide at pH 7:0 under the conditions used by Pollock 
(ref. 7) for manometric assay of penicillinase. ©, a-penicillinase; x, 
y-penicillinase; dotted lines, benzylIpenicillin; solid lines, methicillin 
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Relative activity 





5-0 5-5 6-0 65 70 75 
pH 
Activity of y-penicillinase on benzylpenicillin (O) and methi- 
D. 


Fig. 2. 

cillin ( x ) at various ’s, The pH was adjusted by varying bicarbonate 

concentration (ref. 13) in the otherwise unmodified manometric assay 
procedure (ref. 7) 


1, and shown to be significantly different. Thus the ratio 
Vmax (methicillin) : Vmax (benzylpenicillin) is 10 times 
as high for y-penicillinase as for «-penicillinase. The 
activity of y-penicillinase on methicillin was found to 
have some distinctive characteristics. 

_ The dependence on pH of the activity of the y-penicil- 
linase preparation on benzylpenicillin, first examined by 
Pollock!, and on methicillin is presented in Fig. 2. The 
shape of the respective pH/activity curves is similar, but 
there is @ significant difference in the optimal pH values 
for the two substrates. This difference could be taken to 
indicate that methicillin and benzylpenicillin are hydro- 
lysed by different enzymes present in the ;-penicillinase 
preparation. However, a similar shift in pH/activity 
curve was observed when methicillin replaced benzyl- 
penicillin as a substrate for a chromatographically pure 
preparation of «-penicillinase. 

The shift in pH/activity curve has been further investi- 
gated and could be correlated with a difference in stability 
of y-peniciilinase interacting with methicillin under 
optimal (pH 7) and sub-optimal (pH 6) conditions. 
Whereas at pH 7 the rate of hydrolysis of methicillin is 
linear with time (Fig. 1), the enzyme preparation appears 
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Fig. 3. Reversible inactivation of y-penicillinase. Rates of hydrolysis 
assayed manometrically (ref. 7) in double side-arm flasks. Side-arms 
contained 3 uM of mothicillin and 10 aM benzýiponioilin respectively. 


The assay, carried out at pH 6, was started by tipping in methicillin. 
Benzylpenicillin was tipped in at the time indicated by arrow 
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to become rapidly inactivated when exposed to methicillin 
at pH 6. The preparation does, however, retain its ability 
to hydrolyse benzylpenicillin (Fig. 3). By analogy to 
previous observations on «a-penicillinase®.° we suggest 
that at the lower pH methicillin causes a distortion in the 
active site of the enzyme whereas benzylpenicillin can 
reverse this change. 

This interpretation is equally applicable to similar 
observations on the effect of methicillin on staphylococcal 
penicillinases''-!?. The alternative interpretation of Fig. 
3, namely, that the hydrolysis of methicillin was the 
function of a separate enzyme present in the preparation 
of y-penicillinase, has been examined and rendered 
unlikely on the following grounds. 

Methicillin is a competitive inhibitor of hydrolysis of 
benzylpenicillin by y-penicillinase. The relative initial 
rates of hydrolysis of the two compounds are constant 
with variously prepared and treated samples of this 
enzyme. Thus varying degrees of purification or partial 
inactivation (by iodination or heat treatment) cause no 
change in the ratio of initial velocities as given in Fig.:1. 
This ratio is very similar in the y-penicillinase formed 
constitutively by the mutant strain 569/H and in that 
induced in the parent strain 569. In the latter case the 
substrate specificity of y-penicillinase is the same regard- 
less of whether the inducer is benzylpenicillin or methi- 
cillin. 

The evidence presented here indicates that the 
membrane-bound y-penicillinase has a different and 
apparently broader range of specificity than the extra- 
cellular «-penicillinase. The modified enzymatic reactivity 
is consistent with the present view that +-penicillinase is 
a modified «-penicillinase. If this view is correct, our 
results illustrate the possibility that the location of an 
enzyme with respect to a cell structure may determine the 
range of its activity. More specifically the results point 
to a hitherto unsuspected mechanism for development of 
drug resistance, based on the simple expedient of shifting 
the cellular location of a critical enzyme. 

This work was supported in part by a research grant 
from the B. de Rothschild Foundation. 
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Validity of Electrophoretic Determination 
of Lactic Dehydrogenase Isozymes 


ELECTROPHORETIO analysis of lactic dehydrogenase 
(LDH) generally indicates that most human tissues 
contain characteristic percentages of five different iso- 
zythes!. However, when the same specimen of a tissue. 
homogenate has been analysed under different electro- 
phoretic conditions, the results are not always consistent. 
Vesell, for example, has demonstrated that, during starch 
gel electrophoresis, the migration of isozyme 5 (numbering 
1 from the anode) depends on its concentration®?. It 
has also been observed that the number and mobilities of 
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Fig. 1. LDH activity after starch-gel electrophoresis with different 


buffers. Migration towards the anode is upyard; All three gels con- 

tained 0:023M of boric acid and 0-009 of sodium hydroxide. 

In addition, the buffers contained, left to right, 0-03, 0°01 and 0-00 M 

of sodium chloride. The Samples applied in each case were homo- 

genates of, left to right, rat kidney, human kidney, rat liver and 
human liver 





Fig. 2. LDH activity after agar electrophoresis. 


but in duplicate. 


of glycine and 0:011 M of lithium chloride. 
hydroxide 


isozymes may appear different after starch-gel electro- 
phoresis than after agar electrophoresis**. The causes of 
such apparent inconsistencies could be important in 
correctly interpreting electrophoretic results, and attempts 
have been made to investigate them. Studies so far 
indicate that,in the process of electrophoresis, isozymes 
may be subjected to interactions which entirely distort the 
true isozyme pattern. 

Starch-gel electrophoresis was done as described by 
Smithies®, except for variations in buffer composition 
(which was the same in both starch gel and electrode 
vessels). Electrophoresis in 0-4 per cent agar was con- 
ducted as previously described®, except that separate 
agar plates and electrode vessels were connected by means 
of filter paper wicks. No changes were made in prepara- 
tion of tissue homogenates or in staining for LDH activity 
from previously described procedures’. 

Fig. 1 shows the results obtained after starch gel electro- 
phoresis of kidney and liver homogenates with different 
buffers. With decreasing ionic strength, isozymes 5 and 4 
tend to merge in the direction of the anode. The same 
effect was observed with various concentrations of borate 
ions or of other buffers. Measurements of »H’s in the 
gels after electrophoresis demonstrated that pH differences 
were not the cause of this phenomenon. Results obtained 
after agar electrophoresis of the same samples are prosen- 
ted in Fig. 2. Etfects of ionic strength are similar to those 
in starch gels, but are more extensive. It has also been 
observed that, at higher pH’s, decreasing the buffer con- 
centration has less effect. and at lower »H’s more. 

The fifth isozyme of human liver was isolated by prepa- 
rative electrophoresis in agar, at the higher glycine buffer 
concentration (Fig. 2). The isolated isozyme was then 
again subjected to electrophoresis in agar and in starch 
gels, at different buffer concentrations. The tendency 
of isozyme 5 to migrate towards the anode in more dilute 
buffers was even greater with the isolated fraction than 
with the original homogenate. It would thus appear that 
the effects observed at lower ionic strengths are not due to 
an anionic component originally bound to the isozyme 
which dissociates at a higher ionic strength. 
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e The order of samples is as in Fig. 1, 
. The buffers contained from loft to right, 0-05 M of glycine and 0-032 M 
of lithium chloride; 0:025 M of glycine and 0-016 M of lithium chloride; and 0017 M 
All pH’s were adjusted to 8:7 with sodium 
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Investigations of different agar concentrations (0-16- 
1 per cent) demonstrated that these effects increased with 
higher concentrations of agar. After this finding, plates 
containing the usual 0-4 per cent agar were subjected to an 
electric current for twice the normal time before the 
samples were applied. After application and running of 
the samples on these plates, isozyme 5 was then found to 
have migrated towards the cathode with the same 
mobility in the dilute buffers that it has in the more con- 
centrated buffers. It was also observed that, after starch- 
gel electrophoresis in more dilute buffers, isozymes 4 and 5 
migrated further towards the cathode at lower starch-gel 
concentrations. This effect of starch-gel concentrations 
was not found in more concentrated buffers. 

Theso results suggest that a negatively charged com- 
ponent in the starch gol ‘or agar associates with 
isozyme 5 in more dilute buffers. This appears to apply to 
isozyme 5 in serum and other tissues. The 
inhibition of such an association in more 
concentrated buffers would normally be 
anticipated’. Interactions between agar and 
isozyme 5 have been referred to previously 
by Wieme®. This conclusion would be con- 
sistent with the findings of Vesell?, since the 
lower the isozyme 5 concentration, the 
greater will be the relative concentration of 
anionic components with which the isozyme 
could associate. In a buffer of sufficient 
ionic strength, the migration of the isozyme 
was not affected by its concentration. 

Watts and Donninger have reported that 
the isozyme pattern of yeast aleohol dehydro- 
genase in starch gels may also be affected 
by the choice of buffer and by metal ions’. 

The conclusion would therefore appear warranted that 
conducting electrophoresis in buffers which are sufficiently 
concentrated to avoid the interactions described may be 
important in obtaining correct LDH isozyme patterns. A 
complete report of these studies will be published else- 
where. 

This work was supported by U.S. Public Hoalth Service 
grant B-3473. 
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Action of Pituitary Thyrotropin on the 
Inorganic Phosphorus of Thyroid Tissue 
in vitro 

AppitTion of pituitary thyrotropin (TSH) to tho 
suspending medium effects a variety of changes in the 
intermediary metabolism of surviving thyroid tissue’. In 
attempting to characterize the biochemical attributes of 
this transition from ‘rest’ to ‘work’, distinction has been 
made between the changes which can be demonstrated in 
simple saline media devoid of organie motabolites, and 
those which occur in media which have been supplemented 
with potential exogenous substrates such as glucose*. It 
has been proposed that the unsupplemented systems 
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unmask intrathyroidal realignments for the initiation of 
‘work’ from endogenous resources, while the supplemented 
systems reflect assimilative alterations for sustaining 
‘work’ through an exogenous renewal of substrate!?. Ina 
forthcoming review, it has been suggested that the endo- 
genous priming results from the simultaneous occurrence 
of multiple catabolic events within the thyroid!. Thus, 
the virtually immediate effects of TSH to: (a) promote 
thyroidal Qo, in unsupplemented systems’; (b) increase 
intrathyroidal free sialic acid’; (c) liberate free amino- 
acids from thyroglobulin® might reflect concurrent (a) 
mobilization of preformed endogenous substrates, as well 
as an activation of intrathyroidal (b) neuraminidases and 
glycosidases, and (c) proteases and peptidases. The more 
recent demonstrations that TSH may augment glyco- 
genolysis in thyroid slices? and directly enhance intra- 
thyroidal proteolysis in vitro’ afford further examples of 
essentially catabolic components in the initial ‘work’ 
response. In view of these considerations, it was consid- 
ered desirable to re-examine our earlier observations that 
TSH can increase intrathyroidal inorganic phosphorus 
(Pin) in unsupplemented systems’. 

Slices of sheep thyroid were incubated at 38° C, in an 
atmosphere of pure oxygen in Warburg vessels containing 
modified Krebs-Ringer buffered at pH 7:4 with iis and 
phosphate (KRT-P)*. In some experiments, the buffer 
orthophosphate was labelled with phosphorus-32 (KRT- 
2P) and suspending media were supplemented with 
glucose (2 mg/ml.) and fat free albumin (10 mg/ml.). 

Dr. R. W. Bates and Dr. P. G. Condliffe of Bethesda, 
Maryland, kindly provided the following purified prepara- 
tions of TSH for our work: mouse tumour TSH (lot 
11-113-Bl1, 7 U.S.P. units/mg) and purified beef TSH (lot 
PC 9-113-~B3, ‘approximately 30 U.S.P. units/mg’). The 
TSH was dissolved in KRT-P which had been supple- 
mented with 2 mg/ml. gelatin to prevent adsorption of 
hormone to glassware. Slices were incubated with KRT-P 
or KRT-#P for 30 min prior to ‘tipping-in’ TSH or an 
equivalent volume of KRT-P gelatin from the side-arms. 
Thereafter, the slices were removed at timed intervals and 
frozen rapidly in liquid nitrogen. Tissues and media were 
extracted with trichloroacetic acid (TCA) at 4° ©, and 
TCA-soluble phosphorus was partitioned into ‘inorganic’ 
and organic moieties as described previously?. Aliquots 
of the TCA-soluble fractions were plated on stainless steel 
planchets for radioactive assay. 

These experiments disclosed that the previously 
reported increase in intrathyroidal Pin (ref. 3) cannot be 
ascribed to contaminating phosphatases or non-specific 
activators in the early crude TSH preparations, nor to the 
fact that exogenous substrates had been omitted from the 
suspending media. As shown in Table 1, the same pheno- 
menon was elicited with as little as 1 ug/ml. of the highly 
purified Bates-Condliffe TSH, and it paralleled the con- 
current stimulation of oxygen consumption and glucose 
assimilation even in supplemented systems. 


‘fable 1. Errors OF Puririnp TSH ON THE INTERMEDIATE METABOLISM 
AND THE TCA-SOLUBLE PHOSPHORUS OF SHEEP THYROID SLICES* 


Qo; ul O./mg/h) Glucose Medium Tissue TCA-soluble P 
u 


TSH our uptake inorganic E Inorganic Organic 
(u/ml.) 1 2 3 (wg/mg) — (ug/ml.) (ugie) 

0 0-26 0:26 0-24 1-68 31-5 67:0 152 

0-03 033 032 0-29 208 31-0 746 161 

0-30 0-41 0:35 0:37 1-99 31:5 797 159 


* Slices were incubated for 8 h in KRT-P which had been supplemented 
with glucose (2 mg/ml.) and fat-free albumin (10 mg/ml.). Thyrotropin 
consisted of the Bates—Condliffe purified beef TSH which contains ‘approx- 
imately 30 U.S.P. units/mg’. Values for hourly Qoz, and for glucose uptake, 
and tissue phosphorus at the end of incubation have been related to the 
initial wet weight of the slices. 


To affix more precise directional and temporal dimen- 
sions, KRT-P was utilized, and tissues were analysed 
within 10 min following the introduction of TSH. One 
representative experiment from seven is shown in 
Table 2. 10 min after the addition of TSH, intrathyroidal 
Pin was invariably augmented. The absolute concentra- 


NATURE 


June 1, 1963 


Vou, 198 


tion of inorganic phosphorus was increased 8~15 per cent 
(P <0-01), and the percentage difference between ‘control’ 
and ‘TSE’ vessels was not appreciably heightened by more 
prolonged exposure to TSH. Concurrent assay of cellular 
inorganic phosphorus-32 and derivation of specific activity 
disclosed that the 10-min rise in Pin could not be attributed 
solely to a heightened influx of orthophosphate from the 
suspending medium. To reinforce this conclusion, all 
extracellular orthophosphate was omitted in 2 experi- 
ments and slices were incubated in simple KRT. Even in 
such ‘phosphate-free’ systems, the addition of TSH effected 
a prompt augmentation of Pin. 


Table 2. TIME-RELATIONSHIPS IN THE EFFECTS or TSH ON THE TCA- 


SOLUBLE PHOSPHORUS OF SHEEP THYROID SLICES* 


Time after Medium Tissue TCA-soluble P 


‘tip-in’ TSH inorganic P inorganic P Organic P 
(min) “ele S.A PEJE S.A. pele sA. 
10 - 31:7 74,480 58-7 82,866 259 4,946 
+ 32.6 72,442 8635 31,427 243 4,462 
60 - 30:7 74,960 53-3 44,724 197 9,970 
+ 322 71,475 58:3 43,285 215 10,532 


* Slices were equilibrated for 30 min in KRT-®P containing fat-free 
albumin (10 mg/ml.). Thereafter, TSH (+) or equivalent volumes of 
KRT-P (—) were introduced from the side-arms. Final concentration of 
TSH in the suspending medium was 0:3 U.S.P. units/ml. Initial concentra- 
tion of orthophosphate in the KRT-P was 30-0 ug/m).; and all specific 
activities (S. 4.) have been adjusted to an initial value of 100,000 counts 
of phosphorus-32/minjug P in the KRT-P. Mouse tumour TSH was used 
for the experiment depicted above and glucose was omitted from the medium. 


Thus, presumably, activation of thyroidal phosphatases 
constitutes one of the earliest manifestations of TSH 
action in vitro. It must be recognized that no existing 
technique for tissue fractionation can wholly exclude the 
possibility of hydrolysis of labile organophosphates during 
analytical manipulations. However, even if such a pre- 
parative artefact were to contribute to the absolute values 
for Pin in the work recorded here, one would still have to 
assign TSH a role in promoting the intrathyroidal avail- 
ability of readily degraded precursors for Pin. 

For the moment, the exact substrate(s) for the activated 
phosphatase(s) cannot be identified. That latent adeno- 
sine triphosphatase? may be involved is suggested by the 
finding that the acute rise in Pin which TSH induces is 
often accompanied by an equivalent reduction in the 
phosphorus of the TCA-soluble organic fraction. How- 
ever, these reciprocal interrelationships do not always 
occur. In 2 experiments, TCA-soluble organic phosphorus 
rose part passu with the Pin as if both the inorganic and 
the organic TCA-soluble moieties were being supplemented 
through an action on TCA-insoluble components. Among 
the phosphatases which might be implicated in tho latter 
phenomenon, phosphatidic acid phosphatase and phospho- 
protein phosphatase warrant consideration. Through 
coupled enzyme reactions, they can elevate Pin in a manner 
that simulates the effects of conventional adenosine tri- 
phosphatase’, and, like adenosine triphosphatase? +!!, 
their action on organophosphates within the cell mem- 
brane has been linked to cation transport. In this 
regard, it should be recalled that Solomon has shown that 
ingress of sodium into the thyroid is facilitated within 
minutes following the exhibition of TSH in vivo”, 

Despite the difficulties in localizing the phenomenon to 
precise enzymatic and subcellular sites, it is apparent from 
all the foregoing that any compilation of the early 
catabolic effects of TSH must include an activation of 
thyroidal phosphatases. In the present state of know- 
ledge, the catabolic sequence cannot be dissected into 
primary and secondary components on purely temporal 
grounds, nor can one dismiss the proposal! that all the 
events could be ‘triggered’ concurrently through the lytic 
disruption of some organized intracellular particle in 
which multiple catabolic enzymes are stored44. However, 
the present Pin findings may have some physiological 
relevance above and beyond these biochemical considera- 
tions. In accord with Lardy’s formulation of the role of 
inorganic phosphorus in intracellular metabolic regula- 
tion, it is conceivable that any rise in Pin, if appropriately 
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compartmentalized?*, could: (a) promote the availability 
of endogenous glycolytic intermediates through conver- 
sion of glycogen to hexosephosphates; (b) augment 
glycolysis through enhanced oxidation of triose phos- 
phates; (c) stimulate respiration by providing phosphate 
for ‘phosphate-acceptor systems’. Thus, the mobilization 
of endogenous Pin by TSH could have direct implications 
in the most enigmatic aspect of TSH action. namely, the 
mechanisms by which initially catabolic events are 
ultimately translated into anabolic consequences, such as 
glandular hyperplasia and hypertrophy. 

This work was supported in part by U.S. Public Health 
Service research grant A-1571 and training grant 
2A-—5060. 
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Lack of Messenger RNA in Reticulocyte 
Cell-sap 


THE messenger hypothesis of genetic control of protein 
biosynthesis? suggests that free messenger RNA molecules 
are present in cells, probably in the cell-sap. Use has been 
made of cell-free systems to see whether the capability of 
ordering the sequence of amino-acids in peptides resides in 
the cell-sap as well as in the ribosomes. Experiments of 
this type?-> have been conducted in the same general way. 
Ribosomes from reticulocytes of one species of animal have 
been incubated with cell-sap from reticulocytes from a 
different species and amino-acid incorporation into hemo- 
globin typical of the species of animal providing the cell- 
sap has been considered to afford proof that the sap con- 
tains messenger RNA. The results have been conflicting; 
two groups of workers?:5 present evidence which supports 
this idea while two other groups*-4, using a similar system, 
find no evidence for such a claim. 

One criticism of this type of experiment is that messen- 
ger RNA may have some degree of species specificity so 
that a messenger RNA of one species may not be able to 
attach itself to ribosomes of another species. We have, 
therefore, used ribosomes and cell-sap both obtained from 
different tissues of the rat. We realize that this approach 
is also open to criticism because of the possible existence of 
tissue specificity. 

~_ Reticulocytosis was induced in 300-400-g albino rats by 
four daily subcutaneous injections (0-1 ml./100 g body-wt.) 
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of a 2-5 per cent neutral solution of phenylhydrazine in 
water. The reticulocytes wore collected on the fifth day 
and ribosomes, pH 5 enzymes and pH 5 supernatant were 
prepared from them as described by Lamform®. Rat liver 
cell fractions were prepared as previously described’. 

The conditions of incubation are shown in Table 1. After 
the incubation the flasks were cooled and pH of the 
contents adjusted to 5:1 with 0-5 M acetic acid. The 
precipitate which formed was removed by 10 min centri- 
fugation at 10,000g and the supernatant fluid removed, 
dialysed against several changes of 0:0625 M sodium 
phosphate buffer pH 7-18, the protein precipitated with 
saturated ammonium sulphate, redissolved in a small 
volume of the buffer and dialysed again. Tho hemoglobin 
was purified by chromatography at room temperature 
on ‘IRC-50’ equilibrated with the phosphate buffer, 
elution being accomplished with 0:25 M sodium 
phosphate buffer pH 7:18. The protein eluted from 
the column was prepared for radioactive counting as 
described elsewhere‘. 


Table 1 
Source of cell fractions Counts/min 
Ribosomes pH 5 pHsd incorporated into Counts/min m 
supernatant total protein hemoglobin 

1 L R R 33,600 960 
2 = R R 500 210 
3 L ©. L L 27,300 580 

L, Rat liver. R, rat reticulocytes. 


Incubation conditions: 30 mM tris, pH 7-5, 5 mM MgCl, 60 mM NaCl, 
80 mM KCI, 5 mM ATP, 3 ue, DI-[1-"C]leucine, 36 mg/ribosomes, 13 mg 
reticulocyte pH 5 enzymes, 28 mg liver pH 5 enzymes, 64 mg reticulocyte 
pH 5 supernatant, 19 mg liver pH 5 supernatant. Volume 3 ml. Incubation 
at 37° for 90 min, then 0:2 mg puromycin and 15 uM ATP added. followed 
py po min further incubation to help the release of protein from ribosomes 
ref, 8). 


The results are shown in Table 1. From line 1 it would 
appear that hemoglobin had been synthesized on liver 
ribosomes, for almost 3 per cent of the total counts incor- 
porated appear in hemoglobin. But two controls must be 
taken into account before such a conclusion can bo 
accepted. Tho first is shown in line 2 which corrects for 
the synthesis of hemoglobin by reticulocyte ribosomes 
contaminating the reticulocyte cell-sap; subtraction of 
this 210 counts/min leaves 750 counts/min in hemoglobin. 
The second control (line 3) is of the efficiency of separating 
hæmoglobin from other labelled proteins. After incubation. 
reticulocyte pH 5 and pH 5 supernatant fractions were 
added and hemoglobin isolated as in the experment 
described in line 1. The hemoglobin was found to contain 
580 counts/min, but this figure must be adjusted to take 
into account the lower total incorporation in the experi- 
ment described in line 3 compared with the experiment 
described in line 1 (by multiplying it by 33,600/27.300). 
giving 713. This leaves only 37 counts/min in the hemo- 
globin out of 33,600 counts/min incorporated into total 
protein. 

In two other experiments very similar results were 
obtained; only a few counts could be detected in hemo- 
globin. Reticulocytes contain no detectable DNA so that 
synthesis of messenger RNA cannot be occurring. This is 
confirmed by the report’ that actinomycin, which inhibits 
RNA synthesis, does not stop hemoglobin synthesis in 
reticulocytes. One might assume that the messenger RNA 
in reticulocytes is bound to the ribosomes and that little 
of it is free in the cell-sap, and our results are in agreemont 
with such a concept. It is possible that some treatments 
of ribosomes during preparation are severe enough to 
remove some messenger RNA from the ribosomes into the 
sap and this may explain the differences in tho findings of 
Kruh et al.* and Lamform$ from those of Schwect et al.¢, 
Arnstein et al.8, and ourselves. It is stressed that our 
results do not prove the absence of messenger RNA in 
mammalian tissues; they merely indicate a failure 10 
demonstrate the ability of rat reticulocyte celJ-sap to 
control, to any great extent. the type of protein syn- 
thesized. 

We thank the Department of Scientific and Industrial 
Research for a maintenance grant for one of us (A. J. Mà, 
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Separation of lIron-containing Ferritin from 
Horse-spleen into Three Distinct Fractions 
by Starch-gel Electrophoresis 


ULTRACENTRIFUGAL investigations: have shown that 
ferritin which was prepared from horse-spleen by Granick’s 
method? is not a chemical entity but consists of a mixture 
of a colourless component and a heterogeneous coloured 
material. The colourless component is an iron-free, fairly 
homogeneous protein (Sz = 17-6; mol. wt. 465,000), moving 
with a sharp boundary in the ultracentrifuge, and is 
identical with apoferritin prepared by Granick and 
Michaelis*. The coloured iron-containing material, ferri- 
tin, is rather heterogeneous and sediments with a widely 
spread boundary. 

Mazur et al.*)5 investigated fractions which were serially 
precipitated from a solution of ferritin by increasing 
amounts of ammonium sulphate. They demonstrated 
that the total iron content of these fractions decreases as 
the concentration of ammonium sulphate required to 
precipitate them from the solution increases. That fraction. 
which precipitates at the highest concentration contains 
the least total iron. De Bornier, who also included 
apoferritin in his investigations, arrived at similar results. 
He found, however, that apoferritin contrary to iron- 
containing ferritin is fairly homogeneous when precipi- 
tated with ammonium sulphate. His conclusion was that 
a given ferritin solution may contain molecules differing in 
iron-content. Moreover, measurements of the osmotic 
pressure showed that molecular weights varied with the 
iron-content of the ferritin molecule. 

In our experiments ferritin was propared from horse- 
spleen according to Granick’s method. Different samples 
of ferritin from twelve different horse-spleens and two 
commercially available products of ferritin (N.B.C. and 
Calif. Corp. Biochem. Res.) were used in the experiments. 
One preparation was crystallized six times with cadmium 
sulphate. The material was homogeneous in paper- 
electrophoresis and immuno-electrophoresis. It con- 
tained approximately 10 per cent nitrogen and 20 per cent 
iron. (Nitrogen was determined according to Dumas and 
with the micro-Kjeldahl procedure, iron by a modified 
o-phenanthroline method.) 

Using the starch-gel electrophoresis technique’® it was 
possible to separate ferritin into three distinct bands which 
were stained with amido black 10B and showed the 
typical prussian blue reaction (Fig. 1). Two ferritin 
preparations showed an additional fourth band. 

One sample of ferritin was separated in the separation 
cell of the Spinco model Æ ultracentrifuge into apoferritin 
(Seo= 18-0 and the brownish iron-containing ferritin (Ss 
approximately 64). Again the latter could be separated by 
starch-gel electrophoresis into three components (bands 
1, 2and 3). While investigating the isolated apoferritin by 
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Fig. 1, Ferritin, stained with prussian blue. Vertical arrow indicates 


direction of migration; horizontal arrow the starting point 


starch-gel electrophoresis after staining with amido black 
only one band could be detected, which had the same 
electrophoretic mobility as band 1 of the iron-containing 
ferritin. By making runs in starch-gel with various dilu- 
tions of a second sample more than 90 per cent of the 
ferritin was found for band 1, less than 10 per cent for band 
2 and less than 1 per cent for band 3. All other samples of 
ferritin tested in starch-gel seemed to contain the same 
relative amounts of ferritin in each of the three bands. 

It seemed possible that bands 2 and 3 of ferritin in 
starch-gel electrophoresis were artefacts resulting from the 
formation of dimers and trimers in analogy to the forma- 
tion of mercapto-albumin by bivalent cations®?°. This 
formation of possible artefacts might have occurred during 
the preparation of ferritin either with bivalent cations 
originally present in the spleens or with cadmium ions used. 
(as sulphate) to obtain crystallized ferritin. In order to 
exclude this possibility three of the twelve spleens 
examined were frozen immediately after removing them 
from the animals and were extracted with ethylenediamine 
tetraacetic acid (0:05 per cent, 4° C). These raw extracts 
and the ferritin obtained from them again showed the 
pattern of the three bands in starch-gel electrophoresis. 

In order to exclude the possibility that the three bands 
represent metastable polymers, bands 1 and 2 were 
soparately extracted out of the gel, were kept at 37° C for 
24 h, and re-investigated in starch-gel. The proteins of 
the two bands retained their original electrophoretic 
mobility. No reversion to multiple bands occurred. 

Moreover, ferritin was investigated in gels (pH 9-3) 
which contained 6M urea. Again the characteristic 
pattern, in the electrophoresis was found. 

The low ionic strength buffer which was used in the 
experiments’ had to be considered as a possible source of 
error, since such buffers may lead to anomalies in free 
solution electrophoresis. To exclude this possibility we 
used a barbiturate buffer of 0-1 ionic strength at pH 8-6. 
In this as well as in various other barbiturate, borate and 
phosphate buffers in the pH range 6-10 the same charac- 
teristic pattern was obtained. 

Repeated fractional precipitation of a ferritin solution 
with ammonium sulphate resulted in a marked enrichment 
of the substance in bands 2 and 3 as compared with band 1 
(first preparation) and, at the same time, in a complete 
separation of band 1 from bands 2 and 3 (second prepara- 
tion). In the course of this procedure bands 2 and 3 
precipitated mainly at comparatively low concentrations 
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of ammonium sulphate (less than 22 per cent at room 
temperature), and band 1 chiefly at higher concentrations 
(more than 22 per cent). According to other workers‘-*, 
fractions precipitating at a lower ammonium sulphate con- 
centration have a higher iron content, while those precipi- 
tating at a higher ammonium sulphate concentration have 
a lower iron content. Using both the Ouchterlony tech- 
nique and immuno-electrophoresis, both preparations 
seemed to be serologically identical. The investigation of 
the two preparations in the analytical ultracentrifuge 
(Spinco model Æ, rotor A, 39,460 r.p.m., phosphate- 
buffered salt solution, pH 6-9) showed a distinctly higher 
sedimentation coefficient for the first preparation contain- 
ing an enrichment of bands 2 and 3 (and still the rest of 
band 1) in comparison with that of the second preparation 
(band 1). 

One can draw the conclusion that the iron-containing 
heterogeneous ferritin can be separated into three (or 
perhaps even four) distinct fractions (bands) by starch- 
gel electrophoresis. These fractions do not represent 
artefacts of the electrophoresis, nor artificial stable dimers 
and polymers, nor metastable dimers and polymers. They 
consist of ferritin molecules which seem to be serologically 
identical but differ in their sedimentation coefficient and 
possibly also in their iron content. 

We thank Prof. Richard Haas for his interest and 
support, and Miss Heide Rumberg for assistance. 
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PHYSIOLOGY 


Bradykinin and Eosinophils 


WHEN the nonapeptide bradykinin is injected into 
tissue certain effects follow!. These are: stimulation of 
smooth muscle, vasodilation with increased capillary 
permeability, and the production of pain. With large 
doses there is also attraction of masses of leucocytes 
to the injected site. No specific antagonist of bradykinin 
has yet been discovered and Lewis! regards the material 
as a local tissue hormone capable of producing a typical 
early inflammatory response. 

Eosinophils are attracted by released or injected 
histamine? but not by histamine retained within intact 
mast cells. Eosinophils have been shown to antagonize 
histamine?, and 5§-hydroxytryptaminet. We have come 
to regard them as a physiological opposite of the mast 
cell, concerned in the local control of histamine and 
inflaromatory response. If this hypothesis were valid, then. 
an investigation into eosinophils and their effect, if any, 
on bradykinin might give results of interest. 

Schwab’ has published the results of some experiments 
with guinea pig leucocytes and bradykinin. Incubation of 
a crude bradykinin fraction with disintegrated peritoneal 
leucocytes reduced the area of extravasated pontamine 
sky blue in the guinea pig skin. Eosinophils were not 
mentioned; Schwab was of the opinion that his inhibitory 
material probably originated from the non-granular 
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leucocytes, although this contention was not supportel! 
by his experiments with macerated guinea pig organs. 

As a first experiment we prepared crude bradykinin 
by a modification of the technique of Elliott, Horton anil 
Lewis*. The globulin fraction from 1 l. of equine blood 
was dialysed against a mixed bed ion exchange resin. 
To the substrate solution 0-2 mM calcium chloride was 
added and the material was subjected to tryptic digestion. 
Finally, the counter-current distribution step of Elliott 
et al. was replaced by a simple n-butanol extraction on a 
vacuum-dried product. 

With techniques published in detail elsewhere!, edema 
production in horse skin was used as a measure of increaset 
capillary permeability. Using doses of 250 myg of 
crude bradykinin, a marked reduction of the ademu- 
tous response was obtained by superinjection of an 
aqueous extract of horse eosinophils prepared by a tech- 
nique published elsewhere’. This cedema was not reduce:| 
by as much as 0-5 mg mepyramine maleate (Table 1). 


Table 1, EXPERIMENTS ON HORSE SKIN (EDEMA WITH CRUDE BRADYRININ 





i 








Aqueous Edema 
Brady- Mepyr- extract of dev eloped 
Exp kinin amine eosinophils —- 

1 No. injected maleate | as eosino- | Experi-. Con- Result 
| (crude) (mg) phils «10° mental trol 

(mag) . | extracted | (E) a) 
1 250 į | 200 18 26 - 
1 2 250 | 40 21 26 $ 
| 3 1 — ' 24 26 - 


| 250 0°5 











Beanlts recorded as follows: Values for (C ~ B/C x 100: more than 40, 
+ + ; 25-39, + ; 15-24, + ; 0-15, 

All injections adjusted to 0-2 ml. ’ total volume. Control sites received 
0-2 ml. saline, but no eosinophil material. Eosinophil content of the leuco- 
cytes extracted was not less than 60 per cent; contaminants, neutrophils 
and lymphocytes. Exps. 1-3 performed on pony d. 


A sample of pure synthetic bradykinin was kindly 
given to us by Dr. G. P. Lewis. 60 mug of this material 
gave an cedematous plaque in horse skin of about 30 mm 
diameter in 0-5 h. Injections of bradykinin at this dost. 
followed in 1-3 min by various extracts from horse eosino- 
phils, regularly gave a decreased area of cedeina (Table 2). 
Extracts made from horse neutrophils and lymphocytcs 
had no effect (Table 3). It was also found that the ultra- 
filtrate of aqueous equine eosinophil extracts gave more 
easily recorded cedema inhibition than did whole aqueous 
extracts, while the residue from filtration was cither 
inactive or only weakly active (Table 2). 


Table 2. EXPERDIENTS ON HORSE SKIN (EDEMA USING S\ NTHETIC BRAD) - 
KININ AND EOSINOPHILS 





| Eosinophils injected x 10° 























ln Œdema ‘ , 
Brady- Ultra- | Residue developed 
Exp. | kinin Whole | filtrate ; from i-—-— Result 
No. jinjected}aqueous: of ultra- | Experi- Con- 
(mug) | extract !aqueous| filtra- , mental! trol 
! | extract | tion | (E) (ce) 
4 60 190 =. ae aS 85 45 7 
5 60 95 — — 30 45 - 
6 60 = 120 — 20 | 45 . 
7 60 — fee 9B 35 - 
8 80 — 60 — , 2 | 33 - 
9 60 — 50 — 18 | 22 = 
10 60 — | 10 —- 16 22 3 
11 60 — , 5 — 22 | 2 
12 60 — ' = | 120 3 i $ 
13 60 — — | 60 30 . 45 - 
14 60 — | a 60 Sp O 88 = 











Legend, as for Table 1. Exps. 4-7 and 12-18 on pony B. exps. s-14 on 


pony C; exps. 9-11 on pony D 


Skin biopsy specimens of certain injected sites were 
With 
doses of 25 ug or less, either of crude bradykinin or of 
synthetic bradykinin, there was no leucocytic infiltration. 
With 200 ug or 2 mg considerable leucocytosis of the sub- 
cuticular tissue was observed; the majority of the cells 
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were neutrophils. There was no eosinophilia at any dose- 
level and it is therefore possible to conclude that brady- 
kinin is not chemotactic for eosinophils. This would 
accord with the findings on eosinophils and 5-hydroxy- 
tryptamine since this amine is not chemotactic for 
granulocytes, but it is antagonized by eosinophils‘. 


Table 3. EXPERIMENTS ON HORSE SKIN CEDEMA USING SYNTHETIO BRADY- 
KININ AND MIXED NEUTROPHILS AND LYMPHOCYTES 








Mixed (eosinophil- 
poor) leucocytes in- 
jected, x 10 Edema 
Brady- |———-——, developed 
Exp. _ kinin Ultra- = |__| Result 
No. injected Whole ‘filtrate of | Experi- Con- 
(myg) aqueous aqueous mental trol 
extract extract (E) (C) 
15 60 72 — 29 83 
16 60 70 —_— 23 23 
17 60 — 120 27 27 
18 60 — 80 27 27 
19 60 — 30 27 27 














Legend, as for Table 1, Eosinophil content of the mixed leucocytes used 
in these experiments did not exceed 0-2 per cent. Exp. 15 on pony C; 
exp. 16 on pony D; exps. 17-19 on pony E. 


Recently, West? has formulated the theory that hista- 
mine has the function, inter alia, of activating the enzymatic 
formation of bradykinin. This would add force to the 
concept of the eosinophil as a controlling mechanism of 
local inflammatory response, since the eosinophils of the 
horse have now been shown to contain an active principle 
or principles capable at least of inhibiting the increased 
permeability effect of bradykinin. While it is important 
to extend this work by using different tests of brady- 
kinin activity, it is significant that the three agents which 
are apparently antagonized by eosinophils (histamine, 
5-hydroxytryptamine and bradykinin) can together 
reproduce all the phenomena usually regarded as con- 
stituting‘a typical picture of inflammation. 
We are obliged to the National Research Development 
Corporation for a grant towards the cost of this work. 
R. K. ARĊHER 
J. BROOME 
Equine Research Station, z 
Animal Health Trust, 
Newmarket, 
Suffolk. 
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Transmural Potential Difference, Short-circuit 
Current and Sodium Transport in Isolated 
Rabbit Ileum 


Tars communication is concerned with the measure- 
ment of the transmural potential difference, the short- 
circuit current, and the net sodium flux in isolated seg- 
ments of rabbit ileum using a method similar to that 
described by Ussing and Zerahn!. 

New Zealand white rabbits, weighing 2-5-4 kg., were 
anzsthetized by the intravenous administration of ‘Nem- 
butal’. After opening the abdomen, the terminal 5 om 
of the ileum was excised and then rapidly opened by 
cutting along the mesenteric border. The exposed 
mucosal surface was then rinsed free of intestinal con- 
tents and the tissue clamped between two lucite chambers. 
In most cases the animal was alive at the time of excision 
and care was exercised to maintain an uncompromised 
blood supply to the intestinal segment. In some cases 
the rabbit died following the administration of the ‘Nem- 
butal’, and the ileal segment was excised within 2 min 
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after death. The elapsed time between excision and the 
onset of perfusion rarely exceeded 4 min. Perfusion of 
each surface was accomplished using a gas-lift circulating. 
system! which provided both a rapid circulation and 
adequate aeration with a 95 per cent oxygen, 5 per cent 
carbon dioxide gas mixture. The perfusing solutions 
were maintained at 37°C by means of water jackets 
connected to a constant temperature circulating pump. 
The composition of the bathing solution was: NaCl, 
137 mM; KCl, 50 mM; CaCl, 22 mM; Na, HPO, 
l-l mM; KH,PO, 0-2 mM; NaHCO, 25 mM; and 
glucose, 11 mM. The pH of the bathing solution was 
initially 7:2 and declined to 6-8 during the course of a 
60-min experiment. 

The tips of Ringer-agar bridges were placed within 
1-3 mm of the membrane, and the potential difference 
between these bridges was measured by a pair of matched 
calomel electrodes leading into a high-impedance vacuum 
tube potentiometer. The calomel electrode and bridge 
junction potentials measured prior to the mounting of 
the membrane did not exceed 0-2 mV. The external 
current was applied to the system utilizing immersed 
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`- gilver-silver chloride electrodes and the magnitude of this 


current was determined by means of a Weston micro- 
ammeter. 

The initial transmural potential difference observed in 
30 experiments averaged 8-9 + 0-4 (S.E.) mV, serosa 
positive, and slowly declined during the period of the 
experiment, reaching a value of approximately 5 mV 
after 60 min. At all times tho serosa was electrically 
positive with respect to the mucosal surface. The values 
observed are in good agreement with those reported by 
Clarkson et al.*-*, using everted segments of rat small 
intestine. 

As in the case of the spontaneous transmural potential 
difference (in the absence of an external current), the 
short-circuit current gradually declined during the course 
of the experiment from an initial maximal value. The 
average short-circuit current in 16 experiments is shown 
as a function of time in Fig. 1. Tho short-circuit current 
is dependent on the presence of intact oxidative meta- 
bolic pathways and is rapidly abolished by anaerobiosis 
(nitrogen) or potassium cyanide (10-?M). A more gradual 
but significant inhibition of the short-circuit current is 
observed with 5 x 10-4M ouabain in the bathing solu- 
tions. . 

The reasons for the spontaneous decline in the trans- 
mural potential difference and the short-circuit current 
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Fig. 1. Average short-circuit. current of the isolated terminal ileum 
of the rabbit as a function of time. The shaded area represents the 


standard error of the mean in ao Experiments; The membrane area is 
13 cm? 
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are as yet obscure. It does not appear to be related to 
the rate of circulation or aeration of the buffer solution. 
Furthermore, histological examination of the tissue after 
removal from the chamber revealed only some sub- 
mucosal cedema; the mucosal surface was microscopically 
intact. 

Mucosa to serosa, OS’, and serosa to mucosa, Ọ¥, 
fluxes of sodium were determined for serial sampling 
periods of 5-10 min duration using sodium-24. Experi- 
ments were performed using both the normal perfusion 
medium and an identical buffer solution from which 
glucose was omitted. In addition, three experiments were 
performed in which, by using both sodium-22 and sodium- 
24, the unidirectional sodium fluxes were determined 
simultaneously on the same ileal segment. The average 
values of ỌN: and ỌM, and the average of the short- 
circuit currents, Ige, during the sampling period; are 
given in Table 1. It should be noted that both in the 
presence and absence of glucose the net flux of sodium 
from mucosa to serosa, ON, is in good agreement with 
the short-circuit current expressed in terms of flux of 
a monovalent cation. Furthermore, the values of ®*%, 
Din and i observed in the presence of glucose are 
in good agreement with previously published data ob- 
tained using in vivo and in vitro preparations of rat 
ileum‘-’. The persistence of a diminished net active trans- 
port of sodium in the absence of glucose may be attributed. 
to endogenous metabolic activity. Such activity has 
been demonstrated by Newey et al.* in the case of rat 
small intestine. 
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Table 1. RELATIONSHIP BETWEEN NET SODIUM FLUX AND THE SHORT- 

ORCUIT CURRENT* 
On, on Daet Lao 

B "equiv/em® h 
Glucose present 

96 +03 (39) 67 +02 (88) 3-9 + 0-4 37 +01 (72) 
Glucose absent 

5 +03 (21) 69 +08 (21) 26 + 0-4 24+ 0-1 (42) 

Double-label amar carat 
88405 (21) 57 +08 (21) 3-1 31+ 0-2 (21) 


* The errors shown are standard errors of a mean. The number of 
sampling periods is given in parenthesis. 
} Glucose present. 


The results reported here support the conclusions of 
Clarkson et al.?-4 that the absorption of sodium chloride 
across the small intestine occurs by the active transport 
of sodium followed passively by an equivalent of chloride. 
These experiments do not exclude the possibility that 
chloride is actively transported in vitro. They do indicate, 
however, that if chloride is actively transported, then, 
during the short-circuit condition, the chloride current 
must be almost exactly masked by either the active 
transport of another anion in the opposite direction or 
the active transport of a cation, other than sodium, in 
the same direction. 
The views expressed herein are our own and do not 
necessarily reflect the views of the U.S. Air Force or the 
Department of Defense. We thank Dr. A. K. Solomon 
and the members of the Biophysical Laboratory, Harvard 
Medical School, for their review of the manuscript and 
their suggestions. 
STANLEY G. SCHULTZ 
RALPH ZALUSKY 
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Estimation of Halothane Tensions in 
Blood by Gas Chromatography 


THE concentration of anesthetic in the brain depends, 
among other things, on the tension of the anesthetic in 
arterial blood!. At a given tension the concentration in 
the blood is proportional to the blood/gas partition co- 
efficient. This shows considerable variation between indi- 
viduals, and is likely to alter with changes in blood 
constituents (for example, blood lipids). Comparison of 
results expressed in terms of mass per unit volumo?? may 
therefore be misleading. For example, a blood sample 
equilibrated with 1 per cent halothane would have a 
tension of 7-13 mm mercury at 37° C and a concentration 
of 16-9 mg per cent (partition coefficient 2:3). The eon- 
centration in a sample of Ringer’s solution with the same 
tension would be 6-2 mg per cent (partition coefficient 
0:74). The method described here enables the tension of a 
volatile anesthetic to be estimated from concentrations 
in a gas phase in equilibrium with the blood, and is a 
modification of the method described by Curry et al.‘. 

An F and M Scientific Corporation model 609 flame 
ionization gas chromatograph with a 2-ft. column of 
0-25 in. diameter was used. The stationary phase was 
20 per cent silicone rubber (S.E. 30) on ‘Chromosorb’. 
The temperature of the injection port and detector block 
was set at 125° C, and that of the column at 100° C. The 
argon pressure was 35 lb/in.?. With an argon flow of 
45 ml./min, an air flow of 400 ml./min and a hydrogen 
flow of 30 ml./min, the retention time of halothane was 
approximately 22 sec. 

An arterial blood sample (0-50 ml.) was collectod 
anaerobically in a heparinized tuberculin syringe, and 
injected into an empty 2 in. x § in. test tube. (A series 
of test tubes having a volume difference not greater than 
0-10 ml. was selected for a set of estimations.) The tube 
was sealed immediately with a 2in. x 2 in. piece of nylon 
sheeting, held in place by a ‘Subaseal’ (W. Freeman and 
Co., Ltd.) stopper. The nylon prevented the uptake of 
anesthetic by the ‘Subaseal’. It was found that the 
tubes could be stored in a domestic refrigerator for up to 
1 h without loss of halothane, or they could be stored 
overnight if the tubes containing standard samples were 
treated in the same way. 

45 min before the estimation the tubes were transferred 
to a water-bath at 30° C. 40 ul. of the gas phase were 
withdrawn into a gas-tight Hamilton syringe and injectod 
into the chromatograph. Once the nylon seal was pierced 
the halothane concentration in the tube sometimes fell 
rapidly. 

Standards were prepared in a tonometer taking 3-0 ml. 
of blood. Oxygen containing 1 per cent halothane from a 
calibrated ‘Fluotec’ (Cyprane, Lid.) vaporizer was passed 
over the blood at 4 1./min for the first and last minutes of a 
10-min period. The water vapour lost in the dry gas 
reduced the volume of the blood by 0-06 ml. and this was 
overcome by moistening the tonometer with distilled water 
before use. Since the output of the ‘Fluotec’ took 2 min 
to stabilize at a constant flow, and varied with alterations 
in flow rate, the tube carrying the gas from the ‘Fluotec’ 
was disconnected in order to interrupt the flow to the 
tonometer. The increase in tension after a 10-min period 
was negligible. 

The partial pressure of 1 per cent halothane is: 


barometric pressure ~ water vapour pressure 
100 


If the equilibration is carried out at room temperature a 
correction factor must be introduced, namely: 





mm mercury 


body temperature in ° Absolute 


Calculated tension x oom temperature in ° Absolute 





Estimations on divided samples, by measuring peak 
heights, gave a coefficient of variation of 2-5 per cent. 
Successive samples from the same tube showed an 
exponential decrease in the deflection produced. An 
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average of the first two deflections was found to give the 
most consistent results. 

The technique described here provides a rapid and 
reasonably accurate method of estimating the tension of 
halothane in blood. It may also be-used for other volatile 
anesthetics, provided suitable standards are used. 

I thank Dr. R. A. Butler for advice on this technique. 
The work was carried out during the tenure of the 
Wellcome fellowship of the Animal Health Trust. 
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Action of Œstrogens and Progesterone on 
Uterine Epithelial Mitosis in Organ 
Culture 


Tux observation that mitoses are much less frequont 
in the uterine epithelium of intact animals during the 
secretory phaso of the cestrous cycle (a period associated 
with secretion of progesterone by the ovary) than in the 
proliferative phase! suggests that’ progesterone may 
inhibit mitosis in this epithelium. Such an action might 
be of significance when considering the extiology of 
glandular cystic hyperplasia and carcinoma of the corpus 
uteri, conditions in the development of which prolonged 
action of oestrogen unopposed by progesterone has been 
suggested as a factor®®, Courrier and Poumeau-Delille* 
showed that subcutaneous administration of progesterone 
prevented the appearance of mitoses in the epithelium 
normally produced by intrauterine administration of 
cestradiol in rabbits; on the other hand, Lloyd’ and 
Epifanova® found that systematic administration of 
progesterone alone stimulated uterine epithelial mitotic 
activity. No observations on this phenomena have 
previously been reported either for foetal material or 
when. progesterone is applied directly to the uterus. 

In the present series of experiments, uterine horns of 
foetal guinea pigs in which glands had not developed 
were explanted in organ culture by a method previously 
described’ and were incubated in air for 6 days at 36° C. 
The medium contained either 1 pg/ml. cestrogen (estrone, 
cestradiol 178 or cestriol), 2 ug/ml. progesterone, any one 
of the cstrogens together with progesterone, or no 
hormone. Serial sections showed the presence of mitoses 
in the epithelium of the 40 explants (5 in each group). 
Surface epithelial mitoses were counted in every fifth 
cross-section (ten sections were examined from each 
explant). The results are shown in Table 1. ; 

The ¢ test was applied to determine whether or not the 
differences in number of mitoses seen between the various 
groups were significant (Table 2). 

The presence in the medium of progesterone, either 
alone or with any one of the cestrogens, significantly 
depressed the number of mitoses seen when compared 
with explants incubated on hormone-free medium or with 
cestrone or cestradiol alone. 





Table 1. 
Gstrone + 
No hormone Cistrone Progesterone Progesterone 
19 30 1 0 
3 5 3 3 
19 20 9 0 
15, 20 2 2 
12 15 2 0 
Total 88 90 7 5 
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Table 2. COMPARISON OF NUMBERS OF MITOSES IN GROUPS OF EXPLANTS 
TREATED WITH HORMONES 

Treatment of groups compared p* 
Progesterone No hormone 0-01 
Qstrone No hormone Not significant 
(stradiol No hormone Not significant 
Qstriol No hormone 0-05 
Œstrone + progesterone No hormone 0-01 
Qstradiol + progesterone No hormone 0-01 
Gistriol + progesterone No hormone 0-02 
Cistrone Gistrone + progesterone 0-01 
(Estradiol Estradiol + progesterone 0-01 
Cstriol Gistriol + progesterone Not significant 


* p is the probability that the difference between the number of mitoses 
seen in the epithelium of any two groups of uterine horns is significant 
as judged by application of the t-test. Observations are regarded as not 
significant when p exceeds 0-05. 


Within the limited numbers of experiments in this 
series, no significant action of cestrone and cestradiol on 
uterine epithelial mitosis was shown; in vivo such mitotic 
activity may be stimulated or inhibited by cestrogens, 
the action depending on the amount administered?. 
The lack of effect in the present series may be due to the 
use of a dose corresponding to that at which no precise 
action in vivo is to be seen. 

The lack of further significant depression of uterine 
epithelial mitoses when progesterone is added to cestriol 
may be related to the fact that cestriol has not been 
shown to be a natural cestrogen of the guinea pig, and 
appears to be less potent than cestradiol and cestrone with 
respect to effects on the uterine epithelium when ad- 
ministered systematically’. 

This work was supported by grants from the British 
Empire Cancer Campaign and the Medical Research 
Council. 
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PHARMACOLOGY 


Accumulation of Drug Anions in Gastric 
Mucosal Cells 


Tue work of Travell! and of Brodie et al.2-5 has given 
rise to the theory that the absorption of many drugs 
occurs by the passive diffusion of their non-ionic, lipoid- 
soluble form. This concept has been extended to include 
transfer across other cell membranes’. Jacobs? and 
others®!1° have explained on this basis the effect of pH 
gradients on the biological distribution of certain drugs. 

The consequence of this theory does not appear to have 
been considered in relation to the gastric mucosal cells 
when an acidic substance is absorbed from the stomach. 
Theoretical considerations suggest that after the oral 


EFFECT OF OVARIAN HORMONES IN ORGAN CULTURE ON UTERINE EPITHELIAL MITOSES* 








Gstradiol + Cstriol + 
Gistradiol Progesterone Œstriol Progesterone 
0 0 3 3 
0 0 6 2 
26 o 7 6 
10 o 5 4 
10 8 5 4 
46 8 26 19 





* The figures represent the total number of mitoses seen in the epithelium of 10 sections of each explant of fæœtal uterine horns. 
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administration of certain acidic drugs, appreciable 
quantities of drug anion (R.COO-) may accumulate in 
the gastric mucosal cells. 

An outstanding example of a pH gradient is that which 
exists between the gastric fluid and the gastric mucosal 
cells. The pH within a mucosal cell is assumed to be 7, but 
the surface of the cell which borders the gastric lumen is 
in contact with gastric fluid of pH 2. 

In the gastric fluid all acidic drugs are largely in their 
unionized form. In a mucosal cell they will exist 
predominantly in their ionized form, but the percentage 
ionized will depend on the pKa of the acid (Table 1). 


No, 4883 


Table 1 
Percentage of undissociated acid 
pKa pH 2 pH 7 
3-5 97 0-08 
45 = 100 0-3 
55 =œ 100 8 
7-0 =O: 100 50 


The rate of absorption of an acid from the stomach is 
governed by various factors, one of which is the concen- 
tration gradient of the migrating species. If the cell 
membrane is selectively permeable to the undissociated 
molecule then: 

Rate of entry into a mucosal cell=k([R.COOH]4— 
[R.COOH]z), where [R.COOH], and [R.COOH]s repre- 
sent, respectively, the concentration of undissociated acid 
in solution at the mucosal surface of the stomach, and in 
the mucosal cell; and k is the specific rate constant for a 
particular acid crossing the cell membrane. 

On entering a mucosal cell, an acid will dissociate 
according to its pKa. and only that fraction remaining 
undissociated will contribute effective potential to its rate 
of removal (Fig. 1). The total concentration of acid in the 
cell, [R.COOH]sz+[R.COO-]a, will rise until the rate of 
diffusion of R.COOH out of the cell is equal to the rate of 
entry. If it is assumed that the acid diffuses from the cell 
into a medium which remains at negligible concentration, 
then: 

Rate of removal from a mucosal cell =k[R.COOH]s. 

Equating the above two rates, a steady state will result 
when [2.COOH]s=43[R.COOH]a. 

An acid of pKa 7 is 50 per cent undissociated at pH 7 
and a steady state will therefore be attained when the 
total concentration of acid in the cell equals the concen- 
tration in the gastric lumen. But for stronger acids, the 
total concentration of acid in the cell must rise appreciably 
above the lumen concentration. before this can be attained. 
The net effect is the accumulation of the drug anion, 
R.COO-, in the mucosal cell. The accumulation will be 
considerably greater with the stronger acids. It is 
suggested that if a strong acid (pKa 3) is rapidly absorbed, 
the mucosal cell may suffer damage due to the accumula- 
tion of anion. The dissociation of the acid may disturb the 

' buffer system of the cell, while the accumulation of anion 
may interfere with metabolism. 

This hypothesis may be of significance in two respects: 

(1) The oral administration of certain acids which are 
well absorbed from the stomach. for example. aspirin. 










GASTRIC LUMEN GASTRIC MUCOSAL CELL 
pH7 


[r.coon] : 


[R.coo7 i 


pH2 
R.COO 
[pco], 


[foo] 





Fig. 1. Diagram illustrating the pH gradient which exists in the 
stomach between the gastric fluid and a mucosal cell, and the equil- 
ibrium between the aissocinted al andigsoniatod forms of an acid 
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frequently give rise to gastric mucosal damage. The fact 
that the intestine is seldom involved may be related to 
the much smaller pH gradients existing between the 
intestinal contents and the mucosal cells. 

(2) Any attempt to relate the rate of absorption of acids 
to the pKa of the acid, in so far as the pKa controls the 
concentration of undissociated molecules in the stomach. 
is not readily acceptable, for most acids are largely in the 
undissociated form at the pH of the stomach. If the pKa 
does influence the rate of absorption of an acid. this effect 
may be exerted within the mucosal cell rather than in the 
gastric lumen. 

This hypothesis arises essentially as a consequence of 
the theory that the transfer of acids across the membranes 
of the mucosal cells is restricted largely. if not entirely, to 
the undissociated acid. 
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A Vasopressor Response to Isoprenaline in 
the Cat 


Tms communication describes an investigation of a 
pressor response which is produced by isoprenaline in tho 
cat. Several workers have described similar effects in a 
number of species after the administration of substances 
as diverse as” barium chloride’, ergotamine®, posterior 
pituitary extract?? and various sympathomimetic 
amines’; but it is considered that the underlying 
mechanism of these responses is different from that 
reported here. 

Fig. 1 shows that when a single, large dose of isopren- 
aline is given by rapid intravenous injection to an ana's- 
thetized cat there is a pronounced fall in blood pressure. 
If the dose is then repeated within a few minutes, a mono- 
phasic pressor response is obtained which is similar in rate 
of onset and duration to that produced by adrenaline and 
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Fig. 1. The tracing shows the effects of intravenous doses of ise- 


prenaline (I), adrenaline (A), and noradrenaline (V). on the blood 
pressure of a cat (2-1 kg) after the initial administration of a p-blocking 
dose of isoprenaline. Time, 30 see 
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noradrenaline. A dose response relationship exists for the 
pressor responses to the isoprenaline. As Fig. 1 shows, 
1, 2 and 4 mg produce successively larger responses. 
Small doses of isoprenaline which had been producing 
depressor responses previously are now blocked. This 
block is reversible and its duration depends on the total 
amount of isoprenaline that has been given. 

Having established that this effect is not due to a 
catecholamine impurity, investigations were carried out 
to determine its site of production. The response is not 
central in origin since it is present in the spinalized 
animal. It is not an action at the autonomic ganglia 
because it is present in the hexamethonium-treated cat, 
and it is not due to a release of catecholamines from the 
stores throughout the animal since it is present in the 
reserpine-treated cat. Also, it is present in the adrenal- 
ectomized animal. Therefore it seemed probable that it 
is a peripheral action on the cardio-vascular system. 
Experiments showed that the pressor response is not 
produced by an action on-the heart and, since it is present 
in the completely eviscerated animal, it was considered 
that the main site of action is probably on the blood 
vessels of skeletal muscle. This was confirmed by measure- 
ment of the blood flow through the hind limb of the cat. 
Before a blocking dose of isoprenaline (0-5-2 mg/kg intra- 
venously), intra-arterial injections of small doses of this 
substance cause vasodilatation, but afterwards they have 
no effect. However, when the dose is increased 100-1,000 
times, vasoconstriction occurs. This effect is present also 
in the skinned limb. In experiments where the effect of 
the blocking dose of isoprenaline is wearing off, it is 
possible to give repeated large doses of isoprenaline and 
to obtain a marked vasodilatation from the first one and 
then vasoconstriction from the subsequent doses. 

The pressor effect is not modified by B-adrenergic block- 
ing drugs such as dichloroisoprenaline or 2-isopropylamino- 
1-(2-naphthyl) ethanol hydrochloride (‘Pronethalol’), but it 
is blocked but not reversed by «-adrenergic blocking drugs 
such as ergotamine and tolazoline. , 

It is possible to interpret these results in terms of a- and 
§-adrenergic receptors as postulated by Ahlquist® in 1948. 
In large doses isoprenaline has two effects on the vascular 
system of the cat: 

(1) A §-adrenergic blocking action, which prevents the 
falls in blood pressure normally produced by small doses 
of isoprenaline while not antagonizing the depressor effect 
of other substances such as acetylcholine and histamine. 
In addition, it converts the depressor effect of ethyl- 
noradrenaline to a pressor one and prevents the falls in 
blood pressure from small doses of adrenaline. 

(2) An excitatory effect on «-adrenergic receptors which 
causes a rise in blood pressure. 

K. R. BUTTERWORTH 


Department of Pharmacology, 
St. Mary’s Hospital Medical School, 
Paddington, London, W.2. 
1 Woodbury, R. A., Braver, S. D., and Ferguson, T. N., J. Pharmacol. 
Exp. Therap., 98, 37 (1950). 


? Hazard, R., Beauvallet, N., and Guidicelli, R., Arch. Intern. Pharmacodyn., 
77, 504 (1948). 


. *King. T. O., Fed. Proc., 7, 238 (1948). 


1 Huidobro, F., Croxatto, R., Allende, J., and del Rio, J., Acta Physiol. 
Lat.-Amer., 1, 91 (1951). 

5 Walz, D. T., Koppanyi, T., and Maengwyn-Davies, G. D., J. Pharmacol. 
Exp. Therap., 129, 200 (1960). 

€ Ahlquist, R. P., Amer. J. Physiol., 153, 586 (1948). 


PATHOLOGY 


Electron Microscopic Appearances of 
Rheumatic Lesions in the Left Auricular 
Appendage in Mitral Stenosis 

CELLULAR rheumatic lesions corresponding in structure 
to Aschoff nodules are found in the left auricular append- 
age in approximately 60 per cept of patients undergoing 
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Fig. 1. 


Binucleate Aschoff cell with dense cytoplasm, and branched 
cytoplasmic processen: A large clump of granular materjal is present 


(top left) and smaller areas of similar material are found near the cell. 


(Osmic acid and methacrylate, x 6,000) 


mitral valvotomy. The exact nature and structure of these 
lesions have not been elucidated. By light microscopy 
Aschoff cells, sometimes multinucleate, are noted together 
with less-characteristic mononuclear cells. Between the 
cells, acid mucopolysaccharide can be demonstrated by 
Ehrlich’s hematoxylin, Hale’s dialysed iron and meta- 
chromatic stains. In addition there is a variable amount of 
periodic acid—Schiff positive material, distinct from the 
acid mucopolysaccharide, which sometimes stains 
yellow with Van Gieson’s fluid and sometimes stains 
red}, 

Electron microscope investigations have been carried 
out on six Aschoff nodes from four specimens of left 
auricular appendage removed during mitral valvotomy, 
in an attempt to identify the cells and other constituents. 
Control specimens were obtained from non-rheumatic 
patients undergoing pneumonectomy, from cases of 
calcific aortic stenosis and right auricular appendages from 
congenital heart disease. 

The principal cells, the Aschoff cells (Fig. 1), are large, 
often multinucleato with electron dense cytoplasm showing 
an extensive endoplasmic reticulum and occasionally 
small vacuoles. The cytoplasm has numerous long thin 
branched processes which are sometimes interconnected 
with similar cells. 

Extra-cellularly there are deposits of granular material. 
This is usually noted in clumps, and in other nlaces in the 
same lesions similar material is found with an indistinct 
fibre pattern which occasionally shows recognizable 
banding. The processes of the Aschoff cells often em- 
braced these clumps of granular or fibrillary material. 
Normal collagen was found at the periphery, but was only 
occasionally identified within the lesions. Sometimes 
alternating collagen fibre bundles and similar bundles 
with an indistinct fibre pattern were noted. Elastic tissue 
was also demonstrated within some lesions and occa- 
sionally there was absence of recognizable collagen between 
the elastic fibres which would normally be present. In 
some small cellular lesions no interstitial material was 
noted. Whenever periodicity could be measured it lay 
between 600 A and 700 A. 

Other cells present in the lesions had cytoplasm similar 
to that depicted in plasma cells*. Mononuclear cells and 
occasional mast cells were also found usually towards th 
periphery. j 

Smooth muscle cells could be recognized at the periphery 
on the endocardial side, and these frequently showed 
vacuolation of the cytoplasm and occasional lipid droplets. 
In some specimens within the smooth muscle layer there 
were groups of cells similar in appearance to smooth muscle 
cells surrounded by a dense osmiophilic layer. 

The myocardium adjacent to some lesions showed 
various degenerative changes ranging from vacuolation to 
almost complete loss of myofibrils and Z bands, and some 
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were only recognized by the presence of intercalated 
disks. These changes were always found outside the 
lesion and were not present in all cases. 

The Aschoff cells wthin the lesions did not resemble 
cardiac or smooth muscle cells and no transitions were 
noted. 

We have been unable to demonstrate the nature of the 


granular material in the nodules, but there appears to be ` 


transitions to normal collagen fibre bundles. It is not 
clear if this represents degeneration of collagen or a 
deposit of material in relation to collagen fibres. This 
granular and fibrillar material appears to correspond with 
the periodic acid-Schiff positive material in para- 
ffin sections. The acid mucopolysaccharide component 
of the nodules has not been satisfactorily demon- 
strated. 

These preliminary findings are in favour of a primary 
connective tissue damage? in endocardial rheumatic 
lesions and do not support the view that the Aschoff cells 
and other constituents are derived from cardiac or smooth 
muscle‘. - 


R. LANNIGAN 
S. ZAKI 


Department of Pathology, 
University of Birmingham. 
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Chromatographic Observations of Human 
Gastric Mucopolysaccharides 


ARISING out of previous investigations of human 
gastric secretions in normal and pathological conditions 
of the stomach, a more detailed examination of the 
mucopolysaccharides was undertaken. The latter wero 
hydrolysed and the liberated sugar components resolved 
chromatographically. The procedure of the fractional 
aspirations of the gastric secretion has previously been 
described!. 

Adequate quantities for routine investigations were 
romoved from each aspirated specimen; the remaining 
secretions were pooled and treated with diastase (total 
hexose : diastase = 1 : 20 by weight) at 37° C for 5h 
followed by dialysis at 4° C against running water for 3 
days and distilled water until free from chloride. The 
dialysed secretion was concentrated under reduced pressure 
at 25°C to about 1/20th of its volume and hydrolysed 
with 2 N sulphuric acid at 100° C for 2 h in sealed ampoules. 
The hydrolysate was neutralized with barium hydroxide, 
centrifuged; the supernatant was evaporated to dryness 
in vacuo and redissolved in the minimal quantity of 
water for chromatography on sheets of Whatman No. 1 
paper (18 x 22-5 in.). The sugars were developed by the 
descending method using the solvent n-butanol/pyridine/ 
water (6:4:3). Three descending runs were made, each 
time for 16 h. The paper was dried and replaced in fresh 
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Fig. 3. Gastric secretions from patients with carcinoma of the stomach 


solvent for each run. The sugars were detected with 
aniline hydrogen phthalate reagent. 

At least 200 ml. of gastric secretions are needed in order 
to obtain the concentration of the individual sugars 
necessary for chromatography. 

The gastric secretions of 20 volunteers, 40 patients with 
duodenal ulcers, 18 patients with gastric ulcers and 12 
patients with carcinoma of the stomach were investigated. 

Our results do not support the well-established assump- 
tion that the human gastric mucopolysaccharides contain 
uronic acid. The chromatograms of the 90 gastric secre- 
tions investigated showed no uronic acid 
(Figs. 1-3 and others unpublished), but when 
uronic acid was added to gastric secretion 
and hydrolysed it did appear on the chrom- 
atograms (Fig. 2). A solution of 1 per cent 
chondroitin sulphate, treated as already 
described and chromatographed, also showed 
uronic acid. These experiments indicate 
that our method of hydrolysis frees uronic 
acid and does not destroy it. All our chrom- 
atograms (Figs. 1-3) invariably showed 
zones corresponding to glucose and mannose 
in addition to galactose and fucose. 
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The presence of glucose was then confirmed by treating 
the preparation with glucose oxidase, etc., followed by 
chromatography. 

Glucose and mannose as components of human gastric 
mucopolysaccharides are not mentioned in the literature 
so far as I know. Werner? states that he could find no 
glucose in human gastric mucopolysaccharides after 
incubation with saliva and dialysis. My investigation 
shows that both glucose and mannose are present in all 
the chromatographed gastric secretions (Figs. 1-3). The 
identification of glucose is based on (1) the identity of the 
Rr value given with glucose standards. (2) It disappears in 
chromatograms of gastric secretion hydrolysate incubated 
with glucose oxidase. (3) Addition of glucose to the hydro- 
lysate results in the intensification of the spots but not in 
the appearance of further ones. 

Glucose appears on the chromatograms of the gastric 
secretion from all the controls and patients suffering from 
duodenal and gastric ulcers only after three re-develop- 
ments, each lasting 16 h. It is not found on circular 
horizontal chromatograms after a 10-h development. 

The carbohydrate components of the gastric muco- 
polysaccharides of patients with carcinoma of the stomach 
show quantitative ratio differences from those of all 
other gastric secretions investigated. In the latter 
galactose and fucose are the predominant sugars. 

The secretion of the malignant stomach revealed a 
marked decrease in galactose and a great increase in 
glucose, the galactose being often reduced to a mere 
trace (Fig. 3). Horizontal circular chromatograms of 
gastric secretion of patients with gastric carcinoma always 
show glucose. 

The quantitative relationship of the carbohydrate 
components of the gastric mucopolysaccharides is being 
further investigated. 

I thank the Medical Research Sub-Committee of the 
Manchester Regional Hospital Board for financial grants. 


J. ScuRAGER 
Department of Pathology, 
Royal Albert Edward Infirmary, 
Wigan. 
1 Schrager, J., Gut, 2, 37 (1961). 
? Partridge, S. M., Nature, 164, 443 (1949). 
4 Werner, I., Acta Soc. Med. Upsalien., 58, 1 (1958). 


Amphetamine and Ammonshorn-sclerosis 


In a previous communication! I reported the tendency 
for repetitive carbon-monoxide seizures in guinea pigs to 
produce ‘eosinophilic ischemia’ relatively selectively in 
CA2 pyramidal cells of the hippocampus, and made pass- 
ing mention of amphetamine’s sparing effect on the 
eoincident ‘collapse’ of synaptic entities within the 
adjacent end-bulb of the mossy fibre system. Since then 
I have completed the neurohistological survey of 11 
guinea pigs, of 400-600 g in weight, in which 10 mg 
amphetamine was always injected intramuscularly 0-5-4 h 
before exposures to carbon monoxide hypoxia and was 
still producing motor activation (notably in the form of 
compulsive gnawing) at the times of exposure. Of 5 of 
these animals which had 6, 5, 4, 3, and 3 full seizures, 
respectively, only 2 displayed ischemia in CA2, and then 
only in mild degree—so that cell-soma pathology also had 
apparently been very appreciably spared at end-bulb 
levels. The remaining 6 animals, despite at least 5 
exposures each, produced not even a modified seizure, and 
no CA2 ischemia whatever. In 3 of these 6 it is possible 
that incipient coma was interrupted prematurely at every 
exposure; but in the other 3 the depth of pre-coma 
normally characterized by a full four-legged running 
seizure in opisthotonus was undoubtedly reached each time 
—so that these 3 were presumably either seizure-resistant 
by constitution or seizure-suppressed by the drug. 
(Acetazolamide, in lieu of amphetamine in a similar smaller 
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series of experiments, tended to suppress seizures but not 
to diminish CA2 pathology.) 

In 11 control guinea pigs not premedicated with amphet- 
amine, and matched as closely as possible against the 
foregoing 11 in terms of number, tempo, duration and other 
circumstances of carbon-monoxide exposure and of 
survival period, ‘relatively selective CA2 ischemia’ of 
severe or moderate degree was present in 7 having at least 
3 full seizures each; of mild degree in 2 having at least 4 
full seizures each; and absent in 2 having only incomplete 
seizures with fore and hind limbs never running simul- 
taneously. 

It might be rash to extrapolate from such experiments 
(with their manifest evidences of hidden variables) to the 
clinical administration of daily small doses of amphetamine 
to young temporal lobe epileptics, in the hope of preventing 
their gradual development of ammonshorn-sclerosis* 
and/or of an epileptic schizophrenia-like psychosis’. 
Nevertheless, there is established clinical testimony for 
the paradoxical anti-stimulatory value of amphetamine in 
psychomotor problems related to epilepsy in childhood, as 
well as recent physiological experimental evidence that 
amphetamine may increase midbrain inhibition of hippo- 
campal neurones‘. It seems consistent that a drug which 
in moderate doses reduces activity in a particular neural 
sub-system to the apparent extent of sparing damage that 
possibly leads to ‘epileptic schizophrenia-like psychosis’ 
should, per se, be a direct cause of ‘amphetamine schizo- 
phrenia-like psychosis’ when taken in such amounts as 
presumably to overwhelm the sub-system—especially if 
the (allocortical) sub-system concerned be functionally 
something in the nature of an “encoder of temporal 
patterns of incoming signals store-counting in parallel and 
in phase (normally) with a thalamoisocortical sub-system 
manipulating cotemporal patterns of input’’®. 

It is probably not rash, however, to analogize between 
CA2-ischemia in guinea pigs and CA1-ischemia in man, 
within the context of hypoxia-pathology. The guinea pig 
has such an exceptionally abrupt transition from CA2 to 
CA1 pyramidal cells—almost certainly determining the 
exceptionally abrupt bulbous termination of the mossy 
fibre system in this species—that synaptic activity and 
related energy metabolism may well be so exceptionally 
concentrated at it as to cause the first visible pathology 
after severe hypoxic stress to occur here. Man and most 
laboratory mammals, on the other hand, have a mossy 
fibre system that terminates by tapering under a broad 
zone of intermingling CA3 and CA1 somata, thus pre- 
sumably precluding signal and metabolic concentrations 
there that would prevent hypoxia from producing, as it 
notoriously does in man, its first detectable hippocampal 
pathology in Sommer’s ‘vulnerable sector’: CA1. What- 
ever the merits of the foregoing argument, if neurophysi- 
ologists, rationally focusing on the hippocampus as the 
least complexly organized sample of cortex, would be 
logically consistent and perform their hippocampal micro- 
electrode experiments on the guinea pig (instead of the 
cat, with its perhaps most intermingled CA3 and CAI 
pyramidals of all laboratory animals), the elucidation of 
specific hippocampal, as well as general cortical, normal 
and abnormal mechanisms, could well be appreciably 
accelerated. 
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Effect of the Route. of Administration of 
Bovine Gamma-globulin on Antibody 
Formation in the Guinea Pig 


THe capacity for antibody production is generally 
recognized as varying in different mammalian species}, but 
little attention appears to have been paid to variations 
which might result from differences in the route of antigen 
administration. The nature of such variation would seem 
useful information if optimal results are to be expected 
from experimental investigations which involve immuno- 
logical reactions in laboratory animals. 

The work recorded here deals with the pattern of anti- 
body formation in relation to three different routes of 
administration of defined soluble antigen, namely, bovine 
y-globulin. It concerns -results obtained on 15 adult 
guinea pigs of the Hartley strain which weighed from 
500-600 g and also 17 neonatal guinea pigs of the same 
strain weighing from 75~100 g. The work represents part 
of a more extensive investigation of the immunological 
reactions of guinea pigs. 

The adult guinea pigs were placed into three groups, so 
that five of them (group A) received 100 mg bovine 
y-globulin in saline by intravenous injection into the 
femoral vein (5 injections of 20 mg bovine y-globulin over a 
period of 9 days), another five animals (group B) were 
given the same dose intraperitoneally, and a third group 
received intramuscular injections of bovine y-globulin 
combined in equal volume with Freund’s completo 
adjuvant (group C). 

The new-born guinea pigs (group D) received a single 
intraperitoneal injection of 20 mg bovine y-globulin in 
saline between 18 and 24 h after birth. Intramuscular 
injections were not carried ‘out on neonates since data 
already existed in this regard? and the intraperitoneal 
injections given here were simply intended to serve as a 
comparison with previous work. 

All adult animals were bled by cardiac puncture on the 
5th, 9th, 14th, 30th, and 42nd days after their last injec- 
tion and sera were kept at 20° C until required for sero- 
logical testing. New-born animals were bled at 21 days of 
age. Antibody responses were tested throughout by 
means of passive cutaneous anaphylactic tests according 
to the method of Ovary? and also by the gel-diffusion 
technique of Ouchterlony‘. 

Using the diameter of the passive cutaneous anaphyl- 
actic reaction as a quantitative measure of the titre 
produced by undiluted sera, the results showed that 
antibody production in adult guinea pigs rose sharply up 
to day 9 regardless of the route of administration. How- 
ever, after this time the titres in group A declined in 
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contrast to those of group B, which levelled off after dav 
14. In group C the titres continued to rise up to day 42 
(Fig. 1). 

With the Ouchterlony tests, run in standard Petri 
plates at room temperature, 3 out of 5 animals in group A 
showed weak precipitin lines in blood taken between 5 and 
30 days, while 42-day sera were all negative. Positive 
reactions in 4 out of 5 instances were seen in group B. and 
2 samples gave double bands at 14 and 42 days. In group 
C all sera gave strong reaction bands and 4 out of 6 
showed double lines in the 14 and 30 day sera. Normal 
sera, and sera from animals where adjuvant alone had 
been injected, were completely negative. Sera from the 
new-born guinea pigs gave positive passive cutaneous 
anaphylactic reactions up to 33 mm in diameter, but they 
proved consistently negative when tested by agar-gel 
diffusion. methods over a period of 16 days. These results 
are presented in Table 1. By contrast, it has been our 
experience that absorbed high-titre anti-bovine y-globulin 
sera formed in the rabbit frequently yields two bands in 
gel-diffusion plates. 

Although high antibody titres following the intranuscu- 
lar administration of soluble antigen with adjuvant are 
not surprising, the striking difference in response betwoen 
intravenous administration of antigen and intraperitoneal 
injections is of considerable interest. While differences 
in antibody production in relation to the route of antigen 
administration were to be expected, the present results 
indicate that over an extended period such differences can 
be very substantial. It is considered that it might now he 
profitable to test other routes of antigen administration 
and compare the results with responses in other mammal- 
ian species. 


N IN ADULT AND NEONATAL GUINEA PIGS INJECTED WITH BOVINE y-GLOBULIN 












































BGG administration Antibody detection 
No. of | | Bleeding, intracardiac oa ae 
Group f animals Age Route Amount No. of (days after last injection)| PCA averages Gel-diffusien  ' 
(mg) injections (mm) 

l A 5 Adult | Intravenous 100 5 l 5 18-4 1/5 
vO 4 9 22:0 1/5 

| j | : 14 21-4 i 3/5 

, i | : i A 30 11-6 3/5 
A i j | | 42 12-0 ‘ 0/5 

B | 5 Adut | Intraperitoneal 100 j 5 | 5 20-4 3/5 

i j i 9 24-6 1 3/5 

i| | H 14 25-6 j 4/5 

30 25-6 2/5 

i | 42 25-0 H 2/5 

Cc Ey) ; Adult Intramuscular *- 100 j 2 t 5 21-2 A aps 

1 l 9 25-2 : 4/5 

' 14 30-4 i 5/5 

30 35-8 i 5/5 

| 42 36-6 5/5 
i D 17 18-24 h Intraperitoneal 20 L | 20 33-0 i 0/17 





* Injected with adjuvant. 
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BGG, Bovine y-globulin; PCA, passive cutaneous anaphylactic 
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In the new-born animals, the results of the gel-diffusion 
method are of especial interest in that despite an impres- 
sive passive cutaneous anaphylactic reaction being pro- 
duced with neonatal sera, following intraperitoneal 
injection, no precipitin reaction as tested by the Ouchter- 
lony technique could be observed. Calculations of anti- 
body titre, based on dilution of antigen in both adult and 
neonatal antiserum, indicated that concentration alone 
was insufficient to account for differences in gel-diffusion 
reactivity between these widely disparate age groups. 
The results therefore lend support to the possibility 
suggested previously that administration of bovine 
y-globulin to neonatel guinea pigs gives rise to the 
production of antibodies that are of the non-precipitable 
type. 
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Effects of Steroid Sex Hormones on 
Immunological Phenomena 


Gowapat hormones markedly inhibit the growth, 
maturation and metabolism of lymphoid tissues!—effects 
which might be reflected in impaired immunological 
reactivity in animals treated with these hormones. We 
have examined this possibility in several experimental 
contexts. 

Continued administration of cestrone to female guines, 
pigs injected with homologous thyroglobulin in complete 
Freund’s adjuvant greatly diminished the intensity of 
induration of the delayed skin reactions to both tuberculin 
and thyroglobulin (Table 1). The erythematous reactions 
to thyroglobulin were not depressed, and this may be 
related to the lack of effect of estrone treatment on 
circulating antibody titres in these animals. The severity 
of the thyroiditis lesions? was unaffected in one group of 
twelve guineas pigs examined and was slightly reduced in 
a second group of seven. 

Table 1. EFFEOT oF ŒSTRONE ON DELAYED SKIN REACTIONS* IN GUINEA 


PIGS INJECTED WITH HOMOLOGOUS THYROGLOBULIN (Tg) IN COMPLETE 
FREUND ADJUVANT 


Test No. of Erythema Induration 
Treatment antigen animals ~- + ++ — + ++ 
Control P.P.D. 18 0. 3 16 5 9 4 
Œstrone P.P.D. 19 8 6 6 17 2 0 
(0-5-10 mg dally) 
Control Tg 18 8 8 2 6 9 3 
Œstrone Tg 19 8 7 4 14 5 0 


{0-5-1-0 mg daily) 
* Skin reactions were read 24 h after intradermal challenge. 


Comparable experiments in female rats involving the 
production of auto-allergic thyroiditis? gave more variable 
results: cestrone markedly reduced the severity of thyroid 
lesions in three experiments but was without effect in 
two others (Table 2). We do not, at present, understand 
the reasons for the inconsistency of the steroid effect, 
although the wide scatter in the severity of thyroiditis 
induced by auto-immunization in each group of rats might 
be a contributory factor. The tuberculin responses were 
more consistently affected and, despite the difficulty of 
grading the skin reaction in this species, the results were 
indicative of a similar trend to that seen in the guinea pig. 
In these animals, moreover, there was clear-cut suppression 
of adjuvant-induced arthritis‘; whereas inflammatory 
joint changes were evoked in eight out of twenty-eight 
control rats injected with the adjuvant mixture alone, no 
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arthritis was seen in a similar group of thirty-five animals 
given œstrone daily. In a larger series of one hundred and 
forty-four rats, less intensive œstrogen administration 
diminished the incidence of adjuvant-induced arthritis 
by 50 per cent’. With regard to other immunologically 
dependent phenomena, administration of cestrone did not 
influence the course of rejection of skin homografts or the 
incidence of experimental allergic encephalitis in single 
experiments involving groups of six rats. 


Table 2. EFFECT OF SEX. STEROIDS ON THE PRODUCTION OF AUTO-ALLERGIO 
THYROIDITIS IN RATS 


Mean thyroiditis Significance 
score* % of difference 
Treatment Control Treated Inhibition (=P) 
(Exp.l 15406 0540-2 67 o1 
(6) (8) 
Exp. 2 L504 0:240-2 87 0:02 
(8) (6) 
Gistrone 
{0°5-1:0 Exp. 3 25Ł05 23403 None _ 
mg daily) (4) (12) 
Exp, 4 gd hd 19400 None — 
Exp. 5 10Ł404 O1+0-1 90 OL 
(7) (7) 
Testosterone f Exp. 1 L2+04 06403 50 0-2 
propionate (8) (12) <0-05 
VAEA Exp.2 12403 0202 85 <005 
mg daily’ xp. . g 2+0 i 
(6) (5) 


* The degree of thyroiditis was arbitrarily scored as follows: no lesion, 
0; mild focal, 1; moderate diffuse, 2; severe with goitre, 3. The arithmetic 
mean score + S.E. is given. The figures in parentheses refer to the number 
of rats in -the group. Each experimental group had separate controls to 
allow for variations in the adjuvant mixture, diet, etc. 


An immuno-suppressive effect was also observed in rats 
with testosterone which clearly inhibited the development 
of auto-allergic thyroiditis in males (Table 2), and reduced 
the incidence and severity of adjuvant arthritis in both 
males and females’. It remains to be seen whether these 
effects are related to the hormonal nature of the steroids 
or to a property of the molecular structure independent 
of their classical hormonal actions. The sex hormone 
effects on experimental adjuvant arthritis may have 
clinical implications and this possibility is being investi- 
gated. 

This work was assisted by grants from the Medical 
Research Council and the British Empire Cancer Cam- 
paign, as well as through a grant from the Commonwealth 
Fund to one of us (A. K.) while on a leave of absence from 
the Department of Medicine and the Argonne Cancer 
Research Hospital, University of Chicago. 
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RADIOBIOLOGY 


Change in the Viscosity of the Medium after 
irradiation of Bacteria with Ultra-violet Light 


Buren’ had earlier reported the release of cellular con- 
stituents from bacterial cells after irradiation with X-rays 
or with ultra-violet light. He carried out extensive 
qualitative determinations of the released cellular con- 
stituents in phosphate buffer-glucose medium. In 
this communication we record the change in viscosity - 
of the eluted suspensions from the ultra-violet-irradiated 
bacterial cells. _ 

The organism used was Escherichia coli (G) grown for | 
24h at 37° Cin M and E broth®. The cells were gathered 
by centrifugation, washed with distilled water of pH 6:8, 
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Table 1, PERCENTAGE OF SURVIVAL FRACTION AND CHANGE IN VISCOSITY 
OF THE BACTERIA-SUSPENDED MEDIUM AFTER IRRADIATION WITH ULTRA- 
VIOLET LIGHT, aT 32° C* 


Percentage of 
survival fraction 


No, 4883 


Initial vis- Final reading 


Trradiating (n/m)x100, where cosity of the of the medium 
dose No is the initial titre supernatant - after irradia- 4-7 
ergs/mm?*) and n is the final medium (7) tion (7) ep) 
titre in distilled (cp) (cp) 
water, pH 6'8) 
4,920 0-00755 0-7878 0:7997 + 0-0120 
9,840 0-00538 0-7558 08189 + 0-0631 
19,680 0-00193 0:7558 0-8310 + 00782 
29,520 000116 0:8217 0-8358 + 00141 
39,360 0-00053 0:8217 07868 — 00349 
49,200 Negligible survival 0:7954 08151 + 0:0197 
59,040 Negligible survival 0:7998 0:8578 + 0:0580 


* Each of the data mentioned in the table is an average of four identical 
experiments. 


The supernatant was divided into two portions. One 
was kept as a control and the other sample was irradiated 
by ultra-violet light of 2537 A wave-length omanating 
the energy of 164 ergs/mm?/sec at a distance of 32-5 cm. 
The viscosities of the supernatant of the control and the 
irradiated samples were determined with Hoppler’s 
viscometer at 32°C, The percentage of survival fractions 
of bacteria after various periods of irradiation is shown 
in column 2 of Table 1. 

Fig. 1 and Table 1 reveal that the viscosity increases 
with the increased dose of ultra-violet radiation up to 
19,680 ergs/mm*. The viscosity then starts decreasing 
and reaches its minimum value at 39,360 ergs/mm? of 
irradiation, which is even below that of the control 
sample. This decrease in viscosity after irradiation has 
been thought to be due to two reasons: either (1) due 
to elution of substances the major fraction of which has 
lower viscosity, or (2) due to degradation of highly viscous 
substances which are eluted from the cells at the low dose 
of irradiation. The latter reason is more applicable as 
proved by another experiment where the eluted sub- 
stances after separating from the bacteria when irradiated 
for further doses of 9,840 ergs/mm? and 19,680 ergs/mm? 
indicate decrease in viscosity just like the irradiation of 
bacteria-suspended medium. 

The rise in viscosity after 39,360 ergs/mm? of irradiation 
has been considered to be due to the reverse effect of the 
ultra-violet light on the collected supernatant at that 
high dose of irradiation. The survival fraction, as has 
already been shown here, is so low that it can be con- 
- sidered that all the cells die at this dose of irradiation. 
So, in order to prove our assumption that the rise in 
viscosity is simply due to irradiation effect, we have 
irradiated the eluted supernatant minus bacteria as 
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Fig. 1. Change in viscosity (7— 1%.) of the supernatant at various doses 
of radiation 
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in the previous experiment to 9,840 ergs/mm*. We have. 
in fact, observed that there is a rise in viscosity of the 
supernatant which is similar to irradiation effect of 
bacteria suspended in distilled water. We have, further, 
observed that if the supernatant is kept for several hours 
without any irradiation it does not show any change in 
viscosity. 

We thank Dr. K. N. Udupa, principal of the College ot 
Medical Sciences, Banaras Hindu University, for hi» 
interest. 

0. N. Murry 
A. GUHA 


Biophysics Laboratory, College of Medical Sciences, 
Banaras Hindu University, Varanasi, 5, India. 


1 Billen, D., Arch. Biochem. Biophys., 67, 838 (1957). 
? Morton, H. E., and Engley, F. B., J. Bact., 49, 245 (1945). 


Effect of Thyrotropin on in vivo lodine 
Binding in Thyroid Subcellular Fractions 


Extensive work has been devoted to the action of 
thyrotropin. (TSH) on the thyroid gland, particularly 
with respect to the iodine metabolism!. However. the 
influence of TSH on the protein synthesis in the gland 
has attracted very little attention. The most intorestinz 
observations concerning the protein synthesis published 
so far demonstrate that TSH, administered in vivo. 
increases the RNA-content in thyroid homogenates: 
and that TSH added to the incubation medium increases 
the uptake of a-aminoisobutyric acid-“C in thyroid 
slices?. 

Since protein synthesis and iodination must be consid- 
ered to be the basic functions of the thyroid, experiments 
were designed in which the TSH-action on both these 
processes was followed. ‘These studies comprise detorni- 
ination of protein-bound iodine-131 and quantitative 
analyses of nucleic acids and protein in subcellular 
fractions of the guinea pig thyroid after in vivo administra- 
tion of TSH. The biochemical results were correlated 
with histoautoradiographic and electron microscopical 
observations. 

This communication is an account on preliminary resulis 
concerning the protein-bound iodine-131 contents 1 h 
after administration of NaI in whole thyroids and in 
subcellular fractions of the gland following single and 
repeated doses of TSH. 

Male guinea pigs weighing 200-250 g and fed on an 
iodine-sufficient diet were used. All experiments were 
performed on groups, each group comprising 6 animals. 
TSH (‘Ambinon’, Organon) was given intraperitoneally 
either as a single dose 1-72 h before death or as repeated 
doses (one dose per day) for 2-6 days. In the latter sorios 
the animals were killed 24 h after the last injection. Differ- 
ent doses of TSH, ranging from 0-2 to 5-0 I.U., wore 
tested. Both experimental and control animals wero 
given radioiodide (Na1I) intraperitoneally 1 h prior to 
death. 

Immediately after excision, the thyroids were counted 
individually in a well-type scintillation detector. Tho 
glands of each group were pooled, weighed and homo- 
genized in 0-44 M sucrose. The homogenate was divided 
in nuclear, mitochondrial, microsomal—postmicrosomal 
and supernatant fractions by differential centrifugation 
at 700g (10 min), 10,000g (30 min), and 140,000g (2 Ju). 
Radioactivity was determined in the homogenate as well 
as the fractions. Protein-bound iodine-131 was determ- 
ined by precipitation.twice with 10 per cent trichloro- 
acetic acid and washing in 95 per cent ethanol. 

Two h after a single dose of 2:5 1.0. of TSH an increase 
of the total content of iodine-131 of the thyroid was 
indicated and at 6 h the gland activity was twice that of 
the controls (Fig. 1). A maximum seemed to be reached 
24 h after 2-5 1.0. but the activity was still very high 
48 and 72 h after this dose. The degree of radioactivity 
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Fig. 1. Iodine-131 content per mg wet thyroid tissue (@) and of 


whole thyroids (WN) as percentage of controls at different intervals 
after a single dose of 2-5 1.U. of TSH 
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Fig. 2. Relative iodine-131 content of thyroid subcellular fractions 
as percentage of total homogenate radioactivity at different intervals 
after a single injection of 2'5 1.0. of TSH. S, Supernatant; N, nuclear; 
Ms, microsomal; Mt, mitochondrial fraction. The curves are based 
on results from 10 contròl and 10 experimental groups (120 animals) 


increase was dependent on the amount of TSH given. 
For example, in 24 h 0-2 and 5-0 1.0. increased the iodine- 
131 content twice and three and a half times, respectively. 

Since the iodine-131 content of the thyroid increased 
more than the wet weight of the gland there was also an 
increase of radioactivity per mg thyroid tissue (Fig. 1). 

In all the subcellular fractions there was an absolute 
increase of iodine-131 content in all experiments where the 
total thyroidal activity was augmented. However, the 
degree of increase differed greatly between different 
fractions and, therefore, the relative content of iodine-131 
in the fractions underwent marked changes during TSH- 
stimulation (Fig. 2). 

The nuclear fraction of the controls contained 9-25 
per cent of the radioiodine of the whole homogenate. 
Only a slight tendency towards an increase of this per- 
centage was observed, after single doses of TSH (Fig. 2). 
The very low relative radioiodine content of the mito- 
chondrial fractions in the control groups (1-4-2-8 per 
cent) was largely unchanged after TSH-treatment (1-5 and 
3-9 per cent). In the microsomal fractions of the controls 
the radioactivity ranged between 1-7 and 5-6 per cent. 
Already 6 h after 25 1u. of TSH certain tendency 
towards an increased relative activity in the microsomes 
was noticed and at 24 h this fraction held 12-6-18-3 
per cent of the total homogenate activity. After 48 h 
a maximum was reached (Fig. 2). The relative radioiodine 
content in the supernatant fraction in-the controls varied 
between 67:8 and 79-5 per cent. Similar values were 
found up to 18 h after TSH. However, 24 h after 2'5 
LU. the supernatant iodine-131 content was reduced to 
52-8-66-6 per cent, and this decrease was still more pro- 
nounced at 48 and 72 h (Fig. 2). 
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Precipitation with trichloroacetic acid showed that 
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-the greater part of the iodine-131 content of the fractions 


consisted of protein-bound iodine-131. In the controls 
protein-bound iodine-131 constituted 80-85 per cent 
of the radioiodine in whole homogenates, more than 
90 per cent in microsomal fractions and 75-80 per cent in 
supernatant fractions. Single TSH-doses did not result 
in significant changes of the protein-bound iodine-131/ 
total iodine-131 ratio of the fractions. 

Repeated daily doses of 1:0 1.0. of TSH resulted in a 
progressive increase in the total iodine-131 content of 
the thyroid. A similar increase was noted when the 
radioactivity was calculated on the basis of thyroidal 
wet weights (Fig. 3). 

In all the fractions there was a progressive increase 
of the total iodine-131 content but the relations of iodine- 
131 contents between the fractions underwent marked 
changes: in the nuclear fractions the relative radio- 
activity was increased by about 50 per cent in 6 days. 
The mitochondrial fractions did not exhibit any pro- 
nounced changes. The relative iodine-131 content of the . 
microsomes showed a fair increase after 2 days’ TSH- 
treatment and was about 5 times the control values after 
6 days. Simultaneously with the increase in the micro- 
somal fraction there was a decrease of the relative radio- 
activity in the supernatant fraction (Fig. 4). 

The protein-bound iodine-131/total iodine-131 ratio 
of the fractions (see foregoing) did not change after re- 
peated TSH-doses, except for that of the supernatant 
fraction which showed a tendency to decrease. 
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Fig. 3. Iodine-131 content/mg wet thyroid tissue (@) and of whole 


thyroids (@) as percentage of oe after daily doses of 1:0 1.0. of 
80 
70 
60 


50 


40 


Per cent 


30 


20 


10 





2 4 6 


Days 
Fig. 4. Relative iodine-131 content of thyroid subcellular fractions 
after daily injections of 1-0 1.0. of TSH. S, Supernatant; N, nuclear; 
Ms, microsomal; Mt, mitochondrial fraction. The curves are based 
on results from 10 control and 10 experimental groups (120 animals) 
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In this work the main interest was focused on the 
microsomal—postmicrosomal and supernatant fractions. 
For that reason no efforts were made to purify the nuclear 
and mitochondrial fractions. The nuclear fraction was 
undoubtedly contaminated by whole cells and cell frag- 
ments and the mitochondrial fraction displayed in the 
‘electron microscope considerable microsomal contamina- 
tion. Consequently, the values of nuclear iodine-131 
content should be judged critically and the iodine-131 
content found in the mitochondrial fraction should at least 
largely be ascribed to contaminating microsomes. 

Electron microscopical examination of the microsomal- 
postmicrosomal fraction showed no contamination by 
mitochondria but an unvarying composition of free and 
membrane-bound RNP-particles. Therefore, the figures 
of iodine-131 content of this fraction and the supernatant 
fraction should be considered reliable and make following 
conclusions legitimate. Single and repeated doses of 
TSH were followed by increased iodine-131 content of 
the thyroid, -the greater part of the radioiodide being 
bound to protein. The protein-bound iodine-131 content 
of the microsomal—postmicrosomal fraction increased 
more than that of the supernatant fraction, resulting 
in a raised microsomal protein-bound iodine-131/super- 
natant protein-bound iodine-131 ratio. 

This investigation was supported in part by research 
grant AM-05254-01 from the National Institutes of 
Health, U.S. Public Health Service, and in part from the 
Swedish Medical Research Council. 

V. PANTIĆ 
R. EKHOLM 
Department of Anatomy, 
University of Gothenburg, Sweden. 


1 Solomon, D. H., and Dowling, J. T., Ann. Rev. Physiol., 22, 615 (1960). 
* Fiala, wee sprout E. E., and Fiala, A. E., Proc. Soc. Exp. Biol. Med., 94, 


mirc A. F., and Pittman, J. A., Endocrinol., 70, 937 (1962). 
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Soluble Carbohydrate Content of Varieties 
of Tetraploid Ryegrass 

Tux soluble carbohydrate content of forage grasses is of 
interest to the agronomist both because of its effects on 
the nutritive value of grass as a food for livestock, and 
because of its. apparent relationship with palatability. 
Bland and Dent} found a correlation between sugar con- 
tent and palatability in six varieties of cocksfoot, the 
most palatable varieties having the highest sugar content. 

In 1962 two varieties of tetraploid perennial ryegrass 
bred in Holland were included in the grass variety trials 
at this Institute. Botanically these varieties differ from 
diploid varieties in that they have a larger seed size, a 
lower tillering capacity and a higher moisture content in 
the foliage. Chemical analysis of samples from the 
Institute’s trials at Cambridge and Trawscoed (Wales) has 
shown that these tetraploid varieties are consistently 
higher in soluble carbohydrate content than equivalent 
diploid varieties. Results are given in Table 1 in which 
the tetraploid early hay variety, Reveille, is compared with 
§.24 and the tetraploid pasture variety, Petra, is com- 
pared with 5.23. One series of plots was cut 8 times 
during the year and data are available for all cuts except 
fourth and fifth which gave very low yields due to drought. 
The soluble carbohydrate content of Reveille was higher 
than that of S.24 for all six cuts at both Cambridge and 
Trawscoed. At Cambridge the difference between the 
mean values was 4 per cent and at Trawscoed the difference 
between means was 3 per cent. In both cases the differ- 
ence was statistically significant. A similar pattern of 
results was obtained in the comparison between Petra 
and 9.23. 

To ensure that the control varieties used were reason- 
ably representative of diploid perennial ryegrass varieties 
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Table 1. SOLUBLE CARBOHYDRATE CONTENT AS A PERCENTAGE OF DRY- 
MATTER IN RYEGRASSES 
Perennial ryegrass (1962) 





Mean of all 
Diploid Tetraploid Diploid Tetraploid 24 diploid 
8.24 Reveille 8.2 Petra varieties 
Cambridge 
1st cut, 2.5.62 28-9 36:3 24-0 37-2 30-8 
2nd cut, 16.5.62 16-1 18-9 12°3 18-9 155 
8rd cut, 1.6.62 208 ` 26-0 208 24-6 208 
4th cut, 15.8.62 — — — — ~ 
5th cut, 2.7.62 —_ = —_ = — 
6th cut, 31.7.62 58 TI 88 71 7-0 
7th cut, 30.8.62 8-9 11:5 85 11-5 - 
8th cut, 1.10.62 12-1 15-0 12-4 16-6 
Mean of 6 cuts 15-2 19:2 14-1 19°3 = 
Standard error + 0-85 
ig. diff. 2-57 
P = 0-05) 2 
ay cut 16-7 26-0 15:7 19-9 T2 
(80.5.62) (4.6.62) (22.6.62) (22.6.62) 
Trawscoed (Wales) 
ist cut, 30.4.6: 29-5 35-6 295 34:0 -~ 
2nd out, 14.5. vo ia 15-4 13-6 14-8 = 
8rd cut, 31.5.82 21-6 22-8 19-0 28-2 ot 
4th cut, 14.6.82 — ` 
5th cut, 29-662 — — — — : 
6th cut, 31.7.62 13-3 13-7 14-2 14-9 ~ 
7th cut, 30.8.62 11-6 15-5 124 14:5 -~ 
8th cut, 2.10.62 15-0 17-4 15:8 17:4 
Mean of 6 cuts 17-1 20-1 174 19-8 
E. + 0-48 
Sig. diff. . 1:46 
g = 0-05) 
ay cut 28-6 33-6 29-6 26-2 26-0 
(28.65.62) (31.5.62) (22.6.62) 25.6.62) 
Italian and Westerwolds ryegrass 1962) 
i Acta Tetraploid 
Di pc Tetraploid Monel og 8 Billion 
2 Tetrone Westerwolds Westerwolds 
Cambridge 
Ist cut, 12.4.62 18-9 24-1 171 19-9 


an analysis for soluble carbohydrate content was made on 
all 24 diploid varieties in the trial at Cambridge for cuts 
1, 2,3 and 6. Although the control varieties were slightly 
below the average of the 24 varieties in soluble carbo- 
hydrate content, the tetraploids were clearly above 
average in 3 cuts out of 4. 

In a parallel series of plots each variety was cut for 
hay 10 days after 50 per cent of its flowering stems had 
emerged. The results from the analysis of these samples, 
with one exception, also showed the tetraploid varieties 
to be above average in soluble carbohydrate content. 

In another trial at Cambridge in 1962 a tetraploid 
variety of Italian ryegrass (Tetrone) and a tetraploid 
variety of Westerwolds ryegrass (Billion) were compared 
with diploid varieties of a similar type. The results of an 
analysis of material cut from these plots in Apri] 1962 also 
showed a higher soluble carbohydrate content in the 
tetraploid varieties. 

The soluble carbohydrate determinations were carried 
out on oven-dried samples by an anthrone method based 
on that described by Fairbairn?. While it has been shown 
that oven drying may cause minor alterations in sugar 
content’ the method is the only practical one for field trial 
work, and the consistent varietal differences recorded here 
are too great to be attributed to experimental crror of 
this type. 

These findings are of particular interest in view of 
recent reports that tetraploid grasses are very palatable 
to livestock. On our own trial-ground hares and rabbits 
have shown a remarkable preference for plots of tetraploid 
grasses distributed at random among a wide range of 
other varieties. 

These results also have a more general significance in 
that they show for the first time that the production of 
autotetraploids in the ryegrasses has resulted in varieties 
which are not only distinctive in their botanical and 
agronomical characteristics but which also have distinc- 
tive characteristics in their chemical composition. 

J. W. DENT 
D. T. A. ALDRICH 
National Institute of Agricultural Botany, 
Huntingdon Road, Cambridge. 
? Bland, B. F., and Dent, J. W., J. Brit. Grassland Soc., 17, (2). 157 (1962). 
a Fairbairn, N. J., Chem. and Indust., (4), 86 (1958). 
$ Jones, D. I. H., J. Sci.” Food and Agric., 1872), 83 (1962). 
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Torus of the Bordered-pit Membrane in 
Conifers 


THE increasing scrutiny of the bordered-pit membrane 
with the light and electron microscopes has resulted in 
many significant and noteworthy facts about the phyto- 
tomy and organization of this important structure. In 
recent years, however, apparent inconsistencies have been 
recorded even to the point that the torus of the bordered 
pit membrane is non-existent and is an artefact, tho 
resultant of retreating water in the tracheids'. The dis- 
cordant results may indicate structural differences not 
only of different species but of heteromorphic variations 
within the same tracheid or adjacent tracheids?. 

The majority of investigators in their description of the 
pit membrane record that the central portion of the mem- 
brane is furnished with a thickened circular plate or torus. 
The plate or torus is supported by strands of microfibrils. 
Bailey? furnished accurate evidence of the structure of the 
bordered pit in coniferous tracheids by his photomicro- 
graphs of the bordered pit. These showed that the mem- 
brane consisted of a central thickened. portion from which 
dark lines radiated with openings large enough to permit 
the flow of particles through the membrane. Phase 
microscopy shows the membrane in sharp outline and 
detail at full resolution. Marts‘, making use of phase 
microscopy in his examination of pit membranes of green 
Douglas fir, Pseudotsuga menziesii, was able to show 
unusual clear-cut structural evidence which surpasses that 
recorded with other light microscopical techniques. 

With the advent of-the electron microscope and its 
concomitant techniques the work of Liese, Frey-Wyssling, 
Harada, Côté, Cronshaw, and others provide a representa- 
tive collection of species examined, and their electron 
micrographs yield information about the shape and mutual 
disposition of features of structure closely in aceord with 





Fig. 1. Torus of a bordered pit of loblolly pine in cross-section, showing 
-granular material similar to that fonnd in the middle lamella. (x e. 
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Fig. 2. Guarding flap in sweetgum, showing microfibrils surroundi: 
the structure and present in it. Note the middle lamella contribut 
to the guarding flap, (x ¢. 12,800) 


that reported with the light microscope. Liese ¢ 
Hartmann-Fahnenbrock® and Hicke® independently hs 
concluded on the basis of their studies with the elect: 
microscope that the torus of coniferous pits is attached 
the thickness of the pit membrane by independent radie 
oriented strands of cellulose microfibrils. 

Côté? reported that in the bordered pit of eastern wk 
pine, Pinus strobus, the torus was of sandwich constr 
tion, and the middle lamella was interjacent to the pai 
primary wall thickenings. 

In electron micrographs of ultra-thin sections of loblc 
pine, Pinus taeda, the torus in cross-section appears to 
composed of granular material seemingly identical to 
character of the middle lamella. This material is surro 
ded by a layer of cellulosic microfibrils forming a recepta 
like structure and is supported by the microfibrils of - 
membrane or margo (Fig. 1). 

A similarity can be noticed between cross-sections 
loblolly pine and sweetgum, Liquidambar styraciflua, 
that the hardwood’s guarding flap is not only surrounc 
by microfibrils and that microfibrils course through 
interior, but that the middle lamella contributes to 
guarding flap (Fig. 2). 

Bamber’, after staining pit membranes of wood © 
with saffranin and fast green, reported that the torus £ 
pit membrane stained green in contrast to the red-staiz 
unpitted wall, and accordingly indicated that th 
structures are not lignified. 

Sachs, Clark and Pew® showed the distribution 
lignin in the wood cells of some soft and hard woods af 
the removal of carbohydrates with hydrofluoric ac 
Fig. 3 shows the bordered-pit torus of loblolly pine ai 
treatment with hydrofluoric acid with less than 0:2 | 
cent carbohydrate remaining. The torus is in the aspira 
state, slightly stretched and is composed primarily 
lignin. The evidence in Fig. 3 verifies the idea that dur 
maturation of the pit membranes the non-cellulc 
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Fig. 8. Bordered pit torus of loblolly pine after treatment with hydro- 

fluoric acid with less than 0-2 per cent carbohydrate remaining. The 

torus is in the aspirated state, slightly stretched and composed primarily 
of lignin. (x c. 16,000) 


constituents of the tenuous parts of the original primary 
walls disappear but are retained in the torus. 


Irvine B. Sacus 


U.S. Forest Products Laboratory *, 
Madison, Wisconsin. 


* Operated by the Forest Service, U.S. Department of Agriculture, in 
co-operation with the University of Wisconsin. 
1 Jayme, C., Hunger, G., and Fengel, F., Holzforsch., 14, No. 4, 97 (1960). 
* Bailey, I. W., Holz als Roh- und’ Werkstoff, 15, 210 (1957). 
1 Bailey, I. W., For. Quart., 11, 12 (1913). 
1 Marts, R. O., J. For, Prod. Res. Soc., 5, No. 5, 381 (1955). 
+ Liese, W., and Hartmann-Fahnenbrock, M., Biochim. Biophys. Acta, 11, 
190 (1953), 
* Eicke, R., Ber. Deutsch. Bot. Ges., 67, 6, 123 (1954). 
' Côté, W. A., J. For. Prod. Res. Soc., 8, No. 10, 296 (1958), 
* Bamber, R. K., Nature, 191, 409 (1961). 
* Sachs, I. B., Clark, I., and Pew, J., J. Polymer Sei. (in the press). 


Laboratory Culture of Dacryomyces 
deliquescens (Duby) 


SPOROPHORE material of the lignicolous basidiomycete 
Dacryomyces deliquescens was collected from sites in 
Warwickshire. The material was washed repeatedly in 
sterile water and then transferred to standard malt agar 
slopes maintained at room temperature. 

The implants grew to form a pale orange-buff mycelium 
with an irregular surface on which numerous small convex 
protuberances were frequently developed. Circular 
oidial areas, pigmented deep orange, were later formed on 
these upgrowths. Microscopic examination 
confirmed the presence of oidia of normal 
size in large numbers together with small 
conidia (oidia, 12-15 x 2-4u; conidia, 2u 
diameter). 

Oidial sporophores in culture have fre- 
quently become larger and more convoluted 
than those encountered in the field. 
Similar cultures to the same stage have 
been developed on slopes of standard prune 
and potato-dextrose agar. 

In 2 per cont aqueous malt medium, 
implants have grown to form a buff-yellow 
mycelium which has later developed a sur- 
face pellicle with orange oidial areas. 
Growth on stronger media of this type has 
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resulted in the formation of a firmer pellicle and oidial 
sporophores of similar form to those developed on malt 
agar. 

Growth to the oidial sporophore stage has beon observed 
on sterilized twigs of pine, holly and lilac which were kept 
suitably moist following inoculation with mycelial 
material from malt agar cultures. Fructifications ob- 
tained in these wood cultures have been implanted on 
malt agar slopes and subsequent growth has shown 
typical development to the same sporophore stage. 

I thank the Royal Society Committee for Scientific 
Research in Schools for the provision of a grant‘in support 
of this work. 

J. H. FIELD 


Handsworth New Road Boys’ School, 
Birmingham 18. 


Ammonium as an ‘Attractant’ for a Soil 
Nematode 


Tx a recent report! it was shown that Rhabditis oxyeeren. 
a nematode which feeds on bacteria, was ‘attracted’ to 
colonies of certain soil fungi and actinomycetes, as wel) as 
bacteria, on agar plates. Culture filtrates of most of the 
organisms tested of the latter two groups caused a similar 
effect with this nematode as well as with another bac- 
terium-feeder Caenorhabditis briggsae®. The medium 
used in these experiments contained yeast extract and 
peptone and the reaction of most of the fluid cultures was 
pH 8-0 or over, suggesting ammonia production, ax was 
indeed found to be the case. Tests were then initiated to 
determine whether ammonia itself would influence these 
nematodes. The method of testing was as follows: 12 ml. 
sterile 1:5 per cent Difco agar was poured into Petri 
plates, and excess moisture allowed to evaporate at room 
temperature for 3-4 days. The plates were each flooded 
with 1 ml. 1 : 10,000 merthiolate solution and kept for 24h 
at room temperature so that the germicide was completely 
absorbed by the agar. A drop of the medium, culture 
filtrate or other solution was placed on the agar near the 
edge of the plate, and after this had dried additional drops 
were added as desired, to increase the concentration of the 
test substance at the point of application. Water or 
uninoculated medium applied on a spot about 1 in. away 
from the test solution served as control. A nematode 
suspension! was placed at the edge of the plate opposite 
the two spots. The live nematodes moving at random 
over the plate were observed to accumulate, often verv 
quickly, on the area containing the ‘attractant’ as shown 
in Fig. 1. 

Bacteria and actinomycetes were grown on a glycerol-- 
peptone—yeast—extract salts medium on a shaker at 26° C 
for 2 and 7 days, respectively. After the cells or mycelinm 
had been removed by filtration the pH of all the filtrates 
was adjusted to 7-2 and drops placed on the water agar 
as described here. A solution of ammonium chloride 
containing 50 mg/ml. was used in a similar manner either 
alone or mixed with the uninoculated culture medimn. 





Fig. 1. Accumulation of Rhabditis oxycerca on areas of agar containing A, calture 
medium; B, culture filtrate of a soil actinomycete 
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Table 1. INFLUENCE OF DIFFERENT MATERIALS ON THE ACCUMULATION 
OF NEMATODES (Rhabditis exycerca) ON TREATED AREAS ON WATER AGAR 
LATES* 


Test materials Hours after addition of nematodes 
0-5-1 4 18 40 


Water only 1 2 3 4 
Culture medium 12 13 16 8 
Ammonium. chloride only — 18 45 55 
Culture medium + ammonium chloride 26 95 75+} — 
Culture filtrates of: 
Actinomycete 19 40 100 95+ 100+ 
Actinomycete 20 30 80 90+ 85+ 
Bacterium (rhizosphere) 25 — T+ 200 + 
Escherichia coli — 40 100+ = 


* Numbers in area 2 cm in diameter. 
+ Estimate only, due to swarming and clumping of nematodes. 


Tho results of a typical experiment with R. ozycerca are 
given in Table 1. Some nematodes accumulated on the 
area containing culture medium. However, within half an 
hour the nematodes had shown a preference for the areas 
with culture filtrates. Adding ammonium chloride or 
nitrate to the culture medium resulted in a response 
almost equal to that produced by the culture filtrates. 
Ammonium chloride alone also caused a distinct aggrega- 
tion of these nematodes in contrast to the very low num- 
bers found on adjacent areas with water only. In separate 
experiments C. briggsae was observed to accumulate on 
areas with filtrates of cultures 19 and 20 but did not 
respond to ammonium chloride. 
Von Brand and Simpson’ have reported that ammonia 
produced by Bacillus subtilis was highly toxic to the 
nematode Hustronglydes ignotus under alkaline conditions; 
pH was not a factor, for when the medium itself was 
adjusted to the same pH as the toxic culturo filtrate 
there was no lethal effect. In the present study unadjusted 
culture filtrates (pH 8-8-2) were not inimical to R. oxycerca 
but were as favourable as the neutralized filtrates. 
The ecological significance of metabolic ammonia in soil 
may be appreciable. It is a common product of organic 
matter decomposition and may occur in the vicinity of 
plant roots (the rhizosphere) owing to the action of large 
numbers of ammonifying bacteria’ in this region on 
amino-compounds liberated by plant roots’ or by associa- 
ted micro-organisms’. This and other metabolic products 
may therefore exert a strong influence on soil nematodes 
in the root zone, where they are known to accumulate’. 
Attempts are being made to determine whether culture 
filtrates or ammonia actually attract these nematodes or if 
the worms simply accumulate on the favourable areas 
after moving at random over the agar plates. < 
H. KATZNELSON 
V. E. HENDERSON 
Microbiology Research Institute 
and Entomology Research Institute, 
Research Branch, 
Canada Agriculture, 
Ottawa. 
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Ophiopluteus ramosus between Iceland and 
Newfoundland 


Srno tho initiation in September 1959 of sampling by 
the Continuous Plankton Recorder between Iceland and 
Newfoundland, information has been gained on the 
periodic appearance of warm-water species in the plankton 
of this areal-?. The occurrence of the ophiuroid larva 
Ophiopluteus ramosus along this route suggests some 
interesting aspects of the biology of this larva of which the 
adult is unknown. O. ramosus has previously boen rə- 
ported from south of Iceland and the vicinity of Flemish 
Cap in the spring and summer*, 
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The Plankton Recorder samples at a depth of 10 metres 
beneath the surface of the sea. The collection and routine 
analysis of the samples are discussed by Rae*. The tows 
on which the present work is based were made, when- 
over possible at monthly intervals, between Reykjavik 
and the Newfoundland Grand Banks region during 
January-June and between Reykjavik and the Strait of 
Belle Isle during July-December. Samples (10-mile 
tows representing plankton from 3-0 m? of water) which 
were reported to contain echinoderm larve, from January 
1960 until August 1962, were re-examined by sub-sampling 
1/50 of cach 10-mile tow. The occurrence of Ophiopluteus 
ramosus was recorded and plotted (Fig. 1). 
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Fig. 1. @, Distribution of Ophiopluteus ramosus; —~, depth contour 
of 200 metres 


Ophiopluieus ramosus was prosent in February and 
March of 1960, March of 1961, and March and April of 
1962 during the period of 32 months. It appeared 
primarily in the area between 49°-54° N. and 41°-49° W. 
This is an area with a bottom dopth of between 2,200 and 
4,200 metres. A single specimen was recorded near 
Flemish Cap, where the bottom depth is about 300 metres. 
O. ramosus was identified in 22 samples. Between 17 and 
500 specimens per cubic metre of water sampled were 
collected with an average of 73. Post-larve as well as a 
variety of younger stages were recognized. 

Although the biology of ophiuroids from deeper water 
is poorly known, the difficulty in feeding that would be 
met by larve during the vertical migration to and from 
the photic zone’ as well as the physiological and chemical 
problems associated with depth-pressure changes argue 
against these forms having pelagic larve. As Ophiopluteus 
ramosus is a pelagic larva it is more likely that it was 
spawned in the sublittoral. If O. ramosus comes from 
adults on the Newfoundland Grand Banks it should have 
been collected from the water of the more southerly part of 
the Plankton Recorder survey that extends over that 
area. Although there is little information on the spawning 
of benthic invertebrates off southern Greenland, it is 
unlikely that pelagic larve are being produced at such an 
early season of the year®. 

The most likely hypothesis is that the adult of Ophio- 
pluteus ramosus will be found to the south of the survey 
area, perhaps as far south as the West Indian region, a 
faunal area of the western tropical Atlantic, that extends 
northward along the North American coast to the 
Carolinas’. The Ophiopluteit of these adults could be 
picked up by the Gulf Stream System as it approaches the 
North American. continental shelf and be transported by 
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one of the filaments of the Stream into the area where they 
were collected. This is consistent with the present idea 
that this area is one in which water masses and plankton 
of arctic and tropical origin are mixed!-35, According to 
the calculations of Thorson?®, ophioplutei should be able to 
survive a journey of this distance. 

It is hoped that, as more information is accumulated 
from the newer Plankton Recorder routes from Scotland 
to southern Greenland and from Eire to Newfoundland, 
a better understanding of the dispersal of Ophiopluteus 
ramosus will be possible. 

These studies are aided by contract N6 2558-2834 
between the Office of Naval Research, Department of the 
U.S. Navy, and the Scottish Marine Biological Associa- 
tion. I am indebted to Dr. F. Jensenius Madsen of the 
Universitetets Zoologiske Museum in Copenhagen for 
allowing me to examine the slides of North Atlantic 
echinoderm larvee that were prepared by Dr. T. Mortensen. 


S. R. GEIGER 
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Handedness and Facial Asymmetry : Lateral 
Position of the Nose in Two Racial Groups 


AN association has been found to exist between handed- 
ness and the lateral position of the ‘nose’ (as indicated by 
the subnasale) in 1,033 subjects. 

While carrying out another investigation, the oppor- 
tunity was taken to investigate several factors to determ- 
ine whether they play a part in the development of 
‘normal’ lateral facial asymmetry. The aim was to con- 
tribute to the understanding of the mechanisms of facial 
growth which are of fundamental importance in both the 
theory and practice of orthodontics. Results were ob- 
tained from two racial groups, one comprising 257 Poly- 
nesians examined on the Island of Rarotonga, South 
Pacific, and the other 772 Australians of European stock 
examined in Melbourne. In both groups the subjects were 
consecutive patients presenting for examination except 
those excluded because they had an upper central incisor 
missing or had suffered a fracture of a facial bone. The 
majority of the subjects, 237 Polynesians and 567 Aus- 
tralians, wore 20 yoars of age or less. 

Methods of assessing lateral facial asymmetry have been 
discussed! and a detailed description given of the method 
used in this investigation. Briofly, this was that the lateral 
position of the ‘nose’ was judged by assessing the relation- 
ship of the subnasale to the most lateral parts of the face— 
the skin areas over the zygions. Seven asymmetry cateo- 
gories were used and given arbitrary values as follows: A 
‘nose’ that was considerably to the left, 3; to the left, 2; 
slightly to theleft, 1; centre, 0; slightly to the right, —1; 
right, —2; considerably to the right, —3. Such observa- 
tions are open to criticism owing to their subjective 
nature, but tests of reproducibility were satisfactory. Two 
readings were taken, several months apart, of each of 182 
Australians and 101 Polynesians. In the majority of 
subjects both results were the same and, in both racial 
groups, the mean of the discrepancies between each pair 
of results was not significant?. 

After having recorded the lateral position of the ‘nose’ 
of a subject their handedness was determined by observing 
the hand used to write, to throw, to reach and to grip 
sporting equipment. A subject who was predominantly 
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Fig. 1. Association between handedness and the means of arbitrary 
values denoting the lateral positions of the ‘nose’ in 772 Australian. 
and 257 Polynesians. (The Polynesian handedness categories: ambi- 
dextrous, left-strongly-right and left-slightly-right contaimed re> 
spectively, only 2, 3 and 2 subjects.) Handedness: -3, right: -2 right 
slightly-left; —1, right-strongly-left; 0, ambidextrous; 1, left-str ogly - 
right; 2, left-slightly-right; 3, left. @, Australians; x, Polym ians 


right-handed, but preferred to use the left hand for one 
action, was considered to be slightly left-handed ; 1f the 
left hand was preferred for two actions the subject was 
classified as right-strongly-left-handed and as rmbidex- 
trous if it appeared that both hands were used with 
approximately equal facility. Slight and strong right- 
handed tendencies in predominantly left-handed subjects 
were determined in a similar way. The seven categories 
used were given arbitrary values from 3 (left-handed) to 
—3 (right-handed). In only five of the 283 subjects who 
were tested on two occasions were the handedness 
assessments different and in each of these there was a 
change of only one category. The number of subjects in 
each category was, respectively, from right-hand to left- 
hand: Australians, 494, 143, 43. 23. 22, 22, 25; Poly- 
nesians, 208, 20, 5, 2, 3, 2, 17. 

Fig. 1 shows, in each handedness category, the meon 
values for the lateral position of the ‘nose’ of each racial 
group, and the regression lines. The points which denote 
the mean values of those subjects who were ambidestrous. 
left-strongly-right-handed and left-slightly-right -handced 
have small negative values. This suggests that there we- 
a slight bias to the right due to unknown factoss or to 
misjudgment on the part of the observer (whose left eye 1s 
the dominant one). The regression equations-~- Australians 
Y= —0-3440-28 X (r=0:37), Polynesians Y= — 0-56 
+0:25 X (r=0-35)—were not significantly different and 
when combined Y= — 0-38 + 0-28 X. Hach was signifi- 
cant, P<0-001. Therefore, though of small degree. there 
is a significant association between the lateral position of 


. the ‘nose’ and handedness in these subjects. 


I thank Sir Arthur Amies and Prof. L. J. Ray fer their 
advice, Dr. G. Gregory for statistical advice and the 
University of Melbourne Research Fund. 

Pamir R. N. Surroy 
Dental School, 

University of Melbourne. 

tł Sutton, P. R. N. (to be published). 


MICROBIOLOGY 


Fermentation of Lactose by Cell-free Extracts of 
Bacillus anthracis 


Tex inability of certain bacterial species and genora to 
ferment various sugars has important taxonomic valne 
Such strains, it is stated, do not ferment a partievlar sugar. 
and bacteriologists assume that this inability refecta n 
failure of the organisms to synthesize the proper enzymes 
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Fermentation tests are typically carried out by growing 
bacteria in tubes of media containing the sugar and an 
indicator dye. If fermentation occurs, the indicator 
changes colour. Obviously, this procedure tests fermen- 
tative ability only if the enzyme or the sugar, or both, 
can permeate the cell wall of the organism. It is possible 
that cell-free extracts obtained from bacteria can ferment 
a sugar, although whole cells are unable to do so. We 
have investigated such a case. 

Strains of Bacillus anthracis characteristically do not 
ferment lactose’, and this trait helps differentiate anthrax 
organisms from other species of the genus Bacillus’. Thus, 
anthrax bacteria presumably do not contain the enzyme, 
6-galactosidase, which is responsible for hydrolysing 
lactose. We wish to report evidence that a typical strain 
of B. anthracis does contain the enzyme, and that cell-free 
extracts from the organisms do have the ability to ferment 
lactose. : 

A smooth variant of the Vollum strain of B. anthracis 
‘was grown in nutrient broth at 37° C for 24h. The bac- 
teria were collected by centrifugation, and cell-free 
extracts were prepared by grinding the cells with powdered 
alumina.’ Whole cells, large cell debris, and alumina 
particles were removed by centrifugation at 10,000g. The 
supernatant was decanted and used for cell-free experi- 
ments. Typical strains of Salmonella typhosa and Pseudo- 
monas aeruginosa, which did not ferment lactose, were 
grown in the same manner, and cell-free extracts were 
prepared from the cells. A strain of Escherichia coli 
which readily fermented lactose was also used. 

The ability of the various organisms to ferment lactose 
was tested by inoculating cells into nutrient broth con- 
taining lactose and the indicator, bromthymol blue, and 
also by inoculating nutrient broth tubes containing the 
chromogenic substrate, o-nitrophenyl-§-galactopyramoside 
(ONPG). When the enzyme, §-galactosidase, attacks this 
substrate the yellow colour of o-nitrophenyl is released 
into the medium. The §-galactosidase activity of cell- 
free extracts from the organisms was tested using the 
chromogenic substrate, and the amount of o-nitrophenyl 
released was determined’, 























Table 1 
Fermentative ability 
Whole cells | Cell-free extracts 
Organism 
ug ONPG* hydrolysed (min) 
Lactose ONPG* 

| 5 10 20 
B. anthracis — — | t + ' 60 | 340 
| S; tuphosa — — !}! o o | 0 0 
| P. aeruginosa — — 0 0 ' 0 0 

. coli + + A 
| E. coli 370 890 j 1,000 i t 





L- 





* ONPG, o-nitropheny!-f-galactopyranoside, 
+ Data were not obtained for these times. 

Table 1 summarizes our results. Only whole cells of 
E. coli are able to attack lactose and ONPG. The other 
three organisms show negative reactions. However, not 
only cell-free extracts of Æ. coli demonstrate B-galactos- 
idase activity, but also cell-free extracts of B. anthracis. 
With both organisms, activity increases as incubation 
continues, The slow, but increasing, hydrolysis of ONPG 
by cell-free extracts of B. anthracis suggests that the 
substrate is inducing synthesis of the enzyme, B-galactosid- 
ase. Cell-free extracts of P. aeruginosa and S. typhosa do 
not demonstrate any B-galactosidase activity. 

These data indicate that this strain of B. anthracis is 
genetically competent to form §-galactosidase, and can 
hydrolyse lactose. The inability of whole cells to attack 
lactose probably reflects a defect in permeability of the 
cell wall of B. anthracis. Once the substrate is available 
to the cytoplasmic enzyme, it is readily attacked. P. 
aeruginosa and S. typhosa are genetically incapable of 
forming ®-galactosidase, and therefore neither whole 
cells nor cell-free extracts ferment lactose. Although 
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these experiments give results obtained 
of an organism unable to ferment lact 
that other varieties of bacteria that | 
capabilities might be investigated to det 
truly genetically incompetent to form tl 
or if their characteristics are the resul 
factors. These bacteria, then, woulc 
phenomenon similar to that of erypticity 
to utilize a given substrate even thougl 
the relevant enzyme that Cohen and Mc 

connexion with bacterial permeases. 
This investigation was supported b 
A1-01535 from the National Institutes 
Public Health Service, and a post-docto 
the Department of Mierobiology (B. F 
B. J 
R. E 

Department of Microbiology, 
Baylor University College of Medicine 

Houston 25, Texas. 
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Determinative Bacteriology, seventh edition, 618 
Baltimore, 1957). 
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Three Antistaphylococcic Facto 
Brain 


PREVIOUSLY we have reported the d 
staphylococcic factors in ox tissues! 
concentration by ion exchange proce 
preliminary experiment which indicated 
least two active factors, we now ha 
separating three distinct fractions which 
from death by experimentally induce 
aureus infections. 

If brain extract is adsorbed on a c 
50W-X? and eluted by buffers of contix 
pH, amino-acids and other polar substa 
to chromatography quite effectively. Th 
the antistaphylococcic materials menti 
effluent from the chromatographic colu 
in 20 ml. fractions and analysed for its a 
by paper chromatography. We have foun 
to use amino-acids as markers for | 
procedures since it was observed that 
coccic materials behaved very much lik 
chromatography on ion exchange colum 
also confirmed the presence of y-amino- 
acid in ox brain’. 

The effectiveness of the fractions 1 
terms of the dose which protected mic 
Staphylococcus aureus infections, using a 
lactic treatment of two milligrams per c 
day all animals were challenged with a s1 
dose of a penicillin-resistant strain 
aureus, a clinical isolate from a case oj 
Both the antistaphylococcic fractions a 
were injected subcutaneously into the 3 
region of the mice. The fractions were € 
in an attempt to find a possible correls 
in vitro and the in vivo effects of these £ 
factors. 

A composite of the first 48 fractio 
contain an active factor capable of giv 
cent in vivo protection, and contained 
cysteic acid, ®-hydroxyglutamic acic 
threonine, serine, glutamic acid, an 
ninhydrin positive spot which could 3 
Composite fractions 49-69 showed a ne; 
effect probably caused by some overlapp 
a-aminobutyric acid, y-aminobutyric 
leucine, isoleucine, cysteine-cystine, a-a 
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n vivo protection against Staphylococcus aureus infections in 
mice by fractions of ox brain extract 


108 120 


: 70-80 contained the second antistaphylococcic 
pable of protecting 100 per cent of the experi- 
aice against lethal doses of a penicillin-resistant 
Staphylococcus aureus, as well as the amino- 
mino-§-hydroxybutyric acid, phenylalanine, and 
‘ractions 81-95 wero inactive and free of amino- 
actions 96-108, also free of amino-acids, were 
contain a third active factor yielding an im vivo 
a of 76 per cent. Again slight overlapping seems 
nt for the protective effect encountered in 
109-120; these fractions contained the basic 
id arginine. The final portion, fractions 121-232, 
t the amino-acid tryptophan but no antistaphylo- 
iivity. Fig. 1 summarizes the in vivo activities of 
oing fractions. Although the effect of the indi- 
actions in vitro showed areas of slight growth 
n and stimulation the results of these tests were 
qd of doubtful significance. No correlation could 
rith the in vivo assays. 
.clusion, we have been able to separate from 
ized, ox brain extract three different antistaphylo- 
actions which suggest the existence of three 
factors. These fractions have been shown to 
uice from lethal infections of a penicillin-resistant 
Staphylococcus aureus if administered prophy- 
at a dose of 2 mg per day for five days prior to 
10n. 
ork was supported by grant No. #-2556 from the 
of Allergy and Infectious Diseases, U.S. Public 
ərvice. 
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Lytic Activity on Yeast Cell Walls‘as a 
Useful Character for the Separation of 
Streptomyces and Nocardia 


RECENTLY a number of different classifications have 
been proposed for the Actinomycetales. Apart from the 
uncertainty about which genera shall be included in this 
order there is considerable divergence of views about the 
arrangement and naming of those which are by common 
consent admitted. The disparity found between the 
different systems shows how much uncertainty still exists 
in the classification of the actinomycetes. 

Various workers have described the results of an investi- 
gation into the cell-wall composition of actinomycetes of 
different types and discussed the application of the 
chemical analysis of the isolated cell-walls of the represen- 
tative species of the various genera to the classification of 
these organisms. Cummins and Harrist have proposed, by 
using the composition of the cell-wall as a basis, what 
would appear to be a logical classification of the Actino- 
mycetales. 

An attempt was made to find a group of dependable 
properties for the separation of Streptomyces from the 
strains of Nocardia, the colonial morphology of which 
resembles that of the Streptomyces. According to Romano 
and Sohler?, the differentiation of the genera Nocardia and 
Streptomyces is unusually difficult, owing to the wide 
variation of morphologicel and colonial characteristics 
encountered’, such as the production or not of aerial 
mycelium and fragmentation of. vegetative hyphe. 
However, studies of cell-wall analysis enable each organism 
to be placed in its proper grouping. Hoare and Work‘ 
have shown that examination of the type of diamino- 
pimelic acid present in whole cell-hydrolysates and the 
presence or absence of arabinose in hydrolysates of intact 
organisms can be a useful method for distinguishing 
individuals of these two genera in cases of doubt. The 
cell-walls of Streptomyces spp. are distinguished from those 
of Nocardia spp. by the fact that they do not contain 
arabinose and also because Lu-diaminopimelic acid is 
present instead of the Dr-isomer found in Nocardia. 
Others recent papers*-* have confirmed the value of the 
method of the cell-wall composition as providing evidence 
for the taxonomic relationships of this group of micro- 
organisms. It was suggested that a comparative bio- 
chemical study of the cell-walls may contribute much to 
the knowledge of this group of organisms and may provide 
a sounder basis to taxonomic considerations. 

Other workers? have attempted to discover a series of 
morphological criteria by which the various types of 
branched bacteria might be classified. It was considered 
that the criteria of types of branching and types of cell are 
sufficiently clear-cut to make allocation to families rela- 
tively easy, once these genera are properly described. 
However, it was recognized that the greatest defect of the 
proposed system is that the characters defining the various 
groups are relative, with possible variability of a single 
species at various ages and conditions of culture, Gordon 
and Smith! examined a large collection of Streptomyces 
and Nocardia in a search for stable characteristics sepa- 
rating the two genera. On the basis of this investigation a 
small group of properties which gave promise of assistance 
in the recognition of the two taxa was proposed for use 
and evaluation by other workers. 

Finally, Romano and Sohler? have reported that the 
cell-walls of Streptomyces species are lysed by lysozyme and 
that cell-walls of Nocardia species are resistant to the 
action of this enzyme. However, Bradley’ has reported 
that Nocardia paraguayensis is sensitive to the action of 
lysozyme which produces protoplasts from intact cells. 

Results of the physiological tests as well as the micro- 
scopic appearance applied to various strains under exam- 
ination have been described’*. Due to the great diversity 
among the fundamental concepts of the various taxonomic 
groups, it is very important that a micro-organism should 
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be classified and identified by a group of its more stable 
characteristics. However, it has been suggested that the 
final identification of strains of Streptomyces or Nocardia by 
morphology or fermentation tests may be somewhat 
difficult. 

In a study on the lytic activities of a high number of 
organisms classified among the Actinomycetes", it was 
found that 98 per cent of the hundred and twenty species 
of Streptomyces tested showed lytic activity on the isolated 
cell-walls of Saccharomyces cerevisiae, in marked contrast 
with the lack of activity shown by the twenty-seven 
species of Nocardia assayed. 

The same lack of lytic activity of the Nocardia was 
detected on the cell-wall agar plates prepared with isolated 
cell-walls of Candida utilis, Torula utilis, and Torulopsis 
aedis; but on the other hand, the percentages of species of 
Streptomyces showing lytic activity on these species of yeast 
was of much lower order. 

As a consequence of such observations it was suggested 
that the property of showing lytic enzymes active on Sace. 
cerevisiae cell-walls might be another interesting character, 
useful for the classification of the Nocardia and Strepto- 
myces species together with the susceptibility to lysozyme, 
the results of the cell-wall analysis and the morphological 
and physiological properties already used for the separa- 
tion and differentiation of these organisms. . 

J. R. VOLANUÈVA 
8. GASCÓN 
l I. GARCIA AoHA 
Instituto ‘Jaime Ferrán’ de Microbiologia, 
Velazquez 138, Madrid. 
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 Sohler, A., Romano, A. H., and Nickerson, W., J. Bact., 75, 283 (1958). 
“Avery, R. J., and Blank, F., Canad. J. Microbiol., 1, 140 (1956). 
8 Bishop, 0. T., and Blank, K. F., Canad. J. Microbiol., 4, 35 (1958). 
°? Villanueva, J. R., Microbiol. Españ., 18, 170 (1960). 
1° Bisset, IK. A., and More, F. W., J. Gen. Microbiol., 8, 387 (1949). 
n Gordon, R. E., and Smith, M. M., J. Bact., 69, 147 (1949). 
" Bradley, S. G., J. Bact., 78, 115 (1959), 
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GENETICS 


Properties of a Somatic Hybrid between 
Mouse Cells with Different Genotypes 


Ephrussi and Sorieul! recently reported a somatic 
hybrid between a spontaneous mouse tumour derived 
from a C3H mouse, and a polyoma-induced mouse 
tumour originating from a non-inbred Swiss mouse. 
These findings extended their own and other reports of 
somatic cell hybridization?*, in showing that cells with 
different genotypes originating in different strains of 
mice can form a somatic hybrid when cultured together 
in vitro. In this communication we describe a confirma- 
tion of the results of Ephrussi and Sorieul? with data 
concerning a new somatic hybrid between a polyoma- 
induced and a spontaneous mouse tumour, each originat- 
ing in a different inbred mouse strain. The origin of each 
parental cell in a different inbred strain has made it 
possible to undertake transplantation investigations of 
the antigenic properties of the somatic hybrid. 

The two cell lines used in this work were strain L, 
derived from subcutaneous tissue of a C3H mouse’, and a 
polyoma-induced mammary tumour MTI originating 
in an SWE mouse’. L cells have been passaged in vitro for 
many years; MTI has been carried for 49 transplant 
generations in SWR mice before the tumour cells were 
grown as a line in tissue culture. 

During the course of growing the two lines separately 
in vitro a cytological observation showed that an acciden- 
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tal mixture between them had taken place. 
lines were easily distinguishable cytologicalls. 
logically, and antigenically, the passaging of ^ 
mixture was continued, to determine wheth 
hybridization would occur. Control culture 
lines were also maintained separately. All cu 
grown in Petri dishes in Eagle’s medium with 
concentration of amino-acids and vitamins - 
cent calf serum. Cells were passaged every 4! 
studied cytologically by the technique of Tjio 

Twenty-six days after initiating the regula 
of the mixed culture, a new karyotype was < 
about 1 per cent of the cells. The new cell t 
had a different growth morphology and a nuc 
than either of the parents, seemed to have 
advantage. Within 2-3 weeks it had elim 
original cell lines from the cultures. Six 
clones of the new cell type were then isolated, 
clones all had the same karyotype and growth D 
in vitro as the original population. One of t) 
was used for the transplantation experiment 
here. 

The chromosomal characteristics of the o» 
lines and the new cell type, based on a count 
50 cells per group, are given in Table 1. Th 
show the hybrid nature of the new cell type. ™ 
number of bi-armed chromosomes from L ə 
identifiable in the hybrid karyotype, and the cl 
data are not compatible with the origin of th 
type by autopolyploidization. No hybrid 
was found in control cultures of L or MTI, 
of the other cell lines maintained in the M 
The hybrid cells had the hybrid vigour foun: 
somatic hybrids'~4, and grew more rapidly in 
either L or MTI. The growth morphology ir 
intermediate between the extreme criss-cross 
MTI and the more flattish growth of L cells. 


Table 1. THE CHROMOSOMES OF L, MTI AND HYBRI 
Variation in Modal Variation in 
Cell line chromosome chromosome No. of bi-armed 
No. No. chromosomes 
L 52-64 56 19-21 
MTI 62-72 68 2 
Hybrid 106-118 108 18-22 


Plaque assays for polyoma virus showed no sf 
polyoma production either by the hybrid or + 
Hybridization with L cells thus did not induc 
thesis of infectious virus in the non-virus 
polyoma-induced tumour cell. It should, 
be noted that although some virus. growth 
detected after prolonged passaging of polyo 
(ref. 8), these cells do not seem to be particula» 
able for polyoma virus multiplication. After 
infection, at a virus: cell ratio of 10 plaque-for» 
per cell, of either L, MT1, or the hybrid, no vi» 
could be detected as judged by fluorescent 
staining at 36 h after infection, and a comy 
plaque assay of total virus at 3 and 72 h after 
In addition, if somatic hybridization involved 
both nucleus and cytoplasm from the parent 
process of somatic hybridization would then b: 
from the one-way transfer of only the chromos 
are required for zygotic induction? with lysogeni: 

In order to test the histocompatibility antig 
hybrid, 1 x 10° cells of the hybrid, and of L 
were transplanted subcutaneously to groups ¢ 
03H, SWE, and F, (C3H x SWR) hybrid mi 
was at first some growth of the transplants in all 
lated animals, but in several of the groups tb: 
had regressed at 3-4 weeks after imoculat: 
results of the progressively growing tumours æ 
are given in Table 2. As expected, L grew progr 
C3H but not in SWR, whereas MTI grew pri 
in SWR but not in C3H. The hybrid cells gre 
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Table 2. PROGRESSIVELY GROWING TUMOURS IN C3H, SWR AND F, 
(C3H x SWR) HYBRID MICE, AT 4 WEEKS AFTER INOCULATION OF 1 x 10° 
L, MTI AND HYBRID CELLS 


No. 4883 


No. F. 
Cell Hne - No. 03H mice No. SWR mice hybrid mice 
inoculated with tumours with tumours with tumours 
L 4/5 0/5 1/5 
MTI 0/5 5/5 5/5 
Hybrid 0/5 0/5 5/5 


sively only in F, mice, but not in either C3H or SWR, 
thus showing that they contain histocompatibility anti- 
gens from both parents. 

Although L cells originated in C3H, the substrain of 
C3H used in these experiments is presumably different 
from the C3H in which L originated many years ago. 
This could account for the poor growth of L in the hybrid 
mice. MTI can be successfully transplanted in SWR 
with 1 x 104 cells, whereas successful transplants of L 
in C3H require inoculation of at least 1 x 10° cells. Pro- 
bably owing to their rapid growth, the hybrid cells are 
able to overcome in the hybrid mice the presumed differ- 
ence in C3H antigens between L and the C3H hosts. 

MTI cells possess the polyoma-induced cell antigen 
that can be detected by an inhibition of tumour growth 
in animals injected with polyoma virus’. The presence 
of this antigen in hybrid cells was checked by subcuta- 
neous inoculation of 5 x 10‘ cells of the hybrid, and of 
MT 1, to groups of 5 F, adult mice injected with polyoma, 
and 5 non-immunized control F, mice. The experimental 
mice were injected intraperitoneally twice, with 2 x 107 
plaque-forming units of polyoma, at 4 and at 2 weeks 
before the cells were inoculated. L cells were not included 
in this experiment because of their poor growth in vivo 
even in the control F, mice. The results (Table 3) show 
that there was with the hybrid cells some inhibitory 
effect on tumour size after polyoma injection of the 
host, but that the inhibitory effect was much less than 
with cells of MTI. These data suggest that the polyoma- 
induced cell antigen may exist in the hybrid, but that it 
is either more weakly expressed than in M71, or that the 
hybrid cells can better overcome the immune response of 
the host (cf. ref. 11). Further experiments with more 
sensitive methods for detecting this antigen are thus 
required, to determine the amount of polyoma-induced 
antigen in the hybrid cells. 

Table 3. PROGRESSIVELY GROWING TUMOURS IN POLYOMA-INJECTED AND 


CONTROL F, (C83H x SWR) HYBRID MIOE, aT 6 WEEKS AFTER INOOULA- 
TION OF 5 x 10‘ MTI AND HYBHID CELLS 


Polyoma-injected mice Control mice 


Cell line No. of mice Average No. of mito Average 
inoculated with tumours tumour size with tumours tumour size 
(mm) {mm) 
MPI 0/5 _ 5/5 22 x 16 
Hybrid 3/5 18 x 16 4/5 30 x 80 


The foregoing results thus substantiate the value of 
animal cell hybridization as an approach to studies on the 
properties of somatic cells including those with consider- 
able differences in genotype. 

We are indebted to Mr. Aryeh Goldenberg for technical 
assistance and for his help in initiating the hybridization. 
This work was aided by research grant C-5266 from the 
U.S. Public Health Service. 

Daviv GERSHON 
Section of Genetics, Leo Sacus 
Weizmann Institute of Science, 
Rehovoth, Israel. 
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PSYCHOLOGY 


Personality and Scientific Aptitude 


Ix a recent communication!, science sixth forms in 
English schools were shown to attract boys who have high 
intelligence quotients but relatively low scores on ‘open- 
ended’ tests, that is, tests consisting of questions for which 
no one right answer exists, and which seem to have some 
bearing on the potentiality for original work*. Two types 
of boy were distinguished: the ‘converger’, who excels in 
the close reasoning of the intelligence test but lacks 
fluency on ‘open-ended’ tests; the ‘diverger’, who 1s 
exceptionally fluent but relatively weak in close logical 
argument. This convergent/divergent distinction, eorre- 
sponding roughly to the science and arts sides of the sixth 
form, correlates with a variety of other differences. There 
are, in all, five further sets of data to be reconciled: 

(1) Convergers are relatively unlikely to express 
attitudes which are unusual in the statistical sense 
(P=0-025—? test with Yates’s correction, n=95), or 
which are liberal and non-authoritarian (P= 0-005). They 
are unlikely to show emotional involvement in their 
views (P = 0-005), or, more specifically, to admit that they 
are unhappy at school (P = 0-005). 

(2) Convergers’ interests and hobbies tend to be practical 
and out-of-doors rather than—with the exception of 
music—cultural or political (P=0-005); and the range of 
their interests tends to be narrow rather than broad 
(P =0-025). 

(3) When asked to suggest uses for everyday objects or 
to draw, convergers are relatively unlikely to give responses 
involving humour (P=0-05) or personal violence (P=: 
0-001). 

(4) Convergers are relatively unlikely to make errors in 
doing the intelligence test (P=0-01). 

(5) Within the intelligence test, convergers show a bias 
of ability towards questions expressed in numbers and. 
patterns rather than in words (P = 0-005), even though the 
logical operations performed with these three kinds of 
symbol are identical. The bias among divergers is the 
reverse. 

American theorizing suggests that divergers’ attitudes 


` are unusual because they are far-fetched or bizarre. This 


does not seem to be the case among English schoolboys, 
where rather it is popular attitudes that are unrealistic. 
Divergers’ attitudes are unusual precisely because thev 
avoid idealized stereotypes, and bring together arcas of 
interest (for example, sport and politics) which most boys 
keep apart. These tendencies on the part of the converger 
to stereotype and compartmentalize suggest an interpre- 
tation for the data as a whole. Both processes may be seen 
as defences—in no sense abnormal or pathological- - 
against environmental uncertainty or stress’, These 
‘defence mechanisms’ would seem to restrict not only the 
converger’s perception of controversial issues!, but his 
access to his own feelings!*, and his dealings with the 
human aspects of his own culture*. 

If this interpretation is correct, the converger is a boy 
who achieves a sense of security by restricting himself to 
a relatively narrow range of impersonal, technical topics. 
This view is supported by the evidence on error scores‘. 
The tendency to make errors has been shown to correlate 
well (r= 0-65) with assessments of boys’ manifest uneasi- 
ness in an interview (shyness, stammering, blushing. and 
so on)*. Thus the ‘mechanisms’ which produce restriction 
in a converger may also serve to maintain his emotional 
equilibrium. 

The converger’s bias away from the verbal questions in 
the intelligence test® suggests that skill in dealing with 
words, numbers and patterns may be conditioned by tho 
contexts in which these symbols normally occur. Although 
they serve identical logical functions in the test reported 
here, words may seem less impersonal and precise than 
numbers and patterns to convergers and divergers alike. 
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Similarly, the converger’s relatively poor scores on ‘open- 
ended’ tests could now be seen as by-products of a more 
general emotional restriction. 

The attraction that sixth form science holds for the 
convergent type of boy now becomes clearer. At this 
level, science involves no human considerations, little or 
no controversy, and the assumption that every problem 
has one correct solution. The practical dangers are not 
only that science may recruit boys who are narrow and 
inflexible; but, having recruited them, may inadvertently 
reinforce emotional defences which unsuit them for 
original research. 

In summary, it is suggested that some of the differences 
in intellectual ability and interest which distinguish arts 
from science specialists may derive from differences in 
personality; and that these may arise from differences in 
the means that normal schoolchildren use in coming to 
terms with environmental stress. This - interpretation 
accounts for the present data, but it needs detailed 
amplification; moreover, there is as yet no direct proof 
that differences in personality type among schoolboys 
lead to differences in accomplishment among adults. 


L. Hupson 


The Psychological Laboratory, 
University of Cambridge, , 
Downing Street, 
Cambridge. 
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Laws of Sensory Magnitude 


Tux logarithmic law relating sensation and stimulus 
intensity which was first put forward by Fechner! has in 
recent years been seriously challenged: it is claimed that 
experiment can show directly that the true psychophysical 
law is a power function®. But ifthe relation between these 
alternative laws is examined it appears that, unless special 
assumptions are made, the choice between them is not 
empirical, but conventional. 

Fechner wished to measure sensation, & definition of the 
aim of psychophysics which has led to an unfortunate 
tradition of measuring stimulus effects while neglecting to 
consider the response mechanisms. The subject in a 
sealing or threshold discrimination experiment should 
properly be regarded as engaged in the performance of a 
-sensori-motor task, and a complete account of how he 
operates must describe not only the effects of the stimuli 
but also how responses are selected. A very simple model 
can be proposed for this: when a physical stimulus, J, is 
-presented to the subject it produces a central neural effect, 
.O, the magnitude of which depends on the intensity of the 
stimulus, giving a ‘stimulus function’, O=f(Z). C is the 
central measure of the stimulus, and an operation on it 
-will determine the response. The description of this 
operation (the ‘response function’) will depend on the task 
performed by the subject; in some eases it can be written 
as R= g(C), where R is the observed response. In this 
-model Ç is an intervening variable, linked to observed 
-stimuli and responses by antecedent and consequent fune- 
-tions the form of which can be determined only by infer- 
-ence from the relations found to hold between the stimuli 
.and responses. C is generally considered a measure of 
‘psychological magnitude’, but it is better regarded as an 
inferred measure of a neural effect of the stimulus. 

The relation found between I and R depends on the 
instructions to the subject and the procedure used. 

‘Thus in a ‘direct’ ratio scaling procedure a standard 
-stimulus J’ and variable stimuli (I+ AI) might be pre- 
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sented, and the subject asked to report whether each 
variable stimulus is greater or less than twice the subjec- 
tive magnitude of the standard. The responses can. then 
be used to identify a stimulus I” which satisfies a criterion 
(such as giving 50 per cent of ‘greater’ responses); it will 
then be found that, to an approximation: 


Tj =k (1) 


where k is a constant. The information derived from the 
observed relations between I and R and summarized by 
equation (1) will determine the form of the functions 
C=f(1) and R=g(C); unfortunately it will not do so 
uniquely. It can be shown fairly simply that equation (1) 
will follow if either (a) the stimulus function is: 


Gabi" (2) 


and the responses to different ‘values of (I+ ATI) are such 
that the criterion is met when: 


CC’ =d . (3) 
or (b) the stimulus function is: 
C=h log I (4) 


- and the criterion is met when: 


C"-C'=j (5) 


(b, n, d, h, and ĵ being constants). 

Equations (2) and (3), or (4) and (5), constitute altey- 
native ‘power’ and ‘logarithmic’ versions of the basic 
model and if either is accepted the same observed relations 
between R and J will be predicted, so that the two models 
eannot be distinguished experimentally and the choice of 
one or other must be arbitrary or conventional. In ratio 
scaling procedures equation (3) is always assumed to hold, 
and consequently the power law given by equation (2) is 
always found. But we could equally well adopt equation 
(5), and the log law given by equation (4) would then be 
derived from ratio production data. In the present 
example d in equation (3) would be given the value 2, since 
this was the multiple of the ‘subjective magnitude of the 
standard’ asked for by the instructions. Consequently the 
exponent n would be given by n=log 2/log k (ref. 3). If 
equation (5) were postulated instead, with j=Jlog 2, then 
h in equation (4) would be given by: 


h=log 2/log k=n (6) 


Thus the exponent of the power law, or the slope constant 
of the corresponding log law, in each case measures the 
disparity between the multiple or fraction asked for by the 
instructions, and the ratio found in the data, as these are 
summarized by equation (1). 

Equation (1) has the same form as Weber’s law, and, 
starting from threshold discrimination data, we could 


similarly derive either a log law or a power function, ' 


though Fechner’s assumption (equation (5)) and the 
resulting log law are usually accepted. The arguments 
above apply to all the ‘direct’ scaling procedures: any task 
from which a power function is derived could equally well 
be taken to give alog function. Historically the argument 
which has led to the almost universal acceptance of 
equation (3) or its equivalents for the ‘direct’ methods is 
the belief that “the response of an observer who says ‘this 
is half as great as that’... can probably be accepted at its 
face value’*. But the device of ‘taking the subject’s 
word for it’ is no more valid, in developing a model of the 
mechanisms underlying these sensori-motor tasks, than 
it would be to ask a subject performing a tracking task: 
‘Are you operating continuously or intermittently ? or, 
when observing reaction times: ‘Is your latency a function 
of the stimulus information?’ and to accept the answer 
as a substitute for examining the implications of the 
evidence. 
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An example of the empirical equivalence of the two 
versions.of the model is given by cross-modality matching 
experiments, which have been taken to provide strong 
evidence for the power law?, Intensities of stimuli in one 
modality are matched with intensities in another, and a 
linear plot on log-log co-ordinatesis usually obtained, with 
a slope given by the ratio of the exponents of the two 
power laws. But equation (6) shows that the same 
prediction would follow from the corresponding logarith- 
mic stimulus functions. 

With this simple model any data which can be inter- 
preted in terms of one function are equally well described 
by the other, and there is no basis for dubbing one law 
valid and the other fallacious. However, the model can 
be developed, by making further assumptions, into a more 
elaborate form in which the two functions do lead to 
different empirical expectations, and experimental evi- 
dence can then decide between them. Such a model has 
been developed and is described elsewhore; it leads to the 
log function being preferred’. 
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SOIL SCIENCE 


Nitrogen Fixation by Bacillus Strains 
isolated from Nigerian Soils 


In the course of an investigation of the occurrence of 
Azotobacter and Beijerinekia in fifty soil samples from 
Nigeria, numerous other organisms appeared on the 
‘nitrogen-free’ agar plates used for isolation. Among those 
appearing on alkaline medium were several strains of 
Bacillus. Bacillus strains have been observed growing on 
this medium previously by one of us (J. H.B.) while 
examining the occurrence of nitrogen-fixing organisms in 
tropical soils from widely separated locations on all 
continents?. 

Seven of these Nigerian Bacillus strains were isolated 
and purified and four subjected to limited examination. 
The soil samples from which the strains were isolated came 
from near the following locations (sample number in 
parentheses): Neukka (65), Obudu (68), Enugu (91), and 
Onitsha (97) in the Eastern Region; and Benin (170), 
Ibadan (266), and Ede (301) in the Western Region. Soil 
reaction (saturated soil paste) varied from pH 3-8 to 6-8, 
texture varied from a loamy coarse sand to clay loam, and 
vegetative cover included none, cassava, oilpalm, imperata 
grass and pasture. No Bacillus strains were observed in 
soil samples from the Northern Region. 

The composition of the enrichment medium was as 
follows: glucose 20-0 g, K,HPO, 1-0 g, MgSO,°7H,0 0-5 g, 
FeCl,-6H,O 0-1 g, Na,Mo0,2H,0 0-02 g, CaCO, 20-0 g, 
distilled water 1 litre, and agar 20-0 g. Similar media, with 
varying amounts of CaCO, and varying carbon sources, 
were used in the experiments reported here. 

Strains 68, 97, 170 and 301 were grown at 30° C on solid 
‘nitrogen-free’ media with varying carbon sources. In all 
cases growth occurred with glucose, sucrose, lactose, and 
dextrin, but little or none occurred with glycerol or 
mannitol or in the absence of an added carbon source. 
Growth on bouillon agar plates was fair, on peptone agar 
plates (with or without glucose) poor or non-existent. 
Poor to good growth occurred on solid ‘nitrogen-free’ 
media under anaerobic conditions (nitrogen atmosphere). 

The frequent use of mannitol as a carbon source in 
media used for isolation of nitrogen-fixing micro-organisms 
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means that organisms which utilize mannitol poorly or 
not at all, such as the Bacillus strains under consideration, 
may have been overlooked in the past. This probably 
accounts for the dearth of previous reports in the literature 
of aerobic isolation of nitrogen-fixing Bacillus strains from 
soil. 

Where growth occurred on ‘nitrogen-free’ media it 
consisted of clear, viscous, convex, circular colonies, 
varying from punctiform to 5 mm in diameter. Micro- 
scopically the bacteria appeared as large, gram-variable, 
motile rods. Spores were ellipsoidal, central to terminal, 
and thick-walled. Sporulating cells were definitely bulged, 
often assuming a ‘drumstick’ form. The mesophilic habit 
and facultatively anaerobic character of these strains lead 
us to place them tentatively in the Aerobacillus group as 
defined in Bergey’s Manual, although the failure to 
utilize glycerol and mannitol as carbon sources is atypical. 

The ability to fix nitrogen has been attributed to strains 
of Bacillus at various times in the past sixty years’, but 
only recently has it been proved unequivocally, using 
nitrogen-15 as a tracer, that strains of B. polymyxa (ono 
of the two species in the Aerobacillus group) possess this 
property* 5. 

No growth was obtained in nitrogen-free liquid medium. 
Additions of 20 ug nitrogen/ml. as ammonium acetate had 
no effect. Similarly no growth resulted from tho addition 
of para-aminobenzoic acid and biotin, which wero reported 
by Hino and Wilson! to promote growth of a nitrogen- 
fixing Bacillus in nitrogen-free mineral-sucrose medium. 
The addition of yeast extract, however, resulted in visible 
turbidity following incubation. Increases in nitrogen as 
determined by the Kjeldahl method (for strain 170) are 
indicated in Table 1. It appears that nitrogen fixation 
occurred under both anaerobic (nitrogen atmosphere) and 
aerobic conditions. 


Table 1. INOREASES IN KJELDAHL NITROGEN RESULTING FROM INCUBATION 
OF Bacillus 170 CULTURES aT 30° C 


Initial Final 
E e nitrogen 
(ug N/flask) (ug N/flask) 


Difference Difference 


Culture conditions (ug Ni/flask) (ug N ml.) 


25 ml. N-free mineral 


with vigorous shaking. 
Aerobic conditions 
50 ml. N-free mineral 


272 632 +360 


incubated for 14 days 124 742 +618 -13 


with gentle shaking 

under an atmosphere 

ofnitrogen. Anaerobic 
conditions 


106 842 +736 +15 
To verify the occurrence of nitrogen fixation, cultures 
of two strains were exposed to atmospheres containing 
nitrogen-15 and analysed for their nitrogen-15/nitrogen-14 
ratios with a Metropolitan Vickers type 93 mass 
spectrometer. In each case one litre of nitrogen-free. 
glucose-mineral medium (pH 7-2) containing 0-0025 per 
cent yeast extract was inoculated with a 25-ml. starter 
culture using the same medium but with 0-01 per cent 
yeast extract. The culture was incubated aerobically at 
30° C for one week without agitation. At the end of this 
period the supernatant liquid was acidic (pH 4-5-4-8). 
The cells were centrifuged down, washed in mineral 
medium free of nitrogen and organic carbon, and then 
re-suspended in 10 ml. of the same medium. Glucose was 
added to 6-ml. aliquots to give a final concentration 
of 2 per cent. The suspensions were exposed to atmo- 
spheres containing labelled nitrogen (10 per cent) and argon 
{and oxygen in two cases) and shaken vigorously on a 
rotary shaker at 30° C. Results are shown in Table 2. 
Although these results are largely qualitative they also 
indicate that fixation of nitrogen occurred under both 
aerobic and anaerobic conditions. Bredemann® also 
reported both aerobic and anaerobic fixation by Bacillus 
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Table 2. NITROGEN FIXATION BY TWO Bacillus STRAINS AS INDICATED BY 
ASSIBDLATION OF IBOTOPIO NrrRoGEN 


. Asration - 
Determ- Total- pHof Timeof Atom - conditions 
inatio: Culture nitrogen super- exposure % =N during 

No. m { natant toN, excess exposure 
sample) solution (h) to ®N, 
1 Bacillus 170 0-53 46 24 0-45 aerobic (16% 
i O:* at end) 
2 Bacillus 170 118 45 48 0-49 anaerobic 
3 Bacillus 170 1-04 45 48 0-24 anaerobic 
4 Bacillus 301 1-19 48 48 0-10 aerobic (9% 
, O,* at end) 
5 Bacillus 301 119 4:8 48 0-43 anaerobic 


* Determined mass spectrographically. 


asterosporus, now considered to be identical with B. 
polymyxa’. In contrast, Wilson et al.&5 found in their 
investigations on nitrogen-fixing strains of B. polymyza 
that fixation was almost completely inhibited when 1 per 
cent of air was present in the gas phase. g 

The presence of hydrogenase, which may be related to 
nitrogen fixation®, was reported in the case of the foregoing 
strains of B. polymyxa***, The presence of 7 and 3 per 
cont hydrogen gas (measured by means of the mass 
spectrograph) at the end of the gassing period in determ- 
inations-4 and 5 respectively (Table 2) suggests the 
presence of hydrogenase in strain 301 also. Only a trace 
{<0-01 per cent) of hydrogen was present in the case of 
the first determination and no measurements of gas 
concentrations were made for determinations 2 and 3. 
Hence no evidence is presented for the presence of hydro- 
genase in strain 170. 

This work was earried out while one of us (A. W. M.) 
was the recipient of an International Agricultural Contre 
(Wageningen) fellowship. The mass spectrographic 
analyses were kindly carried out by Dr. H. Theeuwen of 
the Chemical Research Laboratory, Staatsmijnen, Geleen, 
Limburg, the Netherlands. 

A. W. Moors 
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Agricultural University, 
Wageningen, The Netherlands. 
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“* Bredemann, G., Centr. Bakteriol. Parasitenk., Abt. II, 22, 44 (1908). 


7 Smith, N. R., Gordon, R. E., and Clark, F. B., U.S. Dept. Agric. Monograph 
No. 16 (1952). 


3 Wilson, P. W., Adv. Enzymol., 18, 345 (1952), 
* Hino, S., J. Biochem. (Toky®), 47, 482 (1960). 


Stabilizing Experimentally Leached Soil 
Columns with Synthetic Resins 


EXPERIMENTALLY leached soil columns can be prepared. 


. for examination under the microscope by first stabilizing 


them with a polyester resin. To do this with least dis- 
turbance to phenomena developed in the columns, they 
ought to be kept wet during the whole process. 

Water, which inhibits setting of the resin, must therefore 
be removed by displacement instead of drying. A successful 
technique has been to: (1) displace water from the 
-column by perfusing with acetone (previously dried to 
‘<= 0-15 per cent water with anhydrous potassium earb- 
-onate) until a sample of the eluate causes no turbidity or 
layering after shaking with four volumes of petroleum 
ether; (2) displace acetone from the column by perfusion 
with monostyrene until no colour develops when 5 per 
cont nickel acetate solution is added to a mixture of equal 
parts of the eluate with a solution of hydroxylamine 
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Resin mixture 


Column of | 
experimental 
materia 


Fig. 1. Apparatus for forcing resin mixture through a column 


hydrochloride and ‘sodium acetate’; (3) replace mono- 
styrene with resin mixture (Fig. 1) (the resin chosen in 
this instance was Marco Resin SB28C, supplied by Scott 
Bader and Co., Ltd., Wollaston, Wellingborough, North- 
ants; the diluent for it is monostyrene”); (4) polymerize 
by heating. 

Both acetone and styrene move readily through the 
columns, but the resin does not. Positive pressure 
applied at the top of the column (Fig. 1) is effective in 
making it do so, and is much more efficient than the 
alternatives of applying pressure from below or suction 
from above or below. 

Complete replacement of monostyrene by a suitable 
resin mixture is desirable if later work on the samples is 
to include optical mineralogy. If the optical properties 
of the resin are not important, the method can be short- 
ened by using polymerization of monostyrene, with or 
without added resin mixture, to stabilize the columns. 

A series of columns treated in this way has since been 
cut and polished or thin-sectioned satisfactorily. Al 
the structures appear to have been adequately and 
faithfully preserved. Some organic staining was consid- 
erably bleached. 

The procedure was worked out with the help of col- 
leagues in the Pedology Department at Rothamsted 
Experimental Station. 

C. B. WELLS 
C.S.I.R.O., 
Division of Soils, 
Adelaide, South Australia. 


1 Feigl, F., Spot Tests, third ed., 334 (Elsevier Pub. Co.. New York, 1946). 
2 Wells, ©. B., Nature, 193, 804 (1962). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Tuesday, June 4 


UNIVERSITY OF LONDON (in Physiology (No. 2) Lecture Theatre, St. 
Bartholomew's Hospital Medical College, West Smithfield, London, E.C.1), 
at 5.380 p.m.—-Dr. P. Janssen: “Recent Advances in Psychopharmacology”, * 


Wednesday, June 5 


BRITISH INSTITUTE OF RADIOLOGY (joint meeting with the HOSPITAL 
PHYSICISTS’ ASSOOIATION, in the Reid-Knox Hall, 82 Welbeck Street, 
London, W.1), at 2 p.m.—Meeting on “Solid State Dosimetry”. 


ROYAL Society of MEDICINE, HISTORY OF MEDICINE SECTION (at 1 
Wimpole Street, London, W.1), at 5.16 p.m.—Dr. 8. C. Dyke: ‘Medical 
Aspects of the Life of Dante Gabriel Rossetti’; Dr. R. Brice Clarke: 
“Chekhov and Medicine”. 


SOOIETY OF APOTHECARIES OF LONDON, FAOULTY OF THE HISTORY OF 
MEDICINE AND PHARMACY (at Apothecaries’ Hall, Black Friars Lane, 
London, E.C.4), at 6.80 p.m.—Dr. Hugh Clegg: “State Medicine in Ancient 
Egypt and Ancient Greece” (Osler Lecture). 


WOMEN’S ENGINEERING Socrery (at “Hope House”, 45 Great Peter 
Street, London, S,W.1), at 7.30 p.m.—Annual General Meeting. 


Thursday, June 6 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p.m.—Dr, Hans H. Hecht (Salt Lake 
City): “Adaptations and Maladaptations to Altitude”, * 


MINERA LOGICAL SOOIETY (at the Geological Society of London, Burlington 
House, Piccadilly, London, W.1), at 5 p.m.—Exhibits and Scientific Papers. 


ROYAL SOOTY of MEDICINY, UNITED SERVIOES SECTION (at 1 Wimpole 
Street, London, W.1), at 5 p.m.—Annual General Meeting, followed by 
Surgeon Commander P. W. Edmondson and Surgeon Lt, Commander T. 
Fallowfield: “Recent Advances in Nuclear Medicine”. 


CHEMIOAL Soormry (at Burlington House, Piccadilly, London, W.1), at 
6 p.m.—Scientific Papers. - y j ha 


UNIVERSITY OF LONDON (at the School of Pharmacy, Brunswick Square, 
London, W.C.1), at 6 p.m.—Prof, L. Saunders: “Physical Chemistry and 
Pharmacy” (Inaugural Lecture).* i 


Thursday, June 6—Friday, June 7 


ROYAL Society (in the Lecture Theatre of the Royal Institution, 21 
Albemarle Street, London, W.1), at 10.30 a.m. daily—-Disoussion on “New 
Materials” organized by Prof. J. D. Bernal, F.R.S., Prof. C. E. H, Bawn, 
F.R.S., Prof. A, H. Cottrell, F.R.S., and Prof. F. C. Frank, F.R.S. - 


Friday, June 7 


BONE AND TOOTH SOOIETY (at the Royal National Orthopædic Hospital, 
234 Great Portland Street, London, W.1), at 3.45 p.m. Annual General 
Meeting, followed by a programme of Casual Communications. 


Monday, June 10 


Royal GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at23 p.m.—Annual General Meeting. 


MEDICAL RESEAROH Counci (at the National Institute for Medical 
Research, Mill Hill, London, N.W.7), at 4.30 p.m.—Dr. R. EB. Billingham, 
F.R.S. (Wistar Institute, Philadelphia): “Hamster Cheek Pouches and 
Transplantation Immunity”. 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Prof. Willy Hartner (Frankfurt 
am Main): “The Structure and Dimensions of the Universe According to 
Ancient and Mediæval Sources’.* (Further lectures on June 12 and 13.) 


Monday, June !0—Tuesday, June 11 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at the Department 
of Technical Co-operation, 6 Carlton House Terrace, London, §.W.1), at 
10.30 a.m. daily—Conference on “Teaching the Rural Community Över- 
seas”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTURER (with an Hons. B.Sc. degree in biochemistry or equivalent 
qualification) IN DENTAL BIOCHEMSTRY—The Secretary of University Court, 
The University, Glasgow (June 6). 

GRADE B LECTURER (with an honours degree and preferably an interest 
in digital or analogue computing) IN MATHEMATIOS IN THE DEPARTMENT OF 
MATHEMATICS AND PHyYsIOS—-The Director of Education, The Polytechnic, 


309 Regent Street, London, W.1 (June 7). 
LECTURERS (2) (well-qualified physicists with suitable research, industrial 
or teaching experience, and prepared to join in the developments in teach- 
ae ana reel taking place ae the popeeement) IN THE DEPARTMENT OF 
——The Academic gistrar, Brunel College, Woodlan 

Acton High Street, London, W.3 (June 7). E pero 

ASSISTANT LECTURER IN GEOGRAPHY—The Registrar, The University 
Leicester (June 8). , 

RESEARCH ASSISTANT (graduate in geology), to undertake work in sedi- 
mentary petrology; and a RESHARCH ASSISTANT (graduate in chemistry 
or geology), to undertake work on the chemical analysis of insect products 
wih sees emphasis on ene tite teobalaues —The Principal, L.C.C. 

T WOO! ‘echnical College, 8 » London, 8.5.27, a 
HE4/A/1167/5 (June 8). ae Ker 

SENIOR LECTURER IN APPLIED MATHEMATICS; a LECTURER IN PURE OR 
APPLIED MATHEMATIOS; and an ASSISTANT LEOTURER IN PURE OR APPLIED 
Maruematics—The Registrar, The University, Leicester (June 8). 
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ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER (with a 
Higher National Certificate, a degree, or equivalent qualifications in chem- 
istry or agricultural chemistry, or qualifying this year) IN THE CHEMISTRY 
DEPARTMENT, for studies in plant nutrition, including chemical analysis— 
The Secretary, Glasshouse Crops Research Institute, Worthing Road, 
Rustington, Littlehampton, Sussex (June 10). N N $ 

ASSISTANT LEOTURER or LECTURER (preferably with interests in applied 
mathematics or numerical analysis) IN THE DEPARTMENT OF MATHEMATICS 
—tThe Secretary, University College, Gower Street, London, W.C.1 (June 10), 

ASSISTANT LECTURER or LECTURER (with a good honours degree and 
some research experience) IN ORGANIO CHEMISTRY—~The Registrar, King’s 
College (University of London), Strand, London, W.C.2 (June 10). 

ASSISTANT LIBRARIANS (2) (with a good honours degree, and preferably 

rofessional diplomas and experience) in the Brotherton Library-—The 

strar, The University, Leeds (June 10). 
HEMIST (Scientific Officer/Senior Scientific Officer) (with a first- or second- 
class honours degree, interests in physical and inorganic chemistry, and 
repared to take an interest in a Tango of problems now being studied), 
o carry out research in problems of wood preservation—The Director, 
Forest Products Research Laboratory, D;S.1.R., Princes Risborough, 
Aylesbury, Bucks, quoting Ref. E/AK/09 H (June 10). 

PRINCIPAL LECTURER IN MEOHANICAL ENGINEERING—College Secretary, 
Welsh College of Advanced Technology, Cathays Park, Cardiff (June 10). 

SENIOR LECTURER (with high academic qualifications, together with 
teaching and research experience in statistics, and preferably some in- 
dustrial experience) IN MATHEMATIOS; and a RESEARGH ASSISTANT (either 
possessing a first- or second-class honours degree in mathematics of the 
University of London, or taking the final examinations this session), to 
pursue research for a higher internal degree of the University of London 
in the field of numerical analysis and computation-——Clerk to the Governors. 
Woolwich Polytechnic, Woolwich, London, 8.E.18 (June 10). 

RESEARCH BIOCHEMIST (with at least a good second-class honours degree), 
to assist in lipid metabolism studies—The Secretary, Institute of Animal 
Physiology, eae Research Council, Babraham, Cambridge, quoting 
Ref. D.G.G. (June 11). 

LECTURER preferably with an interest in urban geography and/or 
planning) Iv GEOGRAPHY—The Registrar and Secretary, Durham Colleges 
in the University of Durham, 88 North Bailey, Durham (June 12). 

DEPUTY LIBRARIAN (Fellow of the Library Association or, if graduate, 
Chartered Librarian with suitable experience)—-The Secretary, Royal 
College of Advanced Technology, Salford 5, Lancs, quoting Ref. LI/4 


(June 14). 

ASSISTANT LECTURER IN PURE MATHENATICS—The Registrar, The 
University, Sheffield (Tune 15). 

ASSISTANT (with an honours degree in physiology or in a closely related 
subject, and medically qualified) IN PHYSIOLOGY IN THE DEPARTMENT OF 
PHYSIOLOGY AND BIOCHEMISTRY—The Secretary, University of St. Andrews, 
Queen’s College, Dundee (June 15). 

LECTURER IN STATISTICS IN THE DEPARTMENT OF MATHEMATICS—The 
Registrar and Secretary, King’s College (University of Durham), 6 Kensing- 
ton Terrace, Newcastle upon Tyne 2 (June 15). 

SENIOR FELLOW; SENIOR RESHAROH FELLOWS; and RESHARCH FELLOWS 
IN THE DEPARTMENT OF NUCLEAR PHYSICS, Institute of Advanced Studies, 
Australian National University—The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, S.W.1 (June 15). y 

ASSISTANT LEOTURER IN INORGANIO CHEMISTRY-—The Registrar, The 
University, Manchester 13 (June 20). 

ASSISTANT LECTURERS or LECTURERS (2) IN AGRICULTURAL ECONOMICS-— 
The Registrar, University College of Wales, Aberystwyth (June 20). . 

LECTURER (familiar with geographical research and particularly with 
the geography of soils and plant and animal geography) IN GEOGRAPHY-— 
The Registrar (Room 22, O.R.B.), The University, g (Sune 21). 

LECTURER (preferably candidate whose major interests are serology and 
bacteriology) IN MrIoROBIoLOGy—The Registrar (Room 22, O.R.B.), The 
University, Reading (June 22). : 7 

A.E.I. FELLOW (with a good university degree in electrical engineering 
or physics) IN THE DEPARTMENT OF ELECTRICAL ENGINEERING—Tho 
Registrar, Queen Mary College (University of London), Mile End Road, 
London, E.1 (June 24). i 

PHYSIOLOGIST (preferably with previous research experience with micro- 
electrodes), to work on the sensory system of fish-—The Secretary, The 
University, College Gate, St. Andrews, Fife (June 24). bee 

LECTURER (with a degree in dairying or other acceptable qualification 
nat year students may apply) IN Dairying at Loughry Agricultural 

ollege, Ministry of Agriculture, Cookstown, Co. Tyrone—The Secretary, 
Civil Service Commission, Stormont, Belfast 4, Northern Ireland (June 27). 

LECTURER or ASSISTANT LECTURER (with a medical or sclentific quali- 
posto Virotogy—The Registrar, The University, Manchester 18 

une 29). 

SENIOR LECTURER or LECTURER (with qualifications in petrology with 
a background of geochemistry and a special interest in the Pre-cambrian 
geology of Africa) IN THE DEPARTMENT OF GEOLOGY, University of Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (July 2). h 

University of Mel- 


DEMONSTRATOR IN PHYSIOLOGY—The Registrar, 
bourne, Parkville, N.2, Victoria, Australia (July 15). 

RESEAROH FELLOW (ith a first- or second-class honours degree in chem- 
istry or physics with either a Ph.D. degree from a univorsity of the British 
Commonwealth (or its equivalent from elsewhere), or equivalent research 
experience from a reputable research establishment) at Victoria University 
of A itt fete New Zealand—The Secretary, Association of Universities of the 
British mmonwealth (Branch Office}, Marlborough House, Pall Mall, 
London, 8.W.1 (New Zealand and London, July 17). 

READER IN MATHEMATICS (Pure or Applied)—The Secretary of Faculties, 
University Registry, Oxford (July 31). 

AGRIOULTURAL ENGINEER (with a degree in agricultural engineering. 
preferably M.Sc., plus four years experience) in the Western Region of Nigeria, 
to train workshop and field staff in the maintenance, use and overhaul of 
agricultural machinery—The Director of Recruitment, Department of 
Technical Co-operation, Sanctuary Buildings, Great Smith Street, London, 
S.W.1, quoting Ref. RC.213/106/08. i 

ASSOCIATE or ASSISTANT PROFESSOR (preferably with interests in radio 
frequency spectroscopy, low energy nuclear physics or atomic collision 
phenomena) IN EXPERIMENTAL PHYSICS, to instruct in undergraduate and 
graduate courses and undertake research—The Head, Department of 
Physics, University of Windsor, Windsor, Ontario, Canada. 

LECTURER IN THE DEPARTMENT OF CLINICAL TROPICAL MEDICINE at 
the School and associated Medical Unit—The Dean, London School of 
Hygiene and Tropical Medicine, Keppel Street, London, W.C.1 (June 20). 

LECTURER (with a degree or equivalent qualification, with biochemistry 
as the main subject, and appropriate industrial and/or teaching experience) 
IN BIOCHEMISTRY, to teach the subject up to Higher National Certificate 


” 
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in Applied Biology level—The Principal, South-East Essex Technical 
College and School of Art, Longbridge Road, Dagenham, Essex. 

LECTURER (with a particular interest in the use of inorganic and organo- 
metallic reagents in the synthesis of organie chemicals of industrial interest) 
IN ORGANIO CHEMISTRY—The Registrar, The Manchester College of Science 
and Technology, Manchester, 1. 

MASTER TO TRACH MATHEMATICS, and a MASTER TO TEACH PHYSICS 
up to University Scholarship standard—The Headmaster, The Haber- 
dashers’ Aske’s School, Elstree, Herts. 

PHARMACEUTICAL and ORGANIO CHEMISTS, for research in analytical 
chemistry of pharmaceuticals; and BIOOHEAMISTS, PHARMACOLOGISTS and 
PHYSIOLOGISTS to plan and direct research projects in pharmacology and 
toxicology and to perform evaluation of pharmacological data, with the 
Food and Drug Directorate, Department of National Health and Welfare, 
Ottawa—Civil Service Commission of Canada, Ottawa 4, quoting Com- 
petition 63-1400. 

Puysicists and ELECTRIOAL ENGINEERS (with M.Sc. or Ph.D. degrees 
in physics and electrical engineering, and interested in the application of 
digital techniques to data handling systems for nuclear physics research 
and to reactor control and safety problems) IN THE PHYSICS DIVISION, 
Chalk River Nuclear Laboratories—File 54, Atomic Energy of Canada, 
Ltd., Chalk River, Ontario, Canada. 

POSTDOCTORAL RESEARCH ASSISTANT, for work on nuclear magnetic 
double resonance techniques—Dr. D. W. Turner, Chemistry Department, 
Imperial College of Science and Technology, London, 8.W.7. 

RINCIPAL BIOOHEMIST IN THE DEPARTMENT OF ENDOCRINOLOGY, New 
End Hospital, London, N.W.3—-The Group Secretary, Royal Northern 
Hospital, Holloway Road, London, N.Y. 

RESEARCH ASSISTANT (with a first- or second-class honours degree) IN 

THE DEPARTMENT OF PHYSIOLOGY AND PHARMACOLOGY—OClerk to the 
Governors, Chelsea College of Science and Technology, Manresa Road, 
London, 8.W.8. 
_ RESEAROH ASSISTANT (with an honours degree or a diploma in technology 
in applied physics) IN THE DEPARTMENT OF PHYSICS, to work in the general 
field of high vacuum physics and technology-—-The Academic Registrar, 
Brunel College, Woodlands Avenue, Acton High Street, London, W.3. 

RESEAROH ASSISTANTS (2) (with a good honours degree) one in PURE 
MATHEMATICS and one in APPLIED AEMATIOS—The Clerk to the 
Governors, Chelsea College of Science and Technology, Manresa Road, 
London, 8.W.3. 

RESEAROH STUDENTS and ASSISTANTS (with, or expecting, a good degree 
or the equivalent, for example, Dip.Tech.) IN THE DEPARTMENT OF PURE 
AND APPLIED CHEMISTRY, for electrochemical studies in aqueous or molten 
salt solvents—Dr. D. Inman, Northampton College of Advanced Tech- 
nology, St. John Street, London, E.C.1. 

SENIOR TECHNICIAN or TECHNICIAN (preferably with, or expecting to 
obtain this year, H.N.C. in physics or equivalent qualifications, and ex- 
perience in the use of modern recording apparatus) IN THE DEPARTMENT 
OF AGRICULTURAL SCIENCES, for work on problems in micro-meteorology, 
and duties will include the installation and maintenance of instruments, 
and the collection of physical data relating to crop environment—The Secre- 
tary, University of Nottingham School of Agriculture, Sutton Bonington, 
Loughborough, Leics. 

TECHNICIAN (Grade II or IO, and preferably A.I.M.L.T. or A.1.8.T.) 
IN THE DEPARTMENT OF ZOOLOGY, with special responsibility for section 
cutting and histological preparations—The Assistant Bursar, The Univer- 
sity, Reading, Berks, 

TEOHNICIANS (2) IN THE DEPARTMENT OF MORBID ANATOMY FOR DIAG- 
NOSTIO HISTOLOGY and various research ee = Dr. Martin Bodiam, 
Hospital for Sick Children, Great Ormond Street, London, W.0.1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


National Association for Mental Health. Mental Subnormality Series, 
No, 2: Junior Training Centres—an Outline of the Principles and Practices 
of Social Education and Training of the Mentally Subnormal Child. By 
Dr. H. C. Gunzburg. Pp. 20. (London: National Association for Mental 
Health, 1963.) 3s. 6d. [264 

Department of Scientific and Industrial Research: National Physical 
Laboratory. Notes on Applied Science, No. 81: Schlieren Methods. 
By D. W. Holder and R, J. North. Pp. x+106+29 plates. (London: H.M. 
Stationery Office, 1963.) 10s net. {264 

Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences. No. 1061, Vol. 255, (18 ‘April 1968) : 
The Noise from Turbulence Convected at High Speed. By J. E. Ffowes 
Williams, Pp. 469-603-+plates 5 and 6. 14s. No. 1062, Vol. 255, (18 April 
1963): Directional Recording of Swell from Distant Storms. By W. H. 
Munk, G. R. Miller, F. E. Snodgrass and N. F. Barber. Pp. 505-584 +plate 
7, 25s, (London: The Royal Society, 1963). 264 

The Hospital Physicists’ Association. The Scope of Physics Applied 
to Medicine. Edited by J, F. Fowler. Pp. vi+-34. (London: The Hospital 
Physicists’ Association, 1962.) 28s. 6d, (264 

Empire Cotton Growing Corporation. Annual Report for the year 1962. 
Pp. 1i+29. (London: Empire Cotton Growing Corporation, 1968.) [264 

Ambassade de France: Service de Presse et d’Information. French 
Industrial Expansion: Facts and Figures. Pp. 24. (London: Ambassade 
de France, Service de Presse et d’Information, 1963.) {264 

British Caenozoic Fossils (Tertiary and Quaternary). Second edition. 
ties bee (44 plates). (London: British Museum (Natural History), 

) 6s. 


Astronomical Contributions from the University of Manchester. Series 
TII, No. 98 : The Development and Design of a Polarimeter for Lunar Studies. 
By David Clarke. Pp. 53. Series TII, No. 96: Studiesin Lunar Topography, 
TX—Lunar Shadow Measuring Techniques and Tabulated Results for Three 
Craters. By T. W. Rackham. Pp. 61. Series IIT, No. 98: Lunar Infra-red 
io By R. Sternberg. Pp. 69. (Manchester: The pavon 

s 2 
The Radiochemical Centre, Amersham. Technical Bulletin 68/3: La- 
beled Thymidine. Pp. 2. Technical Bulletin 63/4: Standardised Radio- 
active Solutions. Pp. 4. Technical Bulletin 63/5: Chemical Data on Stan- 

sed Radioactive Solutions. Pp. 2. Technical Bulletin 63/6: Indus- 
trial Beta Ray and Bremsstrahlung Sources. Pp. 4. (Amersham, Bucks. : 
The Radiochemical Centre, 1963.) [284 

Ciba (A.R.L.), Ltd. Technical Notes, No. 248, (March 1963): Araldite 
i a Components. Pp. 12. (Duxford: Ciba (A.R.L.), te. 

a 264 
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General Register Office. The Registrar General’s Quarterly Return for 
England and Wales—Births, Deaths and Marriages; Infectious Diseases ; 
Weather; Population Estimates, quarter ended 31st December 1962. 
(No. 456, 4th Quarter 1962). Pp. 24. (London: H.M. Stationery Office, 
1963.) 28. 6d. net. $ (264 

The Murphy Chemical Co., Lid. Murphy Farmers Booklet, 1963. Pp. 
11+38. (Wheathampstead: The Murphy Chemical Co., Ltd., 1968.) [264 

Department of Technical Co-operation. Report of the Committee on 
Training in Public Administration for Oversea Countries. Pp. 50. (London : 
H.M. Stavionery Office, 1963.) 264 

Oxford University Department of Education. Technology and the Sixth 
Form Boy: a Study of Recruitment to Higher Scientific and Technological 
Education in England and Wales. (A Report to C.R.E.L., Washington, 
te Pp. 1+657. (Oxford. Oxford University Department of ue 


Other Countries 


United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1539-U: Geology and Ground-Water Resources of Hale 
County, Texas. By James G. Cronin and Lloyd ©. Wells. Pp. iv+38+7 
plates. Water-Supply Paper 1544-G: Calculation of Resistance and Error 
In an Electric Analog of Steady Flow Through Nonhomogeneous Aquifers. 
By Robert W. Stallman. Pp. til+20. Water-Supply Paper 1576-A: 
Geology and Promising Areas for Ground-Water Development in the 
Hualapai Indian Reservation, Arizona. By F. R. Twenter, Pp. iv+38 +plate 
1, Water-Supply Paper 1619-G : Causes of Depletion of the Pecis River in 
New Mexico. By Harold E. Thomas. Pp. iii+14. (Washington, D.C.: 
Government Printing Office, 1968.) 224 

II Congresso Venezolano de Salud Publica, 25 de Febrero al 3 Marzo de 
1961, Revista Venezolana de Sanidad y Asistencia Social. Supplemento 
al No. 3, Septiembre, 1961. Pp. 480. Supplemento al No. 4, Diciembre, 
1961. Pp.! 1892. (Caracas, Venezuela: Ponencias Consideraciones Generales 
sobre la Salud Mental en Venezuela, Estado Actual de Algunos Servicos 
Sanitarios en Venezuela, 1961.) , [224 

Annals of the New York Academy of Sciences. Vol. 105, Article 2: 
Behaviour of Aerosols. By W. L. Crider, W. L. Margard, R. I. Mitchell, 
H. G. Norseth, F. E. Porter and H. G. Tanner. Pp. 25-1384. (New York: 
New York Academy of Sciences, 1963.) [224 

Reviews of Geophysics, Vol. 1, No. 1, (February, 1963.) Edited by Prof. 
Gordon J. F. MacDonald. Published quarterly. Subscription rate: 8 dollars 
per year. Single copies 3 dollars. (Richmond, Va.: American Geophysical 
Union, 1963.) 224 

Académie Royale de Belgique. Classe des Sciences. Mémoires. Tome 33, 
Fascicule 7: Mesures Electriques sur le Poil Urticant d@’ Urtica pilulifera L. 
Par Dr. J. P. Labrique. Pp. 88. (Bruxelles: Académie Royale de Belgique, 
1963.) 100 francs. (224 

Officiel Records of the World Health Organization, No. 123: The Work 
of WHO 1962—Annual Report of the Director-General to the World Health 
Assembly and to the United Nations. Pp, xiv+185. (Geneva: World 
Health Organization; London: H.M. Stationery Office, 1968.) 6 Sw. 
francs ; 108.3; 2 dollars. {224 

Commonwealth of Australia. Department of Supply: Australian Defence 
Scientific Service. Annual Report of the Aeronautical Research Laboratories, 
1961-62. Pp. 38. (Melbourne: Department of Supply, 1963.) 22. 

Mathematics in Indian Universities: Report of the University Grants 
Commission Review Committee. Pp. vi+98. (New Delhi: University 
Grants Commission, 1963.) Rs. 5.00nP. [264 

Académie Royale de Belgique. Classe des Sciences. Mémoires. Tome 38. 
Fascicule 6: Propriétés Thermodynamiques de Solutions de Gaz Liquéfies. 
ed Mathot. Pp. 88. (Bruxelles: Académie Royale de Belgique, 


National Science Foundation. Scientific Manpower from Abroad: United 
States Scientists and Engineers of Foreign Birth and Training. Pp. ifi+25. 
INST.. 02-20); (Washington, D.C.: Government Printing Office, 1032) 

cents, 

Biochemistry in Indian Universities: Report of the University Grants 
Commission Review Committee. Pp. ix+70. (New Delhi: University 
Grants Commission, 1963.) Rs. 5.00nP. (264 

Commonwealth of Australia: C.S.T.R.O. Division of Forest Products— 
Programme of Work, 1963-64, (South Melbourne : Forest Products Labora- 
tory, C.8.1.R.0., 1963.) 264 

Suomen Geodeettisen Laitoksen Julkaisuja. (Verdffentlichungen des 
Finnischen Geodatischen Institutes). No. 56: Beobachtungsergebnisse 
der Finnischen Triangulationen in den Jahren 1953-1962. Von Erkki 
Hytönen. Pp. 59. No. 57: Suomen Toisen Tarkkavaaituksen Klintopi- 
steluettelo T. (Bench Mark List I of the Second Levelling of Finland), 
By Erkki Kääriäinen, Pp. 164+2 maps. (Helsinki: Suomen Geodeettisen 
Laitoksen Julkaisuja, 1963.) [264 

North Atlantic Treaty Organization: Advisory Group for Aeronautical 
Research and Development. Index to AGARD Publications, 1952-1962. 
Compiled by A. G. Vannucci and F. A. Blake. Pp. vii+312. (Paris: North 
Atlantic Treaty Organization: Advisory Group for Aeronautical Research 
and Development, 1968.) 264 

Institut National pour PÉtude Agronomique du Congo. Carte des Sols 
et de la Vegetation du Congo, du Rwanda et du Burundi. 18: Bassin 
de la Karuzi (Burundi), A: Sols. B: Vegetation. Notice Explicative 
de Ia Carte des Sols et de la Vegetation. Par P. Pahaut et D, Van der Ben. 
Pp. 48+5 planches. (Bruxelles; Institut National pour l'Etude Agrono- 
mique du Congo, 1962. [264 


Editorial and Publishing Offices of **NATURE’’ 
MACMILLAN & CO., LTD. 
ST. MARTIN’S STREET, LONDON, W.C.2 


Telephone Number: Whitehall 8331. Telegrams : Phusis Lesquare London 


Annual subscription £13, payable in advance, 
postage paid to any part of the world 


Advertisements only should be addressed to 
T. G. Scott & Son, Ltd., i Clement’s Inn, London, W.C.2. 
Telephone Number : Holborn 4743 


All rights reserved. Registered as a newspaper at the General Post Office 


June 8, 1963 


No. 4884 


NATURE 


919 


TRAINING IN PUBLIC ADMINISTRATION FOR OVERSEAS COUNTRIES 


‘HE Committee on Training in Public Administration 

for Overseas Countries was appointed by the Secretary 
for Technical Co-operation in December 1961 to advise 
him on the training facilities in public administration and 
related subjects provided in the United Kingdom for 
Government servants and other public employees nomin- 
ated by the Governments of overseas countries. The 
Committee was also to advise on the arrangernents for 
assistance from the United Kingdom in building up local 
training facilities in this field in response to requests from 
the Governments of overseas countries. It was also to 
report on the suitability’ and adequacy of the arrange- 
ments made for these purposes in relation to demands at 
the present time and in the foreseeable future. In an- 
nouncing in the House of Commons on March 26 that he 
had received the Committee’s Report*, Mr. D. Vosper 
said that he had already asked his Department to study 
it, to make all necessary consultations, and to advise him 
on the action needed. He also asked all interested bodies 
to submit their comments as soon as possible, as he 
wished to act as quickly as possible on many of the 
recommendations in the Report. 

The Committee, of which Lord Bridges was chairman 
and Prof. W. J. M. Mackenzie vice-chairman, overlaps to 
a limited extent the survey now being made by the 
committee appointed early last year, with Sir Charles 
Morris as chairman, on the staffing of overseas univer- 
sities. The main purpose of the latter committee, as Mr. 
Vosper pointed out on March 26, is to bring British and 
overseas universities together and to encourage co- 
operation. Schemes of secondment, involving financial 
assistance by the British Government, are only a part of 
its activities. Mr. Vosper said that 57 such schemes had 
been approved, including 34 secondments for periods 
varying from a few months to three years, and he.thought 
that this method was probably the most promising. The 
Bridges Committee regards the negotiation of terms of 
secondment from career without loss of seniority or of 
prospects of promotion as the most important task in the 
British contribution to training courses in the special 
field with which it was concerned. It recommends 
specifically that Government departments and the 
nationalized industries should be asked to facilitate the 
overseas secondment of members of their staffs for service 
as instructors in practical administration and that the 
associations of local Government authorities should be 
invited to persuade their members to do likewise. It also 
recommends that British universities’ should be invited 
as a matter of urgency to adjust and, where necessary, 
expand their existing staffs, in order to enable members 
of their staffs to become available for service in developing 
countries, and that the cost should be met from British 
Government funds. 

The Bridges Committee recognizes that individually 
British universities: have been providing much help for 
many years to universities in developing countries, though 
not in a corporate capacity or with support from British 
Government funds. The seale of support being given to 
the proposed Indian Institute of Technology at Delhi 


* Department of Technical Co-operation. Report of the Committee on 
Tratam, ia pobile Administration for Overseas Countries, Pp. 50. (London: 


(see Nature, 198, 738; 1963) is new, even in the field of 
science and technology, though Commonwealth Education 
funds are now available for building up co-operation 
between British universities and those overseas. The 
Committee suggests, however, that better arrangements 


_are needed for such sponsorship and recommends that, in 


applying available British Government funds, regard 
should be had to the crucial importance of putting the 
relatively small British university departments concerned 
in a position to make an appropriate contribution by 
sponsoring training institutions in developing countries. 
Moreover, the difficulty with university teachers is 
primarily one of finding suitable people quickly. Besides 
recommending the compilation and maintenance of a 
register of British public servants who would be willing 
and suitable to serve overseas as instructors in public 
administration, the Committee refers to the importance 
of using the services of the many members of the Over- 
seas Civil Service. This would involve those individuals 
possessing high academic qualities and relevant adminis- 
trative experience. For them as well as administrators in 
the Home Civil Service and the nationalized industries who 
would welcome the opportunity to work for a time in 
academic surroundings, the arrangements for secondment 
should apply. It would be advantageous to include in 
these arrangements the staff of British technical and 
commercial colleges. The special institution for adminis- 
trative training and research which the Committee recom- 
mends would be another source of staff advice and 
information for use in local training overseas. 

Since it is very desirable for the instructors in public 
administration, even if they already have experience 
overseas, to have an opportunity of preparing themselves 
for their new tasks before going abroad and of learning 
about the background of the country to which they are 
seconded, a course of instruction in Britain is almost 
imperative if the maximum value is to be obtained from 
their. services. They need also to acquaint themselves 
with the problems of developing countries generally as 
well as time to prepare and adapt the substance of their 
teaching for their new context and environment. The 
Bridges Committee considers that the Royal Institute of 
Public Administration could be utilized for this purpose 
and recommends provision for a preparatory course for 
British instructors in practical administration along these 
lines. Beyond this, however, it envisages the establish- 
ment in Britain of a course for training instructors in 
practical administration who are employed by the 
Governments of developing countries and consideration 
of this possibility is recommended. 

While the Committee considered carefully the existing 
provision for formal courses in British universities, it 
recognizes that decisions on such academic matters are for 
the universities themselves, though there is no doubt 
that the universities would appreciate advice about the 
availability of overseas applicants and the kind of courses 
which would be advantageous to them. Initial adminis- 
trative training, as a rule, is likely to be given locally in 
fature and the demand for the preliminary Overseas Ser- 
vice Course established following the Devonshire Report in 
1945 is likely to decline rapidly. That for the course for 
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officers of some experience should continue, but the 
Bridges Committee thinks that its organization should 
provide for more closely directed studies. Specifically it 
recommends that formal university courses, these Overseas 
Service Courses, special advanced courses and shorter 
advanced courses should be kept under review. For this 
and other purposes it recommends the formation of a 
co-ordinating unit for administrative training composed 
of members of the staff of the Department of Technical 
Co-operation and the British Council. 

Much of what is being done by Britain in providing 
training facilities is of high quality, but the existing 
arrangements which have grown up piecemeal are in- 
adequate to meet the demand on the present scale or to 
deal with a situation of growing urgency. However, no 
single authority is well placed to keep the whole field under 
review and ensure that the needs of the situation are 
envisaged as a whole. The co-ordinating unit recom- 
mended would ensure that the Department of Technical 
Co-operation and the British Council operated in concert 
when advantageous and provide them with a common 
pool of information on overseas needs, existing facilities 
in Britain, including the availability of books and other 
teaching aids. It would also ensure that the fullest 
possible information about courses in the field of public 
administration which are available in Britain was made 
known abroad and improve, so far as possible, existing 
arrangements for the selection and allocation to courses 
of overseas trainees so as to ensure that suitable persons 
are selected and allocated to the most appropriate courses. 
Besides co-ordinating the work of the Department and 
the British Council and any other organization involved 
in meeting this growing demand for British aid, the unit 
would estimate the numbers of persons required to fill 
posts in the developing countries for teaching and training 
duties in public administration. Moreover, it would advise 
on filling such vacancies and on how overseas enquiries 
and suggestions about projects for overseas development 
studies should be directed towards the institutions best 
fitted to deal with them, as well as gathering information 
about the contribution from other bodies in this field. It 
is also recommended that an advisory council for public 
administration training and development studies be set 
up to advise on all these matters. 

Apart from a number of recommendations designed to 
improve personal contacts between British officials and 
teachers and their counterparts overseas, to improve the 
efficacy of visits and attachments in Britain, and to 
encourage the publication and distribution overseas of 
books and other teaching aids on public administration, 
the other main recommendation of the Report relates to 
the special institution for training in administration and 
related research already noted. The Bridges Committee 
believes that the British effort is, and will increasingly 
be, handicapped by the lack of a centre devoted to the 
practical problems—political, social, economie and ad- 
ministrative—which are encountered by many countries 
in their drive for rapid development. To be relevant and 
effective, training must be refreshed by a constant inflow 
of information based on forma] studies, which in turn 
require first-rate and easily available documentation. It 
is satisfied that there is need for a much stronger focus of 
development studies in Britain in relation to adminis- 
trative training and for a reorganization of the relevant 
documentation. 

The Committee is also concerned to help senior public 
servants in developing countries who must be constantly 
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occupied with policy subjects, and whose responsibility 
for advising their Ministers is all the heavier because so 
little expertize is available to them from the community. 
The number of senior administrators concerned is not 
massive, though considerable, and to give them effective 
help a course must be based on a wide inter-disciplinary 
syllabus which goes far outside administrative training in 
its narrow sense: this can only be achieved by a full-time 
inter-disciplinary team backed by studies and docu- 
mentation. Such would be the other main function of the 
special institution suggested by the Committee, and it 
recommends an immediate investigation into the factors 
to be taken into account in its establishment. 

The Report nowhere refers specifically to the special 
problems which arise in the relations between science and 
Government, though the Committee recognizes its con- 
cern with training in administration for senior professional 
officers in the public service, such as agriculturalists and 
doctors. These problems, however, should inevitably be 
the concern of the type of institution which the Bridges 
Committee has in mind. It suggests, for example, that 
its functions should include helping to train general 
administrators in co-ordinating national development 
plans, and senior experts in the specialized techniques of 
economic, social and administrative planning; training 
trainers and research workers in these subjects for the 
corresponding institutes in developing countries as well as 
training more British experts in this field; assembling a 
mixed faculty to study and teach economic and social 
development problems in their contemporary settings, 
with more concentration and specialization than at 
present, bringing both practical experience and all the 
relevant academic disciplines to view; initiating and 
collaborating in research applied’ to development and 
administration; also transmitting the results of research 
to public servants and the experience of Governments to 
universities. Besides providing a secure home base for a 
small body of British experts readily available for second- 
ment to institutes overseas and for consultation by Govern- 
ments, the institute would bring Britain more closely into 
the international exchange of ideas and experience on 
development already in progress. 

The recommended institute would require at least from 
ten to fifteen high-level appointments, with ancillary 
staff, and when fully developed could scarcely cost less 
than £150,000 a year, though it is hoped that this would 
not have to be met from British Government funds alone. 
With it, however, must go the creation of an adequate 
centre of documentation, and the Report also recommends 
as a matter of urgency that the question should be con- 
sidered of joining or co-ordinating the relevant sections 
of the Foreign Office Library and of the combined Library 
which serves the Commonwealth Relations Office, Colonial 
Office, and the Department of Technical Co-operation, to 
form in London a centre of documentation for development 
administration overseas. The Bridges Committee is 
concerned primarily with creating an essential tool for 
teaching and research, but the proposal has other advan- 
tages and it might even appear to offer a reasonable 
solution to the. existing difficulty over the India Office 
Library if the Governments of India and of Pakistan 
would agree to that Library contributing. 

From the recommendations alone, it is clear that the 
Report is of even wider interest than its title or the terms 
of reference of the Committee would suggest. It opens, 


- moreover, with two chapters in which first the broad. 


picture and then the general characteristics of the over- 
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seas demand are set forth with impressive clarity, and in 
which the tribute paid to the British contribution in the 
past is matched by insistence on the opportunity and the 
responsibility which rest on Britain in the future. The 
Committee is convinced that the present response of 
Britain is still inadequate and does not match the urgency 
of the situation or the determination of the Governments 
of developing countries to achieve quicker and better 
results. Britain is, for example, failing in some degree to 
use her outstanding experience in the training field, and 
there is a grave danger that the great experience of the 
past will become dated and irrelevant if it is not quickly 
refreshed by greater study of the new situations overseas 
and by closer personal ‘contact with them. The effort 
demanded of Britain by the recommendations of this 
Report is considerable in terms of finance and manpower, 
and. will sometimes fall where shortages are most acute, 
for example, in the universities. Nevertheless, the demand 
is one that should be met promptly and generously from 
the point of view of the developing countries alone. No 
careful reader of the Report can be in any doubt that the 
benefits will be unbiased and that the action recom- 
mended by the Bridges Committee will greatly benefit 
the universities and other institutions in Britain as well 
as the standards and practice of public administration in 
face of demands into which scientific and technological 
factors increasingly enter. 


CELL WALL ARCHITECTURE 


The Plant Cell Wall 

A Topical Study of Architecture, Dynamics, Comparative 
Chemistry and Technology in a Biological System (Inter- 
national Series of Monographs on Pure and Applied 
Biology Plant Physiology Division.) By 8. M. Siegel. 
Pp. xix+123. (Oxford, London, New York and Paris : 
- Pergamon Press, 1962.) 42s. 


T is now more than four years since the major works of 
Frey-Wyssling and of Roelofsen appeared, and how- 
ever good a book may be—and these two were excellent— 
it is their inexorable fate to become in some respects 
outdated. So it is with these. The newer findings have 
been recorded in a number of review articles; but the 
appearance of a new text should be timely and welcome. 
It was therefore with the keenest anticipation that I opened 
this new book by an author whose name promises both a 
new approach to the older problems and authoritative 
statements on the newer. I can only regret that, even 
after making due allowance for the author’s unenviable 
task in following two such distinguished predecessors, the 
outcome is disappointing. A text on The Plant Cell Wall 
(without qualification) in 107 pages surely needs careful 
choice of material, meticulous accuracy of statement and 
copious illustrative (and text-saving) diagrams. In none 
of these does the present book approach a standard 
which can be accepted even by the most generous 
reviewer. 

The introduction (of slightly more than six pages) 
dealing with the morphology of “Walls and Cells” is so 
sketchy as to be completely misleading. An author, 
moreover, who says (p. xvi) that “The anatomically 
defined fibre is not to be mistaken for seed hairs (cotton) 
...”’ should not then (pp. 34 and 91) refer to cotton hairs 
as fibres. Chapter I opens with a résumé of analytical 
principles and procedures the brevity of which would be 
commendable were it not so compounded of loose state- 
ments as to be virtually useless. To quote only one 
example (p. 8), ‘.. . system of isotropic rods or planes as 
a whole will rotate plane polarized light . . .” (the italics 
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are mine). The ensuing descriptions of the results ot 
analyses are no tighter, for example (p. 15), “the crystal- 
lographic unit cell’ [of cellulose] “is rhombohedral” 
followed by the correct monoclinic cell; “the 10:3 A 
identity period corresponds to the distance between num- 
ber one carbon of one residue and the oxygen at the 
number four carbon of the second residue” (and this 
without referring to the corresponding figure which does 
not appear until p. 36, in a part of the book whero there 
are two Fig. 1’s, two Fig. 2’s and two plates also labelled 
Fig. 1 and Fig. 2 with no qualification). Incidentally. 
Fig. 1 on p. 36 is credited to Wardrop and Bland whereas 
it is in fact due to Frey-Wyssling. After discussing the 
whole of wall structure in twenty-nine pages, the author 
then turns to cell-wall dynamics (21 pages). ‘This leeds 
off with observations on biosynthesis which are again too 
generalized and too loosely expressed to enable the reader 
to distinguish established fact from speculation. The 
subsequent treatment of wall expansion is scarc:ly 
clarified by such statements as (p. 53) “ . . . transversely 
oriented [optically negative] fibrils” since the fibrils them- 
selves are optically positive and the sign of birofringence 
here is in any case subject to a definition [not given] 
different from that of optical crystallographers. Chapter 
3, under the strange title “Comparative Chemistry of 
Intercellular Substances and Walls’’, contains some of the 
oddest statements of the whole book. On p. 84, for 
example, we find “. . . the phaeophycean polyuronide ix 
calcium alginate, poly-1,4-«-D-galacturonic acid, an isomer 
of pectic acid”, afterwards corrected to (p. 94) “Natura! 
alginic acid is poly-1,4-anhydro-§8-D-mannuronic acid .. ."’ 
but still not taking up the fact that alginic acid is now 
known to contain large amounts of poly-1,4-8-L-guluronic 
acid. The final chapter deals with properties and uses 
of cell walls and is again far too sketchy to have any real 
value. 

The author has taken his work far too widely to be 
treated in a mere 107 pages, and it would clearly have 
been better to have omitted, for example, any discussion 
of crystalline deposits in cell walls and perhaps the whole 
of Chapter 4 and to have expanded the rest. The text is 
spattered throughout with printing errors (I myself 
counted 40 even when not proof-reading) and numerical 
mistakes (for example, p. 100, where 100 kgm. dry woud 
is said to produce 400 kgm. fermentable sugar). No 
references are quoted in the text, and the reading list, 
while directing the reader to papers on, for example. 
enzymes in apples and the biochemistry of insect cuticles. 
makes no mention of the 1959 books by Roelofsen and 
by Frey-Wyssling or of the numerous relevant articles in 
the Encyclopedia of Plant Physiology. Thero are indeed 
no references specifically to cell wall studies after 1959. 
The reference list is, besides, no more free of inaccuracics 
than is the rest of the book. R. D. PRESTON 


GENETICAL STATISTICS 


The Statistical Processes of Evolutionary Theory 

By Prof. P. A. P. Moran. Pp. vii+200. (Oxford: 
Clarendon Press; London: Oxford University Press. 
1962.) 38s. net. 


I’. is no easy task either to write or to read a systematic 
and rigorous account of the mathematical aspects of 
the genetics of natural populations. But Prof. Moran has 
bravely attempted the former, and in so doing ho has 
cleared a path for the reader who really wishes to under- 
stand the subject. However, it must be understood 
that this book will be of interest to mathematicians who 
have a smattering of genetics and not to geneticists who 
have a smattering of mathematics. 

The author ably surveys some of the theoretical works 
of Fisher, Haldane and Wright, and of those, including 
himself, who have begun their contributions to the field 
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more recently. The topics discussed are as follows: 
models for the growth of populations; gene frequencies 
under random mating; mutation end selection; the 
tendency to homozygosity in finite populations; the 
survival of a single mutant; stationary distributions of 
gene frequencies; self-sterility; and the effects of geo- 
graphical distribution. Deterministic models are con- 
sidered first, and then, to allow for the fact that the 
population is finite in size, the various stochastic models 
that have so far been developed. The models may assume 
that the generations are non-overlapping, that is to say 
that members of different generations do not interbreed, 
or overlapping; and it appears that which of those 
assumptions is made is probably relatively unimportant— 
the form of the distribution of offspring from each indi- 
vidual is a much more important factor. The members of 
the population may be haploid, diploid or polyploid; 
but in stochastic models it is possible to consider only 
haploid individuals without great difficulty, and then 
the effects of general phenotypic selection and assortative 
mating cannot be rigorously introduced. 

Stochastic models require advanced mathematical 
techniques, and so the treatment is highly mathematical. 
Many problems are as yet unsolved, and these are carefully 
pointed out throughout the book. But it is a pity that 
the author has deliberately chosen to offer little discussion 
of the practical applications of the theory, or even of its 
significance to evolutionary theory in general. In a book 
of this size there must inevitably be gaps in the argument, 
but the author is careful to refer the reader to a more 
detailed account whenever he finds it necessary to pass over 
a point rather quickly. There is little discussion of the 
theory of inbreeding in artificially controlled populations, 
or of the inheritance of continuous characters, both topics 
that are well dealt with in other books. But unfortunately 
the mathematical theory of genetical processes in bacterial 
and viral populations is also omitted, and so an authori- 
tative survey of this subject is still lacking. 

This book is clearly and concisely written, and has very 
few misprints. It is especially a book to whet the appetite 
of the mathematician in search of unsolved problems. 

R. ©. Exsron 


PROTEINS AS RELIABLE INDIVIDUALS 


Selected Papers 
By Kaj Linderstrom-Lang. Pp. 584. (Copenhagen: 
Danish Science Press; New York and London: Academic 
Press, 1962.) 121s. 6d. 
SELECTION of scientific papers by the late Kaj 
Ulik Linderstrom-Lang, the illustrious leader of 
the Department of Chemistry of the Carlsberg Labora- 
tory, appeared in print during the year 1962. Besides 


the collection of scientific papers, the book includes three . 


essays or humoresques (two of them translated from 
Danish for the first time). As the three editors, Heinz 
Holter, Hans Neurath and Martin Ottesen, put it: ‘we 
wish to dedicate these pages to the long-lasting 
memory of this unforgettable scientist and human 
being”. 

If there ever should be a chance of a new edition, I 
think that his memory would be more alive to the next 
generation if a biography were to be included. For 
example, the recent reprinting of the late Enrico Fermi’s 
early scientific production was accompanied by an 
imaginative portrait of the great scientist and thinker. 
In Lang’s case, S. P. L. Serensen’s life work and especially 
the development initiated by Niels Bjerrum and Peter 
Debye shaped his scientific thinking. The work of 
1928 on the ionization of proteins is considered a great 
classic by protein chemists of to-day. The micromethods, 
especially those based on the specific gravity gradients and 
the floating drop, are pieces of simple but original crafts- 
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manship. It is interesting to see how the principle of 
these methods came to play a decisive part during his 
last years in his work on protein conformation. One 
follows with interest the discussions on the various forms 
of secondary protein structure. A study of the fission of 
thiazoline ring studies by Lang and Jacobsen as a model 
for denaturation of protein is particularly significant 
(published 1940). i 

A. discussion from 1949 on the interaction between the 
free carboxyl and amidine groups (end or side chains) 
contrasts in an interesting way Weber’s old studies of 
1923 with Eyring and Stearn’s more recent picture. Lang 
and Jacobsen’s volumetric studies furnished experimental 
support for Weber’s model. The emergence of the 
concept of the a-helix in 1950-51 polarized Lang’s interest 
for the hydrogen bond. His last elegant and fundamental 
work on the rate of exchange of protein hydrogen bound 
to oxygen, nitrogen, or sulphur with deuterium oxide is 
very inspiring. This work utilized the simple micro- 
density gradient techniques, yet they are very demanding 
on the investigator. Infra-red spectroscopy of proteins 
in deuterium oxide has since confirmed this work. In 
fact, as stressed by Lang himself, this technique was 
used by Lenormant and Blout, who first reported that 
albumin contains “two kinds of peptide groupings” (Lang) 
with respect to rate of exchange with D,O. 

This book review does not do justice to the many 
elegant home-made methods created by Lang and Holter 
or to the sophisticated (occasionally almost acrobatic) 
play with mathematical kinetics in the service of physical 
chemistry or physiology. 

It is most fortunate that the essays on “Society and 
Man” were included in this collection. Itis not easy to catch 
the Danish slang and humour in the humoresque “Taxi 
Chauffeurs in New York”, but one feels that a good deal 
of Lang’s human compassion and humour shines through. 
One misses the small drawings from the Danish original 
in “New Year 1957”; the drawings were inspired by 
The 1,001 Nights, one of Lang’s favourite books. It is 
good to see the male housefly with electron clouds. ° It is 
one of Lang’s. few pieces with pedagogical emphasis— 
funny as it is. The deeply moving and humorous—and 
yet so statesman-like—speech, “Man, Science and Indus- 
trial Development,” given at the European Brewery 
Convention in 1957, should perhaps have appeared as the 
finale in this valuable collection of papers. This essay, 
perhaps more than any other writing by Lang, might 
give the next generation of young scientists (anywhere 
in the world) a living portrait of this passionate and pro- 
found scientist, philosopher and artist, and his special 
surroundings. The Academic Press, the Danish Science 
Press and the editors have made a real contribution by 
making these Selected Papers available to an international 
academic community. H. M. KALOKAR 


MULTILINGUAL DICTIONARY OF 
GENERAL PHYSICS 


Elsevier’s Dictionary of General Physics in six Languages, 
English /American /French /Spanish /Italian/Dutch and 
German 

Compiled by W. E. Clason. Pp. 859. (Amsterdam and 

New York: Elsevier Publishing Company, 1962.) 120s. 

‘HIS dictionary in six languages (English, French 
Ttalian, Spanish, Dutch and German) is a most 
welcome and useful addition to the list of Elsevier Multi- 
lingual Dictionaries. It is naturally limited in scope, and 

a prudent selection has had to be made of the many and 

rapidly increasing number of physical terms now in use. 

The total number of terms included is 3,409 and each 

term is followed, under columns by a concise English 

definition, and by the French, Spanish, Italian, Dutch 
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and German equivalents. The equivalents are also 
separately and alphabetically listed in thumb-indexed 
sections and are numerically keyed to the basic table. 
A Russian supplement is planned to appear in due course. 
There are very few physics periodicals in Dutch, and 
perhaps it would have been more useful to have omitted 
Dutch and included Russian in the original volume. 

The compiler, W. E. Clason, must be congratulated on 
the clarity and conciseness of his definitions of the physi- 
cal terms. It is not an easy task by any means to con- 
dense into a single sentence of not more than thirty 
words a precise statement of the meaning of some physical 
terms. Thore are naturally one or two lapses, for example, 
“photoelasticity” where Mr. Clason allows a personal 
feeling to creep in by saying this is a badly chosen term, 
and “crystal growth” where the statement “The direct 
growth of an ideal perfect crystal is almost impossible, 
except at enormously high supersaturations, because of 
the difficulty of nucleating a new surface on a completed 
surface of a crystal’ can scarcely be regarded as a 
definition. There are a fow misprints. Lennard-Jones 
is throughout referred to as Lerrard-Jones; in term 
1,855 it should be the ‘Lorenz number’ not ‘Lorentz 
number’; and the Nusselt number is usually abbreviated 
to Nu not Nu. 

The system of thumb indexing provided gives easy 
and quick access to a particular language and there is a 
tape bookmark. For a dictionary, which has to be 
handled a great deal and rather more roughly than most 
books, the binding which is claimed by the publishers 
to be flexible is by no means strong enough. The title- 
pages of my own copy when received had already parted 
company from the binding. S. WEINTROUB 


LOW TEMPERATURES AND OTHER 
TOPICS 


Low-Temperature Physics 

Conduction Electrons—Superconductivity—Helium— 
Magnetism—Méssbauer Effect—Defects and Irradiation. 
Edited by C. DeWitt, B. Dreyfus and P. G. de Gennes. 
(Lectures delivered at Les Houches during the 1961 
Session of the Summer School of Theoretical Physics, 
University of Grenoble.) Pp. xvi+638. (New York: 
Gordon and Breach, Science Publishers, Inc., 1962.) 
20 dollars, cloth; Academic and Students edition (paper) 
9.50 dollars. 


UMMER schools in physics have become very fashion- 
able in the past few years, and each one is inevitably 
followed by the appearance of a book containing the 
substance of the lectures delivered. These are now multi- 
plying at such a rate that in some fields they threaten to 
exceed in total bulk the original papers they are meant to 
survey. But the summer schools held at Les Houches 
have a longer history than most, and their published 
lectures enjoy a deservedly high reputation, which is 
comfortably sustained by the present volume. It has the 
added merit that one or two of the topics discussed in it 
have not been previously surveyed, at least within 
the past year or two. 

The following list summarizes the contents of the book 
by topic, author, length in pages and language (E or F: 
English or French): electrons in metals (Pippard, 143, E); 
superconductivity (Tinkham, 81, E); magnetism and 
superconductivity (Suhl, 27, Æ); liquid helium three and 
four (Beenakker, 41, Æ); co-operative aspects of magnet- 
ism (Herpin, 100, F); small-grain antiferromagnetism 
(Néel, 30, F); spin waves (Kittel, 37, E); Méssbauer 
effect (Abragam, 70, F); and point defects and radiation 
damage (Friedel, 76, F). Thus just more than half the 
book is in English and the rest in French, and the reader 
will need to be reasonably fluent in both languages to 
derive full value from it. 
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Only a quarter of the book is devoted to the classic low- 
temperature problems of superconductivity and liquid 
helium; the remainder is concerned with problems in 
which low temperatures are used as a tool of research, 
and sometimes only a minor tool. Indeed, Friedel dis- 
armingly opens his survey by remarking that “ ... the 
phenomena of interest often occur at high temperatures. 
. .. The study of quenching and of irradiation at low 
temperatures is only a pretext for including this course in 
this year’s programme”. In fact a more appropriate title 
would have been ‘Some Topics in Low-temperature and 
Solid-state Physics’. 

With this reservation, the book can be warmly recom- 
mended to anyone interested in these topics. There is no 
need to review the individual contributions : the list of 
authors is sufficient guarantee of their quality. But the 
complete absence of references from some of the articles 
seriously diminishes their usefulness for the wider audience 
to whom they are now offered. 

Lastly, the reader must be warned that the book was 
printed in Hungary, and is fairly liberally sprinkled with 
misprints, not all of them trivial; and that the paper- 
bound edition (available to workers in the field, on pro- 
duction of bona fides) will disintegrate fairly rapidly if it 
is used as much as it deserves to be. R. G. CHAMBERS 


X-RAY ABSORPTION ANALYSIS IN 
BIOLOGY 


X-ray Microanalysis in Biology and Medicine 
By Prof. Arne Engstrém. (Elsevier Monographs: Bio- 
physics Section.) Pp. viiit+92. (Amsterdam: Elsevier 
Publishing Company, 1962.) 20s. 

HE development of quantitative methods of micro- 

radiography has been largely the work of Engstrém 
and his school at the Karolinska Institut, Stockholm. 
This monograph, based on lectures given by him at the 
University of California, provides the first systematic 
account of this type of X-ray absorption analysis, with 
some mention also of the emission and diffraction tech- 
niques. The first two chapters describe the chief proper- 
ties of X-rays and the various methods of forming images 
with them. Chapters 3 and 4 give details of the oxperi- 
mental procedures for microradiography with X-rays of 
medium-to-hard and ultra-soft wave-lengths respectively, 
the examples chosen for discussion being bone and 
tissue sections. Chapter 5 is concerned with the quan- 
titative determination of the dry mass and water content 
of tissues by microdensitometry of an X-ray negative 
of the sample and a reference system. The results ob- 
tained from different tissues are briefly indicated, with 
references to the original papers. Elementary analysis 
by X-ray absorption is described in Chapter 6, with 
particular reference to the determination of calcium and 
phosphorus in bone and of sulphur in the skin. Chapters 
7 and 8 give short accounts of the methods of X-ray 
emission microanalysis and microdiffraction respectively, 
The book ends with a list of references for further reading 
and with a short subject index. It is aimed at research 
workers in biology and medicine, particularly in the 
field of cytology, who are likely to be faced with the 
problem of estimating the dry mass of cells or the inorganic 
elements in them. The treatment is elementary, but 
clear and thorough. The required mathematics is caro- 
fully introduced and well set out, and should be readily 
followed by any biologist who is familiar with analytical 
procedures, though he may initially need a little help 
in how to handle exponentials when it comes to working 
out results. The text is illustrated with 36 line-diagrams 
and supplemented by 12 tables of data. Altogether it is 
a most satisfactory introduction to a set of techniques 
which as yet are not very well known to biologists. 

V. E. COSSLETT 
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A Review of Space Research 

‘The Report of the Summer Study conducted under the 
Auspices of the Space Science Board of the National 
Academy of Sciences at the State University of Iowa, 
Iowa City, Iowa, June 17—August 10, 1962. Pp. iv+577. 
(Washington, D.C.: National Academy of Sciences— 
National Research Council, 1962.) 4 dollars. 


OWARDS the end of 1961 the U.S. National Aero- 

nautics and Space Administration and_the Space 
Science Board decided to arrange for a thorough review 
of the Administration’s programme for space science. 
Accordingly, about a hundred scientists from universities 
and industry, and a rather smaller number from National 
Aeronautics and Space Administration and other official 
organizations, gathered for a summer school at the 
University of Iowa during June-August, 1962, with Prof. 
Van Allen as chairman. After some introductory sessions, 
the participants broke up into working groups on various 
specialized topics, and their reports occupy much of this 
2-litre paperback volume. 

The subjects of the main working groups were 
astronomy, celestial mechanics, lunar and planetary 
research, atmospheres of the planets, bistatic radar 
astronomy, particles and fields, meteorological rockets and. 
satellites, biology, space probe sterilization, man’s scien- 
tific role in space exploration, the allocation of payload 
space, scientific uses of spacecraft launched by other 
Federal agencies, international co-operation, and social 
implications of the space programme. In addition to the 
reports of these groups and their sub-groups, there are 
various factual appendixes and a discussion of the relation- 
ships between the National Aeronautics and Space 
Administration and the universities. 

The volume is impressive in two ways—as a record of a 
thorough and perhaps unique piece of national self- 
questioning, and as a fine vindication of the Administra- 
tion’s programme for space science. (The worth of the 
man-in-space project was not directly discussed.) None 
of the working groups produced serious objections, though 
various changes in emphasis were suggested. One could 
make the criticism that reactions are bound to be favour- 
able if a group of specialists is asked to approve a series 
of experiments in its own speciality; but it would have 
been impracticable and chaotic to have invited dissenting 
outsiders. As well as being impressive, the book is useful 
as a work of reference: several of the summaries of the 
present state of knowledge, for example, in the “Particles 
and Fields” section, are excellent; and countries now 
contemplating a start on space research will find it helpful 
to have the arguments in favour of each of the National 
Aeronautics and Space Administration projects so force- 
fully summarized. D. G. Kine-Hzeiz 


The Birds of the British Isles 

By Dr. David Armitage Bannerman. Vol. 11: Glareo- 
lidae—Otididae—Burhinidae—Gruidae—Laridae. Pp. 
xv+368+32 plates. (Edinburgh and London: Oliver 
and Boyd, Ltd., 1962.) 63s. net. i 


R. BANNERMAN’S penultimate volume completes 

his treatment of the plover-like birds, proceeds 
to the bustards and the crane, and then devotes some 
three-quarters of its space to the terns and gulls. This 
arrangement, incidentally, is an unusual one in these 
days, as most ornithologists regard the plovers and the 
gulls as closely related. The remnant of ‘waders’ included 
here, representing two minor families, consists of one 
courser, two pratincoles, and the stone-curlew—all 
except the last mentioned being only rare vagrants to the 
British Isles. The three bustards have similar status, 
and the crane that of an irregular visitor on migration, 
although the great bustard and the crane—two magnifi- 
cent species—have histories as native British birds. 
With the terns and gulls we come to a solid block of 
common British birds, with others of lesser status. Each 
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of these two sub-families is introduced by a general 
article on the behaviour of the included species, contrib- 
uted by Dr. M. Cullen for the terns and by Dr. Niko 
Tinbergen for the gulls. The whole article on the kitti- 
wake is contributed by Dr. J. Coulson, and that on Sabine’s 
gull by Prof. G. M. Sutton of Oklahoma. Shorter specialist 
contributions come from as far afield as Canada and 
Russia, Portugal and Hungary. All these are welded by 
the author into a general account that is both very 
readable and fully authoritative. 
LANDSBOROUGH THOMSON 


Between Pacific Tides 

An Account of the Habits and Habitats of some Five 
Hundred of the Common, Conspicuous Sea-Shore Inverte- 
brates of the Pacific Coast between Sitka, Alaska, and 
North Mexico. By Edward F. Ricketts and Jack Calvin. 
Third edition, revised. Pp. xiii+516. (Stanford, Calif.: 
Stanford University Press; London: Oxford University 
Press, 1962.) 70s. net. 


HIS successful book on the littoral fauna and flora 

of the Pacific coast of North America has been 
revised by Dr. Joel Hedgpeth, director of the Pacific 
Marine Station at Dillon Beach, California. Ricketts’s 
text for beginners has been preserved; it deals with the 
inhabitants of rocky shores, sandy beaches and sand flats, 
estuaries, mud flats and wharf piles. Dr. Hedgpeth has 
withdrawn the chapter on plankton and added chapters on 
intertidal zonation, immigrants to the area, and conditions 
beyond the tides. 

An appendix of nearly 100 pages is for the trained 
biologist, and contains a classification of the animal king- 
dom, a list of the chief species in each phylum, with 
references to the text, and a full bibliography. 

Nearly 500 common littoral species are described, 
illustrated by 107 drawings, 46 plates of photographs, 9 
pages of drawings of seaweeds and a coloured frontispiece 
of chitons. With few exceptions the, illustrations are good 
and should enable the amateur to identify his finds. 
Ricketts’s descriptions are interesting and informative. 
Size, habits and geographical range are given. 

The book is well printed, with a good index. John 
Steinbeck has written a foreword. N. B. EALES 


Ribonucleoproteins and Ribonucleic Acids 

Preparation and Composition. Prof. Frank Worthington 
Allen. Pp. xii+192. (Amsterdam and New York: 
Elsevier Publishing Co., 1962.) 35s. 


HIS book gives a selection from the literature of 

methods for the isolation of ribonucleic acids and 
ribonucleoproteins. The experimental procedures are 
presented in detail together with data on the analytical 
composition of the preparations. The book is written 
rather as a historical commentary on the development 
of preparative methods beginning with Altmann’s isola- 
tion of yeast ribonucleic acid in 1889. Consequently 
many chapters are given to very detailed descriptions of 
procedures, which, although of historical interest, are 
known to result in extremely degraded nucleic acids and 
have long since been abandoned. 

There is surprisingly little attempt to critically evaluate 
the methods in terms of present knowledge of the size 
and structure of ribonucleic acids. Only one reference is 
given to the molecular weight of a virus ribonucleic acid; 
it is that obtained on a degraded sample from tobacco 
mosaic virus in 1942. 

One chapter reviews the distribution of the minor 
nucleotide components or ribonucleic acids. It is curious 
to find here no mention of the work of W. E. Cohn and his 
collaborators on the isolation and identification of 5- 
ribosyl uracil. 

As a collection of nucleic acid preparative procedures 
the book should, however, be quite useful to those engaged 
in this field. J. D. SmE 
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HYPOTHESIS OF EARTH’S BEHAVIOUR 
By Pror. J. TUZO WILSON, O.B.E. 


Institute of Earth Science, University of Toronto 


OR fifty years the question has been debated whether 

or not continents have moved and if they have, by 

what patterns!-7, Until an agreement is reached, no 

complete understanding is possible of geology, geophysics, 
evolution, or paleoclimatology. 

The recent rapid advances in knowledge of the Earth’s 
interior, ocean floors and rock magnetism combined with 
older information should soon enable a decision to be 
reached. This article selects and summarizes some of the 
conclusions of others in an endeavour to link them by & 
few original suggestions into an hypothesis of Harth’s 
behaviour. ` ` 

The uppermost layers of the Earth form a rigid litho- 
sphere of strength equal to, or greater than, that of surface 
rocks to a depth of about 100 km®?. A weaker astheno- 
sphere lies beneath in which isostatic adjustment occurs 
by flow at rates of the order of a few om a year”. The 
observed rates of post-glacial uplift indicate a viscosity 

- of 5x 10% c.g.s. units. Recent calculations!* on the rate 
of uplift and perhaps satellite data! show that strength 
increases again below a few hundred km. The astheno- 
sphere is thus the low-velovcity layer long recognized by 
Gutenberg')15 and recently investigated by Ewing, Press 
et al.1#.17, Isostatic adjustment shows that continents are 
free to move up and down. vertically like ships held in a 
frozen surface. The outstanding question is whether the 
continents can be moved about in horizontal directions by 
the rifting of the ocean floor in some places and its 
compression and overriding at others, or whether they 
are immobile. 

The crust is the upper part of the lithosphere above the 
Mohoroviéié discontinuity where seismic velocities undergo 
a sudden increase to a value of 7-6-8-3 km/sec (ref. 18). 
This change may be due to a change in phase or in com- 
position. The crustal thickness has been determined .at 
about 300 places?20, 

In the ocean basins, collection of samples*!, petrological 
investigations??? and the uniformity of the crustal thick- 
ness at about 5 km (ref. 18) suggest that this crust, once 
considered basalt, may be altered mantle. Hess believes 
it is serpentinized peridotite. That the present ocean 
basins may also be young is suggested by the paucity of 
sediments*4.?5, and the youth of all islands in the main 
ocean basins except Madagascar, Falkland and Seychelles 
Islands**. 

The composition, thickness and low velocities in the 
continental crust suggest, as Suess conjectured, that it is 
of different material (sial) from the mantle and oceanic 
crust (sima). The great age and zoned structure of 
continents suggest that they have grown??*8, a view 
supported by isotopic investigations®®. New evidence of 
three kinds suggests that great horizonal displacements 
of the crust have occurred. First, measurements by rock 
magnetism of latitude and azimuth are generally consistent 
for rocks of any one age and continent but have usually 
been interpreted to sugg$st that continents have moved 
independently relative to the poles*®. Secondly, it is 
becoming realized that several dozen large faults, some of 
which, like the San Andreas and Great Glen faults, have 
long been known, have undergone horizontal displacements 
of tens or. even hundreds of miles at different geological 
times*!)3?_ Even more recent and striking is the recognition. 
of great scarps on the floor of the eastern Pacific Ocean® 
and the demonstration that they offset magnetic anomalies 
by as much as 750 miles*4. The only explanation so far 
offered is that the scarps are great transcurrent faults, now 
inactive. The age of the faults and why they stop abruptly 
at the coast of California have not yet been explained. 
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Fig. 1. Atlantic Ocean showing how islands appear to increase in age 
with distance from the mid-ocean ridge. Three ages are given for three 
zones in Iceland. Notice that the ends of pairs of lateral ridges define 
points which would match on the basis of fit of coastlines. A new 
branch of the mid-ocean ridge has been suggested in Baffin Bay 
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Fig. 2. Ridges of the Indian Ocean sho two postulated median 

ridges, between Africa and Madagasear and Rodriguez Island and 

Sumatra respectively. Four aseismic lateral ridges connect points 
believed to have been separated by continental motion 
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Fig. 3. Sketch of Pacific Ocean. Heavy arrows show nine linear chains of islands and sesa- 
mounts which increase in age in direction of arrow. Single-headed arrows show direction 
of motion, where known, along large transcurrent faults. Small arrows show postulated ~ 


direction of flow away from median ridges 
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Fig. 4. Diagrammatic section showing a type of convection which might explain the 
Wawalian-type chains and mountain building 


origin of pairs of lateral ridges, median ridges, 


Thirdly, oceanic islands tend to increase in age with 
distance from mid-ocean ridges** (Figs. 1 and 2). In the 
Pacific Ocean the islands and seamounts of several chains 
have been reported to increase in age with distance from 
the East Pacific rise. These include the Hawaiian®5-37, 
Society**, Austral®*, Galapagos Islands**, the Pratt- 
Welker seamounts in the Gulf of Alaskat! and probably the 
Marquesas*?. The Tuamotus‘?-4 are older than the Gam- 
biers**, and Sala-y-Gomez‘* than Easter Island‘? (Fig. 3). 

Recently R. S. Dietz has pointed out to me that the 
Revilla Gigedo Islands off Mexico also increase in age with 
distance from the East Pacific rise, and I suspect that the 
same may also be true of the two Juan Fernandez Islands. 

If parts of the crust have been shifted horizontally 
relative to other parts, it must have been stretched or 
rifted álong some lines and compressed or overridden along 
others. In tension, rocks have little strength and break 
easily. If they have done so it is agreed that likely places 
are the mid-ocean ridges because Bullard et al.*®4* have 
shown that they have high heat-flow, Ewing and Heezen 
that they are continuous and often rifted®*-*1 and because 
islands increase in age away from them. 

Suess pointed out that young continental mountains 
and island arcs form a continuous system with much 
evidence of compression. They have large gravity 
anomalies which Vening Meinesz? interpreted in terms of 
down-folding. 

Tf the floor of the ocean basins, beneath an irregular 
veneer of sediment and lava, is altered mantle, Hess** 
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and Dietz*4 have pointed out that it can be 
overridden for unlimited distances either by 
continental crust or by other parts of the 
oceanic lithosphere. On descending it 
reverts to unaltered mantle. On the other 
hand, continental crust is not dragged down 
and two slabs on meeting pile up as in the 
Himalayas and Tibet. This may ultimately 
produce slippage beneath a continent, but 
no case has yet been identified. There is 
certainly a difference between mountains 
formed where two continental masses join 
and those formed where a continent over- 
rides an ocean floor as in the Andes. 

Although some hold that sections of the 
crust slip over the asthenosphere because of 
gravitational or rotational forces, Holmes®, 
Griggs®*, and Vening Meinesz?° have long 
advocated convection. currents as the cause 
of motion. Currents rising under the mid- 
ocean ridges and sinking under the con- 
tinental mountain system could explain 
respectively the tensional and compressional 
characteristics of those features in much the 
fashion illustrated by Bernal5’. In spite of 
lack of direct évidence two arguments 
favour convection currents. Jeffreys®® has 
used Rayleigh’s theory to show that a 
viscosity of 10%¢ or 10%? would be necessary 
to-stop convection in the mantle and, if 
currents in the mantle have rifted blocks of 
continental crust and carried them apart, 
it is apparent why the ridge where the cur- 
rents rise is median. On the other hand, 
if the causes of motion have been forces 
acting on individual pieces of the crust this 
is not apparent. 

Along the mid-Atlantic ridge are several 
active volcanoes, from most of which 
aseismic ridges extend laterally on one or 
on both sides. Thus from Tristan da Cunha 
a pair of lateral ridges, called Walvis and 
Rio Grande, extend to adjacent continents. 
Roughly speaking, each ridge is a mirror 
image of the other. If, due to the high 
heat-flow on the mid-ocean ridge, volcanoes 
have long been active in about thé position of Tristan, 
horizontal currents would have carried volcanic piles 
successively off the ridge where they formed. They would . 
have become detached from their source and hence inactive 
(Fig. 4). This is a possible origin of lateral ridges and can 
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_be checked, for if so, they should be progressively older from 


median ridge to continent. 

It can be seen in Fig. 1 that the ends of the Rio Grande 
and Walvis lateral ridges are exactly opposite points on 
the coasts of South America and Africa which would fit on 
the basis of the match of the shape of the shorelines. What 
might otherwise be a remarkable coincidence becomes a 
natural consequence if these continents had once been 
together with a volcanic source between them. It is 
therefore suggested that submarine ridges provide a 
second precise method of fitting continents together in 
addition to that used by Wegener! and Du Toit*. 

In a similar manner the ridges which extend from Iceland 
to Greenland and from Iceland to the continental shelf of 
Europe serve to link them together in a way that provides 
a reasonable fit of opposite coasts*®.8, Again submarine 
ridges which cross the Gulf of Aden*!® end at places which 
are opposite each other when the coastlines of the Gulf 
and of the Red Sea are fitted together. 

These observations lead to two generalizations. First, 
where a mid-ocean ridge lies half-way between two conti- 
nents, they were once in contact. Secondly, the ends of 
lateral ridges and the fit of shore lines may be used to 
re-assomble them in the positions in which they once lay. 
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The reverse case can also be argued. The 
rifting of the Atlantic Ocean not only 
involved separating South America from 
Africa and Europe from Greenland, but 
also the separation of Greenland from 
North America. Therefore a longitudinal, 
median ridge should extend up Baffin Bay. 
Six large and otherwise unexplained earth- 
quakes have been recorded along this 
line**; but the bathymetry is as yet in- 
adequately charted to prove that such a 
ridge exists. This can be checked. 

Mid-ocean ridges appear to end either 
in large trans-current faults or by wedging 
out. One example of the first is the fault 
postulated by Wegener! and mapped by 
the Geological Survey of Canada®*® at 
the head of Baffin Bay. 

The clearest example of a median ridge 
which terminates by wedging out appears 
to be in the Arctic Sea.. ; 

The Atlantic Ocean is well known to 
narrow to the north, and Jeffreys? has 
pointed out that this would require 
rotation through 15°. Fig. 5 shows that 
if Greenland ‘is imagined to be moved back 
against Canada, the deep Siberian Basin 
is a triangular rift with the Lomonosov 
Ridge as one margin (for reasons unknown). 
The pivot of rotation lies at the apex of 
this basin near the New Siberian Islands. 
Beyond it rotation should produce com- 
pression and there the Verkhoyansk Moun- 
tains cross Hastern Siberia. According 
to A. P. Markovsky** these were folded 
and uplifted in Upper Jurassic to early 
Tertiary and again from Pliocene to 
Recent times. One might conclude from 
the Jurassic rocks on the coast of Norway 
and Greenland®® and the Eocene* at the 
east and west ends of Iceland that that period was one 
of extensive rifting of the Atlantic. The Pliocene to 
Recent rocks in the central graben of Iceland indicate a 
second period of rifting. Both these periods exactly 
coincide with periods of compression of the Verkhoyansk 
Mountains. 

The continents around the Indian Ocean have been 
re-assembled by various authors to form Gondwanaland. 
The patterns have been very varied!*)3, Applying my 
new generalizations one can see that to create the Indian 
Ocean by rifting required the separation of four continents, 
Africa, India, Australia and Antarctica, and that in 
addition. to the three known median ridges there should be 
a fourth extending north-easterly between India and 
Australia (Fig. 2). Several large earthquakes and some 
shallow soundings shown by Gutenberg and Richter sup- 
port the proposal that such a ridge may exist. Menard has 
included what may be an indication of it in his sketch of 
mid-ocean ridges. If it does exist it willno doubt be discov- 
ered during the Internationa] Indian Ocean Expeditions. - 

The opposing coasts of Australia and Antarctica lack 
large indentations by which they may be matched, but the 
Amsterdam-Cape Naturaliste ridge and the Amsterdam- 
Kerguelen-Gaussberg ridge can be seen to form a pair of 
lateral ridges on either side of the south-eastern median 
ridge. One is roughly a mirror image of the other. Our 
premise implies that Cape Naturaliste was once in contact 
with the Gaussberg coast and this gives a precise method of 
re-assembling Australia with Antarctica (which the ridge 
from Tasmania south to Cape Adare also supports). The 
known ages of Amsterdam’, Kerguelen®® and Heard’? 
Islands get progressively greater. The Gaussberg voleanics 
and those at Bunbury near Cape Naturaliste should be 
older still and related in composition. Many such predic- 
tions enable this hypothesis to be checked. 
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Fig. 5. Sketch map of arctic regions illustrating how continental drift could have moved 
Greenland, compressed the Verkhoyansk Mountains, and opened the deep Siberian basin, 


of which the boundary is Lomonosov Ridge 


The Chagos-Maldive-Laccadive ridge forms another 
lateral ridge paired with the Amsterdam-Cape Naturalist 
ridge across the postulated north-east median ridge. This 
suggests that southern India was once adjacent to western 
Australia and hence close to Gaussberg. If, when India 
was carried north and collided with the rest of Asia, the 
floor of the Arabian Gulf had continued to move northward. 
the fault long postulated along the west coast of India’ 
would be explained. > 

Symmetry suggests that there should be a fourth lateral 
ridge. It must obviously be the Rodriguez-Mauritius 
Seychelles ridge, and again a large fault, known for fifty 
years’*, would have allowed the floor of the Arabian Sea 
to move northwards past Madagascar. If this fault be 
extended along a line of atolls, one of which, Providence’, 
has a voleanic base, it would pass the Seychelles and may 
have carried this group away from Madagascar, thus 
explaining the unusual continental nature of those 
Islands’*. A median ridge through the active volcano on 
Comores Island may exist and have separated Madagascar 
from Africa, and bathymetry suggests that such a ridge 
may exist and extend southwards. 

Two median ridges apparently terminate in the Indian 
Ocean area. It may be more than a coincidence that there 
is a large transcurrent fault in Sumatra?’ where one ridge 
should end. The other ridge passes into the African and 
Jordan rift valleys. Again there is a large transcurrent 
fault in Turkey’*, but it seems to lie some distance from 
the end of the Jordan rift. 

The observation that the rift, marked by a line of 
earthquakes, across the Arctic basin, and the East Pacific 
rise are not centrally located does not mean that these 
ridges are of a different nature from other mid-ocean 
ridges, but rather that they rifted old ocean floors, not old 
continents. 


928 NATURE 


DRE 


ms 






AAS 


June 8, 1963 


VoL. 198 



















S3 
AS 




















Fig. 6. Reconstruction of continents in mid-Mesozoic time assuming that continental drift occurred due to spreading from mid-ocean ridges 
e 


along paths now marked by aseismic ocean ridges. The dashed linea Tepresent some earlier mountains form 
oc 


According to our premise, to complete the rifting of the 
former continents there should also have been’ median 
ridges between South America and Antarctica (such a 
ridge has already been sketched)?’ and between North and 
South America. It is a striking fact that the two branches 
of the East Pacific rise head in these general directions. 
It is suggested that they once passed through Drake 
Strait and the Caribbean Sea. That they do not do so now 
is attributed to the growth in Tertiary time of part of 
Patagonia and Central America along the continental 
fracture system and to expansion of the ridges themselves. 

If the continents stopped moving apart, but the ridges 
continued to expand by rifting, their growth could have 
caused them to move northwards, creating at their ends 
as they expanded the great and active right-hand shear 
faults off Chile’! and through California’®. 

This use of median and lateral ridges and the recognition 
of the Verkhoyansk Mountains as the proper hinge between 
Eurasia and North America instead of Alaska enables a 
unique and new reconstruction of continents to be made 
for Lower Jurassic and probably also Triassic time (Fig. 6). 

This reconstruction has some features in common with 
those already proposed, but differs in others. Especially 
important is the fact that it has been assembled according 
to rules, and not merely by arbitrary matching of coasts. 
It has been given an approximate position from palæo- 
magnetic data**, but this could probably be improved. 

It was not a primeval continent, and the inactive 
mountains marking junctions of older continental frag- 
ments can be plainly seen (Fig. 6). 

Although the median ridges shown in Figs. 1-3 form a 
single system, the pattern of recent earthquakes shows 
that not all parts have been equally active simultaneously. 
There is evidence that in Upper Jurassic and Cretaceous 
time the Atlantic opened and joined the rift striking 
north-easterly across the Indian Ocean to move Africa 
and India northwards together®®. 

In carly Tertiary time the south-easterly rift opened in 
the Indian Ocean and extended south of Australia and 
across the Pacific to separate Antarctica and the Americas. 
Finally, in later Tertiary time the Atlantic rift has been 
active again, but this time has been connected through 
the western ridges of the Indian Ocean with the start of 
the Red Sea and the African rifts. 

These rifts, now the most active, are meridional in the 
Atlantic, in Africa and in the Indian Ocean. The East 
Pacific rise trends north-easterly. Thus the greatest 
contraction and flow is in a generally west-north-westerly 


by unions of older continental 


direction as indicated by the orientation of the Hawaiian 
and Society Islands. The ocean floors must therefore be 
disappearing in trenches lying at right angles to this 
direction. Such trenches are those of the East Asian Arcs, 
the Tonga-Kermadec Islands and the Andes. These are 
the most active seismic regions in thé world with most of 
the deep earthquakes. j 

The large shears in Melanesia have been supposed to 
be left-handed in the Philippines*!, New Guinea®? and 
between the New Hebrides and Tonga*. Thus all the 
directions of shearing in California, off British Columbia 
and in Melanesia, and all the directions of dip of the planes 
on which deep earthquakes lie in the Pacific, may possibly 
be explained by supposing that the floor of the Pacific 
Ocean is moving away from the East Pacific Rise, north- 
westerly to pass under Hast Asia and New Zealand and 
south-easterly beneath the Andes. Likewise, the lesser 
expansion in a northward direction due to the median ridge 
through the southern seas can explain the compression 
and activity of the Alpine-Himalayan-Indonesian region. 

The right-hand shear through New Zealand", like those 
in Melanesia and the Western Americas, results from two 
directions of flow meeting at right angles. Because 
Macquarie Island? is the only island in the deep oceans 
to be well folded, prophyllitized and to have veins of 
sulphides, it seems to be~partly continental in character. 
(So are the several groups of islands in shallow water 
south-east of New Zealand.) It is suggested that the Alpine 
Fault of New Zealand extends south past Macquarie Island 
and offsets the mid-ocean ridge near the Balleny Islands. 

Where two horizontal currents meet at about 180° 
angles, ares form, but where currents meet at about 90°, 
shears form, as Fig. 3 shows. 

Much careful work by Gutenberg and Richter, by 
Benioff?’ and by Hodgson! has elucidated the distribution 
of earthquake foci and the direction of motion for many 
earthquakes. ` 

Attempts to derive a simple interpretation of the 
results have been inconclusive. It is suggested that 
whereas Scheidegger’s*” explanation of the circular shape 
of island arcs by fracture is tenable for a brittle and 
uniform ocean floor in the shallow lithosphere, for deeper 
earthquakes an element of flow intervenes and that no 
consistent pattern exists. It is suggested that the reason 
why the planes marking the foci of deep earthquakes dip 
west under the East Asian area and the Tonga Islands, 
east. under the Andes and nearly vertically under the 


Solomons and Bonin Islands is not decided by any special 
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angles of fracture, but by plastic failure in places decided 
by the direction of flow. The dip is under continents where 
down currents have been overridden and it is near vertical 
where features strike parallel with the flow. 

In the Pacific Ocean ten examples of another type of 
aseismic ridge have already been mentioned, of which the 
Hawaiian Islands are an example. These chains are straight 
and extend in one direction only from an active or recently 
active volcanic centre which is not on a median ridge. 
Betz and Hess** long ago made the sensible suggestion 
that these linear chains lie on large transcurrent faults, 
but later work has not supported this hypothesis. The 
faults afterwards mapped on the islands are not axial®*:® 
but appear to be great landslides to which Fairbridge®® 
directed. attention and of which other large examples are 
recorded on Heard Island”, the Marquesas‘? and Samoa*?. 
The careful charting of Hamilton® has not disclosed a 
submarine fault east of Hawaii. The recent discovery®’ 
of Miocene fossils on Oahu suggests that the spread in age 
along the chain is greater than Stearns postulated’. 
Faulting is not a satisfactory explanation for these chains, 
but an explanation® is possible if the central parts of 
convection cells in the mantle move more slowly below 
about 200 km than above and if the sources of lava under 
the active ends of the chains lie so deep (Fig. 4). Observa- 
tions have already marked the rise of lava from 60 km*é 
and perhaps deeper’. 

The Hawaiian type of chains vary in length. The 
longer they are the higher the proportion of atolls. Darwin 
showed that atolls tend to be older than volcanic islands, 
which suggests that length is an indication of age of these 
chains. 

This hypothesis of terrestrial behaviour is precise and 
can be tested in many places. It is based on much 
published work; but I would also like to acknowledge 
the help of many colleagues some of whom have been. 
supported by grants to me from the National Research 
Council of Canada, the Geological Survey of Canada and 
the Vela Uniform Program of the United States Air Force. 
This is Contribution No. 22 to the Canadian Upper Mantle 
Project. 

L. Smirnow and R. P. Morrison have been particularly 
helpful with advice, for which I am grateful. 
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APPLICATION OF MATRIX ANALYSIS TO ARCHAEOLOGICAL PROBLEMS 
. By J. MATTHEWS | 


Australian National University, Canberra 


G W. BRAINERD! has pointed out that the pre- 
- historian, as a historian of culture, is particularly 
concerned with the way things change as time passes. 
The particular point that Brainerd is concerned to make 
is that the prehistorian must recognize change in the 
archæological context as a continuous process. Although 
the prehistorian is usually presented with parcels of data 
which are isolated in space and time, so that culture 
change appears as a series of discrete stages, the factors 
affecting that change must be taken to be continuous 
variables. 

Brainerd expands this point in his paper; some of 
the salient features of his argument are summarized hore. 

If a chronological sequence can be determined by a 
procedure which has no reference to the cultural inter- 
pretation of the data then the causal relationships after- 
wards reconstructed will be supported by independent 
chronological evidence. There is no logical reason why 
such a technique should be impossible. 

Archeological types are usually defined in terms 
of series of objectively discernable artefact traits occurring 
in constant combinations in single artefacts. Such 
types may be assumed to represent cultural standards. 
The problem is to discover whether the frequencies of 
types in assemblages or samples can be the basis for the 
objective determination of chronological sequences. 
Mathematical procedures using the largest possible number 
of types, that is, constantly recurring combinations of 
characteristics, are likely to produce the best results. 

The changes occurring in a culture during a period 
of time are likely to have complex causes. But the course 
of that change can be considered as a linear order which 
will not be affected by subjective differences of emphasis 
or judgment on the part of the observer. = 

Archeological data, must be tabulated. The divisions 
commonly used are hierarchical, and the smallest division 
is often called the type. In fact the nature of such 
divisions does not bear directly on the statistical method 
which has been devised to determine chronological 
sequences. The divisions must be such, however, that all 
artefacts which belong to them must come from similar 
cultural contexts. All artefacts classified under one 
group must have been made at approximately the same 
time and place. Brainerd calls these sorting groups 
‘types’. Types are usually found in archeological assem- 
blages (Brainerd refers to artefact collections; the former 
terminology is perhaps to be preferred). 

The analytical technique is based on the hypothesis 
that each type originates at a given time in a given 
place, is made in gradually increasing numbers as time 
goes on, then decreases in popularity until it becomes 
forgotten, never to recur in identical form. 

W. S. Robinson? describes a statistical technique that 
he devised to solve the archeological problem raised by 
Brainerd. A summary of Robinson’s technique is given 
here. 

If, over a course of time, artefact types come into 
and go out of general use then a graph drawn to show 
the variation of the percentage of that type occurring in 
assemblages over a continuous period of time will show a 
fairly symmetrical, unimodal distribution. Assuming 
that types appear in succession, assemblages coming from 
deposits representing periods very close in time will have 
percentage distributions of types which are very similar. 
Deposits with a considerable time-span between them will 
have very different percentages of the various types. 


Assuming such a situation, the comparisons can 
be quantified by devising a measure of how similar or 
dissimilar percentage distributions are for various parts 
of deposits. Such quantification will produce ‘indexes of 
agreement’ between the percentage distributions. 

If seven ‘deposits are numbered 1-7 in chronological 
order, and if the indexes of agreement between all parts 
of deposits are displayed in a matrix (Table 1) then the 
matrix will show a definite structure. Rows read from 
left to right, or right to left, and columns read from top 
to bottom or bottom to top will grow progressively larger 
from right to left or vice versa, and top to bottom, or 
vice versa. 





Table 1 š 
I uU M YV V W w 
I 6}/5!14{3]2/]1 
ir 6 6|/ 5] 4 ],3 7 2 
MI 5 | 6 6| 5 |4 | 3 
IV 4} 516 6; 65] 4 
y s|41]6]6 6 16 
W|2{3i/4i]6416 6 
vir} i/2/3]4]5 46 





It follows that if there are indexes of agreement for 
seven deposits and the chronological order of those 
deposits is not known, a matrix can be arranged so 
that the pattern shown in Table 1 is approximated. Then 
thero will be strong presumptive evidence that the 
resulting order shown along the margin of the table is a 
chronological order. A matrix in which indexes of agree- 
ment have been scattered at random will not take this 
pattern. If Table 1 can be arranged to show the desired 
pattern, this fact is evidence of order among the data. 

The pattern shown in Table 1 is merely presumptive 
and not conclusive evidence of an underlying chronological 
order of the deposits. The presumptive naturo of the 
inference can be changed to practical certainty if appro- 


priate collections of field data are available. Ali that 


is necessary is that deposits should show chronological 
change through depth, so that the strata in each deposit 
lie in a chronological order. Higher strata will be chrono- 
logically later than lower strata. 

This point is illustrated with a collection of Mani 
pottery, Maya ceramics of the Puuc region in Yucatan. 
Three trenches were excavated, I, II and ITI. ` Each 
trench was excavated in three layers, 4, B and O and 
each layer was treated as an assemblage. Coefficients of 
agreement were calculated, and arranged in a matrix to 
produce the desired pattern. The use of chronologically 
ordered deposits allows the presumption that the order 
of the deposits on the margin of the table is a chronological 
order to be checked. 

For any trench, the deposits should appear in the 
order A, B, C or C, B, A. This was precisely the caso, the 
order being IT4, IXA, IIIB, 14, IIC, IB, OB, IO. 
If the order along the margins of the matrix was not a 
chronological order, then the marginal order would not 
reflect the chronological sequence of the deposits in their 
trenches. Robinson considers that the fact thatthe marginal 
order puts the chronologically ordered deposits into their 
correct chronological order leads overwhelmingly to the 
conclusion that the marginal ordering is chronological. 

Testing with stratified deposits carries another ad- 
vantage—it shows the direction in which chronology runs 
along the margin of the table. 

Discussing appropriate coefficients of agreement, 
Robinson. points out that the Pearsonian correlation co- 
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efficient cannot be used as it is particularly sensitive to 
extreme values. In any one deposit there is usually one 
relatively large percentage of a type and a number of 
very small percentages of other types. A coefficient of 
agreement must be devised to suit this particular problem. 
The measure of similarity in the percentage distribution 
of two deposits is most easily defined in terms of the 
lack of agreement between the two deposits. For example, 
one deposit may have 11-3 per cent of type A, and another 
29-6 per cent of the same type. The lack of agreement 
between the two percentages is their difference, or 18-3. 
Similarly, if two deposits both lack a type, the difference 
will be 0 per cent—0 per cent = 0. 

It is inconsequential whether the percentage is larger 
or smaller in one deposit rather than the other. The 
sum of the differences between all pairs of types in two 
deposits added without regard to sign is thus the total 
lack of agreement between those two deposits. To 
turn a measure of disagreement into a measure of agree- 
ment, all that is necessary is to subtract the total disagree- 
ment between the two deposits from 200—the maximum 
value of disagreement that is possible between two deposits. 

Robinson mentions that the final ordering of the 
deposits can be tested if graphs are drawn for each type. 
The percentage of the type found is represented along 
the vertical axis of the graphs, the deposits in chrono- 
logical order along the horizontal axis. Each graph 
should then represent a fairly symmetrical unimodal dis- 
tribution. Sometimes it may be necessary to test the 
final ordering of each type for its statistical significance. 
This can be done if each order is tested for randomness. 

Brainerd! explains that Robinson’s statistical method 
was stimulated by the problem of defining more precisely 
the chronology of the Maya ceramics of the Puue region 
in Yucatan. Types were selected from the assemblages, 
types which seemed to show significant variations in 
frequency among the assemblages. Robinson’s technique 
was then applied and the order in which the assemblages 
were placed was taken to be a chronological order. How- 
ever, Brainerd remarks, the possibility that factors other 
than chronology might cause a sequence was not ruled out 
in all cases. ` 

In order to test the hypothesis that the factors re- 
sponsible for the order of the deposits was chronological 
and also to discover if there were other factors causing 
variation, the following tests were made. i 

A series of graphs was drawn, on which the percentage 
of each type was plotted against the deposits arranged 
in the order produced by the matrix analysis. The 
graphs demonstrated a fairly symmetrical unimodal 
distribution, suggesting that the causal factor must have 
been linear. The modes of these graphs occur at different 
places along the horizontal axes, although these axes 
represent the same quantities and are drawn to the same 
scale. The variations are thus not complementary to 
each other, as they would be if the order was produced in 
a series of deposits which contained a single well-re- 
presented type. In such a case, changes in the type that 
was well represented would be reflected in complementary 
changes in other types which may be barely present. In 
addition, coefficients of agreement were calculated for a 
site after the type showing the largest percentage variation 
in the series had been eliminated. The order of the 
deposits was not changed. 

Brainerd concludes his remarks on the statistical 
technique by suggesting that the linearity of a causal 
factor will identify it as a chronological factor and will 
isolate chronologically caused variations from variations 
produced by other causes. Other causes which would 
produce changes in the percentage distributions of types 
in @ number of deposits, for example, regional cultural 
variations and social stratification, would be expected 
to show clumping rather than linear ordering. 

At about the same time that Brainerd and Robinson 
developed their method for chronologically ordering 
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archzological deposits at the University of California, 
D. J. Tugby* applied matrix analysis to a rather difforent 
archeological problem. He was concerned to usc matrix 
analysis as an aid to the identification of archeological 
types, and so to help in the classification of archxological 
artefacts. Tugby incorporated various features of the 
technique devised by Brainerd and Robinson into his 
method. His problem was concerned with the typological 
analysis of axes and choppers from south-east Australia. 

More recently, D. L. Clarkot has given a preliminary 
account of an application of matrix analysis which 
he has made to a similar problem of recognizing archxo- 
logical types. He, however, makes fuller use of the toch- 
nique devised by. Brainerd and Robinson than Tugby 
does. But the essence of Tugby’s method is similar to that 
of Clarke’s. So it follows that although the following 
discussion refers only to Clarke’s use of matrix analysis, 
it can equally well refer to Tugby’s application of this 
statistical technique. 

Clarke’s paper describes a method he has devised to 
help with the grouping and definition of the Beaker culture 
in Great Britain. He is concerned primarily with Boaker 
pottery, and although previous attempts have been made to 
classify these artefacts, Clarke feels that they havo not 
been successful. A summary of Clarke’s method and his 
discussion of the problem is given here. 

Different artefacts are distinguished by their possession 
of constantly or frequently recurring groups of character- 
istics. The problem of distinguishing one kind of artofact 
from. another is a statistical problem. 

On examination, Beaker pottery in general and cach 
beaker possesses four major variable qualities: 

(1) shape; (2) decorative motifs; (3) position of 
decoration; (4) paste and firing. 

For the purposes of matrix analysis, these general 
variable qualities have to be reduced to individual traits, 
so far as may be possible. The paste and firing of beakers 
was found to be remarkably consistent, so this major 
variable was dropped from the analysis. 

The shape of a pottery vessel cannot be defined easily 
by a single equation or factor. The proportions of the 
vessels have to be expressed as ratios in terms of a com- 
mon factor. In this case the diameter at the waist was 
chosen. A series of five ratios was devised to express the 
basic shape and each ratio was divided into ranges determ- 
ined by plotting all the ratios against the number of 
vessels and dividing the resultant graph accordingly. 
Another seven variables were added describing rim shape, 
curvature, etc., allowing twenty-three variables to define 
shape. 

The decorative motifs were divided into ten main cate- 
gories. The position of the decoration was described in 
terms of six general styles of decoration. 

The thirty-nine variables so devised “each occur ono 
with another to define individual vessels”. In ordor to 
determine significant combinations of these variables, a 
matrix was constructed. An electronic computer was 
used to assist the construction of the square table, in 
which was entered the number of times each variable 
occurred with each of the others in the sample examinod. 
The electronic computer was again used to re-arrange the 
matrix so that the pattern apparent in Table 1 was approx- 
imated as closely as possible. In the resultant matrix 
high frequencies tend to congregate around the diagonal. 

Brainerd! has described a technique which helps with 
the interpretation of an ordered matrix; it consists of 
contouring the matrix, as though it were a relief map, 
the contours joining coefficients of agreement of similar 
values. If Table 1 is contoured in this way, the relief 
shown would be that of a central ridge occupying the main 
diagonal, the rest of the Table sloping away to the sides 
of the matrix. In fact, an ordered matrix contoured in 
this way and read as if it were a relief map will exhibit 
peaks which may be more or less isolated. Such peaks 
indicate clusters of high coefficients of agreement. 
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Clarke has applied this technique to the ordered matrix 
for the Beaker pottery. Reading the contoured matrix, 
he remarks that high-frequency groupings stand out as 
peaks or plateaux, their relationship being shown by the 
linking contours. The matrix indicates that there are no 
distinct groups of pots, but that a continuous spectrum of 
combinations of traits is presented with very distinct 
trends and concentration about certain properties. 

The old concept of ‘type’ is of little use in the inter- 
pretation of the contoured matrix. It would seem that 
at any one time ‘ranges’ of shape and decoration prevailed. 
Clarke has isolated six groups or ranges from the matrix 
indicating that two main trends of development are repre- 
sented. As the ordered matrix has been arranged to 
approximate to the pattern displayed by Table 1, Clarke 
has taken the ordering of the variables along the borders 
of the matrix to be a chronological order, with the older 
variables lying to the left at the top of the table and the 
younger to the right. Consequently he has placed the 
groups or ranges that he has identified in a temporal 
order, and given the trends that he has isolated a chrono- 
logical direction. 

Before discussing Clarke’s application of matrix analysis, 
a return to the method devised by Brainerd and Robinson 
is necessary. Using the coofficients of agreement defined, 
the pattern shown in Table 1 merely indicates that the 
deposits have been arranged in order of agreement— 
similar deposits are close together and dissimilar deposits 
are far apart. It cannot be held for a moment that there is 
any direct chronological information contained in the 
ordered matrix per se. 

However, Brainerd is surely correct when he suggests 
that the single factor most likely to produce a ‘linear’ 
change in the distributions of percentages of types in a 
series of assemblages is a temporal factor, for the reasons 
given. But the tests mentioned here for determining the 
‘linearity’ of the factor causing such a change in distribu- 
tion do not demonstrate that the factor is temporal—they 
merely indicate that it is ‘linear’. Although the temporal 
factor is perhaps most likely to produce such a change, it 
is not the only factor which could produce such a change. 

It is quite possible that a geographical factor might 
produce such ‘linear’ change, although this would seem 
to be less probable than the former case. The only 
empirical test performed by Brainerd and Robinson to 
substantiate their hypothesis is that described by Robinson 
and involving a series of deposits which contained Mani 
pottery. It must be pointed out that this test is not as 
conclusive as the authors suggest. For although the 
ordered matrix does not place any of the strata from 
any of the trenches in positions which would definitely 
show that the order was not chronological, there are in 
fact many ways in which the deposits could be ordered 
so that the known chronological sequence was not dis- 
turbed. But this test, if not conclusive, certainly provides 
strong evidence to support the hypothesis. 

Brainerd points out that the factors influencing the 
way in which the proportions of various types may change 
in a sequence of assemblages will be complex factors. The 
temporal factor alone will not be the only factor producing 
the change. It is only in those situations where the 
temporal factor has a particularly marked effect on the 

change that matrix analysis of the kind advocated by 
Brainerd and Robinson will produce a chronological 
order of the assemblages. In other situations the ‘linear’ 
effect of the temporal factor will be obscured’ by the 
other factors present in the situation. If a priori assump- 
tions are accepteble, then it must be assumed that 
generally archeological assemblages are of the latter 
kind. Brainerd and Robinson’s method clearly has great 
application that is not confined to archeological problems, 
but it is equally clear that the method must be applied 
with circumspection. 

Clarke has applied the statistical method devised 
by Robinson for the chronological ordering or archxo- 
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logical deposits to the problem of placing the kinds of 
Beaker pottery revealed by matrix analysis in a chrono- 
logical order. A discussion now follows of the appropriate- 
ness of Clarke’s use of Robinson’s technique. Clarke 
has not made any adaptations of Robinson’s method. The 
technique was devised to fit a certain set of circumstances; 
these circumstances must be present in the situation 
analysed by Clarke if his use of the method is to be 
valid. 

The index of agreement devised by Robinson is a form 
of a matching coefficient. Robinson’s coefficient has been 
criticized by D. J. Lehmer® on the ground that it takes 
no account of the size of the various assemblages. If 
an assemblage is considered as a sample, the larger the 
sample the more likely it is to reflect the nature of the 
population from which it is drawn. Lehmer suggests that 
a suitable coefficient would be one which gave greater 
emphasis to samples from similar populations when 
those samples.were small. He proposed that the mean 
standard error of the differences which make up the co- 
efficient of agreement should be substituted for the co- 
efficient of agreement. 

Robinson and Brainerd! have replied to Lehmer’s 
criticism by pointing out that the procedure he advocates 
would certainly produce the results suggested, that is, 
would emphasize the differences between small samples 
over those between large samples. But Robinson and 
Brainerd point out that such emphasis is not only un- 
necessary but is also misleading, and give an example 
to demonstrate this point. Lehmer’s suggestion is 
certainly relevant to the problem of testing the statistical 
significance of the observed result but is not relevant to 
the problem of estimating the parameters of the popula- 
tion. 

Clarke has not used any coefficient. In his matrix the 
actual number of pots which were observed to possess 
any pair of characteristics is entered directly in the table. 
Although this makes tabulation very simple it leads to 
statistical disadvantages. It is only if the assumption 
is made that all kinds and ranges of pottery are represented 
by exactly equal numbers of pots in the population that 
such a procedure could be justified. For example, if 
50 pots of a certain kind are present in a sample, and all 
those pots possess characteristics A and B, then the 
figure 50 will be inserted in the appropriate place in the 
matrix. Similarly, if 100 pots of another kind are present 
in the same sample, and these pots all possess character- 
istics C and D, then the figure 100 will be inserted in the 
table. The correlation of characteristics A and B will 
thus seem to be half that of characteristics O and D. 
But in fact the correlation of both pairs of characteristics 
is the same, that is, 100 per cent. 

Robinson’s method was devised to produce chrono- 
logical ordering in archeological deposits containing 


Table 2, TABLE OF VARIABLE TRAITS 
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Table 3. THE UNSORTED MATRIX 
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define kinds and ranges of pottery. 
But his use of an &-technique 
is not appropriate to this end. 
Clarke’s aim is to discover signifi- 





cantly recurring groups of charac- 
teristics. The nature of the 








variables used by Clarke is such 





that each individual pot must 





possess at least eight of these 
variables. But a matrix of the 

















kind used by Clarke may indicate 
that 100 pots possess characteris- 





tics A and B, and that 100 pots 
possess characteristics B and C. 





The vital information is how 








many of the first 100 pots ure 





identical with those of the second 





100. This information is not con- 








tained anywhere in the matrix. 





There is also no indication 





in the matrix of the total number 
of individuals present in the 





sample. It may well be trne 














varying proportions of the same types of artefact. Clarke 
is applying matrix analysis to a population that is statis- 
tically heterogeneous in order to discover significantly 
recurring combinations of characteristics. ‘Hetero- 
geneous’ is used here in tho sense that it is used by W. T. 
Williams and M. B. Dale’. Robinson’s method only 
applies to situations concerning assemblages for which the 
constituent types have been identified and defined. 

This point is illustrated further by the types of matrix 
used by Clarke and by Robinson. As R. R. Sokal and 
C. D. Michener® have pointed out, there are two different 
kinds of matrixes which can be used in the statistical 
evaluation of systematic relation- 
ships. Each technique has its own 
statistical significance. One tech- 3 6 
nique of factor analysis, the R- 
technique, considers the correla- 





13 14 18 20 1 


that the most significant informa- 
tion contained in such an R- 
matrix resides in the main dia- 
gonal. Here is the indication 
of how many individuals in 
the sample possess each charac- 
teristic. Unfortunately the main 
diagonal is left blank in Clarke's 
matrix. 

An examination of Clarke’s ordered matrix demon- 
strates the kind of confusion that it must be expected to 
produce. In one part of the matrix 141 pots possess two 
characteristics; let them be called A and B. In another 
part of the matrix 141 pots possess characteristics C and D. 
In yet another part of the matrix 141 pots possess charac- 
teristics E and F. The parts of the matrix in which these 
three samples of 141 pots are indicated are taken to 
represent three different kinds or ranges of pots. Yet 
the numbers entered into the matrix are such that it is 
difficult to believe that this situation could arise through 
coincidence; the suspicion is aroused that in fact it is the 








Table 4. THE SORTED MATRIX 
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tion of pairs of characteristics pre- 
sent in a population. The other, 
the Q-technique or the transposed 








matrix method, considers the 





correlation of individuals present 





in a population in terms of the 
characteristics which pairs of in- 
dividuals may or may not have in 
common. Robinson uses the 
Q-technique; Clarke uses the- R- 
technique. 

The statistical situation for 
which Robinson devised his tech- 
nique differs in kind from that 
situation to which Clarke has tried 
to apply the technique. Clarke’s 
contention that his ordered matrix 
produces a chronological order 
among the kinds and ranges of 
pottery isolated and defined and 
that the various trends of develop- 
ment are given chronological direc- 
tion must be rejected. 

The chronological purpose is 
only part of Clarke’s endeavour. 
He is primarily concerned to 
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same 141 pots that possess all six characteristics. There 
is no information contained in the matrix to confirm or 
refute this suspicion. 

An artificial situation has been devised to emphasize 
the difficulties which may arise when an R-technique is 
used, as it is by Clarke, to isolated kinds or ranges of 
individuals. Table 2 describes two assemblages of arte- 
facts, group A and group B. Each assemblage contains 
four kinds of artefact, numbered 1-8. These kinds of 
artefact are defined in terms of recurring groups of variable 
traits. These traits are numbered in Table 2, which indi- 
cates which group of traits defines which kind of artefact. 
Each kind of artefact differs in the combination of charac- 
teristics that it possesses from every other kind. 

Table 3 is an R-matrix for the assemblage represented 
by group A when the sample contains ten examples of the 
four kinds of pots 1-4. Following Clarke, no correlation 
coefficients have been used—the number of individuals 
which possess any pair of characteristics is entered directly 
into Table 3. However, Table 3 is also an R-matrix for 
group B, when the sample contains ten examples of the 
four kinds of pot 5-8. Two different assemblages each 
containing different kinds of artefact can produce the 
same R-matrix. 
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In Table 4 the matrix has been re-arranged to 
to the pattern shown in Table 1. Again, two 
assemblages produce the same ordered matrix. / 
the matrix would seem to indicate significant gror 
characteristics, Table 2 demonstrates that these g 
do not in fact define the kinds of artefacts present 
assemblage. 

Clarke’s ordered matrix does produce grou 
characteristics, but it is only in a Pickwickian se 
such groupings could be considered archeo 
significant. It is difficult to imagine any pragn 
for such analysis. But it is certain that Clarke is 
correct when he suggests that the statistical apy 
most appropriate for this kind of archeological ) 
even though the method he describes will not p 
solution. 
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THE GREEN LEAF AS A HEAT ENGINE 
By Dr, D. C. SPANNER 


Department of Botany, Bedford College, University of London 


HERE seems to be an increasing consensus of opinion 
among those working in this field that the lowest 


` obtainable requirement for photosynthesis lies somewhere 


between six and ten quanta of red light per molecule of 
oxygen released?. The main interest of this figure lies 
in a comparison with the minimum requirement which 
can. be established on theoretical grounds, and the princi- 
pal purpose of this article is to examine an aspect of these 
theoretical considerations which has, I think, been over- 
looked. There are. broadly speaking, two ways of approach- 
ing this subject, the thermodynamic and the mechanistic; 
and we shall think of these in turn. 


Thermodynamics of Photosynthesis 


The thermodynamic solution to the problem has usually 
been. conceived as follows. With reasonable assumptions 
as to the substances concerned as reactants and products, 
and their concentrations, it is possible to evaluate the 
overall increase in free energy (AG) which occurs when 
a mole of oxygen is set free, or a mole of carbon dioxide 
fixed. The result works out at approximately 120 kg cal. 
This is compared with the total energy in an einstein of 
red light, the einstein representing the same number of 
quanta as there are molecules in a mole (that is, 6 x 1023). 
The red light is usually chosen of wave-length equal to the 
maximum of the fluorescence spectrum of chlorophyll. 
Since the einstein in this case has an energy content of 
41 keal, a simple division gives the minimum requirement 
as æ 3 einsteins per mole or quanta per molecule of 
oxygen. 

This calculation—I am not aware whether the point 
has been made before—contains the implicit assumption 
that when radiation is absorbed its energy is all realizable 
as work, for its amount is equated simply with the minimum 
work which must be done on the leaf to promote the 
measured increase in its free energy. This assumption, 
when stated explicitly, is seen at once to be almost 
certainly false, for it is a well-known fact that radiation 
is one of the modes of heat transfer, and the absorption 
of radiation may therefore turn out to be describable much 
more accurately as an absorption of heat than as a receiv- 


ing of work. Before we can equate the energy of tk 


‘tion therefore to the AG of the photosynthetic pri 


have to enquire with what sort of theoretical effic 
can be realized as work, and in the course of doin 
will appear that the green leaf has as much righ 
regarded as a heat engine as has a diesel mot 
steam turbine. 


Temperature of Radiation 


In investigating this problem we will, for sin 
consider the leaf as availing itself of monochromat 
that is, of light comprised within a fairly narrow b 
band of frequencies (say, between v and v + dv 
light may be incident on it.in a parallel be 
individual rays of which are all comprised within a 
solid angle dQ; it may have a much wider dir 
spread; or it may even arrive equally from all di 
(isotropically). 

A cavity within a material body of uniform temy 
contains radiation of the special quality known a 
body radiation. It is isotropic and possesses a con 
spectrum, the distribution of energies among the c 
wave-lengths following the well-known law discov 
Planck. It is natural that such black-body ri 
should be regarded as having the same temperatur 
associated body of matter, since the two are in 
equilibrium; but what is not quite so obvious is ` 
must regard even monochromatic unidirectional ri 
as possessing a temperature. That we must do so 
from the fact that with suitable arrangements 
bring such radiation into thermal equilibrium wit 
material body. 

Consider, for example, a test object comp 
substance transparent to all wave-lengths . exc 
band under consideration to which it is totally 
ing. In accordance with Kirchhoff’s law this 
will radiate only this band of frequencies when 
and it will do so with maximum power. Now if thi 
be placed in the beam of radiation it will at first 
more energy from the beam than it radiates b 
wards the source; but if its temperature be 
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there will come a time when it is radiating in the 
direction of the source the same amount of energy as 
it is intercepting from the beam. Moreover, at this 
point the exchange of radiant energy between the test 
object and the source is a thermodynamically reversible 
one, for the radiations are identical in spectral quality, 
intensity, angular dispersion and if necessary in polariza- 
tion. Thus the test object, which behaves as a black 
body to the radiation in the beam, is absorbing energy 
reversibly from it; it is therefore entirely logical to regard 
its temperature as defining the temperature of the radia- 
tion. 

It appears from this that the absorption of radiant 
energy from a monochromatic beam is subject to a temper- 
ature limitation. Only if a material object is at a lower 
temperature than the radiation can there be a macro- 
scopic uptake of energy from it. This is a clue; it suggests 
that the energy picked up must be regarded as an absorp- 
tion of heat, since work is independent of any such 
limitation. As a matter of fact, this conclusion is not 
entirely justified. Owing to the fact that radiation exerts 
a mechanical pressure on objects on which it falls it is 
able to do work on a body even when that body exceeds 
its own temperature; a beam falling on the perfectly 
reflecting vane of a hot radiometer will impart kinetic 
energy to it, suffering itself an increase in wave-length 
and loss of energy in the process. But the previous con- 
clusion is still valid; absorption of radiation implies an 
absorption of heat, as entropy considerations will confirm. 
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Entropy of Radiation 


Before we are in a position to discuss the maximum 
work which can be realized from the absorption of mono- 
chromatic radiation we must determine the entropy 
attributable to it. Were it not for the existence of radia- 
tion pressure the matter would be a very simple one. 
Consider the hot-test object we have been discussing en- 
closed in an insulated cylinder and piston the inwardly 
facing surfaces of which are perfectly reflecting and there- 
fore give out no radiation of their own. The cavity 
within the cylinder will be occupied partly by the test 
object and partly by vacuous space containing isotropic 
monochromatic radiation in equilibrium with it at the 
temperature T. If now the piston be pushed in to decrease 
the volume of the radiation by a small amount dV the 
energy dU of the radiation destroyed will be absorbed 
reversibly as heat by the test object, the entropy of 
which accordingly will increase by dU/T. But since the 
whole process has been reversibly carried out there can have 
been no overall increase of entropy; consequently this 
expression must also represent the entropy dS of the 
radiation destroyed. However, owing to the fact that the 
radiation exerts a pressure (P) the foregoing calculation 
is not quite complete, for work is required to move the 
piston inwards, equal to PAV. As a consequence, by the 
first law, the test object receives an amount of heat 
equal in all to dU + PdV and the expression for the 


U + Pay 
entropy involved becomes dS = gU t Par, 


By a 
well-known result of Maxwell’s electromagnetic theory the 
value of P for isotropic radiation is equal to u/3, where 
u is the energy of the radiation per unit volume. Writing 
dU = udV-we therefore have for the entropy of the 
4 dU 

radiation dS = Zo ar or for a finite amount: 
aed 
3° 7 

Where the radiation is in a parallel beam the pressure 
will be three times as great, and the numerical coefficient 
in the expression for the entropy correspondingly in- 
creased; but since in practice even a parallel beam will 
probably have become scattered by the leaf structure 


S= (1) 


NATURE 


935 


long before it has all been absorbed by the chloroplasts its 
entropy will have risen to that of more or less isotropic 
radiation before its energy is utilized for work. In this 
process of scattering, the temperature of the :nonochro- 
matic radiation naturally falls considerably as its angular 
dispersion rises from dQ towards 47 and it is interesting 
to make an estimate of the extent of this fall’. If we 
assume the temperature of direct solar radiation at 
6800 A to be 6,000° K, scattering uniformly into a solid 
angle of 4x from one of about 0-6 x 10-4 reduces it to 
about 1,350° K. On the other hand, tungsten light of a 
temperature 3,000° K and solid angle 0-01 on scattering 
similarly falls to a temperature around 1,500° K. The 
question of the actual temperature of the radiation to 
which the chloroplasts in any given case are subjected 
is clearly not a simple one; if a monochromatic beam is 
passed through a small hole into a sphere with opaque 
white walls the successive scatterings on reflexion at the 
walls will build up the temperature of the isotropic radia- 
tion to that of the entering beam, and to a small extent 
such repeated reflexion must occur in the leaf. It is 
fairly clear, however, that the chloroplasts are subjected 
to radiation of a temperature which may be very con- 
siderably below that of the source. 


Maximum Thermodynamic Efficiency 
We can now calculate the maximum amount of work 
which can be realized from the absorption by the leaf of 
radiation of energy U, temperature T, and entropy S.. 
Suppose the temperature of the leaf is Tr and the work 
obtained W. Then by the first law the deficit of W from 
U must represent heat rejected to the general surroundings 
of the chloroplasts; that is: 
f Q=U0U -W 
The leaf accordingly rises in entropy by an amount AS; 
at least equal to Q/T:: 
AS: > Q/Tr (3? 


But the entropy of the radiation destroyed can be tuken 


(2) 


4 U 
typically as S, = 3° thus the overall entropy in- 
r 
crease is: 


4 
AS > Q/T1 ~ 3: UIT, (+) 
If the entire process has been conducted reversibly AS 
willbe zero. Further, W will assume its maximum value 
W max and relations (3) and (4) will become equations. 
Substituting for Q in (4) we shall then get: 


4 T 

Wrox = U1 3 - we) (3) 
This equation, subject to a slight proviso, is the answer 
we require. That a proviso is necessary can be seen by 
writing T, = Tı, when apparently a negative quantity 
of work is indicated. This anomalous result-—J thank 
Dr. Nora Hill for pointing it out—is due to neglecting the 
fact that if a leaf is absorbing radiation of a higher temper- 
atureitis of necessity emitting unbalanced low-temperature 
radiation of its own within the same solid anglo, and this 
unbalanced emission will entail an entropy change. In 
all ordinary cases, however, T, will be appreciably greater 
than T; and this contribution to the entropy balance will 
be negligible. This follows from the Stefan—Boltzmann 
law, which implies that the entropy emission of a radiating 
body is proportional to the third power of its absolute 
temperature. Equation (5) therefore is adequate for our 
present purposes, but it can easily be corrected if necessary 
for extreme cases. - 


The Leaf as a Heat Engine 


The result we have obtained stresses again that funda- 
mentally we are not far wrong in regarding the green 
leaf as a heat engine. Were it true that the radiant 
energy absorbed could be regarded as pure ‘heat’ expri s- 
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sion (5) would have been altered only to the extent of 


f 4 
replacing the factor 3 by unity, and in any event the 


energy input to technological heat engines is never pure 
heat. It is again true that the leaf delivers its output 
not as classical work but as chemical free energy; but 
neither is this a disqualifying consideration. The interest, 
however, of the recognition lies not so much in any 
startling quantitative consequences as in the fact that it 
constitutes a new point of view. From the quantitative 
aspect the implications can be seen by giving typical values 
to T: and T,. If we take T, = 300° K and T, = 2,000° K 
the efficiency of the conversion into work has a maximum 
value of 80 per cent; if T, = 1,000° K (corresponding 
more to the ‘low light’ intensity often used) the maximum 
is only 60 per cent. In fact, contrary to what is usually 
stressed in discussions on photosynthetic efficiency, the 
thermodynamic situation, in any event, implies a lower 
efficiency at reduced light levels. The use of unidirec- 

` tional light and prior polarization may imply, it is true, 
higher values for T, than we have taken; but these quali- 
ties in the light provided are scarcely maintained through- 
out the total population of chloroplasts. It seems difficult 
to avoid the conclusion of those who maintain that there 
is some explanation to be found for quantum requirements 
of four or less. $ i 

From a different point of view, regarding the leaf as 
a heat engine raises some interesting questions. What is 
the working substance ? What is the thermodynamic 
nature of the cycle and how fast does it run ? What is the 
upper temperature reached in the ‘engine’ ? What is the 
efficiency in terms of the ‘Carnot’ efficiency calculated 
from equation (5) ? Has the chloroplast the organization 
to enable it to respond favourably to a rise in temperature 
of the radiation consequent on collimating or polarizing 
it ? Is it possible that the leaf functions as a two- or 
multi-stage engine, with high- and low-temperature stages 
corresponding to singlet, triplet and other quantum- 
states? Is the ‘waste-heat’ used regeneratively to increase 
the energy of intermediates and so boost the efficiency of 
the cycle ? At how low a temperature, in any event, is 
the waste heat rejected ? What structural features of the 
chloroplast are designed to retain the energy within the 
cycle ? 

Of course, not all these questions may have helpful 
answers. Owing to the scale of the happenings in the 
chloroplast quantum phenomena will be important in 
contrast to technological engines. Nevertheless, as a 
provocative line of thought they may have their value. 
It may be suggested, for example, that the working 
substance is a population, perhaps a gas, of particular 
electrons; and that the upper temperature reached is 
calculable from the intensity of fluorescence immediately 
after illumination. The time-relations of excitation may 
give a clue as to the speed of the cycle; and it may well 
be that the tight structural organization of the grana is 
interpretable in part as a means of ‘jacketing the cylinder 
walls’ and avoiding heat leakage out of the cycle. At 
least it is known that thermal transfer is reduced in rate 
by potential energy barriers and is dependent on direction 
in anisotropic media. 


Analogy of Active Transport 


These considerations give point to a comparison of 
photosynthesis with active transport in biological systems. 
There are, of course, differences; in the latter the work 
done on the transport system comes from metabolic free 
energy, whereas in the former it comes from radiation. 
But clearly photosynthesis can be validly described as 
an ‘active’ biochemical process. Elsewhere? I have 
discussed active biochemical processes in the light of irre- 
versible thermodynamics, and it may well be that photo- 
synthesis can be usefully investigated from the same 
angle. 
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Activation Energies of Intermediate Reactions 


Wohl! and others have argued that the quantum re- 
quirement for photosynthesis must be influenced by the 
activation energies of those intermediate reactions which 
are required to be stable in reverse; otherwise there 
would be a high rate of backward leakage, particularly 
at low light intensities or presumably just after illumina- 
tion had ceased. The calculation based on this conception 
seems a little hybrid in nature and only quasi-thermo- 
dynamic, and this suggests that its logic may be a little 
precarious. It is a commonplace of experience that run- 
back of practical heat engines is often prevented by 
automatic brakes—devices which permit easy movement 
in one direction but not in the other. Non-return valves 
and electronic rectifiers are similar devices. These all 
function by providing that the slope of the velocity curve 
is different for the forward and back reactions, but the 
point of discontinuity is always displaced slightly from 
the equilibrium position (Fig. 1), otherwise work could 
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Rectifying action 
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be derived from a system in equilibrium merely by 
successively introducing and removing such a ‘rectifying’ 
device. But mechanical, hydraulic and electronic systems 
are not alone in exhibiting such behaviour; chemical 
systems also show it, the polarization of electrodes and 


-the passivity of iron in nitric acid being cases in point. 


Is there any reason why such a rectifying action should 
not exist in the chloroplast ? Or whether the point at 
which it became operative should not lie very close to the 
equilibrium position ? A priori there would appear to be 
none, and there seems no reason therefore why an incre- 
ment of activation energy should be insisted on in the 
calculation of the quantum requirement of photosynthesis. 
Teleologically the development of a rectifying action 
would be of more advantage to the plant than the use of 
high activation energies to prevent run-back, for it 
involves really a large number of steps of low activation 
energy rather than a few of high, and thus departs less 
from the ideal of thermodynamic reversibility. Perhaps 
it would be worth while to consider chloroplast structure 
with this in mind. 


Conclusion 


It thus seems that there exists in Nature, in the process 
carried on in green plants, a heat engine of a quite unique 
kind. In it Nature has probably harnessed electrons as 
the working substance; and the problems of loss of heat 
in a mechanism the working parts of which are of such 
microscopic dimensions have been overcome by operating 
with these minute particles, and at phenomenal speeds, 
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though there may be slower stages as well. It is difficult 
to say with what efficiency the engine converts its energy 
intake into work but the fact that it must of necessity be 
appreciably less than unity makes it very difficult to 
believe in a quantum requirement of four. It is scarcely 
possible to decide in advance whether the recognition 
that the chloroplast functions in this way will lead to a 
real further understanding, but at least it constitutes a 
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suggestive point of view; within the context of the grecn 

plant the chloroplast is the prime-mover and the mito- 

chondrion the generator, and the two together sustain 

the energy requirements of the cellular industry. 

1Gaffron, H., Photosynthesis, in Plant Physiology: a Treatise, edit by 
Steward, F. C. (New York, 1960). 

2 Planck, M., The Theory of Heat Radiation (1914). 

$ Spanner, D, C., Physiol. Plant., 7, 475 (1954). 

t Wohl, K. (1935), quoted in ref. 1 (1960). 


PUBLICATION OF CONFERENCE PROCEEDINGS 
By A` V. S. de REUCK 


Ciba Foundation, London 


HE chief objections to the publication of the proceed- 

ings of scientific conferences have been eloquently 
expressed by Sir Francis Walshe!: ‘It is probably true to 
say that no original discovery ever takes the air for u' e 
first time at a symposium. It appears in print as an 
original contribution in an appropriate journal. Until 
comparatively recently, this was its sole public appear- 
ance. But now it goes on tour round the countries, 
appearing in ever more imprecise form, its hypotheses 
becoming more and more like factual statements at each 
repetition, its basic protocols dwindling progressively, 
and all this at a succession of symposia, with the same 
familiar voices and faces, like a repertory theatre. The 
wandering symposiast, afflicted with his obsessive dromo- 
mania, is a new type among us. Can it be that what 
drives him on is the Carrollian aphorism that ‘what I 
say three times is true’ ? Thus the already over-burdened 
literature is swollen beyond toleration and usefulness, 
and this largely by reiteration. You may call this habit 
‘stocktaking’, if you will, but no efficient business takes 
stock with such frequency”. 

The problem of conference reports was discussed by the 
Scientific Publications Council on April 18, when it met 
at the Ciba Foundation, London, with Prof. A. S. Parkes 
(Physiological Laboratory, Cambridge) in the chair. 
Walshe’s words were quoted by Sir Lindor Brown 
(Physiology Laboratory, Oxford), who introduced the 
subject? by distinguishing: a, specialist symposia (with 
memberships of order 10‘); b, conferences, often inter- 
disciplinary (with memberships of order 107); c, con- 
gresses, usually international (with memberships of order 
10°). The ills attendant on these functions multiply as 
their size increases, although the rapporteur -technique, 
skilfully applied, can mitigate the worst effects of the 
largest: however, in that case it is essential that the papers 
be printed and circulated to members in advance. Sir 
Lindor Brown believed that symposia, conferences and 
congresses have their several uses and should all be 
encouraged; but he strongly deprecated unselective 
publication of their proceedings. 
any procedure leading to the production of up-to-date 
reviews of a field of work by its foremost exponents is to 
be commended. 

Mr. E. S. Sellers (Institution of Chemical Engineers) 
spoke from the point of view of the chartered engineering 
institutions, which reflect in their publications the current 
state of their various technologies. These institutions 
arrange a variety of meetings, including local meetings, 
research symposia, national conferences and international 
congresses, concerned more with the practical application 
of science than with novel research, and they issue the 
proceedings for the benefit of their members and of 
industry as a whole. A rigorous refereeing procedure is 
invariably applied, both in order to maintain a high 
standard and to guard against duplication, and the pro- 
ceedings are usually published and indexed as part of the 
regular series of publications of the institution concerned. 
Mr. Sellers pointed out that there is an economic justifica- 


On the other hand, - 


tion for publishing conference reports, which pay for 
themselves if the subject is well chosen and the quality is 
high enough. The financial burden is then shared by all 
those sufficiently interested to buy a copy, and dovs not 
fall on the general funds. 

Dr. J. M. Ziman (Cavendish Laboratory, Cambridge) 
said that conferences themselves were not in question at 
this discussion—only their reporting. Scientists have 
positive duty to help to dam the importunato spate of 
literature by publishing only once, and wiscly. Since 
meetings cannot be timed to coincide with the completion 
of several researches, many speakers must give interim 
reports of work in progress, while others must summarize 
work already printed elsewhere: either course leads to 
duplication. Conference proceedings tend to be ephemeral 
—which increases the temptation for an author to publish 
again elsewhere—and are difficult to index and abstract, 
especially if they report discussion verbatim. Unfor- 
tunately, it is all too easy to make a profit from the sale 
of even bad symposia, and the whole system is open to 
exploitation. The solution depends on self-discipline 
among scientists; the proceedings of conferences should 
be published only after the usual refereeing procedure. 
and for convenience of reference, should appear as a sc cial 
number of a recognized scientific journal’. 

Mr. L. J. F. Brimble (editor of Nature), reminding the 
Council of the Nature editorial entitled “Publish or 
Perish’’4, said that so long as universities persist in pro- 
moting men on the basis of the volume of their publications 
the flood of print will continue to rise. Many symposia 
are out of date before they appear and few would be 
missed if they were left unprinted. He deplored the 
suggestion that they should be published simply in order 
to help finance meetings, and added that scientists should 
think twice before accusing publishers of making money 
out of science. Science depends vitally on publishers. of 
whom many have been most generous in the past. Mac- 
millan and Co. published Nature for nearly seventy yeurs 
before they received any return for their outlay. 

Mr. A. L. Bacharach (London) reiterated that the only 
justification for oral presentation of research findings is 
the opportunity to submit them to the friendly, but 
critical, scrutiny of the investigator’s disciplinary col- 
leagues before they are ‘written up’ for publication. 
This should not be done at a symposium (still less at & 
conference or congress) but at a local or national meeting 
of the investigator’s own learned society or professional 
institution. Organizers of large national and particularly 
of vast international gatherings should therefore abandon 
the practice of inviting communications from all and 
sundry and confine themselves to securing the most 
suitable experts to present up-to-date, critical and com- 
prehensible surveys of current knowledge. Young 
research workers, who stand to gain most from such 
surveys, and from the social and personal contacts so 
important at international gatherings, should be encor- 
aged in every way to attend, not only by arranging that 
they do not thereby suffer financially, but also by resolutely 
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avoiding the current insistence that ‘you can only go if 
you are going to read a paper’—a reprehensible form of 
activity in any event. 

Mr. A. V. S. de Reuck (Ciba Foundation) argued that 
to-day scientific communications are addressed less to 
scientists at large than to what Price has called “invisible 
colleges” of one’s peers in the field’, and this is achieved 
either by circulating reprints or by attending symposia. 
Whether one likes it or not, scientific journals nowadays 
function chiefly as archives and the most effective channel 
of communication is through small élite gatherings, whose 
published proceedings serve both to map a whole sector 
of the frontier of knowledge and to display recent work in 
its context, giving it a deeper significance which is particu- 
larly valuable for scientists situated far from the metro- 
politan centres of research, especially those in developing 
countries, The ‘didactic deadpan’ style, in which almost 
all scientific work is reported? and which conceals the 


OBITUARIES 


Prof. S. W. Wooldridge, C.B.E., F.R.S. 


Pror. 8. W. Wootprincs, professor of geography in 
King’s College, University of London, died suddenly on 
April 25 at the age of sixty-two. 

Sidney William Wooldridge was born on November 16, 
1900. From Glendale County School, Wood Green, he 
entered King’s College, London, and took a first-class 
honours degree in geology in 1921, following with his 
M.Sc. in 1923 and his D.Sc. in 1927. He joined the staff 
of the Department of Geology and Geography in 1922 as 
a demonstrator, being appointed lecturer in 1927 and 
reader in 1942. In 1944 he was appointed to the chair 
of geography at Birkbeck College, and, although he 
held this position for only three years, he maintained 
his contacts with Birkbeck College and was honorary 
lecturer in geography there. Nevertheless, he regarded 
himself essentially as a King’s College man, and wel- 
comed the opportunity of returning to King’s College 
in 1947 as professor when the chair of geography was 
revived after an interval of seventy years. Earlier, 
when King’s College was evacuated to Bristol during the 
War, he had to shoulder the entire teaching burden of 
the Geography Department, and this period confirmed 
his status as one of the leading British geographers with 
an all-round mastery of his subject equalled by few. 

The Joint School of Geography, consisting of the 
Departments at King’s College and at the London School 
of Economics, kept him in close contact with the economic 
and social sides of geography, and he was an ardent 
believer in the value of comprehensive regional studies. 
His faith in the primary importance of the physical basis of 
geography nevertheless remained firm, and to him belongs 
much of the credit for the maintenance in Britain of the 
strong physical roots of geography in the face of a ten- 
dency in the subject for greater emphasis to be laid else- 
where. He never failed to stress that geography is a field 
science, and his teaching in the field was an inspiration 
to countless students. He played a major part in the 
early work and progress of the Field Studies Council, 
which through. its residential centres revolutionized sixth- 
form teaching in the field sciences. His books included 
The Geographer as Scientist, a collection of some of his 
papers, Structure, Surface and Drainage in South East 
England (with D. Linton), Introduction .to Geomorphology 
(with R. S. Morgan), The Weald (with F. Goldring), 
London’s Countryside (with G. E. Hutchings), and The 
Spirit and Purpose of Geography (with W. G. East). 

The London Basin and the Weald were his particular 
interest, and his name will always be associated with 
thesé. ‘His early work on the quaternary geology of 
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true nature of science, is partly relieved in such publica- 
tions by verbatim reports of discussions, and this, he 
thought, is valuable in humanizing scientific writing. 
On one hand, there seems little to be said in favour of 
staging, let alone publishing, gargantuan congresses; on 
the other hand, it would be a retrograde step to confine 
symposium reports to the journals, the functions of whichare 
changing and the former role of which is gradually being 
taken over by symposia. In these circumstances certain 
journals, including Nature, acquire a new significance in the 
wider dissemination of important news and discoveries. 
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south-east England led him to the realization of hitherto 
unexplained problems of the landforms of the area. 
Basing his ideas on the early physiographic studies of 
Davis and others, he began a new appreciation of these 
problems, and threw new light on the origins of the river 
systems, unravelling the complicated pattern of the 
denudation chronology of the whole region. From this 
work, published jointly with Linton, he extended his 
studies to other parts of the country, with far-reaching 
results. His findings revolutionized the subject, trans- 
forming landform study from the older descriptive physio- 
graphy into the live science of geomorphology, standing 
in its own right as a systematic discipline. In his field 
he was unrivalled, brilliant in his appreciation of land- 
form, and, through the many students whom he inspired, 
his analytical methods and techniques brought a new 
approach to the study of physical geography in Britain. 
The record of achievement in this field over the past 
quarter of a century is largely the result of Wooldridge’s 
work, and will stand as a lasting testimony to his out- 
standing reputation. 

The distinction of his work was repeatedly recognized: 
the Geological Society of London awarded him a grant 
from the Daniel Pigeon Fund in 1928, and from the Lyell 
Geological Fund in 1936; he received the Foulerton Award 
in 1932 from the Geologists’ Association; the Royal 
Geographical Society made him the Murchison Grant 
(jointly with Linton) in 1942, and awarded him the 
Victoria Medal in 1957. He was elected a Fellow of the 
Royal Society in 1959. For his work with the Advisory 
Committee on Sand and Gravel he received the C.B.E. 
He was at times president of the Institute of British 
Geographers, of Section E (Geography) of the British 
Association for the Advancement of Science, and of the 
Geographical Association. Possibly his greatest pleasure 
came from his election to a fellowship at King’s College 
in 1956 and to the presidency of the King’s College 
London Association in his last year. 

Outside his work his interests were numerous. He was 
a governor of Sir John Cass College and of Wye College, 
and gave many years of active support to the Working 
Men’s College. His theological knowledge was great, and 
he was a sincere Christian. For many years he was a lay 
preacher in the Congregational Church, and he was 
received into the Anglican Communion a year before his 
death. He will be remembered with affection for his 
enthusiasm for Gilbert and Sullivan: he was one of the 
founders of the Geoids, a light operatic society originally 
recruited from the Departments of Geology and Geo- 
graphy of King’s College, and his production of The 
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Pirates of Penzance by the College Music Society in March 
of this year gave enjoyment to many people. A keen 
ericketer in his youth, he still delighted in a day at the 
Oval and enjoyed demonstrating the art of spin bowling 
to other enthusiasts. 

A serious illness in 1954 had left him in indifferent 
health in his latter years, and it was a matter of grief to 
him that he had to restrict his research work and teaching 
in. the field; but he continued to exert himself unsparingly, 
and had returned from a first-year field class only two 
days before his death. 

Widely regarded with both respect and affection, he will 
long beremembered forhiseminence as a geographer, and by 
the great number of students and colleagues in whose prob- 
lems he took such great personal interest and to whom he 
showed such great generosity of spirit. J. C. P. 


Prof. A. Geiger i 


Tue death of Alexander Geiger, for the past ten years 
professor of neurophysiology in the University of Illinois 
College of Medicine in Chicago, marks the passing of an 
unusually talented and imaginative scientist. Born in 
Hungary, where he started his medical training, he then 
continued his studies under Biedl in Prague and Botazzi 
in Naples. He joined the staff of the Hebrew University 
of Jerusalem in 1927 and participated in a number of 
practical investigations dealing with the relation between 
diet and climate in Palestine in disorders of the infant. 
He then went on to more basic physiological studies and 
in 1931 published a method for the ultra-filtration of 
blood in vivo and a classical paper on the separation by 
electrophoresis of two oxyhwemoglobins from adalt blood 
of a number of species, which was published in the Pro- 
ceedings of the Royal Society and introduced by the then 
secretary, Sir Henry Dale. 

In 1934 Prof. Geiger established the Department of 
Physiology of the Hebrew University in half a room of 
the old Sir John Grey Hill house on Mount Scopus. His 
staff consisted of a technician and student volunteer. He 
was equally at home in physiology and biochemistry, and 
from then on his main interest became the biochemistry 
of the nervous system, which at that time was practically 
untrodden ground. This was typical of his pioneering 
approach to his scientific work. He was not one to climb 
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Biophysics and Physical Biochemistry at Pennsylvania : 
Prof. Q. H. Gibson 


Pror. Q. H. Geson recently resigned from the chair 
of biochemistry at Sheffield following his appointment as 
professor of biophysics and physical biochemistry in the 
Johnson Research Foundation of the University of 
Pennsylvania School of Medicine and professor of 
physiology in the Graduate School of Medicine. Before 
his appointment to the chair at Sheffield in 1955, he 
was senior lecturer in physiclogy at Sheffield. Prof. 
Gibson is well known for his contributions to rapid 
reaction techniques and their application to the 
kinetic study of hemoproteins. His modification of the 
stopped-flow method of Chance and application of flash 
photolysis to the rapid dissociation of carbon monoxide 
compounds of hzemoproteins gave a new impetus to the 
kinetic investigation of these compounds. By these 
methods he has studied the reactions of hemoglobins and 
myoglobin with oxygen, carbon monoxide and other 
ligands, and the combination of globin and hems, and 
obtained quantitative data of importance for the under- 
standing of the relations between structure and function 
of hemoproteins. His collaboration with Prof. F. J. W. 
Roughton in the evaluation of the intermediate compound 
theory of the reactions of mammalian hemoglobin cul- 
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aboard the fashionable ‘band-wagons’. He was not afraid 
of difficulties and was not out for quick returns in the 
form of publications. His scientific curiosity always took 
the upper hand, and he had the audacity to enter an 
unknown field and the tenacity to stick to it despite 
pitfalls and obstacles. 

After making significant contributions to the bio- 
chemistry of the brain im vitro, the most important being 
the preparation of a metabolically active brain extract, 
he began to feel that pure biochemical methods could not 
contribute sufficiently to the understanding of brain 
functions. Consequently, he did not hesitate to embark 
on revolutionary experiments in which the circulation of 
the living brain was isolated and the brain supplied with 
blood of known composition. Thus the advantages of 
the physiological and biochemical approaches were com- 
bined. It took five years to work out the ‘brain perfusion 
method’, but later Geiger’s metabolic investigations with 
this technique became his chef d'oeuvre until his untimely 
death, and it is for this work that his name will be mainly 
remembered in the scientific world. He published some 
thirty papers and twenty shorter notes on this topic, and 
through his efforts became one of the most effective links 
between the biochemist and the physiologist interested 
in the brain. 

Geiger was a great enthusiast with the quality of 
inspiring his colleagues. He was an outstanding example 
of fairness, always giving credit where credit was due. In 
many ways he had an artistic temperament which helped 
pave the way for his highly original ideas. He had a 
seething mind, and it was always stimulating to discuss 
one’s research with him, no matter what the topic. He 
had an inner resistance to the conventional and did not 
allow himself to become an administrator, which is the 
lot of many a leading scientist in this day and age, but 
continued to experiment with his own hands until the 
last day. 

Geiger had a great love for the outdoors which he 
developed in the Carpathian Mountains in his youth, and 
he had tramped the countryside of Israel from end to 
end. He was a talented amateur painter and cook, had 
a highly developed sense of humour and appreciated art, 
music and good food. He will be greatly missed by his 
colleagues and family. J. MAGNES 
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minated in the estimation of the individual velocity con- 
stants for the successive reactions of carbon monoxide 
with the four hems of sheep hemoglobin. Prof. Gibson 
has recently applied the method of flash photolysis to the 
important problem of the nature and mode of action of 
the hem-enzyme cytochrome oxidase. His recent work 
on flavin oxidation and the mechanism of action of the 
flavin-containing enzyme lipoyl dehydrogenase, in col- 
laboration with Dr. V. Massey, has demonstrated tho 
value of the stopped-flow method, in conjunction with 
other techniques, as a tool for the intimate study of this 
group of enzymes also. 


Mount Wilson and Palomar Observatories, California 


Dr. Horace W. Bascock, noted for his observations 
of the magnetic fields of the Sun and stars, has been 
appointed director of Mount Wilson and Palomar 
Observatories in succession to Dr. Ira 8S. Bowen. who 
retires on June 30, 1964. These Observatories are 
operated jointly by the Carnegie Institution of Washing- 
ton and California Institute of Technology. Dr. Bowen 
has been director of both Observatories since Palomar 
Observatory was established in 1948 and was director of 
Mount Wilson Observatory for two years before that. 
He has been a member of staff of the California Institute 
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of Technology since 1921. Dr. Babcock is at present 
assistant" ditector of the Observatories. He has been a 
adémiber™ of the’ Observatories’ staff since 1946, having 
‘previously been associated with Lick Observatory, 
‘Yerkes and McDonald Observatories, the Radiation 
‘Laboratory at Massachusetts Institute of Technology and 
California Institute of Technology. The Observatories 
‘have a staff of sixteen astronomers. Their excellent 
facilities, which are used by visiting astronomers from 
all over the world, consist of: the world’s largest telescope 
—the 200-in. Hale reflector—and the 48- and 18-in. 
Schmidt telescopes on Palomar Mountain; the 100-in. 
Hooker reflector, a 60-in reflector, and three solar 
telescopes on Mount Wilson ` 


Tne Royal College of Science and Technology, 

G'asgow: Visiting Professorships 

A NEw form of visiting professorship has been instituted 
by the Royal College of Science and Technology, Glasgow, 
aimed at establishing closer links between the College and 
national and industrial research laboratories. As well as 
encouraging intimate collaboration between staff, the posts 
should lead to wider expert use of the facilities of both the 
College and external laboratories. The first five appoint- 
ments are all senior staff of the National Engineering 
Laboratory (Department of Scientific and Industrial 
Research) at East Kilbride. Visiting professors will 
assume some of the responsibility for the supervision of 
research work engaging College staff and postgraduate 
students, particularly those centred at the research 
institutions. They will assume likewise, on behalf of the 
College and in collaboration with College staff, certain 
duties of a supervisory nature in respect of the research 
work of members of staff of such major institutions, 
particularly where such work could qualify for a higher 
degree, and they will provide special lectures or series of 
lectures. 

Appointments will be for a period of up to five years in 
the first instance. The National Engineering Laboratory 
staff appointed to be the first visiting’ professors are: 
Dr. D. G. Sopwith, director of the Laboratory; F. D. 
Penny, deputy director; Dr. C. Timms, superintendent of 
the Machinery Group; Dr. L. Grunberg, superintendent 
of the Fluids Group; Dr. C. E. Phillips, superintendent 
of the Materials Group. 


Opportunities for Research in Tropical Countries of 
the British Commonwealth 


Sm Joseru Hurosrson, Drapers professor of agri- 
culture, University of Cambridge, has written to the 
Editor of Nature pointing out the opportunities which 
now exist for work towards higher degrees in the young 
universities of the tropical members of the British 
Commonwealth. ‘For example, at Makerere College in 
Uganda, which will shortly become a constituent college 
of the new University of East Africa, new statutes will 
include provision for degrees of M.A., M.Sc., and Ph.D., 
on the pattern common in universities in Britain. The 
range of unsolved problems on which studies are urgently 
needed is far wider in these tropical territories than in 
Britain, and the laboratory facilities in their young 


" universities compare favourably with those enjoyed by 


research students in Britain. Moreover, library resources 
are good, though, of course, not so comprehensive as in 
Britain. 

“The young universities have reached a ‘stage at which, 
for their own intellectual progress, they need to develop 
graduate studies such as are commonly associated with 
work for the Ph.D. degree. At the same time, the attain- 
ment of independence has added urgency to the demand 
for their graduates to enter the public service and the 
rapidly developmg commerce of the countries in which 
they are situated. For this reason, very few local graduates 
are likely to stay on for postgraduate study, and graduates 
from Britain would be particularly weleome. 
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“The opportunities for research in biology, social 
science, medicine, agriculture, geology, economics and 
geography are doubtless the most attractive, since the 
interest and importance of these subjects are so great in 
all underdeveloped countries, but the claims of education, 
English (as an international language) and history are 
great. Courses are also offered in subjects directly relevant 
to African conditions, such as the M.A. in African studies 
just announced by Makerere College. Some, but not 
many, Commonwealth Scholarships are offered by these 
countries, and at least two foundations have given grants 
for postgraduate work in overseas universities”. 


M.R.C. Environmental Physiology Research Unit 


Tum Medical Research Council’s Climate and Working 
Efficiency Research Unit at Oxford is being transferred 
to the London. School of Hygiene and Tropical Medicine. 
The Unit will be renamed the Environmental Physiology 
Research Unit, and will continue’ to investigate the 
efficient functioning of man in relation to environment, 
with particular reference. to adaptation to hot and cold 
environments. Following the retirement of Sir Wilfrid 
le Gros Clark from the chair of human anatomy in the 
University of Oxford and honorary directorship of the 
Unit, Dr. J. S. Weiner, formerly honorary assistant 
director and reader in physical anthropology at that 
University, has been appointed director. 


Allowances and Taxation Relief for Scientific Research 


At the Committee Stage of the Finance Bill in the House 
of Commons on May 21, when an amendment was moved 
to ensure that capital expenditure on pilot plants for the 
application of scientific research qualified for the scientific 
research allowance, the Financial Secretary to the Treas- 
ury, Mr. A. Barber, assured the House that, under Clause 
36 as it already stood, relief would be given. for capital 
expenditure both in original research and in the applica- 
tion of known scientific principles in a new field. The 
explanatory notes issued by the Board of Inland Revenue 
read: “Capital expenditure incurred by a trader on 
scientific research felated to his trade . . . for example, 
on the provision oflaboratories pilot plant or other equip- 
ment is allowable for Income Tax purposes by five 
annual instalments”, and Mr. Barber said that the latter 
position was being improved. When pressed, Mr. Barber 
quoted from the speech of the Chancellor of the Exchequer 
when the allowance was introduced in 1944. After a 
reference to the pilot-plant stage where laboratory results 
are tried out experimentally on a larger scale and to the 
real difficulty of translating the skill of the research worker 
and tho artificial conditions in which he may have worked 
into terms of large-scale production, the Chancellor 
described his proposals as a “‘comprehensive attempt to 
relieve from taxation altogether funds devoted by industry 
to the support of fundamental research, to the translation 
of laboratory research to production, and to the full-scale 
development of the product”. Scientific research was 
defined in the Income Tax Act, 1952, as “any activities 
in the fields of natural or applied science for the extension 
of knowledge”. Mr. Barber undertook to look into any 
particular difficulty that might have arisen. The Amend- 
ment was defeated by 224 votes to 169. 


Management Education in Britain 

In the House of Lords on May 23, the Minister for 
Science, Lord Hailsham, said, in reply to a question, that 
developments in management studies were taking place 
in many universities. In conjunction with the Foundation 
for Management Education, the University Grants Com- 
mittee had: examined proposals for a further major 
development and 9 universities were to be given special 
financial help to enable them to expand their activities in 
this field. The cost of these developments was expected 
to rise to about £100,000 a year by 1966-67 and would be 
shared between the Foundation and the Government; 














pruvis ior Lue WOvernment’s snare was being included 
in the additional recurrent grants announced on May 9. 
The Foundation and the Government also proposed to 
give help on similar lines to a college of advanced tech- 
nology and another leading technical college. The 
Government regarded the development of management 
studies as being of great importance and welcomed the 
co-operation of industry in these developments. 


Cryogenics, Superconductivity and Marine Research 


REPLYING to a question in the House of Commons on 
May 21 regarding research into eryogenics and super- 
conductivity, the Parliamentary Secretary for Science, 
Mr. D. Freeth, said that the Atomic Energy Research 
Establishment at Harwoll was working on the supor- 
conductivity of thin metallic films and on the relation of 
metallic structure to superconductivity, while work on the 
mixing of helium III and helium IV had led to a new 
method of cooling at low temperatures. The Department 
of Scientific and Industrial Research was supporting work 
in universities as well as working on the influence of 
metallurgical factors and other physical factors on supor- 
conductivity and on the development of a cyclotron at the 
National Physical Laboratory. Replying to another 
question, Mr. Freeth said that research had beon carried 
out for many years at marine laboratories in the United 
Kingdom, and particularly at the Plymouth Labora- 
tory of the Marine Biological Association, on the 
concentration by marine animals and plants of the 
chemical constituents of sea-water—especially, at the 
present time, cæsium, potassium, sodium, zine and 
manganese, and in recent yoars strontium, iodine, niobium 
and vanadium. 


The British Leather Manufacturers’ Research Association 


Oren days were held during May 7-9 in the labor- 


atories at Egham, Surrey. The annual lecture by the 
director of research had been given earlior in the year at 
the forty-third annual general meeting of the Association, 
and during the open days shorter lectures on the work in 
progress were given by members of the staff. Several of 
the exhibits dealt with present work on the isolation and 
composition of various protein and non-protein con- 
stituents of skin and on structure and interweaving of 
the collagenous fibres. A special study is being made of 
the action of enzymes on the composition and structure 
of skin, as a background to the tests on hair- and wool- 
loosening by enzymes. Other work on protein chemistry 
was shown in the study of the interaction of collagen 
with ‘reactive’ dyestuffs. The organic chemistry section 
dealt with the study of the natural organic tannins. 
Among the exhibits dealing with technical matters, 
microscopical techniques for studying adhesion problems 
and the development of specification tests for various 
types of leather were of general interest. The popularity 
of suede garments was reflected in work shown on dyeing 
and finishing. 


The City Museum, Sheffield 


Te long overdue inauguration of a new cataloguing 
system and amount of tedious work which such a change 
produces, the complete inspection, overhaul and re- 
housing of the major archxological and natural history 
reference collections, a library reorganization, and a 
revision of the system of recording enquiries, comprised 
the internal, domestic rearrangements of an average and. 
non-spectacular year at the City Museum, Sheffield. The 
annual report for the year ended March 31, 1962, also 
records the investigation of the physical and historical 
features of the site of former glassworks (Pp. 16+8 plates. 
Sheffield: The Museum, 1963). 


The South Australian Museum, Adelaide 


Tue annual report of the South Australian Museum for 
1961-62 records the continued efforts made to modify 


the nineteenth century buuaing SO as tO auconnvuiwve 
the ever-growing and rich collections of the State (Pp. 17. 
Adelaide: Government Printer, 1963). The saturation of 
both storage and display space makes it inevitable that 
the Government must soon provide the Museum with a 
modern structure specifically designed to display and 
safeguard the now largely irreplaceable historical and 
biological collections. The Museum Board therefore 
appeals to the Government to provide a new building 
designed for the installation of modern techniques in 
visual education rather than to modify continually an 
out-of-date structure. 


Meteorological Data Processing 


A NEw high-speed data processing system will be 
installed in the summer of 1964 at the Meteorological 
Headquarters, Bracknell, Berkshire. It has just been 
ordered from English Electric-Leo Computers, Ltd., at a 
cost of around £400,000, and is known as the KDF 9 
system. Weather forecasting will be done by the computer 
through a programme which involves the mathematical 
solution of the equations of atmospheric motion. The 
solution has to be carried out in many steps to obtain a 
forecast for 24 h ahead, and the high reliability and 
extreme speed of the transistorized system are essential to 
meet the deadline set by the time of issue of the forecasts. 
One million additions can be carried out in one second, 
and the system will be operated almost continuously for 
seven days per week. Printing out of results can be done 
at the fantastic speed of 10-15 lines per second with 120 
characters in each line. The high capability of the com- 
puter is partly the result of a circuitry which can be used 
on a ‘time sharing’ basis. Climatological and research 
branches of the Office will also make use of the computer 
for processing the masses of weather data available. For 
example, information in an existing library of 30 million 
punched cards will be transferred to magnetic tape, ancl 
weather observations received at Bracknell will be incor- 
porated daily into this library. The computer system will 
provide the means for analysing such a tremendous 
quantity of material in order to answer climatological 
problems and automatically prepare climatological pub- 
lications. The system should also be capable of editing 
some three million characters of incoming teleprinter 
traffic daily so that various outgoing messages can be 
dispatched to give recipients only the data which concern 
them. 


Petroleum Multi-products Pipe-line System in Britain 


Tue Esso Petroleum Company’s scheme for distribution 
of petroleum products in Britain is well summarized both 
in print and coloured illustration in the Esso Annual 
Review for 1962, published earlier this year. The proposed 
Midland -pipe-line system, much of the plan still awaiting 
approval by the Minister of Power, embraces: (a) a 
direct line from Fawley Refinery, Southampton Water, 
to Severnside, Gloucestershire, carrying ethylene to the 
Imperial Chemical Industries works there; (b) the con- 
struction of the Fawley-West London pipe-line started 
in mid-May 1962, involving (c) a formidable enginecring 
problem of laying lines from the refinery across South- 
ampton Water, and (d) the proposed Midland system 
itself. Regarding (a), this was completed and has been 
operating satisfactorily since May 1962. The Fawley- 
West London leg (b) involves the under-water line in 
Southampton Water to feed to a new distribution plant 
under construction near Staines, Middlesex, and a third 
line laid simultaneously in the same trench to carry 
petroleum gas to the North Thames Gas Board’s works 
at Southall, both nearing completion. Closely linked with 
this pipe-line scheme is the dredging of Nab Shoal approach 
to Spithead, also dredging by the Southampton Harbour 
Board on behalf of Esso of the main channel in South- 
ampton Water, enabling the largest tankers in the 
Company’s service to berth at Fawley jetty fully laden. 


the dredged areas (in colour) is depicted in this Review. 
The proposed Midland system (d) is to extend from West 
London to Stanlow in Cheshire, passing near Northamp- 
ton, Bromford, Birmingham, with a southern link via 
St. Albans to Thameshaven, and a Midland branch from 
Bromford to Nottingham. There are pipe-line grids for 
the same purpose other than those of the Esso Petroleum 
Company in contemplation, and awaiting ministerial 
sanction, but this present account of what has already 
been accomplished and what is intended from the Fawley 
base is of great commercial and technical importance, a 
foretaste of the modern conception of oil distribution to 
meet the ever-increasing demands for petroleum products. 


Fluoridation of Water Supplies 


A BOOKLET, entitled Fluoridation, prepared by the 
Ministry of Health for issue to local authorities and other 
relevant bodies and organizations, is a clear and factual 
guide to fluoridation (Pp. 8. London: Ministry of Health, 
1963). It gives a short account of the results in terms of 
dental health that are to be obtained by the fluoridation 
of water supplies, and gives answers in a concise and 
simple manner to a number of questions that are com- 
monly asked on this topic. It is hoped that this small 
but lucid pamphlet will have a wide circulation. Though 
it eannot marshal all the evidence, at least it will show 
those laymen who have listened to the arguments of the 
objectors to fluoridation that the recognized dental, 
medical and public health authorities of Britain, as well 
as the Government, hold other views. 


Livestock Infertility 


A MONOGRAPH has recently been compiled by members 
of an expert panel of the Food and Agriculture Organiza- 
tion on Livestock Infertility (Animal Health Branch 
Monograph No. 5. Pp. iit+97. Rome: Food and Agri- 
culture Organization of the United Nations: 1962). 
The matter is given in eleven chapters, each by an 
expert on the subject concerned and setting out briefly 
the salient features of the problems involved. The fields 
covered include infective agents, heredity, nutrition, 
management, climatic conditions, and educational and 
research matters concerned with infertility. 


Fellowship of the Institute of Biology 


Tue Institute of Biology, founded in 1950, has achieved 
a membership of 3,500 and has recently established a 
grade of Fellow with the intention of conferring distinction 
on biologists of high professional standing. The Council 
of the Institute has invited some 250 members to become 
the first Fellows and elected the following as honorary 
Fellows: Lord Adrian, Lord Boyd-Orr, Sir Lindor Brown, 
Sir Henry Dale, Sir Howard Florey, Sir James Gray, 
Prof. A. V. Hill, Dr. E. Hindle, Sir Julian Huxley, Sir 
John Russell and Sir Edward Salisbury. 


The Society of Chemical Industry : Plastics and Polymer 
Group 


Tae following have been elected officers and members 
of the Committee of the Plastics and Polymer Group of 
the Society of Chemical Industry: Chairman, Dr. G. A. 
Collie; Vice-Chairman, Dr. J. J. P. Staudinger; Honorary 
Treasurer, Dr. C. H. Bamford; Honorary Secretary, Mr. 
K. H. C. Bessant; Honorary Recorder, Dr. M. Gordon; 
Honorary Hospitality Officer, Mr. R. N. Wheeler; Com- 
mittee, Prof. C. E. H. Bawn, Mr. R. S. Colbourne, Dr. W. 
Cooper, Dr. M. H. Dilke, Mr. G. Dring, Dr. W. R. Moore, 
Dr. W. McG. Morgan, Mr. H. C. Raine, Dr. D. F. Rushman, 
Dr. L. Valentine, Mr. ©. P. Vale, Mr. J. E. S. Whitney. 

The annual general meeting of the Group will be held 
at Shell-Mex House, Strand, London, W.C.2, on June 12. 
Further information can be obtained from the Assistant 


a ve 


Square, ‘London, S.W.1. 
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Fellowships in Seismology and Earthquake Engineering 


THE United Nations” Special Fund, acting through 
Unesco, is offering 67 fellowships for study at the Inter- 
national Institute of Seismology and Earthquake Engin- 
eering, Tokyo, the main function of which is to give 
advanced training in seismology and earthquake engin- 
eering, particularly to scientists and engineers from those 
countries lying within the main seismic zones of the 
world, where the science and applications of seismology 
are as yet not fully developed. The Government of Japan 
is also offering fellowships for attendance at the Inter- 
national Institute. The United Kingdom with other 
Member States has been invited to join the competition 
that is being organized for the fifteen fellowships available 
in 1963 under this programme. The period of training 
commences with a general course including general seis- 
mology, seismometry, general geology, engineering seismo- 
logy, soil mechanics, structural dynamics, earthquake- 
resistant design of buildings, and civil engineering 
structures, electronic computer techniques. After this 
follows a special course, either in seismology (theoretical 
seismology, observational seismology, and seismicity) or in 
earthquake engineering (soil mechanics and foundation 
engineering, earthquake-resistant design of buildings and 
civil engineering structures). The minimum qualification. 
is a university degree or equivalent in mathematics, 
physics or engineering. Candidates for 1963 fellowships 
should write, with full details, to the International 
Exchange Service, Unesco, Place de Fontenoy, Paris 7, 
by June 15. 


Announcements 


Lorp Topp, professor of organic chemistry in the 
University of Cambridge, has been elected a trustee of 
the Ciba Foundation in succession to the late Lord 
Beveridge. 


Dr. KAREL Wirsner, associate director of the Ayerst 
Research Laboratories, and formerly professor of organic 
chemistry in the University of New Brunswick, Frederic- 
ton, has been awarded the Chemical Institute of Canada 
Medal for 1963, the highest award of the Institute, which 
is donated annually by the International Nickel Company 
of Canada, Ltd. 


Tur annual meeting of holders of Nobel Prizes will be 
held in Lindau during July 1-5. Further information 
can be obtained from the Sekretariat der Tagungen der 
Nobelpreisträger, 899 Lindau (B), Postfach 11. 


An international symposium on macromolecular chemis- 
try, arranged by the International Union of Pure and 
Applied Chemistry, will be held in Paris during July 
1-5. Further information can be obtained from the 
Secretary, International Symposium of Macromolecular 
Chemistry, 11 rue Pierre-Curie, Paris 5°. 


THE nineteenth international Congress of Pure and 
Applied Chemistry, arranged by the International Union 
of Pure and Applied Chemistry, will be held in London 
during July 10-17. The Congress will cover inorganic 
chemistry; organic; chemistry; analytical chemistry and 
applied chemistry. Further information can be obtained 
from the Honorary Secretary, XIXth TUPAC Congress, 
14 Belgrave Square, London, S.W.1. 


Aw international symposium on “Newcastle Disease 
Virus as an Evolving Pathogen”, arranged by the Univer- 
sity of Wisconsin and the American Association of Avian 
Pathologists with the support of the U.S. Department of 
Agriculture and the National Institutes of Health, will be 
held in the University of Wisconsin during July 15-17. 
Further information can be obtained from Prof. R. P. 
Hanson, Department of Veterinary Science, University of 
Wisconsin College of Agriculture, Madison 7, Wisconsin. 
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MALAYAN FISHERIES INVESTIGATIONS 


HE tragic story of the Singapore Regional Fisheries 
Research Station, from its inception in January 
1954 until it closed in March 1957, has been vividly told 
by Dr. Ommanney in his book Hastern Windows. The 
scientific results of this brief venture are recorded in three 
Colonial Office Fishery Publications recently published *. 
The laboratory was ready for occupation only towards 
the end of the second year and was never finished. Until 
the arrival of the research launch in June 1954, Mr. Hall 
was unable to work on fishes and studied some biological 
aspects of a Singapore commercial prawn pond. Later 
the work on Penaeids was extended to the Singapore 
Strait and samples taken by local fishing gears were 
obtained from Alor Star, Penang and Malacca. When the 
F.R.V. Manihine eventually arrived, ichthyological 
studies took precedence over other work, but incidental 
catches of prawns from offshore waters in the Malacca Strait 
and the South China Sea were examined at a later date. 
Penaeid prawns are of great economic importance 
throughout the Indo-West-Pacific, in the Mediterranean, 
in the Gulf of Mexico (where they are called ‘shrimps’) 
and elsewhere. Large frozen tails are now sold in London 
as ‘finest pacific prawns’ (uncooked), or when Dublin 
Bay prawns are unobtainable, as ‘scampi’ (cooked). 
The seas around Malaya have an exceedingly rich fauna; 
Mr, Hall’s total of 53 species may be compared with totals 
of 39 from Japan, 27 from India or Australia and 19 from 
South Africa. Since reproductive and other habits vary, 
not only with the species but also with climate, topography 
and other ecological factors, detailed regional surveys of 
the taxonomy and biology of Penaeids are essential. 
An excellent example of the effect of climate on spawning 
behaviour is provided by the prawns around Singapore 
and Penang Islands. At Singapore the year is almost 
equally divided between the south-west and the north-east 
monsoons and twice annually the westerly flow of the 
water through the Strait is slowed down and possibly 
reversed. Species of Penaeus breed primarily during the 


* Colonial Office Fishery Publications. No. 16, 1961: A Quantitative and 
Qualitative Study of Some Indo-West Pacific Plankton. By J. H. Wickstead. 
Pp. 200+ 62 figs.+42 tables. 55s. net. No. 17, 1962: Observations on the 
Taxonomy and Biology of Some Indo-West-Pacific Penaeidae (Crustacea, 
Decapoda). By D. N. F. Hall. Pp. 229+125 figs.+15 tables. 92s. net. 
No, 18, 1961 (1962). Malayan Offshore Trawling Grounds. The Experimental 
and Exploratory Fishing Cruises of the F.R.V. Manthine in Malayan and 
Borneo Waters, 1955-56, with a Note on Temperatures and Salinities in the 
Singapore Strait. By F. D. Ommanney. Pp. 95+figs., charts, tables. 36s. 
net. (London: H.M.S.0.) ' : : 


north-east monsoon, February—April; most of the other 
species have two peaks of reproductive activity coinciding 
with the inter-monsoon variable periods, May—July and 
October-December. Each peak is produced by a distinct 
breeding population and the phenomenon has been 
termed “equatorial alteration of populations”. Thus an 
abundance of fry enters the ponds thrice yearly and those 
that survive to adolescence are ready to migrate to the 
coastal or offshore spawning grounds at different times. 
Five possible spawning areas are predicted for the Singa- 
pore region. Penang, on the other hand, is under the 
influence of the south-west monsoon for most of the year 
and only once is the northerly flow of water past the 
Island slowed down or possibly reversed; correlated with 
this all the prawn species appear to have a single peak of 
maximum breeding activity in September. Until a 
detailed survey of this region can be undertaken, the 
probable offshore spawning loci cannot be predicted and 
confirmed. ‘The gréat fixed stake-nets must therefore 
continue to operate although they catch many immature 
prawns of low commercial value. One possible unexploited 
source of the large Penaeus penicillatus is the area around 
and to the north of the Sungei Rokan Estuary. 

It is fortunate that Mr. Hall could not adhere strictly 
to his original plan of publishing the taxonomic results 
elsewhere ‘“‘to allow the biological results to be published 
without further encumbrance”. The value of the mono- 
graph is greatly enhanced by the addition of a revised 
key to the determination of the genera and species of 
Malayasian Penaeidae, illustrated by a large number of 
line drawings. 

Since the inshore fisheries of the Archipelago were being 
operated to saturation point, the possibility of developing 
an Offshore fishery in the waters of Malaya and Borneo 
had to be investigated. The Manihine operated for only 
eleven months and a very large area had to be explored. 
In addition to fishing trials with a variety of gears, hydro- 
logical and plankton surveys were made. The results 
obtained are recorded in the publications by Dr. Omman- 
ney and Mr. Wickstead. This regional scientific investiga- 
tion is of necessity incomplete ; given a few more years 
the Research Station would have proved eminently worth 
while. Dr. Ommanney and his assistants are to be con- 
gratulated on having accomplished so much in the short 
time available. ISABELLA GORDON 


HIGHER NATIONAL CERTIFICATES AND DIPLOMAS’ IN APPLIED BIOLOGY 


HE Ministry of Education has recently issued fresh 

regulations for courses and examinations leading to 
Higher National Certificates and Diplomas in Applied 
Biology, commencing with the session 1963-64. They 
will be under the supervision of a Joint Committee on 
which representatives of the Ministry and the Institute 
of Biology sit. Under the scheme, colleges will be required 
to submit to the Committee, for approval, details of the 


courses which they are prepared to offer; anditisexpected . 


that these will normally be of a part-time nature, extend- 
ing over a period of not less than two years and covering 
a minimum of 480 hours spent on scientific work. In addi- 
tion, it is assumed that a substantial allocation of the 
students’ time will be devoted to general studies. 
Hach course will include three scientific subjects, of 
which biochemistry must be one; and it is suggested that 


while not compulsory, the physiological aspects of living 
matter, together with microbiology, will generally receive 
strong emphasis. Other subjects which may gain approval 
include plant and animal physiology, applied entomology, 
genetics, parasitology, statistics and industrial administra- 
tion, while for pharmacology special arrangements 
may be made. In planning and running courses of this 
nature it is expected that there should be active co- 
operation between the college staff, workers and executives 
in local industries, research institutes, universities and 
Government establishments; and in the examinations, 
provision can be made for studies of the application of 
biological principles and techniques in specified fields. A 
related objective is to introduce the students to the rele- 
vant biological literature. At all stages, regard will be 
paid to the use of good. English. 
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For entry to these courses, students will normally be 
required to possess a General Certificate of Education 
with passes at Advanced Level in one biological subject 


and one other science, to have completed a course in , 


chemistry up to Advanced Level, and to have qualified 
at Ordinary Level in physics and mathematics and in the 
use of English. Students who already hold an Ordinary 
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Endorsed Certificate in Biology will also be accepted. 
Applications from others will be considered on their 
merits. 

These regulations apply to England and Wales. Further 
information about them can be obtained from the Institute 
of Biology, 41 Queen’s Gate, London, 8.W.7, as well as 
from the respective offices of the Ministry. 


THE CZECHOSLOVAK SOCIETY OF ARTS AND SCIENCES 
IN AMERICA 


HE first congress of the Czechoslovak Society of 

Arts and Sciences in America, Inc., was held during 
April 20-22, 1962, at Statler-Hilton Hotel, Washington, 
D.C., and was attended by more than 200 scientists and 
scholars from all over the United States and Canada. 

There were some 60 papers presented at these meetings, 
arranged in a two-day symposium based on the contribu- 
tions of the Czechoslovak people to various fields of 
learning. The programme covered a wide variety of 
topics and included papers on science, medicine and 
technology; fine arts; literature and literary criticism; 
linguistics and Slavistics; law and economics; history 
and political science; sociology, theology and philosophy ; 
and a special session was devoted to the accomplishments 
of Czechs and Slovaks abroad. 

In the field of history of science the following papers 
were presented: “Jiří Matiegka and the Anthropometric 
Approach to the Study of Body Composition” (Josef 
Brožek, Lehigh University); “Purkinje Effect in the 
Evolution of Scientific Thought’? (Karel Hujer, Univer- 
sity of Chattanooga); “Five Centuries of Czech Geo- 
graphy, Exploration, and Cartography—-Comments on 
Major Trends and Present Status” (Miloš Sebor, Ten- 
nessee Polytechnic Institute); “The Czechoslovak Con- 
tribution to the Change in Concept of Circulation ‘of the 
Blood” (Walter Redisch, New York University); ‘Augus- 
tine Herman, Bohemian” (M. Norma Svejda, Augustine 
Herman Czech American Historical Society); ‘Ales 
Hrdlitka, Pioneer American Physical Anthropologist” 
(T. Dale Stewart, United States National Museum); 


“The Character of Czech Science: A Contribution to 
the Sociology of Knowledge” (Otakar Machotka, Harpur 
College); “The Role of the Intelligentsia in the Develop- 
ment of the Czechoslovak Society” (Jan Hajda, the 
Johns Hopkins University); ‘Prokop Waldfogel of 
Prague and the XVth Century Printers in the Kingdom 
of Bohemia” (Jaroslov Němec, National Library of 
Medicine); “A Review of Contemporary Knowledge 
about Atherosclerosis” (O. J. Pollak, Dover Medical 
Research Center); “Speech Communication: Present 
Status and Salient Problems” (Ladislav Dolanský, North 
Eastern University): “The Symmetric Method, Natural 
Computational Method of Finite Metrix Games” (Josef V. 
Talacko, Marguette University). 

Short summaries of all papers presented are available 
in the Abstracts (Washington and New York, 1962), 
which were published by the Society at the time of the 
First Congress. The papers are now being prepared for 
publication under the editorship of M. Rechcigl, jun., 
of the National Institutes of Health. 

The following new officers of the Society were elected 
for the current term: President, Prof. René Wellek 
(Yale University): Secretary-General, Rudolf Sturm 
(Skidmore College). 

Preparations are under way for the second congress 
of the Society, which will be held during September 11-12, 
1964, at Columbia University, New York City. Further 
information concerning the Society and the second 
congress can be obtained from Dr. M. Rechcigl, jun., 
1703 Mark Lane, Rockville, Md. M. REcHCIGL, JUN. 


NEW LIGHT ON OLD EYES* 
By R. A. WEALE 


Department of Physiological Optics, Institute of P phthalmology; University of London, 
Judd Street, W.C.1 


| one of Fick’s writings! there is a striking passage 
in which he discusses accommodation and its mechan- 
ism. There is no need, he said in .1879, “to discuss 
sundry theories‘of accommodation now that the problem 
has been solved in its entirety” (by Helmholtz’). Fin- 
cham? showed in 1925 to what extent Helmholtz had 
solved the question in its entirety, and I think that a brief 
survey of the problem may enable us to relate it to pres- 
byopia as a whole. 

Briefly, Helmholtz stated that the natural shape of the 
lens is accommodated. It is allowed to assume this 
form when the ciliary muscle constricts. When the 
innervation to the muscle is abolished, it dilates, increases 
its pull on the zonule, and this, in turn, pulls on the 
equatorial region of the lens. As a result the lens flattens 
(Fig. la). Accommodation is said to be relaxed. This 


* Substance of a p aper given before the Ophthalmological Section of 
the Royal Society o; dicine on October 11, 1962. 


theory assumes the lens substance to be elastic, for other- 
wise removal of zonular restraint could not lead to the 
lens approximating to its accommodated shape. It will 
be recalled that, on extirpation, the lens radii of curva- 
ture are reduced even further, suggesting that even in 
Full accommodation residual zonular tension exerts some 
control on the shape of the lens‘. 

Fincham? showed that this theory cannot explain pros- 
byopia, which is accounted for on the basis of Helmholtz’s 
theory by postulating senile lenticular sclerosis. His 
criticism was based on several points of which I shall 
mention two. First, full accommodation requires an 
effort at all ages, and in presbyopia.plus lenses are re- 
quired for close work even though the near point may not 
lie beyond the normal reading distance. A variation 
of what used to be-called the physiological amplitude of 
accommodation will scarcely account for this. Secondly, 
as Duane had shown, the cycloplegic action of homatro- 
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pine should be completed more quickly in young than in 
old eyes, since tho former have the smaller muscle power 
reserve once full accommodation has been achieved. 
In fact, the action takes equally long at all ages. Fincham 
concludes that the impasse can be solved in one of two 
ways: either there is an active force, external to the lens- 
substance, which effects accommodation, that is, it is 
not relaxation of zonular tension per se which allows the 
lenticular radii of curvature to decrease, or else the loss of 
amplitude of accommodation with age must be due to a 
weakening in ciliary action rather than sclerosis of the 
lens. 

One of the points to note about Helmholtz’s theory is 
that he failed to distinguish the lens capsule from the 
lens matrix. Fincham showed that, in species the eyes 
of which do not accommodate—such as sheep—the form 
of the acapsular lens is essentially similar to that of the 
lens with the capsule intact. Species which do accom- 
modate have, on the contrary, lenses which are flatter 
without than with the capsule. In the latter case, Fin- 
cham also showed that the capsular cross-section was 
by no means uniform. An annulus of enhanced thickness 
surrounds each lenticular pole—the effect being more 
pronounced on the anterior face. He concluded that 
when. freed from zonular tension the capsule is able to 
mould the plastic lens matrix so as to increase the curva- 
ture essentially on that part of the anterior face which 
lies behind the pupil (Fig. 1b). 

As regards old age, ishan believes that the ‘capsular 
theory “satisfactorily explains the loss of accommodation 
with age upon the assumption that the normal form of the 
lens-substance is its unaccommodated form and that it 
becomes more rigid with age”. 

The crucial differences between the Helmholtz and 
Fincham theories are as follows. Helmholtz believes the 
lens to be elastic, Fincham plastic. Helmholtz believes 
the lens is free to assume its natural accommodated shape 
when zonular control is relaxed; Fincham believes that 
this freedom allows the capsule only to mould a plastic 
lens substance. 

While the anatomical facts appear to be beyond dispute, 
this cannot be said to be true of their interpretation. 
Fincham’s view that the lens matrix is plastic is inconsist- 
ent with his claim that the aged lens sets in its virtually 
unaccommodated form. If the lens matrix really were 
plastic, and the capsule forced it into a partly accom- 


modated shape, what forces are there which counteract 
the effect the capsule has in youth? The answer would 
appear to lie in this: the lens matrix is not plastic as 
stated by Fincham, but elastic as implied by Helmholtz’. 
But Helmholtz’s view that the natural shape is accom- 
modated is erroneous (Fig. le). The suggestion. then. is 
that an elastic capsule acts on an elastic lens matrix. 
the natural shape of the latter corresponding to the 
unaccommodated state, and the elastic forces of capsule 
and matrix antagonizing each other’. There is plenty of 
evidence for the view that the lens matrix is not plastic. 
Fincham himself states that whenever a lens is decap- 
sulated the matrix assumes a flat, non-conoidal form-- 
the conoidal form being characteristic of the lens- 
plus-capsule complex. He observed further that when- 
ever local pressure was exerted on the matrix it re- 
turned to its original form on removal of the pressure. 
These findings are scarcely compatible with the pro- 
perties of a plastie substance which, like putty, preserves 
a form imposed on it even when the shaping force is 
removed. 

When it is suggested that the elastic forces of the cap- 
sule and the matrix antagonize each other, there is no 
implication that these are the only forces involved in 
accommodation and its relaxation. There is no doubt 
that the elastic elements which Fincham has shown to 
exist near the ciliary muscle antagonize the latter. But 
the tug-o’-war now has at least two partners on each 
side: for accommodation, the ciliary muscle co-operates 
with the elastic forces in the capsule (and perhaps the 
zonule), for relaxation, the ciliary elastic elements co- 
operate with the elastic forces in the lens matrix. As 
regards presbyopia, there is no need to rely on lenticular 
sclerosis. Old non-cataractous lenses, though perhaps 
a little tougher than those obtained from infant eyes, 
are not really hard: pressure deforms them and they 
can regain their original shape. What might be callod the 
lenticular aspect of presbyopia can be accounted for by 
postulating a change in the balance of capsular and 
matrix elasticities: if the capsular elasticity decreases 
with age relatively to that of the matrix less accommoda- 
tion will occur no matter how much we relax the zonulo. 
The idea of such a change in balance is not far-fetched. 
The existence of shagreen in youngish eyes and the 
progressive intensification of relief as we age® clearly 
suggest that the capsule does not fit as closely ag a 
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more naive view would assume. There is also some 
evidence’ that capsular thickness changes with age, 
and not even the possibility of capsular stretching can 
be excluded. 

It has to be noted, however, that the senile reduction 
in the amplitude of accommodation is reinforced from 
quarters apparently unconnected with lenticular elas- 
ticity or sclerosis. In the first place there is the pro- 
gressive growth of the human crystalline lens. First 
measured by Smith! the finding was severely criticized 
in the thirties because it does not happen to be observed 
with rabbit lenses; but Smith’s observations were 
confirmed by Johansen’ and by Salmony?*. The mass, 
diameter, sagittal thickness and volume increase through- 
out life, at least up to the seventh decade. This leads to a 
rather obvious result. The lenticular ends of the sus- 
pensory ligaments progressively move nearer to their 
ciliary counterparts. Inevitably, zonular tension is 
reduced (Fig. 2). This implies that the eye will tend 
to stay more myopic than would be likely if zonular 
tension preserved its pristine state. There results an 
increasing amount of slack, and the changes in the shape 
of the ciliary muscle following the arrival of accom- 
modative innervation will be reproduced less faithfully 
at the capsular end of the ligaments in the older than 
in the younger eye. 

The lens, however, is not the only ocular part which 
grows throughout life. As shown by Fuchs’! and in 
more detail by Stieve!# and Rohen", the ciliary muscle 
changes its shape throughout life and actually grows 
up to about the fifth decade. Possible reasons for these 
changes need not be examined here, though work hyper- 
trophy is a likely candidate. The fact remains that the 
ciliary muscle is enlarged, that this applies, in all prob- 
ability, to the ciliary complex as a whole, and that 
another likely result ensues from this. The ciliary 
termination of the suspensory ligaments stage a senile 
approach to their lenticular counterparts. Once again 
zonular tension is reduced. It follows that changes in 
ciliary musele diameter have progressively less effect 
on the lens as we age. A concomitant factor of ciliary 
growth is a slight advance of the lens towards the cornea, 
(cf. Raeder’*). 

There are, consequently, at least three senile ocular 
changes which contribute to the reduction in amplitude 
of accommodation: (a) a progressive change in the 
balance of the elastic forces in the capsule and lens matrix 
respectively; (b) a reduction in zonular tension due to 
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lenticular growth; and (c) a similar reduction due 
ciliary growth. At the same time, the changes descril 
here also affect the static refraction of the eye in vari 
degrees. Thus the increase in the radii of curvat 
attendant on lenticular growth must produce hyy 
metropia, just as do the senile changes in the ela 
properties of the capsule and matrix. This is pa 
balanced by the myopia produced by the twin relaxat 
in zonular tension as evinced by lenticular and cili 
growth, by the slight advance of the lens towards 

cornea, and by probable changes in the lenticular n 
leus’*.17, It is interesting to note, therefore, that wher 
age so distributes its effects on static ocular refraction 
to achieve an approximate balance and the old eye 
comparatively emmetropic, the years are less kin 
disposed with respect to accommodative changes 
refraction. All known factors conspire in a snow-] 
effect, and the avalanche finally reduces accommodet 
to naught (Fig. 2). 

It may be mentioned in conclusion that the chan 
discussed here in relation to the imaging power of 
eye may have a broader influence than might at first 
assumed. The continued growth of the lens is a phy: 
logical phenomenon. It may be responsible at least 
part for ciliary hyperplasia. This, in turn, contribv 
to the advance of the root of the iris towards the scl 
with results for the size of the angle of the ante 
chamber which are only too easy to imagine (Fig. 
The physiological growth of the crystalline lens can th: 
fore be pictured to set off a chain of developments wh: 
in the event, can scarcely be called physiological. ( 
cannot help feeling that Nature was kinder to the rab 
which by gnawing his teeth, is enabled to avoid the c 
sequences of their physiological growth that we 
otherwise lead to ultimate dysfunction. 


2 Fick, A., in Hermann's Handbuch der Physiologie der Sinnesorgane (V1 
Leipzig, 1879). 

2 Helmholtz, H., Arch. Ophth., 1, 1 (1855). 

3 Fincham, E. F., Trans. Opt, Soc., Lond., 26, 239 (1925), 

t Hartridge, H., and Yamada, K., Brit. J. Ophthal., 6, 481 (1922). 

5 Weale, R. A., Brit. J. Ophthal., 46, 660 (1962). i 

t Vogt, A., and Liissi, V., V. Gr. Arch. Ophthal., 100, 157 (1919). 

7 Salzmann, M., The Anatomy and Biology of the Human Eyeball i 
a State. Its Development and Senescence (Univ. Chicago P: 

8 Smith, P., Trans. Opt. Soc. U.K., 3, 79 (1883). 

® Johansen, E. V., Undersøgelser over det indbyrdes Storrelsesforhold me 
Corns og Lens crystallina hos Mennesket (Ejnar Munksgaard, Kebenh 
1 x 

1° Salmony, D. (personal communication, 1961). 

n Fuchs, E., v. Gr. Arch. Ophthal., 120, 733 (1928), 

12 Stieve, R., Anat. Anz.,[97, 69 (1949). 


43 Rohen, J., Die funktionelle Gestalt des Auges und seiner Hilfsorgane (F. 
Steiner Verlag, Wiesbaden, 1953). 


14 Kerschbaumer, R., v. Gr. Arch. Ophthal., 84, 16 (1888). 
15 Raeder, J. G., Arch. Ophth., 110, 73 (1922). 

18 Gallati, J., Z. Augenheilk., 51, 133 (1923). 

17 Huggert, A., Acta Ophthal., 24, 43 (1946). 


June 8, 1963 


No, 4884 


NATURE 


947 


OBSERVATIONS AT 610 MEGACYCLES/SEC OF THE RADIATION 
FROM JUPITER 


By D. BARBER and G. L. MOULE 
Royal Radar Establishment, Ministry of Aviation, Great Malvern 


ECENT observations of discrete radio sources at 

610 Mc/s (49 cm wave-length) using the Royal Radar 
Establishment interferometer! have. included measure- 
ments of the non-thermal radiation from Jupiter. Be- 
cause of the interest?-!! in the spectrum of the radio 
emission from this planet at decimetre wave-lengths, the 
preliminary results obtained during April 1962 are given 
here. 

For most of the observations of Jupiter, the two 82-ft. 
radio telescopes were separated by 115 m.along the 
east-west track, which was adequate to eliminate solar 
radiation without seriously reducing the interference 
pattern due to Jupiter. It has been shown? that the 
decimetre radiation from Jupiter originates in a region 
with an equatorial diameter about three times that’ of the 
visible disk; for observations at 610 Mc/s, an east-west 
aerial separation of 115 m would reduce the fringe ampli- 
tude to about 94 per cent of the zero-spacing value, and 
this was allowed for in calculating the flux density. 

Radio frequency amplification was achieved by using 
electron beam parametric amplifiers, mounted at the 
focus of each radio telescope. The root mean square noise 
fluctuation at the output of the phase-swept interfero- 
meter receiver corresponded to an aerial temperature of 
the order of 0:05° K. The amplitude of the Jovian inter- 
ference pattern was typically five times this value. 

Each observation was made with the aerials following 
the position of Jupiter, to give an interference record 
lasting about three-quarters of an hour In any such 
interferometric observation, the amplitude of the inter- 
ference pattern does not remain constant but gradually 
rises to a maximum and thon decreases, at a rate which 
.depends on the receiver bandwidth. This variation 
arises from the superposition of a number of interference 
patterns, each one due to a different frequency compo- 
nent of the received bandwidth. The envelope of the inter- 
ference pattern is here referred to as the ‘chromatic 
coherence curve’. Observations were made at various 
hour angles, and for observations away from transit, 
path lengths were equalized by means of additional 
cable, to make sure that the chromatic coherence curve 
went through a maximum. A 20-min extract from a 
typical interference record is shown in Fig. 1. The 
chromatic coherence variation is too slow to be discerned 
in this short sample. 
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Fig. 1. Typical interference pattern obtained when observing Jupiter 


The fringe amplitudes were read off the interference 
records, plotted against fringe number, the chromatic 
coherence curve fitted by the method of least squares, 
and the maximum fringe amplitude obtained. Thus, 
despite the fringe-to-fringe variation in amplitude due 
to system noise, the maximum fringe amplitude ob- 
tained was accurate to a few per cent. The absolute 
accuracy of the observations, estimated at 10 per cent, 
depends on the stability of the equipment between 
observing Jupiter- and the comparison source 3033, 


and on the accuracy with which the flux density of that 
source is known. 

Observations were made in several planes of polariza- 
tion by varying the orientation of the primary feeds. 
The resulis showed that. the radiation was partially 
linearly polarized, as has been found at 960 Mc/s (ref. 8), 
but a more thorough investigation of the dogree of polari- 
zation and its direction were reserved for a lator series of 
observations, referred to hore. 

The flux density for Jupiter, S4, has been obtained by 
comparing the fringe amplitude when observed parallel 
to the plane of polarization with that of the discrete 
source 3033, assuming a flux density for 3C33 of 24 x 10-7 
W m- (c/s)-! at 610 Mc/s. This figure was obtained by 
using published observations at 159 Mc/s, 178 Mc/s and 
960 Me/s, and assuming a constant spectral index over 
this range of frequencies. Using the same convention 
as for unpolarized sources, the flux density for Jupitor 
was: 


So, = 2-6 + 03 x 10-29 W m- (c/s) 


Normalized to a distance for Jupiter of 4-04 a.u. for 
comparison with the results obtained by Morris and 
Berge® at highor frequencies, the flux density becomes: 


4-8 + 0-5 x 10-28 W m- (c/s)! 


Although the accuracy of an individual observation is 
estimated at + 10 per cent, it is emphasized that thero 
were insufficient observations to establish the variation 
of signal strength with Jupiter’s rotation, which has 
been discussed by other observers***. The possibility 
of such a periodic variation, also of the order of + 10 
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Fig. 2. Effective black-body disk temperature of Jupiter 


BM, present observation; DE, Drake and Ewen (ref. 13), and DH, 
Drake and Hvatum (ref. 2) (accuracy not quoted by authors, but 
estimated from other information); GAM, Giordmaine, Alsop 

Townes and Mayer (ref. 14); LE, Long and Elsmore (ref. 7) (limit te 
measurement taken as 2 x 10728 W mae {els} for X are diam.; MB, 
Morris and Berge (ref. 9); MMS, Mayer, McCullough and Sloanaker 
(ref. 15) ; MNW, McClain, Nichols and Waak (ref. 6); SB, Sloanaker 

and Boland (ref. 12) 
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Fig. 3. Flux density of Jupiter, normalized to a distance of 4-04 A.U. 


ey, same as for Fig. 2 


per cent must be allowed for in comparisons with other 
observations. 

Figs. 2 and 3 show the result reported here, in relation 
to published observations made at other wave-lengths. 
Many observers express their results in terms of the 
equivalent black body disk temperature, Te, computed 
using the optical diameter of the planet. Although the 
diameter of the decimetric radio source is much larger 
than the optical diameter of the planet, nevertheless 
Tə is a useful parameter for comparisons because it is 
independent of distance. Te is plotted against wave- 
length in Fig. 2, where the date of each observation 
is also shown. The value of the present observation is 
that only two observations at decimetre wave-lengths 
greater than 31 cm have been reported?” and one of these 
met with a negative result. In Fig. 3, flux densities 
have been normalized to a distance of 4:04 a.u. The 
flux density is seen to remain of the same order of mag- 
nitude over this wave-length range. 

More precise conclusions about the spectrum of the 
radiation are prevented by the long-term variability 
(as distinct from periodicity) of the radiation which 
has been reported?1°12, For example, Sloanaker and 
Boland?? found that the effective black-body disk temper- 
ature changed by a factor two between July 1958 and 
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October 1959, and Roberts! has found evidence for 


VoL. 198 


correlation with solar activity. Since the observations 


plotted here extend over a total period of five years, a 
valid spectral law could only be deduced after detailed 
investigation of solar activity at the times of observation, 
and normalization on the basis of some correlation law. 
The variability referred to could have accounted for the 
negative result’ obtained by Long and Elsmore’ at a 
wave-length of 74 cm. When considering the spectral 
information it must also be remembered that some of the 
observations were made before it was established that the 
non-thermal radiation from Jupiter is polarized, so the 
early observations were not necessarily made parallel 
to the plane of polarization. The degree of polarization 
found! at 960 Mc/s was about 30 per cent and this corre- 
sponds to a maximum-to-minimum ratio of less than 2 : 1. 
During August and September 1962, the Royal Radar 
Establishment interferometer was again used at 610 Mc/s 
to carry out a more detailed investigation of the radiation 
from Jupiter, including the determination of polarization, 
periodicity and angular diameter. The results will later 
be published in full, but it can be said that the normalized 
flux density obtained from observations parallel to 
the plane of polarization, averaged to eliminate period- 
icity, is of the order of 7 x 10-88 W m= (c/s). This 
corresponds to an effective black-body disk temperature 
of 16,000° K. Although the standard deviation of the 
observations has not yet been finally deduced, it will 
certainly be less than for the earlier observations. The 
increase in flux density is therefore believed to be real. 
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TECHNIQUE OF SURFACE EXAMINATION USING 
FRICTION -MEASUREMENTS 


By J. D. HUFFINGTON 


British Jute Trade Research Association, Dundee 


N previous papers!:? it has been suggested that frictional 
force as a measure of real contact area might be used 
for the assessment of surface microtopography. For 
elastic deformation the real contact area between surfaces 
can be related to the average asperity indentation shape, 
the variation of which with load depends on the average 
shape of the asperities themselves. The question arises as 
to whether friction experiments give results which are 
sufficiently reliable for this purpose. It seems necessary 
to obtain a replica of the original surface which will 
deform elastically. It is also necessary to mount this 
replica in a form suitable for friction measurement so 
that no error arises due to the real contact area being 
modified by the sliding process. A reasonable degree of 
consistency ‘in the results is also required. The work 
reported here suggests that a solution to this problem 
has been found. 


Some theoretical considerations, have been discussed 
in previous papers!-4, For spherical-shaped asperities 
deforming against an incompressible plane surface it was 
shown that the average asperity indentation shape is: 

afd = yp? (1) 
where x is the average normal displacement per asperity 
contact, d is the average diameter of the sphere of which 
the asperity is a segment, u is the coefficient of friction 
and y is a dimensionless constant which depends on the 
frictional shear strength per unit real contact area S, 
Young’s modulus Æ and Poisson’s ratio v according to the 


equation: . 
y = 0-281 (x(1 — v?)S/#)? (2) 
The asperities of actual surfaces are not necessarily 


spherical, but it is suggested that in such cases equation 
(1) may still be used, z/d now representing an appropriate 
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shape factor and y/u* a roughness index: For example, 
in the work recorded here surfaces are examined which 
have been abraded with 180-grade emery cloth to give a 
complete coverage of parallel scratches. This-would give 
a series of parallel. touching roughly cylindrical-shaped 
asperities in a negative replica of the surface. Assuming 
a model surface consisting of identical co-planar parallel 
and touching cylindrical segments of maximum height h 
and cylinder diameter d it can be shown theoretically that 
the xjd of equation (1) is directly related to the shape 
factor hjd of the cylindrical segments. If z/d is examined 
as a function of dimensionless pressure W/AaH, where W 
is the normal load for the cylindrical asperities deforming 
against an incompressible flat surface and A, is the appar- 
ent contact area, it is found theoretically that: 


afd = 1-684(h/d)2W/AaE (3) 


assuming that the contact area between cylindrical 
asperity and plane follows the Hertzian theory and using 
a value for Poisson’s ratio of 0-475 appropriate to rubber, 
the material of the replica in the friction experiments to be 
described. 

Experiments in which contact area was measured as a 
function of load using large-scale models of rubber and 
gelatine have shown that equation (3) does in fact apply 
in these cases over a wide range of h/d values. It remains 
to make .corresponding measurements on a micro-scale 
using actual surfaces with the frictional force as a measure 
of contact area. 

A suitable material for forming rubber replicas of sur- 
faces was found to be Midland Silicone, Ltd., cold-cure 
silastometer No. 9161. Before hardening this is a liquid 
and may be poured on to the surface and removed after 
hardening into a rubber solid. Three small disks about 
6 mm diameter and 2-4 mm thick were cut out of a rubber 
sheet manufactured in this way and located at the apexes 
of an equilateral triangle of about 36 mm side. These 
disks formed the fixed lower surface in the friction experi- 
ments and they were cemented into holders so that a 
thickness of about 1-2 mm projected above the surface of 
the holder, the top flat surface of the disks representing 
a negative replica of the abraded surface under examina- 
tion. The upper sliding surface consisted of a 3-3 mm 
thick ‘Perspex’ sheet with polytetrafluorethylene tape 
bonded to it by means of polyester resin after the soft 
silicone polymer backing to the tape had previously been 
removed. This gave a smooth low friction surface of 
polytetrafluorethylene, it having been found necessary 
to keep the friction as low as possible to reduce distortion 
of the soft specimens under the shearing action of the 
towing and friction forces. An additional advantage in 
this arrangement is that the upper slider is semi-trans- 
parent so that the disks can be seen through it and with 
suitable illumination the contact region between disk and 
slider can also be seen. In this way it is possible to check 
that the specimen distortion referred to here does not 
introduce errors by modifying the contact area when 
sliding occurs. 

The surfaces were cleaned with acetone before the 
experiment. The frictional force was measured by applying 
a very gradually increasing pull to the upper surface 
through a coiled spring until movement was initiated. 
The best method found for indicating the start of sliding 
was an arrangement of electrical contacts such that sliding 
distances of 0-025 mm or so could be detected by the 
making of two contacts. The gradually increasing pull 
to produce sliding may be obtained by adding weights 
(say, 5 g at & time) to a pan supported over a pulley until 
electric contact indicating sliding occurs when a given 
pull has operated from, say, 10-15 sec. 

Mild steel and ‘Perspex’ surfaces abraded by hand as 
already described with 180-grade emery cloth were used. 


Attention was concentrated on the rubber negative replicas _ 


of these surfaces, since the shape of the asperities in this 
ease should be roughly cylindrical. Also since steel is 
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harder than ‘Perspex’, the scratches on the stecl should 
be similar to but less deep than those on ‘Perspex’, the 
difference depending on the relative hardness of the two 
materials. a 
It was found that by increasing the normal load in 
small and regular steps of about 100 g at a time and 
taking 2 or 3 measurements at each load, the frictional 
force as a function of load could be obtained up to condi- 
tions of complete flattening of the asperities. This is 
shown in Fig. 1, where log p is plotted against log W for 
the two abraded surfaces referred to above and for a 
smooth surface given by moulding the rubber against 
smooth ‘Perspex’. At complete contact uccl/WV and the 
frictional force tends to a constant. From this value S 
the shear strength per unit real contact area can be 
estimated. Thus y (equation (2)) and w/d (equation (1)} 
can be obtained provided Æ is known, and this can be 
obtained in a subsidiary experiment using the same 
material as used in the friction experiment. 
0-4 
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Fig. 1. „-W result using rubber negative replicas formed from: curve 1, 
180-emery abraded ‘Perspex’; curve 2, 180-emery abraded steel; curve 
3, smooth ‘Perspex’ 

In Fig. 2 v/d calculated in this way is shown as a 
function of W/AaH for the two abraded surfaces. A 
reasonable consistency between experiments carried out 
on different days is shown. A relationship similar to that 
of equation (3) appears to apply and if the slope of the 
linear part of these curves is equated with 1-684 (h/d)1/* 
as in equation (3), A/d is found to be 0-0010 for mild steel 
and 0:0078 for ‘Perspex’. 

The Brinell hardness number for ‘Perspex’ is given® as 
25 and for worked mild steel as 200, the ratio being 8 as 
compared with a corresponding inverse ratio of 7:8 given 
by the above h/d values. A study of the meaning of hard- 
ness measurements? suggests that these ratios should in 
fact be roughly equal. The abraded steel and ‘Perspex’ 
specimens were examined under the microscope and the 
average track width of the scratches was measured in 
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Fig. 2. a/d against W/Ac#H for rubber negative replicas from: curve 1, 
180-grade emery abraded steel; curve 2, 180-grade emery abraded 
‘Perspex’. The different points refer to experiments carried out on 
different days 


0-04 0-06 


950 


each case. It is also possible by microscopic examination 
to obtain the average,diameter of the emery particles of 
the 180-grade emery paper, assuming them to be roughly 
spherical. This measurement, combined with that of the 
track width, enables an average hjd to be estimated, 
assuming the tracks to be cylindrical in shape. Values of 
h/d of 0-001 for steel and 0-007 for ‘Perspex’ were obtained, 
in reasonable. agreement with the frictional results. Of 
course, there are sharp edges to the emery particles which 
means that some of the projections on the rubber replica 
must have been less rounded than if they were perfectly 
cylindrical. This probably explains the sharp initial rise 
before the linear part of curve 2, Fig. 2. f 

The results suggest that with care friction measurement 
can be a sensitive and convenient method of surface 
examination. The apparatus is simple and easy to con- 
struct. The friction in the experiments described was 
very low velocity dynamice friction and there is evidence 
that this is greater than the static friction. In Fig. 1 
the curves imply an equal S value in all three cases, but 
small variations in S may occur between different speci- 
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mens and at different times, and it is desirable to determine 
S from the actual sample at the time of the experiment. 
The chief source of error occurs when normal loads are 
increased rapidly or irregularly when it is found that the 
frictional force tends to be too high. The reason for this 
is unknown, but it seems that a gradual ‘running-in’ 
process is required at low loads before reproducible 
readings at high loads are obtained. 

This method might be especially valuable for studying 
the surfaces of soft materials (for example, paper or 
biological materials) and in any application where contact 
between surfaces is.an important consideration. 

I thank Mr. J. G. Hutton for assistance and Mr. D. F. 
Leach for directing my attention to the existence of the 
cold-cure silastometer used in the experiments. 

1 Huffington, J. D., Research, 14, 193 (1961). 

* Huffington, J. D., Brit. J. App. Phys., 18, 38 (1962). 
3 Huffington, J. D., Research, 12, 443 (1959). 

t Huffington, J. D., Wear, 3, 473 (1960). 


* Roffe, W. J., Fibres, Plastics and Rubbers (Butterworths, Scientific Pub- 
lications, 1956). 
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A MAJOR FAULT SCARP UNDER THE ARABIAN SEA DISPLACING THE 
CARLSBERG RIDGE NEAR SOCOTRA 


By Dr. D. H. MATTHEWS 


Department of Geodesy and Geophysics, University of Cambridge 


T is desirable to study major geological structures which 
appear to cross the continental margin into the deep 
ocean. One such structure is the Carlsberg Ridge, the 
mid-ocean ridge in the north-western Indian Ocean, 
which many geologists believe to be continuous with the 
Red Sea and East African rift valley system. The 
International Indian Ocean Expedition, and especially 
the two geophysical reconnaissance cruises learried out 
by H.M.S. Owen, have provided new data on the Carlsberg 
Ridge. This article is concerned with the possible con- 
‘nexion between the northern end of the Carlsberg Ridge 
and the strip of mountainous topography which follows 
the median line of the Gulf of Aden. It is based on 
sounding information collected on British Admiralty 
One Million Series Oceanic Plotting Sheets 
in areas 158, 159 and 189. 

The main features of the topography 
of the floor of the Arabian Sea were 
delineated by the John Murray Expedi- 
tion, 1933-34. The John Murray Expedi- 
tion obtained three sounding profiles 
across the ridge between Socotra and the 
equator, and in Chart 3 accompanying 
their report! they sketched the ridge and 
its median valley as a continuous feature 
extending in a broad bow from at least 
15° S. past the Chagos Archipelago, so 
far as a position (10° N., 56° E.) 180 
miles south-east of Socotra. During 1961 
and 1962, H.M.S. Owen has obtained 
continuous recordings of depth, gravity 
and magnetic field strength on four 
tracks which cross this section of the 
Carlsberg Ridge and has made a detailed 
survey of a 1° square of the axial zone 
of the ridge at latitude 5° N. The 
positions of these crossings are shown 
as unnumbered tracks in the south- 
east corner of Fig. 1. The zig-zag lines 
across these tracks mark the positions 
where the foothills of the ridge disappear 
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beneath the sediments of the adjacent abyssal plains, and 
the double lines indicate the position of the median valley. 
In this group of tracks, the second track from the north, 
which has a sharp bend in it, marks the position of the pub- 
lished bathymetric profile obtained by R.V. Vityaz in 
1959%. The results obtained on these crossings have con- 
firmed the general similarity between the Carlsberg Ridge 
and the Mid-Atlantic Ridge, although the topography 
seems to be more rugged on the Carlsberg Ridge and may 
be somewhat less magnetic. A median valley associated 
with a magnetic anomaly of about 500-y range and with 
a large negative gravity anomaly was observed on all the 
Owen crossings. The central part of the ridge, arbi- 
trarily defined as the area within which peaks attain 
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Fig. 1. Physiography and earthquake epicentres of the northern end of the Carlsberg Ridge 
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HORIZONTAL SCALE IN TENS OF MILES 





Fig. 2. Bathymetric profiles along the numbered lines drawn on F. 
No. 3, R.V. Vityaz; 


1,600 fms, is indicated by diagonal shading in Fig. 1. 
The new crossings confirm that the ridge occupies the 
position indicated by the John Murray Expedition. 

At its northern end, near (10° N., 56° E.), the John 
Murray Expedition suggested that the Carlsberg Ridge 
might branch, one branch running north-eastwards 
across the mouth of the Gulf of Aden in the direction of 
the Murray Ridge (which lies beyond the northern limit 
of Fig. 1 at the entrance to the Gulf of Oman) and the other 
branch running west-north-west to meet the continental 
shelf at Abd-al-Kuri, the island between Socotra and the 
Horn of Africa. More recent bathymetric charts* have 
omitted this latter connexion between the Carlsberg 
Ridge and the continental shelf south-west of Socotra, 
and have shown relatively deep water between Socotra 
and the Ridge. In Fig. 2, the part of profile 6 to the 
west of the gap which marks a change in direction lies 
almost along the line of the postulated western branch 
of the ridge, and a profile obtained by H.M.S. Owen while 
on passage from Socotra to Mombassa along a track not 
shown in Fig. 1 crosses the line of the postulated branch 
at right angles. Neither of these sounding profiles has 
revealed any sign of a connecting ridge in the position 
shown on the John Murray chart. However, the two Owen 
tracks did reveal an area,of non-magnetic seamounts 
around Socotra. These non-magnetic seamounts occur 
within the cross-hatched area in Fig. 1; one of them can 
be seen at the extreme west end of profile 5, Fig. 2. Exist- 
ing soundings collected on Admiralty plotting sheet No. 
189 suggest but do not prove that the northern end of the 
Carlsberg Ridge is separated by a narrow fosse of deeper 
water from these non-magnetic seamounts around 
Socotra. This area will be investigated by H.M.S. Owen 
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ig. 1. Vertical exaggeration about 6:1. No. 1, H.M.S. Owen; 
0. 5, R.V. Vema 


during April and May 1963. The other postulated branch 
of the Carlsberg Ridge, running north-east from about 
(10° N., 56° E.), is the subject of the rest of this article. 

In their important paper on the results of the Jobn 
Murray Expedition, Wiseman and Seymour-Sewell‘ direc- 
ted attention to the way in which known earthquake 
epicentres appear to follow the line of the Carlsberg 
Ridge, and they pointed out that the seismic belt is 
apparently continued into the Gulf of Aden and the 
Gulf of Oman. In the Gulf of Aden it follows a strip of 
mountainous topography indicated in Fig. 1 by diagonal 
shading. The mountainous zone, which follows the 
median line of the Gulf, is crossed by ridges and deep 
trenches trending north-east-south-west. In Fig. 1 
the trenches are indicated by parallel lines. Magnetic 
profiles obtained east of Aden by H.M.S. Owen indi- 
cate that the strip of rugged topography is associated 
with large magnetic anomalies, and with one very large 
anomaly of more than 1,000-y range and less than 15 miles 
half-width. Girdler and Peter’ have mapped and inter- 
preted these anomalies at the other end of the Gulf, 
west of 45° E., and have traced them into the (tulf of 
Tadjura, (114 N, 48° E.), where the East African rift 
valley reaches the sea. Allan? has mapped similar mag- 
netic anomalies over the median trough which follows 
the axis of the Red Sea. An anomaly of comparable 
range and width is known to occur over the median 
valley of the Carlsberg Ridge but nowhere else in the 
Arabian Sea; the anomalies recorded over the flanks 
of the ridge are typically of only 150-y range and less 
than 10 miles half-width, while those recorded over the 
abyssal plains are broader, typically 400-y range and 25 
miles half-width. These similarities provide good reasons 
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for tracing the axial line of the Carlsberg Ridge through 
the Gulf of Aden, but bathymetric evidence of the con- 
nexion is lacking and, indeed, the soundings that are 
available suggest that ‘there is no direct connexion east 
of Socotra. 

The idea that a narrow belt of epicentres marks the 
axial line of the mid-ocean ridges gained general recogni- 
tion with the publication of maps of the Indo-Atlantic 
seismic zone by Rothé’, and the postulated association 
of the ‘active zone with a median valley was strikingly 
vindicated in 1960 when R.V. Vema traced the Mid- 
Atlantic Ridge and its median valley along the earth- 
quake belt through the sparsely sounded area south of 
the Cape of Good Hope to its apparent confluence with the 
Carlsberg Ridge near Mauritius*. Fig. 1 includes a new 
plot of all listed epicentres up to January 1963. Epi- 
centres are shown as filled circles. The uncertainty of 
position is about 1°. Data for shocks occurring prior 
to 1942 are from the tables of Gutenberg and Richter? 
and Rothé’, shocks between 1942 and 1955 are from the 
ISS. Bulletin and those from 1955 to 1963 are from 
the U.S.C.G.S. The data presented in the figure con- 
firm the correspondence between the epicentres and the 
axial line of the ridge as far north as the northernmost 
available crossing, which is that of H.M.S. Owen in lat. 
8° N. If the epicentre belt is a reliable guide to the 
course of the ridge north of this point, then it appears 
that the ridge undergoes an abrupt change in direction 
at about (10° N., 574° E.), and the simplest hypothesis 
is that the ridge and median valley turn north at this 
point. Profiles 5 and 6, Fig. 2, cross this part of the ridge. 
The deepest points on them are indicated by arrows on 
the profiles and these deep points lie on the heavy line 
shown in Fig. 1. These deep soundings could possibly 
lie in the median valley if the median valley were running 
north-east in this area, but farther to the north along the 
epicentre belt existing soundings do not show the ridge 
at all. “From 10° N. to 15° N. only one line of soundings 
crosses the epicentre belt. This profile is drawn as 
profile 4 in Figs. 1 and 2. The deepest sounding on it is 
indicated, as before, by an arrow in Fig. 1 and by a heavy 
line in Fig. 2, but the profile does not look at all like a 
crossing of the Carlsberg Ridge. The critical portion of 
profile 4, near 57° E., is based on an old line of soundings 
and requires confirmation. 

Still farther to the north, along a branch of the epi- 
centre belt marked by only a few shocks, the abyssal 
plain which extends westwards from Karachi is bounded 
by a linear scarp more than 600 fms high. Four recent 
crossings of the southern end of this feature appear on 
Admiralty plotting sheet 159 and three of them are 
shown in Fig. 2 as profiles 1, 2 and 3. This prominent 
scarp, which was shown on the John Murray Expedition 
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chart, looks very like the edge of a slightly tilted fault 
block. The line of the scarp may be tentatively extended 
northwards towards the deep trench of the Murray 
Ridge system, and if it is extended to the south it con- 
verges with the main epicentre belt and with the line of 
deep soundings at the northern end of the ridge. 

It is suggested in conclusion that this lineation re- 
presents a seismically active dislocation which displaces 
the axis of the Carlsberg Ridge, by nearly two hundred 
miles, explaining the apparent absence of the ridge from 
profile 4. North of latitude 10° N. the postulated move- 
ment on the fault is transcurrent, right-handed, with 
upthrow to the west. The position of the hypothetical 
fault is marked by the heavy line in Fig. 1 and by the 
arrows in Fig. 2. The kink in the line near (15° N., 59° E.) 
is based on & line of soundings of unspecified origin 
shown on the chart drawn by the John Murray Expedition. 
The bend drawn at the western end of the fault is based 
on a number of sounding lines, including a profile obtained. 
by H.M.S. Owen in November 1962, which are collected 
on Admiralty plotting sheet No. 189, but are not shown 
on Fig. 1. 

H.M.S. Owen (Commander, D. W. Haslam, R.N., 
senior scientist, B. C. Browne) has been carrying out a 
survey of the northern end of the Carlsberg Ridge during 
April-May 1963, and has sought between latitudes 
10° and 15° N. for further evidence of the major fault 
the existence of which is suggested here. I am indebted 
especially to the Hydrographer of the Navy and his staff 
in the Oceanographic Branch for the provision of data, 
to the scientists, officers and men of H.M.S. Owen for 
help at sea, and to Drs. Heezen and Loncarevic for dis- 
cussion at home. 

The work was supported by grants from the Department 
of Scientific and Industrial Research and from the U.S. 
Office of Naval Research (contract No. N62558-3542). 
The geophysical results of the two cruises of H.M.S. Owen 
are being prepared for publication by the Admiralty 
Hydrographic Department. 

Note added in proof. Preliminary reports and soundings 
just received from H.M.S. Owen amply confirm the exist- 
ence of the feature discussed in this article. 
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GASEOUS DIFFUSION IN POROUS MEDIA WITH PARTICULAR 
REFERENCE TO GRAPHITE 


By Dr. G. F. HEWITT and E. W. SHARRATT 


Chemical Engineering Division, Atomic Energy Research Establishment, Harwell 


Introduction 


HE object of this article is to describe the various 
phenomena involved in gaseous diffusion in porous 
media in simple terms and to put in perspective the various 
contributions on the subject. No attempt has been made 
to review all the literature exhaustively, but reference is 
made to fuller reviews of particular topics where these 
are available. 
The subject-matter of this article will be confined to 
the movement of gas molecules in the pore space of the 


media; the important topics of surface, solid and activated 
diffusion will be ignored. These latter topics have, in 
any event, been adequately reviewed for flow in graphite 
by Bromley'. 


Types of Diffusion 


Normal diffusion. If a mixture of gases is confined in a 
vessel, any initial differences in composition of the mixture 
will tend to disappear. This mixing process takes place 
as a result of thermal movement of gas molecules within 
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the mixture and is limited by collision with other gas 
molecules. The mixing or ‘diffusion’ process can be treated 
statistically in terms of the kinetic theory of gases; one 
of the best presentations of this treatment is’ that: of 
Present’. Fick’s law for one-dimensional diffusion in a 
binary mixture of gases can be stated: 


ma = —Dap. dea/dx (1) 
where ma is the rate of transport of molecular species A 


(moles/em? sec) and des/dxy is the molar concentration . 


gradient (moles/em*/em). Daz is the ‘mutual diffusion 
coefficient of A in species B’, the units of which are by 
definition em?/sec. The value of Dasg can be calculated 
from the kinetic theory of gases and since a constant 
pressure is maintained it follows that the diffusion 
coefficient for movement of species A in a mixture of 
species A and B is identical with the constant of species 
B in the same mixture (namely, Das = Dega). The 
earlier derivations from kinetic theory? predicted a large 
variation of the diffusion coefficient with mixture com- 
position; later, more rigorous, treatments by Chapman* 
and Enskog*® showed agreement with the experimental 
result that Dagr is relatively insensitive to concentration. 
It also follows from kinetic theory that the diffusion 
coefficient should be inversely proportional to pressure 
and vary with absolute temperature to the power 3/2. 
(It is found experimentally that the diffusion constant 
varies with temperature to a power nearer 1:75 (ref. 6).) 

For a porous medium the effective diffusion coefficient, 

Dp, is substituted for Dag and equation 1 becomes: 
ma = — Dp . dcaldx (2) 

Here we define ma as the superficial molar flow rate 
(moles per second per unit cross sectional area of the 
medium, in the direction of flow) and dces/dx as the 
concentration gradient in the gas phase. In cases where the 
influence of collisions with the walls may be ignored (see 
later) the ratio -Dp/Daz might be expected to be a con- 
stant for any given isotropic medium and independent 
of Daz. Thus, if the ratio Dp/Daxz is known for a medium 
from any one measurement of Dp, Dp could be calculated 
at any temperature or pressure and for any other binary 
mixture. Although a number of measurements of Dp/Das 
have been reported (see below), to our knowledge no 
systematic tests have been made to establish the con- 
stancy of this ratio, for a given medium, over a wide 
range of values of Das. 

Tho ratio D,/Daz may be related to the porosity of the 
medium and to the ratio of the effective length of the pores 
to the length of the sample (the ‘tortuosity’ factor). 
Consider the much over-simplified model of a porous 
medium in which there are n pores of radius * per unit 
cross sectional area each of length Le where the sample 
length is L. It follows that the effective rate of diffusion 
of species A through this idealized material is: 





A 2 
He See e Pa Seun (3) 
e 
and the porosity £ is given by: 
ngr? Le 
S H 
Honce: 
gL? g 
ms = - Tè: Daz. deajdx = — z Dap Gea/dx (5) 
and: 
€ 
Dp = z Dar {6) 


where q = (Lej L), the ‘tortuosity’ factor. 

The tortuosity factor given in equation 6 is not neces- 
sarily the same as that appropriate to viscous or slip 
flow in the medium (see refs. 7 and 8 for discussion of 
viscous and slip flow tortuosity factors). Hewitt and 
Morgan? have shown that the tortuosity factors for 
diffusion and flow under a pressure gradient are very 
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different. Garrels, Dreyer and Howland! have also 
shown that the rate of diffusional transport is not related 
to permeability. The explanation of these! differences of 
tortuosity factor probably lies in the different ways in 
which the various types of flow use up the availablo pore 
paths. 

Diffusion in porous media is, however, analogous to 
electrical conduction through a conducting medium 
which fills the pores. Using a similar model to that for 
diffusion here, the apparent conductivity Kp of a non- 
conducting porous septum, the pores of which are filled 
with a medium of electrical conductivity K, is given by: 

€ 
Tg 
Since diffusion and conduction are rather similar processos 
then the factor e/g? in equations 6 and 7 is likely to be the 
same. This has been confirmed experimentally by 
Klinkenberg"! and more recently by Scott and Dullion’*. 
It would be useful to apply such electrical conduction 
methods to graphite, but the situation is complicated by 
the fact that the graphite itself is conducting. Pathnode 
and Wyllie have shown that, for conducting rocks, 
the conductances of the rock and the fluid saturating 
the pores may be considered to be in parallel. Howitt’, 
however, found that this concept of parallel conductance 
did not apply in the case of mercury/graphite matrices 
and, hence, there seems little hope of applying these 
methods. 

Knudsen diffusion. In the foregoing discussion of ‘nor- 
mal’ diffusion in porous media it was assumed that col- 
lisions with the wall were not important; we shall now dis- 
cuss the case where the most probable distance of travel of 
a molecule before collision with another (the ‘mean free 
path’) is large compared with the diameter of the pores. 
Here the rate of movement through the pores is governed 
only by collisions with the wall. This condition can be 
achieved by reduction of the pore diameter or by lowering 
the gas pressure.. It was first investigated for capillarios 
by Knudsen and is therefore usually referred to as 
‘Knudsen flow’ or ‘Knudsen diffusion’. Since the collisions 
with the wall are governing the rate of diffusion the gas 
diffuses along a partial pressure gradient and the rate is 
independent of the presence of another molecular species— 
hence the rate of diffusion is the same at the same partial 
pressure difference irrespective of the changes in total 
pressure across a sample. (This has been confirmed 
experimentally in recent measurements on a fine-pored 
graphite by Bromley*.) 

Knudsen“ derived an equation for the diffusion 
coefficient for Knudsen flow in a capillary based on con- 
siderations of the number of molecules crossing a given 
section of the tube in unit time after reflexion from an 
arbitrary element of surface. Integration of this exprossion 
leads to the evaluation of the Knudsen diffusion co- 
efficient Dg: 


Ky .K (7) 


1 2 
Dg = 3 .d. Ù. F 
In equation 8, d is the diameter of the capillary, ¢ the 
mean molecular velocity of the diffusing species and f the 
fraction of molecules which undergo diffuse reflexion at 
the walls. (that is, the fraction which, on hitting the wall, 
have an equal probability of being emitted in any direc- 
tion). The mean molecular velocity of an ideal gas is 
given by the kinetic theory of gases as ð = V/8RT [RU 
where R is the gas constant, T the absolute temperature 
and M the molecular weight. 

We shall now consider the analogy between Knudsen 
diffusion and so-called ‘slip flow’. When a fluid flows in 
streamline flow through a capillary tube, under tho in- 
fluence of a pressure gradient dp/dz, thon a velocity 
profile is set up which may be deduced by integrating 
the relation between shear stress (obtained from dp/dr) 


Fi (8) 
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and velocity gradient: A boundary condition must be 
assumed for this integration and it is usual to assume 
that the velocity at the tube wallis zero. The well-known 
Poiseuille equation for the mean velocity of the fluid, u, 
results: 

a dp 

~ 32u ` dg (9) 
'where p is the viscosity of the fluid. Though the Poiseuille 
equation is obeyed quito accurately for many cases of 
streamline flow, the assumption of zero velocity at the 
tube wallis never absolutely correct since it is incompatible 
with the fact that momentum must be transferred to the 
wall. This momentum transfer must take place since 
there is a pressure gradient. 

The argument relating momentum transport and wall 
velocity is as follows. If, after impact with the tube wall, 
fluid molecules are emitted diffusely (see above) then 
their average momentum in the direction of flow will be 
zero. Since there is a pressure gradient, momentum must 
be transferred to the wall, and those molecules which 
are in the layer nearest the wall and are about to be 
transmitted to it must possess a mean finite velocity 
in the direction of flow. (It follows from a balance of 
forces on an element of the tube that since there is a 
pressure gradient, a wall shear stress must exist. This shear 
stress may be regarded as the rate of transfer to the wall 
of the average component of momentum in the direction 
of flow.) The velocity must be sufficient to account for 
the momentum transferred to the wall. This velocity 
in the layer adjacent to the wall is higher than would be 
obtained by multiplying the velocity gradient at the wall 
calculated from viscosity and pressure gradient by the 
average distance between the wall and the first molecules 
(that is, about one mean free path). The result is that an 
apparent ‘slip’ between the fluid and the wall occurs 
and a ‘slip velocity’, wz), must be added to equation 9: 


d? dp 

- 3gp © da F” 

This slip phenomenon ‘is particularly important for 
gas flow in finé pores, especially when the pressure is low 
(namely, when the mean free path is high) and an expres- 
sion for u for this case has been implicitly derived from 
the kinetic theory of gases by, for example, Millikan™ ¢ as: 
om d j 2-f dp 
i ~ 16° pp" f ° dex 
where p is the pressure and f is the fraction of diffuse 
refloxion. Equation 9 thus becomes: 


d? m åd 2- j dp 
= + I6 ` p P F Jz (11) 
Multiplying equation 11 by p we obtain: 

pd? T 


32u * 16° i la 


For ideal gas flow through a tubo up is a constant for 
all positions along the tube, since the mass flow rate is a 
constant, and integrating equation 12 for flow through a 
tube of length L with pressures p, and p, at each end 
eee it follows that: 


u= 


ú= (10) 


` ~ Ube E 


“us — 


up = (12) 








(p-p) Gx 2—f 
wpb = 3 g * 32u t 16 ° d.d. -FoP — pe) (13) 
Hence: 
UPL =: apm ze _ 2 =f 
Ap 7 32u + yg :4- 7. En (14) 
where Ap = (Pı — Pe) and pm = (pı + p.)/2. IE the 


term u,p,L/ Ap is plotted against pm a straight line results 
with intercept (1/16 . d . ð. [2-f]/f) and slope d?/32u. 
It will be noted that the second term on the right-hand 
side differs only in numerical constant from the expression 
for Knudsen diffusivity given in equation 8. In fact, Dg 
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is somewhat higher than the slip term and when pm» 0 
viscosity ceases to have any physical meaning. A 
minimum occurs in the plot u,p,L/Ap against pm owing 
to a transition from viscous flow with slip to pure Knudsen 
diffusion. This is illustrated in Fig. 1. Plots showing 
such minima are given by Carman}? and an excellent 
review of the transition phenomena is presented by the 
same author in ref. 7. (In a recent paper Scott and 
Dullient® have also made a theoretical study of this 
transition.) A more detailed discussion of the slip effect 
is given by Taylor and Glasstone?®. 


VoL,.198 








Pure Knudsen 
diffusion 


Viscous flow with slip 


wpiL/ Ap 


Intercept from extrapolation of 
viscous flow with slip line 


pm 
Fig. 1 


For porous media equation 14 is usually modified, after 
Carman’, to: 
up L i; 
“Ap “E= p Fake (15) 
where u, is now the superficial velocity of the gas (c.c./ 
sec/cm* cross-section) and B, and K, are constants for the 
medium determined from the plot K versus pm. Equation 
15 has been successfully applied to flow in graphite by 
Husain and Robinson’ and later by Hutcheon, Longstaff 
and Warner*, Hewitt®!, Jenkins and Roberts®* and ` 
others. i 
Pollard and Present? have shown that for short capil- 
laries, a minimum does not occur in the plot of wpb] Ap 
against Pm. Consequently, it was expected’ that in a 
porous medium, which may be considered as short 
capillaries in series with changes of direction, no minimum 
would occur. The slip flow term, 4K,0/3, has consequently 
been taken as equivalent to the Knudsen diffusion 
coefficient for the medium’:}*.24 More recent evi- 
dence*.?5.44 that permeability minima do occur in porous 
media makes this equivalence somewhat doubtful and 
more direct evidence seems very desirable. a 
The intermediate region. We have now discussed 
normal and Knudsen diffusion; in many cases of diffusion 
in porous media, however, the diffusion type is inter- 
mediate between the two. This intermediate region of 
diffusion was first discussed by Bosanquet?’, who con- 
sidered the process as a random walk in which the suc- 
cessive steps of individual molecules are terminated either 
by collisions with other molecules or with the tube wall. 
It follows from this that De, the effective diffusion co- 
efficient, in a tube, is given by: 
1 1 1 
sf Dug Dx 19) 
It will be noted that Dg is different for gas A and B, 
hence D, is different. 
For a ‘porous medium, substituting the expressions 
derived here, we obtain: 
1 ¢ 3 j 
(Dela Darn ja 4K ba (17) 
where K,’ is a coefficient which is of the same order as, 
but not necessarily equal to, the coefficient K, obtained 
from flow measurements. (Dp), is the effective diffusion 
coefficient for component A, 64 the ‘mean molecular 
velocity for that component. 
Pollard and Present®? have used a more rigorous 
theoretical treatment, but their more complicated éxpres- 
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sion agrees almost exactly with equation 18. The most 
advanced treatment of intermediate region diffusion in 
porous media is that of Evans, Watson and Mason". 
These authors consider the medium itself to consist of 
large stationary molecules. The system can thus be 
treated as a three-component mixture and the character- 
istics of the diffusion worked out from the classical 
theory of diffusion in multi-component mixtures. (They 
refer to this mixture as a “dusty gas”.) The diffusion in 
the intermediate region is again shown to be described 
by equation 17. 

Since Daz varies inversely with pressure, measurements 
of diffusivity at various pressures on the same sample 
should lead to the evaluation of g?/e and K,’. Scott and 
Dullien?? report measurements of this type. These authors 
showed that equation 17, slightly modified to take account 
of the net drift effect (see later), fitted the measured 
diffusion constant accurately over a wide range of 
pressures. 
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Net Drift Effect 


It can be seen from equation 8 that, in the Knudsen 
region, the diffusion rates of two gases interdiffusing 
through a capillary or porous medium must be pro- 
portional to their mean molecular velocities, hence: 


ma _ V8RT/xMa _ ey 
B V8RT/xMg ‘Ma 


that is, the gases will travel at different rates through 
the medium. If the medium separates two gases at equal 
pressure then the gas having the lowest molecular weight 
will diffuse the most rapidly. Though equation 18 ob- 
viously applies in the Knudsen range it might be expected, 
at first sight, that in the normal diffusion region the rates 
of diffusion would be equal for the two gases (see Section 
on Normal Diffusion). It is found, however, that if equal 
pressures are maintained on either side of a porous 
medium separating two gases then the gases will diffuse at 
rates determined by equation 18 whatever the type of 
diffusion. The importance of this finding may be gauged 
by considering, for example, the.case of He/Ar diffusion 
with constant pressure and pure He and Ar at each side 
of the medium; the helium will flow at about three times 
the rate of the argon. This observation was first made by 
Hoogschagen?*-*° and was explained by him in terms of 
momentum transfer to the walls of the pores. 

The argument for normal binary diffusion in a single 
capillary with diffuse reflexion from the walls is as follows. 
After striking the wall of the capillary the molecules 
are diffusely reflected and, hence, their momentum in the 
axial direction is zero, their component of momentum 
in this direction having been transferred to the walls. 
Since there is no pressure gradient along the tube wall 
shear stress is zero and, hence, the net momentum trans- 
fer is zero. The momentum transferred by each species 
must be therefore equal and opposite. 

The momentum transferred to the wall by either species 
is the product of the frequency of striking the wall, the 
mass of the molecules and the component of velocity 
in the direction of transport. 

Now, for component A: 

Frequency of striking wall œ molecular concentration (N a) 
x mean molecular velocity (ða) 
a Na x U/. M 4 
Mean net velocity in axial direction œ melee flux (ma)/ 
molecular concentration (Na) 
Mass of molecules « molecular weight (M a) 





(18) 


Hence: 


Frequency x velocity x mass . 
= axial momentum transferred to wall by specimen A 
x Na x IMa x ma x Na x Ma 
x marl. M A 


NATURE 


955 


The rate of transport of momentum by species A is 
thus proportional to may/ Ma and, similarly, that trans- 
ferred in the opposite direction by species B is propor- 
tional (with the same constant) to mai/Ms. If the 
pressure is maintained constant these two momentum 
transfer rates must be equal and it follows that equation 
18 is obeyed for all regimes of gas phase diffusion. The 
result is that a net drift, mr, occurs and the molar fluxes 
obey the equations: 


(Dela Ca 


ma = mra — p BT © Tr (19) 
Dep ac 
ms = mrOs — p (Des A P (20) 


where p is the total pressure and C4 and Cg the molar 
fractions of component A and B. (De)a and (De)s are the 
effective diffusion coefficients for the capillary for gases 
A and B respectively. In a pure Knudsen region mr 
becomes zero since (De)a/(De)a = = y MaMa aļMg. For the 
case where two pure gases are separated by a porous 
medium of length L, Hewitt and Morgan? have combined 
equations 18, 19 and 20 and solved with the boundary 
condition C4 = 1 and Cg = 0 at «= 0, Ca = 0 and 
Cs =1 at x =D. Dp was substituted for (De)4 and 
(D.)s; that is, it was assumed that (Dp)4 = (Dp)a = Dp, 
this only applies in the completely normal region of 
diffusion. The resulting expression is: 


Dyp I Fr 
ma = FOE+ 1H 1- VM Mp ` . log VM la 


The existence of the net drift phenomenon in porous 
media diffusion has also been confirmed by Evans, 
Truitt and Watson’! and more recently by Scott and 
Dullien!? and Masamune and Smith**. Scott and Dullien 
present an equation which is similar to equation 21 bnt 
applicable throughout the whole range of diffusion. 

Evans, Watson and Mason” also show from their 
“dusty gas” model that equation 18 applies over the whole 
range. They reject, moreover, the momentum exchange 
explanation given above on the grounds that it uses the 
incorrect averages. This rejection is invalid, however, 
since they appear to have confused the rate of momentum 
transfer normal to the wall with the rate of transfer of the 
axial component of momentum. 

(In the ordinary experiment on diffusion of gases two 
large vessels containing different gases are connected 
through a capillary tubo; at first the lighter component 
will diffuse more rapidly through the capillary as indicated 
here, but soon the pressure on the heavy gas side will 
have risen sufficiently to cause an overall back flow of gas. 
A quasi-steady state is therefore set up in which thoro is 
no net flux of molecules botween the vessels. The pressure 
gradient resulting from this effect will depend on the 
radius of the capillary—the bigger the radius the smaller 
the pressure drop.) 


(21) 


Effect of Pressure Gradient 


We shall now consider briefly the effect on the rate of 
diffusive flow of superimposing a pressure gradiont 
across the medium. This question is of interest in the 
nuclear graphite field from two points of view: (1) The 
effect of small differentials on the apparent rate of diffusion 
in nuclear grade graphite (the rate of diffusion here is an 
important parameter governing the rate of oxidation). 
(2) The use of counter-flow under a pressure gradient in 
suppressing the outward diffusion of fission product 
gases from the graphite-encased fuel elemonts of a high 
temperature reactor. 

The second of these aspects was discussed by Carley- 
Macauley**, who considered theoretically the case of diffu- 
sion against a countercurrent stream in a capillary and 
showed that the method of suppression was not so effective 
as had been hoped. Experimental work by Barr, Goss and 
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Sterry®® appeared to confirm these findings. Theoretical 
treatments utilizing the derived constants of the 
porous medium have been given by Hewitt ef al.%54.35, 
‘The simplest case is when the flow under the pressure 
gradient is purely viscous, the diffusion is normal and the 
molecular weights of the two components are near enough 
for differential effects from their difference to be ignored. 

-The net superficial velocity of flow ua of species A is 
given by: 


Bo d(pa+ ps) Dp dpa 
u’ dz ~ pa` de 
where pa and pg are the partial pressures of components 
A and B respectively. Equation 22 contains too many 
‘unknowns for solution; and it must be used simul- 
taneously with another equation for the other component**. 
However, if we make the further simplifying assumptions 
that u, d(pa + pr)/dx and Dp are constants for the 
medium and solve equation 22 for the boundary conditions 
pa = Pa, ab © = 0 and pa = 0 at x = L then we can 
obtain the net molar flow rate ma’: 


ua = — (22) 











BoAp | pa oxp (45 Âp 
Ma = (23) 
RIuL | 1- oxp(2 uD ap 
? 


where Ap is the drop in total pressure across the medium 
Equation 22 has been shown’ qualitatively to predict the 
effect of pressure gradient on diffusion rate of oxygen 
in nitrogen in nuclear grade graphite (in this case, 
typically, the rate of diffusion changes by a factor 1/4 to 2 
in the range of differential pressures — 0-5 to + 0-5 em. 
‘water®): A version of equation 22 modified to take account 
of slip has been shown to predict successfully the effect 
of counter-current flow on the diffusion in a wide range 
of graphites®. 

~ Ine further communication, Evans, Watson and Mason*™* 
have also discussed the effect of pressure gradients in terms 
of their “dusty gas” model. They found this model to be 
inadequate for the forced flow problem, but their com- 
munication contains many useful results. 


Transient Diffusion 

So far, we have considered only the case of steady-state 
or quasi-steady-state diffusion. There aro many instances 
where the rate of attainment of this steady state is of 
importance. Hewitt and Morgan’ have considered the 
case of. oxygen diffusing into nitrogen through graphite 
under the following conditions: the total pressure is 
constant, the two gases are maintained almost pure one 
on either side of the specimen, and the pores of the 
specimen. are initially filled with nitrogen. 

By adopting a result given by Barrer” for solid-state 
diffasion, the rate of oxygen efflux at the nitrogen end 
was derived as a fraction R of its final steady rate: 


Drixt 
pF) es 


where é is the time elapsed, D a diffusion coefficient and 
Dp the diffusion path length separating the ends of the 
specimen. Hewitt and Morgan give tables of R as a func- 
tion of the dimensionless group Dt/L?. They reasoned 
that for nuclear grade graphite, in which normal diffusion 
predominates, Daz should be substituted for D and gL for 
Lp. Close agreement was observed with the form of equa- 
tion 24 and Hewitt and Morgan were thus able to predict q 
independently of porosity, and, by substituting into 
equation 6, were able to obtain the effective value of 
porosity, ef- The values of q and Dy were found to 
be constant in a sample, the length of which was suc- 
cessively reduced, and eg was about 70 per cent of the 
total porosity. 


œ 
R = 1 + 2Xcos nz. exp 
n=1 
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Steady-state Diffusion Measurements in 
Graphite 


Measurement on nuclear grade graphite. In his treatment 
of the air oxidation of graphite Dodson?! showed that the 
rate of diffusion through the pores was an important 
factor. He mentioned, but gave no details of, unpublished 
work at Capenhurst. in which D./Das has been found 
to be about 0-02 for a number of gas pairs. This ratio 
was used extensively in his theory of oxidation. 

Preliminary work by Hewitt and Morgan?! showed that 
diffusion in nuclear grade graphite was predominantly 
controlled by normal diffusion. Their measurements on 
oxygen/nitrogen diffusion—where net drift affects the 
apparent rate of oxygen diffusion by only 3 per cent— 
gave values of D,/Dazg in the range 0-007-0-01 for a 
number of samples. 

Hewitt and Morgan’ went on to make oxtensive studies 
of the diffusion in samples selected from a cross-section 
of a graphite block. D,/Dag was found to have a mean 
value of 0-0088 with a standard deviation of 24 per cent. 
Significant effects of direction of flow relative to the 
direction of extrusion of the block were found. The 
viscous and slip coefficients (B, and K,) were also determ- 
ined and the inter-relations of the various parameters 
are discussed at length. Tentative experiments on the 
effect on diffusivity of oxidizing the graphite uniformly 
at low temperature revealed that there was not much 
change up to 0-5 per cent oxidation. Later, more system- 
atic and wide-range tests on the effect of oxidation‘? 
revealed gross changes in diffusivity as a result of oxida- 
tion; typically D,/Daz changed from 0-008 to O 023 for 
a change from zero to 7 per cent oxidation. 

The Capenhurst work on diffusivity referred to by 
Dodson** has more recently been reported in detail by 
Stapleton and Lunt‘; they report factors D./Daz of 
0:007-0-013 for 0,/N; and N,O/N, diffusion. These 
figures agree well with the Harwell measurements. Their 
method is interesting since it does not use a sweep of 
gas past both ends of the sample. The cylindrical sample 
was mounted so that the centre hole could be swept out 
by one of the two gases. The outside of the sample was 
surrounded by a concentric tube leaving a closed cylin- 
drical dead space‘or reservoir. The system was evacuated. 
and gas A was introduced through the centre of the 
sample and entered the reservoir through the pores in the 
graphite; a sweep stream of gas B was then fed through 
the centre hole of the sample and was analysed at the 
outlet for its content of gas A. The concentration of gas A. 
in gas B is a measure, in these quasi-steady state con- 
ditions, of the concentration of gas A in the reservoir and 
the diffusion coefficient can be deduced from the decay 
of this concentration. Stapleton and Lunt show that 
rapid equalization of pressure will occur across the sample, 
as a result of viscous flow; they may not, however, have 
appreciated that there will be a pressure difference set 
up in the quasi-steady state to compensate for the net 
drift effect. Consequently, the diffusion coefficients 
measured will be the true ones and should not be corrected 
for net drift. This conclusion seems worthy of expori- 
mental confirmation. 

Evans et al.?4313¢ have concentrated their efforts 
on improving the fundamental understanding of the 
processes involved in diffusion and they report measure- 
ments on only one sample*!, a large-pored National 
Carbon Co. ‘AGOT’ (CS grade) graphite. The value of 
D./Daz was 0-0085 and is therefore of similar order to the 
results for British Nuclear Graphite cited here. 

Diffusion measurement on other grades of graphite. As 
already mentioned, Bromley! has made measurements 
showing the constancy of diffusion rate in highly imper- 
meable graphite with or without constant total pressure. 
Other work concerning diffusion in low permeability 
graphite is being carried out in connexion with the 
Dragon Project”. 
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We% have recently made measurements of diffusivity 
in a variety of fine-pored unimpregnated graphites. Our 
results amplify the conclusion of Garrels e¢ al. in that 
there is no connexion between permeability and diffus- 
ivity in the normal diffusion region. 

* Brombey, J., Progress in Nuclear Energy, Series 4, 5 (Pergamon Press, 
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DEFORMATION AND PRESSURE CALIBRATION IN THE. 
TETRAHEDRAL ANVIL APPARATUS 


By K. ASHCROFT and J. LEES 


Standard Telecommunication Laboratories, Ltd., Harlow, Essex 


HE tetrahedral anvil apparatus? provides a relatively 

simple method for subjecting specimens to tempera- 
tures well above 2,000° C and pressures in the 70-kb range. 
A disadvantage, however, is that samples can suffer con- 
siderable mechanical distortion during compression (which 
makes calibration uncertain and affects the operation of 
test cells). For example, Fig. la shows the typical pro- 
peller shape assumed by an originally cylindrical copper 
specimen compressed in the commonly used ‘edge to 
edge’ configuration! (pyrophyllite tetrahedron 2-38 cm 
odge-length, 3 mm high pyrophyllite end wedges). Note 
how the plane ends of the specimen have been deformed 
through their proximity to the tetrahedron edges. 

The following experiment was devised to investigate 
the deformation throughout æ compressed tetrahedron. 
Tetrahedra were split along the planes of symmetry X 
and Y of Fig. 2. Fine wire (0-15 mm) meshes of soft 
bronze were inserted, and the reassembled composite 
tetrahedra were then compressed, with rouge painted 
anvils, to a load of 75 tons, that is, to a pressure of 38 kb 
inferred by ‘calibration’ (curve A below) with the usual 
Bi, and Tl transitions at 25-4 and 36-7 kb (ref. 2) and with 
Ba at 59-7 kb (ref. 3). After unloading, the positions of the 
nodes in the mesh were referred to the undistorted mesh 
in the central regions, and the flow patterns of Fig. 3 were 
built up. We believe that any additional distortion during 
the unloading cycle can be neglected. The patterns shown 
give a comprehensive 3-dimensional picture of the 
deformation. Note that they are not quite symmetrical; 
this is probably related to our use of the U.S. National 
Bureau of Standards modification* of the tetrahedral 
anvil apparatus, in which the four anvils aro not com- 
pletely equivalent mechanically. 

Fig. 3 shows: (a) Inward movement of pyrophyllite 
over most of the anvil face as we should expect, with 
some lateral flow becoming apparent near the tetrahedron 


edge. (b) Marked outward flow in a considerable volumo 
near the edge, associated with gasket formation. This 
flow gives rise to the main features of Fig. la and fro- 
quently causes contact difficulties in the normul edge to 
edge configuration. At the edge itself, the flow has bocn 
sufficiently great to ‘pinch-off’ the mesh. (c) The volume 
over which no movement of material is detectable to havo 
an irregular tetrahedral shape. The spherical volume 
approximating to it has a radius of ~ 0:3 em, and so 
occupies only about 7 por cent of the original tetrahodron. 

Some other possible test cell arrangements suggestod 
by Fig. 3 are: (1) The axis of the specimen running 
through the centroid of the tetrahedron, and parallel to 
an edge. This geometry obviates the complications of 





Fig. 1. Deformation produced in originally cylindrical copper specit.en~ 
in: a, edge to edge geometry: b, face to face geometry: e, tae to 
vortex geometry (insert shows end of specimen) 
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Face 


Edge to edge 


deformation 
After defermation 


Fig. 3. Flow patterns for planes X and F; showing position of 
specimen axes 


end wedges: and contact tabs; further, the specimen 
deformation should be small and confined mainly to 
axial compression in the parts near the anvil faces. 
(2) The axis of the specimen running between the centroid 
of a face and the opposite vertex, where a small pyro- 
phyllite plug closes the tetrahedron. 7 

Figs. 16 and c show the deformations produced in cylin- 
drical copper specimens placed in these ‘face to face’ and 
‘face to vertex’ positions. For Fig. 1b the specimen was 
made to fit flush to the tetrahedron faces: for Fig. le the 
face end was again flush, the other was about 5 mm from 
the vertex. The presence of the copper (or indeed of the 
bronze in the, flow experiment) must distort the pyro- 
phyllite flow to some extent; nevertheless, there is a 
reasonable correlation between the patterns of Fig. 3 and 
the deformed shapes of these specimens. For example, the 
locus SS, which is a region of high shear, corresponds to 
the rapid change of direction marked in Fig. 1b. 

A calibration curve for our apparatus based on the 
face to face arrangement is shown as A in Fig. 4. Speci- 
mens of the metals shown, 0:8 mm diameter, and 6 mm 
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long, with short copper-end plugs, were surrounded, by 
3 mm diameter silver chloride sleeves to reduce stress 
differences. The nominal pressure curve B (load/anvil 
area) is shown for comparison; the fall-off of curve A 
towards high pressures is typical of high-pressure appar- 
atus using compressible gaskets, and, in fact, the curve 
is similar (allowing for the small difference in anvil area) 
to the improved curve obtained by Graf and Deaton’. A 
further ‘improvement’ has been obtained by using short 
(3 mm) specimen wires, again in 3 mm diameter AgCl 
sleeves in the face to face geometry. Contact to the 
anvil faces is made by suitably shaped copper plugs. 
With this arrangement, curve C is obtained: this shows 
a reduction of 10 per cent in the load required to reach 
pressures ~ 60 kb. Furthermore, a second load cycle 
applied to these specimens has been found to reduce tho 
load at which the transition occurs; this effect was first 
noted by Hall using the Belt apparatus, with which a 
10 per cent reduction in load was demonstrated®. We 
have found that several successive load cycles can reduce 
the transition load by a considerably larger amount. Both 
the Ba and TI transitions have, in fact, been obtained at 
loads less than those of the nominal load curve B of 
Fig. 4: for the former transition this represents a load 
decrease of nearly 40 per cent. Tho Bi 25-4 kb transition 
has also been obtained at loads slightly below nominal. 
We ascribe these effects to pressure intensification within 
the tetrahedron, as a result of the build-up of stress 
gradients within the pyrophyllite. 











Pressure (kb) 











100 
Load (tons on 0-750 in. edge anvil) 


Fig. 4. Load versus pressure calibrations for face geometry - 


x, Sample 6 mm long x 3 mm diam.; +, sample 3mm long x 3mm 
am.; ©, sample 3 mm long x 3 mm diam. after tive load cycles 


In view of this evidence of stress gradient and deforma- 
tion, it is not surprising that the use of silver chloride 
stress equalizing sleeves is mandatory. The value of the 
usual calibration exercise with resistance transitions may 
be questioned, particularly when applied to subsequent 
physical measurements with differences in the geometry 
and constitution of the test cell. The tetrahedral anvil 
apparatus is probably at its best in high-temperature high- 
pressure synthesis work where a liquid phase is present, 
and there a combined pressure/temperature calibration 
may be made in terms of auxiliary phase equilibrium 
specimens. 

Mr. D. G. Ingham carried out much of the experimental 
work on the resistance transitions. We thank the manage- 
ment of these laboratories for permission to publish this 
article. ` 
1 Hall, H. T., Rev. Sei. Instr., 29, 267 (1958). 

2 Kennedy, G. C., and La Mori, P. N., J. Geophys. Res., 67, 851 (1962). 

3? Kennedy, G. C. (private communication). 

* Lioyd, E. C., Hutton, U. O., and Johnson, D. P., J. Res. Nat. Bur. Stand., 
G8C, 69 (1959). 

$ Graf, R. B., and Deaton, B. C., Nature, 197, 678 (1963). 

* Hall, H. T., Rev. Sci. Instr., 31, 125 (1960). ` 
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USE OF CONTROLLED DISCHARGES 


FOR INVESTIGATING MINIMUM IGNITION ENERGIES 


By D. W. WIDGINTON 
Safety in Mines Research Establishment, Ministry of Power, Sheffield 


OLF and Burkett! described a technique for 

producing arcs of known duration and current 
between fixed separated electrodes, and used this method 
to determine minimum ignition energies for neo-pentane/ 
air mixtures. Gordon, Widginton and West? have also 
developed a technique for producing arcs of controlled 
duration and current between separating electrodes and 
have determined minimum ignition energies in methane/ 
air mixtures. The results of both groups of experiments 
indicate that the energy required for ignition with a given 
. electrode system is independent of the duration of the 
discharge up to about 30 psec; this duration corresponds 
to an are current of 3 amp, and no information is available 
for durations greater than this because as the discharge 
duration is increased the current must be decreased and 
below 3 amp the arc discharge becomes unstable. 

In an attempt to obtain simple discharges the energy of 
which could be easily determined and which would enable 
minimum ignition energies to be determined for discharge 
durations greater than 30 psec, experiments were made 
with glow discharges. Attempts to produce stable glow 
discharges between separating electrodes proved unsuc- 
cessful, because the discharges were oscillatory, but it 
was found possible to produce stable glow discharges 
between fixed separated electrodes by using the circuit 
shown in Fig. 1. Capacitor C, is charged ; 
slowly from the power supply and the voltage 
across the spark gap increases until break- 
down occurs; the breakdown voltage is 
stabilized by ultra-violet irradiation of the 
gap. The initial breakdown involves the 
discharge of the gap capacitance, Cs, which 
must be made small to reduce so far as 
possible the effect of this initial discharge. 
In our equipment C; is about 2 pF. The 
initial capacitive discharge is transformed 
within about 2 usec to a stable glow discharge 
the duration of which is determined by 
firing the hydrogen thyratron, V,, a pre- 
determined time after the initial breakdown 
of the gap. The discharge current is con- 
trolled by the sum of resistors R, and R; 
and by the potential drop across them; this 
potential drop depends on the electrode spac- 
ing and the discharge voltage. R, is used as a 
current-measuring resistor. The range of 
current over which stable discharges are 
obtained is from less than 4 m.amp to more 
than 1 amp. 

So far, experimental work with this glow 
discharge technique has been. concerned with 
the determination, for methane/air mixtures, 
of minimum ignition energies with electrodes 
in the form of 0-0625 in. diameter stainless- 
steel spheres. Also, C; has been increased by 
adding a capacitor across the electrodes and 
the glow discharge terminated within 3 usec 
from initial gap breakdown, in order that re- 
sults may be obtained with the same experi- 
mental conditions for ignition by capacitive 
discharges. The results obtained so far with 
different electrode spacings are shown in Fig. 
2 and it will be noted that glow discharge 
durations up to 800 usec have been used. 


Minimum ignition energy (millijoules) 


0-01 
0-03 
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The capacitive discharge curve is very similar to that 
determined by Litchfield? with a 0-006 in. diameter needle- 
pointed cathode and an anode surrounded by a 0-5 in. 
diameter glass plate flange. In general, greater energy is 
required for ignition by a glow discharge than by a 
capacitive discharge; however, as the electrode spacing is 
increased the breakdown voltage rises, with a consequent 
increase in the energy contained in the initial capacitive 
discharge. For a 0-l-in. gap the $CV* contribution is 
64 uJ, roughly 20 per cent of the minimum ignition 
energy. For electrode spacings less than 0-07 in. the 





Fig. 1. Circuit for the production of controlled duration glow discharges 


Breakdown voltage for 0:0625-in. ball electrodes (kV) 


5:7 63 68 T3 78 8-2 8-4 


Glow discharge : 0-0625 in. diameter bali electrodes : the 
discharge duration is shown in psec against each point...,O 


Capacitive discharge : 0-0625 in. diameter bal! electrodes ... @ 


Capacitive discharge : 0-006 in. needle cathode, 0-5 in. 
glass plate Hanged anode (Litchfield) 


Vecv2 contribution to glow discharge energy in curve O.... 
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Electrode separation {in.} 
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Fig. 2. Curves relating minimum ignition energy for 8-3 per cent methane-alr mixtures 


to electrode spacing for glow and spark discharges 
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Fig. 3. Comparison of hot-gas kernols (in air) produced by capacltive 
and glow discharges 
Electrode spacing, 0-100 in.; breakdown voltage, 7°5 kV; pictures taken 
100 psec after initial breakdown 
a, Capacitive discharge: discharge energy, 0°62 mJ; b, glow discharge: 
discharge energy, 0°45 mJ 
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$CV? term contributes less than 5 per cent to the energy 
for ignition by a glow discharge, and is always less than 
10 per cent of the energy required for ignition by a purely 
capacitive discharge; under these conditions it seems 
reasonable to regard the glow discharge alone as the 
igniting source, and to ignore the initial capacitive 
discharge as an energy source. 

The glow discharge requires two or three times more 
energy than a capacitive discharge to cause ignition for 
electrode spacings where the $CV* contribution can be 
neglected; the reason for this is thought to be the differ- 
ences in energy distribution in the space between the 
electrodes. The glow discharge has a cathode fall of some 
300 V, so that a substantial part of the discharge energy is 
produced close to the cathode and is largely lost by con- 
duction to that electrode and so cannot contribute to 
ignition of the gas. The potential distribution across a 
capacitive discharge is not known, but if cathode and 
anode falls are small compared with those in a glow dis- 
charge, it is to be expected that less energy will be lost 
to the electrodes, and hence that less total discharge 
energy will be required for ignition. Some idea of the 
way in which heat is conducted away from a discharge 
can be obtained by examining the shape of the hot-gag 
kernel produced by a discharge: Fig. 3 shows the different 
shape of kernels for glow and capacitive discharges 100 
usec after the start of the discharge. These pictures 
confirm that the energy distribution depends very much 
on the type of discharge occurring and show the effect 
of the electrodes as heat sinks. l 

Further experiments are in progress on the effect of 
the discharge duration on the energy required to cause 
ignition with glow discharges; these will be reported more 
fully elsewhere. 

2 Wolf, by and Burkett, V. T., Combustion and Flame Quart. J.,19, 380 
2 Gordon, R. L., Widginton, D. W., and West, L. ©. W., Inst. Elec. Eng. 
Sym. Flameproofing, Intrinsic Safety and Other Safeguards in Electrical 


Instrument Practice, 1962 
3? Litchfield, E. L., U.S. Bur. Mines Rep. Invest. No. 5671 (1960). 


NATURALLY OCCURRING ALPHA-EMITTING NUCLIDES IN THE 
HUMAN BODY* 


By Pror. B. RAJEWSKY and W. STAHLHOFEN 
Max Planck-Institut fiir Biophysik, Frankfurt am Main 


HE total «-ray activity in human bone ashes may be 

measured by means of zine sulphide screens. This 
technique, as proposed by Mayneord, Radley and Turner!, 
requires relatively long counting periods due to the very 
low amount of a-ray activity in human bones. Therefore, 
Muth and Oberhausen attempted to improve the counting 
efficiency by mixing the sample and the scintillating 
silver-activated zine sulphide? (see also ref. 18). This 
method was checked? so as to examine the influence of 
the parameter on the counting rate. The efficiency, that 
is the pulse per disintegration ratio of this method, is 
determined by the following conditions: (1) proportion 
of mixing between zinc sulphide and ash and the sample 
thickness; (2) size of particle of zinc sulphide and ash; 
(3) absorption coefficient of the mixture for the fluor- 
escence emitted by the zine sulphide; (4) chemical con- 
stitution of the sample. These conditions have been 
investigated in detail. 

The bones were ashed at 600° C, homogenized, evapor- 
ated with nitric acid, hydrochloric acid and sulphuric 
acid, and then oven-dried at 400° C to whiteness. The 
diffuse light reflexion of these white samples was measured 
by means of a photoelectric sphere photometer basing 
on the principle of the Ulbricht sphere (Remissions- 


* Paper presented at the Tenth International Radiological Congress in 
Montreal, September 1962. 


photometer Elrepho, Carl Zeiss) at a wave-length of 
4900 A. The reflexion standard for this measurement 
is MgO = 100 per cent. 

A definite amount of ash with a known reflexion of 
light and with polonium-210 previously added were 
pulverized in a mortar for different lengths of time so as to 
test the influence of the size of particle of the bone ash 
(Fig. 1). After pulverizing, the ash was mixed with the 
scintillating zinc sulphide. For periods of 5-15 min 
the size of particle is estimated to be 2u and nearly 
constant counting rates were observed. 


The mixin proportion was Igram 
bone ash : 1,7 grams of ZnS[Ag) $ Egam 


SEn a of trea 
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Average value of the grain size of treated bone ash —— - 


Fig. 1. The counting rate of bone ashes labelled with “°Po as a function 
of the pulverizing time 
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For the following experiments pulverizing went on for 
10min. No variations in the counting rate were observed, 
if 1 g of bone ash labelled with polonium-210 was mixed 
with an amount of zinc sulphide ranging between 1-7 and 
3-0 g (Fig. 2). For the following tests a total amount of 
2-7 g of the mixture was used; the saturation thickness, 
however, was reached for a total amount of 5-4 g. The 
mixture was spread on a ‘Lucite’ disk 4:5 cm in diameter 
and was made air-tight so as to prevent any radon- and 
-thoron-daughters to escape. The sample layer was 1 mm 
thick (Fig. 3). 
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Fig. 2. The counting rate (or efficiency resp.) related to the amount 
of zinc sulphide under constant conditions: 1 g of treated bone ash 
and a pulverizing time of 10 min i 
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Fig. 3. 


a-Detecting device with ZnS(Ag) as a scintillator 


Now the individual amounts of both the polonium-210 
activated ash and the zine sulphide were varied so as 
always to total 2-7 g. Fig. 4 shows the characteristic 
of the counting rate and the efficiency curve. The 
counts per minute of the polonium-210 or the per- 
centage of the efficiency respectively are plotted versus 
the percentage of the polonium-210-labelled bone ash at a 
total amount of 2-7 g zine sulphide and ash. It is evident 
that the maximum of the counting rate is within the range 
of 36-52 per cent of the labelled bone ash. Similar 
characteristics were observed for the total a-ray activity 
of the radium-226 and thorium-228 labelled bone ash. 

Fig. 5 indicates efficiency of the total a-ray activity of 
polonium-210, radium-226 and thorium-228 shown as a 
function of the diffuse light reflexion of a mixture of 1 g 
of chemically treated bone ash and 1-7 g zine sulphide. 
The lowest curve in Fig. 5 shows the yield of the coin- 
cidences of radio-thorium versus the diffuse light reflexion 
of the mixture, since the existence of daughter-products of 
the thorium series is proved by the fact that, at extremely 
low counting rates, coincidences of two -particles follow- 
ing one another were observed. These coincidences are 
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Fig. 4. Counting rate (c.p.m.) and efficiency c.p.m./d.p.m. related to | 
the mixing proportion 
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Fig. 56. Efficiency related to the diffuse reflection of light for total 
a-ray activity of *°°Th, ***Ra, *°Po and the coincidences of **Th 


not random. Within the thorium series, the two «-irans- 
formations, thoron to thorium A, and thorium A to 
thorium B, follow very quickly one after the other because 
the half-life of thorium A is only 0:16 sec. In the caso of 
a radioactive equilibrium and an appropriate coincidence 
period, that is, 0:32 sec (ref. 1), the frequency of the quick 
pairs relates directly to the activity of thorium-228. 

The different radioactive nuclides, radium, thorium and 
polonium, have similar characteristics, if the mixing 
proportion between bone ash and zine sulphide is varied, 
say, 1-8 g of bone ash plus 0-9 g of zine sulphide. 

With constant mixing proportions, the efficiency factor 
of polonium-210 increases if during the calibration process 
the amount of chlorine ions in the chemical-treated ash 
is high. We assume the polonium ion to move preferably 
to the zine sulphide crystals. It is evident that this is 
the reason for the relatively high polonium efficiency at 
the lower part of the reflexion curves where the grado of 
the distribution of the radioactive particles in the mixture 
is essentially related to the efficiency factor. Other 
results have been obtained for high reflectances or, in othor 
words, for extremely white samples. The curvatures may 
be interpreted in such a way that now the efficiency is 
determined by the « energy of the nuclide concerned. 

Different human bone ashes were measured in a ‘Lucite’ 
container, 11-5 em in diameter, with a mixing proportion 


Table 1. THE NATURAL RA AND **TH CONTENT IN HUMAN BONES (FEMUR). EACH VALUE IS THE AVERAGE OF 25 SAMPLES 




















i 
Emanations method The mixing method (sample + ZnS(Ag)) 
=eRa content/g | "Ra content/g | Ra content/g | ***Ra content/g | “Th content/g | ***Th content/g 
ash wet bone ash wet bone ash wet bone 
{x107 ¢.) {x 107? c.) , (x 10-** ¢.) (x 10-15 e.) (x10? e.) (x10-® c.) 

Average valuc 1:35 3-6 14 3-8 05 L4 
Mean-square error of the measure- 

men! t04 +I + 0-5 + 1:3 + 01 + 0-3 
Mean-square variance of the bio- 

logical variability + 0-6 £18 + 04 + 1-2 +02 £05 











Thi Ra ~ O4 
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ash to zinc sulphide = 1-2 and using the method just 
‘discussed. 

Table 1 gives the results of the measurements of the 
thorium-228 and radium-226 activities. The polonium- 
210 content of the sample was also determined and was 
taken into account when determining the activity of 
radium-226 and thorium-228. The background of the 
ZnS (Ag) was also taken into account. The radium-226 
content of the samples was measured in comparison with 


the emanation method with an electrometer arrangement. 


and two ionization chambers in compensation. The values 
were identical within the limits of reasonable error, which 
are +30 per cent for both measuring methods, and the 
values are in good agreement with those of Rajewsky, 
Muth et al.:8, Lucas et al.8, The thorium-228/radium-226 
ratio is 0-4 and is identical with the measurements of 
Lucas, Wallace, Stehney, and Ilcewicz® and Mayneord’. 
The thorium-228 content per gram of bone ashis 5 x 10-15 
c. and is identical with the value published by Lucas, 
Wallace, Stehney and Ilcewicz*, who determined the 
thorium activity by a chemical precipitation procedure. 
*1°Pb and *°Po content in human bones. The lead-210 
activity of femur and tibia human bones which were 
stored for two years was also determined by silver-plating 
and counting the «-ray activity, being as high as 3-2 x 
10-14 c./g of wet bone’. This is in the same order of mag- 
nitude as the values published by Holtzman®, Black®, 
Hursh’, Hill and Jaworowski?!. - 


Table 2, NATURAL 7Pp and *°Po CONTENT IN HUMAN BONES (FEMUR 
AND TIBIA 
Each value is the average of 20 samples 
20Pph Oph 2 Po 210Po 
content/g content/g content/g content/g 
as - wet bone as wet bone 
(x 10%.) (x 10-Me.) (x10-e.) (x 10-e.) 
Average value 11 8-2 ; Te: 
Mean-square error of 7 
the measurement +01 +03 +01 +03 
Mean-square variance = > 
of the biological 
variability +04 +17 +05 +10 


210Po9/19Ph ~ t 


The next problem to be investigated was the ratio of 
lead-210 and polonium in human bones in vivo. The 
polonium content was estimated by wet ashing of the 
femur and tibia immediately after section. Table 2 
reveals that lead-210 and polonium-210 are in equilibrium 
in these bones in the living organism. This was stated 
already by Holtzman for the iliac crest, ribs, vertebræ 
and joints®. 

26Ra content in the human body. The radium-226 
content of the whole body ash tested was measured by 
the emanation technique. Our average value of the 
radium-226 total body content was 0-47 x 10-1° c. which 
is identical to the measurements of Palmer and Queen”, 
Walton et al.13, Lucas! and Stehney"®. We also measured 
the distribution of the total radium content of the indivi- 
dual kinds of tissue and organs‘ 5.16, The radium-226 
content of human skeleton ash was 1-2 x 10-14 c. radium- 
226 per gram of ash or 3:3 x 10-1 c./g wet bones respec- 
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tively. The average value of radium-226 content of 
human soft tissue for muscles, liver, spleen was l x 
10-15 c./g tissue or 1 x 10-4 c./g of ash respectively. 
These individual measurements were summarized to 
give 0-39 x 10-!° c. of total radium-226 content for the 
standard man identical to the measurement of the whole 
body ash mentioned here. There are obviously 85 per 
cent of total body content of radium-226 distributed 
in the skeleton; the residual 15 per cent are located 
in the soft tissue. These results are identical with recent 
publications of Mayneord’, Hursh et al." and Lucas”. 
The tissue was ashed in a ‘Vitreosil’ crucible, the inside 
of which was coated with quartz. The natural radium- 
content of the quartz determined was negligibly low. So 
contamination during the ashing procedure is below the 
limit of error. 
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Table 3. ABSORBED DOSE OF THE NATURAL RADIOACTIVE NUOLIDES RA, 
28TH AND PO IN HUMAN BONES IN MRADS PER ANNUM 


Absorbed dose in bones 


Natural radioactive nuclide (mrads/year) 
Ra ant one-third of the short-lived 
products) 0-65 
239TH (in radioactive equilibrium) 0-8 
210Po 3-10 


Table 3 shows an estimation of the dose absorbed in the 
human bones basing on our measurements of radium-226, 
polonium-210 and thorium-228. It is evident, that the 
dose of polonium-210 absorbed is about four times that 
of radium-226 and its daughters, and also four times the 
value of thorium-228 and its daughters. 

For this estimation we assumed the natural isotopes 
to be distributed homogeneously over the individual 
bones and no geometrical function was taken into 
account. If we estimated the dose absorbed of radio- 
thorium, we assumed the 0-52-thoron to disintegrate 
completely at the same location where it is built up by its 
parent thorium-7. The retention of radon in bones is 
assumed to be 30 per cent. 
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ALPHA-PARTICLE ACTIVITY AND FREE RADICALS FROM TOBACCO 
By Sik ERNEST MARSDEN, C.M.G., C.B.E., F.R.S.*, and MICHAEL A. COLLINS t 


Dominion Physical Laboratory, Lower Hutt, New Zealand 


ARGELY due to resvlts of experiments carried out by 
Turner and Radley! it has generally been assumed 
that the radioactivity of smoke from cigarettes is unlikely 
to constitute any radiological hazard. The experiments 
indicated, for example, that if the radon-222 present and in 
equilibrium with radium-226 in the tobacco were inhaled 


* Guest worker. 


Present address: Basic Physics Division, National Physical Laboratory, 
Teddington, Middlesex. g oe oo 


in the process of the smoking of, say, 50 cigarettes per day 
of the most radioactive brands of English cigarette 
tested by them, it would represent an intake of 16 pico- 
curies (pe.) of radon, whereas the average daily intake 
from the atmosphere by the general popwation, smoker 
and non-smoker, was stated to be approximately 2,000 
pe., thatis, 0-1 pe./}. from 20,000 litres per person. per 24h. 

In the course of work on the radioactivity of various 
crops grown on radioactive soils in certain countries, 
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we wero led to try cigarette tobacco leaf and found somo 
samples with several times the o-activity of the maximum 
quoted by Turner and Radley; for example, we found 
some giving 16 pe./g for raw tobacco. Later we also 
found well-known brands, not confined to the lower 
price cigarettes, on the United Kingdom market (probably 
containing some of the tobacco in question) and which 
proved much more radioactive (for example, 4:4 pe.jg) 
than thoso cited (mean of 1-8 pe./g for the English cigar- 
ettes), This led us to examine other factors dealt with in 
the paper referred to. 


First regarding radon: this has a half-life of 3-8 days ` 


and thus only a small fraction of that inspired, naturally 
or in smoking, will give radiation inside the lungs before 
being expired undisintegratod. Thus the lung walls, etc., 
are not oxposed to the full radon radiation of all the 
20,000 litres of air inspired and expired por person per 
day, but only, in effect, to that of a volume of air equal 
to that of the lung. If this be taken as 5 litres (total 6 
litres, inspiratory capacity 3-6 1.) and the radon in air 
as 0-1 pe./l. the total radiation would be of the order 
of 0-5 pc. instead of the 2,000 pe. referred to from radon 
gas. If we consider the average build-up of radon daughter 
products in the air, the absorption of these on dust particles 
and the partial retention, of these aerosols in the lungs 
(as described by Schraub et al.?) we may infer that the 
total radiation absorbed in the lung may be of the order 
of 10 pe. per day. This same argument would apply to 
the radon given off with cigarette smoke, except, perhaps, 
that proportionately more radon may be absorbed, 
particularly if a smoker draws the smoke and condensate 
into his lungs. Also there may well be a larger equilibrium 
proportion of A, B, and C products than in atmosphere air. 

Thus it is more to the non-gaseous products that we 
need to look in the condensate from smoke and which may 
bo deposited on lung walls, etc. Turner and Radloy 
mention one of these, that is, polonium-210 with its parent 
lead-210, and conclude from the equivalence of activity 
between ash and raw tobacco in terms of ash content that 
activity from polonium is not present to within an order 
of magnitude of that of the ultimate parent radium-226 
in the original tobacco. The approximate equivalence of 
activity per gram ash, as between raw tobacco and ash 
itself, may actually be evidence of considerable volatiliza- 
tion of polonium (see Table 2, loc. cit.), since the measure- 
ment was made after 28 days in both cases, that is, after 
equilibration of the products to radium C. Moreover, 
the observation that even after a year there was little 
growth of further activity in the ash indicated that the 
parent of polonium, that is, radiolead-210, may also have 
been volatilized. This may not be surprising, as the cigar- 
ette glow often attains a temperature of more than 850° C 
and the condensate may well carry it away. Prosumably 
the cigarettes in the experimonts of Turner and Radley 
may, however, have been ashed at a somewhat lower 
temperature, though they may well glow in the ashing 
process according to oxygen availability. 

The reason for this conclusion of loss of activity on 
ashing arises from consideration of the law of absorption of 
-particles in the layer of material the «-radiation of which 
is being’ measured, that is, in the capsules used these 
materials are greater in thickness than the maximum 
range of the a-particles. The range, on Bragg’s law, is 
approximately related to the integrated and weighted 
square roots of the atomic weights of constituents of the 
cigarette material as a whole and of the ash respectively. 
The range in the raw tobacco with its higher proportion 
of low atomic weight carbon and hydrogen will be less in 
terms of weight per unit area than in the ash with its 
higher proportion of heavier atoms. Thus with raw 
tobaccos the «-particles striking the screen will be corre- 
spondingly smaller in number. It may be that the authors 
have corrected for this effect, but it does not appear to be 
so stated and for evaluation an exact chemical analysis 
would be necessary. 
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A check was made by measuring tobacco ash and also 
the same ash when mixed intimately with known pro- 
portions of: (1) lampblack, that is, finely divided carbon, 
(2) micronized inactive calcium carbonate and comparing 
the total a-activity of the mixture with that from ash 
alone. In the case of (1) the activity of the mixture was 
in general of the order of 25 per cent less than that corre- 
sponding ‘to the activity calculated from the ash content. 
This may have been contributed to by a smaller light 
emission per scintillation because of a black background. 
In case (2) equal or a little more than proportionality was 
found according to the tobacco used and the mineral 
content of its ash. Similar tests carried out with starch, 
sugar urea, etc., showed less effect than lampblack. Unfor- 
tunately, facilities for exact enalysis of the ash were 
not readily available, but the main feature of the result 
wes established. Thus, if in the reverse case of extracting 
ash from raw tobacco, rather than adding low-atomic- 
weight material to the previously prepared ash, proportion- 
ality of activity to ash content was obtained as in the cases 
cited by Turner and Radley, there must have heen some 
long period activity which wes volatile and taken away 
in the smoke and condensate apart altogether from any 
shorter-lived products of radium and thorium. that is, 4. B 
and C products, which may have been carried over and of 
which our own experiments have given some evidence. 

Moreover, the caso of the emanating gases thoron and 
actinon themselves, which emit o-particles and which 
would bo given off under the same conditions as radon. 
differs from the latter in that with half-life periods of 56 
sec and 3-7 sec respectively, they are likely to give a 
considerable measure of disintegration inside the ling 
before being expired in the air along with which they ere 
carried while in addition their -radiating active deposits 
and recoil atoms would be deposited on the wells of the 
lung. Most tobaccos carry considerable thorium products. 
contributing say 50 per cent of total a-activity, while we 
have found that actinium is taken up into certain varictics 
of tobacco on some soils in excess of the few per cent of 
activity normally associated with uranium sources. To 
obtain quantitative measurements of these effects would 
involve a more thorough investigation, and considerations 
such as those advanced by Mayneord’. 5 

Another reason to suspect a possible hazard of inspired 
radioactive particles from smoke is that arising from con- 
sideration of the increasing use of some vory-high- 
activity tobaccos which our examination of imported leaf 
revealed. There was some general degree of correspondonce 
of lung cancer statistics with the importation figures of 
the previous decade or so of some of these high-activity 
tobaccos. Although there are other contributory factors 
in more modern industriel conditions it is quite possible 
that there may be some causative factor involved, in 
which case there is hope of eliminating such suspected 
tobaccos. This would reduce the alleged possible risks 
to those who are habitual smokers of excessive numbers 
of cigarettes containing appreciable proportions of such 
tobaccos in the blend used. Moreover, if polonium is 
suspect then the age of the tobacco when smoked must 
be taken into account, as this, together with radiwn 
rather than thorium content, would be a factor in con- 
trolling the amount of radiolead-210 present and thus that 
of the «-radiating polonium. Moreover, uptake of radio- 
activity unsupported radium D is suspected under certain 
conditions. In addition, factors of processing which may 
affect the temperature of the cigarette glow would havs 
an influence, as also such factors as cigarette filters. ete. 

It should at this stage be clearly stated that we make no 
claims to advance proof of carcinogenic action of radiation 
from cigarette tobacco, but merely present a case 
for further examination of the question by those with the 
necessary facilities. 

Active Radicals. ‘There is, however, possibly a more 
important factor in the hmg cancer hazard of cigarotte 
smoking than that of the actual a-radiation directly 
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received by the lung walls and yet one which could 
possibly be related in part to the inherent «-activity 
of the tobacco. It has been known for some time now** 
that free radicals are present in tobacco smoke; the 
important role in the primary mechanisms of radiation 
action which such active radicals may play, for example, 
in initiating carcinogenic processes, is also becoming 
recognized’. 

It has been shown’ that the free radicals in smoke 
have a wide range of persistency or lifetimes and for 
arbitrary convenience we will here define stable radicals 


as those which have a life in excess of 30 sec at room: 


temperature. 

Ingram has attributed the free radicals in tobacco 
smoke to pyrolysis. It is possible, however, that «-radia- 
tion damage from the internal activity’ is a secondary 
producer of free radicals. We suspect such internal 
a-activity of producing extensive biological offects. 
The smoke from the various tobaccos mentioned here 
and listed in Table 1 was collected by direct condensation 
on a surface at the temperature of liquid oxygen where 
it formed a yellow powder. This material was packed 
into sample tubes for the electron spin resonance spectro- 
meter without allowing the temperature to rise above 
that of liquid oxygen. The number of stable radicals 
was obtained after returning the sample to room tem- 
perature for 30 sec and then refreezing. The oxygen 
for burning the cigarettes (and their paper) was obtained 
by lighting them and sucking air through them at a 
constant rate to obtain approximately the average 
burning temperature when used by an habitual smoker 
(that is, they were not puffed). This was done in order to 
reduce the variation of free radical concentration with 
burning temperature. The existence of such a variation 
is shown in the footnote to Table 1. Even with this pre- 
caution a large variation of the order of 20 per cent in the 
number of free radicals was recorded over a number of 
experiments. This can only be attributed to variation 
in the temporature of burning caused by chemical and 
“moisture factors. The values shown in Table 1 for four 
different tobaccos are averaged over four tests in each 
case and are probably correct to 10 per cent for comparison 
purposes. From Table 1 it can be seen that the variation 
in stable free radicals follows directly the variation in 
a-activity. If differences due to pyrolysis and genetic 
chemical type are eliminated by considering separately 
the two tobacco types used then a more marked correla- 
tion between «-activity and both stable and unstable 
radicals appears. The results indicate that a large number 
of very unstable, active free radicals are present in smoke 
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Table 1. FREY RADICAL PRODUCTION IN TERMS OF TOTAL a-AOCTIVITY (TAA) 
oF TOBACCO USED R 
TAA Free radicals x 
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pejg  10%/g of smoke 
Ash Taw condensate 
% tobacco Total Stable 
South American Brazilian Type 1 20 10 34 15 
T 3 12 fe z8 10 
Virginian 8 A : 4 
š z 4 i8 14 18 08 


The burning temperature for these experiments was measured as 850° C 
although 1 and 2 were at slightly lower temperature than this figure. Moisture 
loss at 120° C of 1 and 2 were 15 per cent and 3 and 4 were 20 per cent; 
1 and 2 have a somewhat larger proportion of thorium than 3 and 4 (say 
60 per cent as against 50 per cent of the TAA). In a special experiment with 
type 2 tobacco at a burning temperature of 950° C (cf. 850° C above) the total 
radicals were increased 50 per cent. 


condensate and which may be carcinogenic. This fact 
and the rapid decay of active materials causes us to doubt 
some of the results of alleged tumour-producing experi- 
ments using more stale smoke condensate. 

Our results so far from specially made standard size 
unblended cigarettes are recorded in Table 1. The 
tobaccos originated from widely separated countries. 
At the time of these latter experiments we did not have 
some of the higher activity tobaccos referred to here; 
but there was sufficient range of activity to illustrate the 
possible effect. We are arranging to collect tobaccos of 
the same genetic type grown on different soils giving a 
wide range of radioactive pick-up. This, with a refinement 
of experimental smoking technique, should assist such 
investigations. 

It may be that the radiation effects either directly or 
through radical production are not the main factors in- 
volved in lung cancer induction but it is not unreasonable 
to suppose that there will be considerable differences 
between tobaccos of different variety and strain, and the 
pick-up of «-active nuclides may be genetically connected. 
It has been found in other studies with other plants that 
there is often such linkage. 

In conclusion, we consider that a further examination 
of the effect of «-radiating nuclides in cigarette tobacco 
is called for either by direct effect or indirectly through 
radical production. We thank Mr. W. H. Ward, director 
of the Laboratory, for facilities and encouragement, and 
Messrs. W. D. and H. O. Wills of New Zealand for supply- 
ing the material. 

1 Turner, R., C., and Radley, J. M., Lancet, 1197 (May 28, 1960). 


“Sobtonb, À., Aurand, K., and Jacobi, W., Brit. J. Radiol., Suppl. 7, 114 


3 Mayneord, W. V., M.R.C. Rep., Appendix E (1960). 
t Lyons, M. J., et al., Nature, 181, 1003 (1958). 
3 Ingram, D. J. E., Free Radicals, 243 (Butterworth, 1958). 


¢ Allen, B. T. and Ingram, D. J. E., Free Radicals in Biological Systems, 
215 (Academic Press, New York, 1961). 


7 Duchesne, J., et al., Geochem, et Geophys. Acta, 23, 209 (1961). 


QUANTAL ABSORPTION AND THE ELECTRORETINOGRAM 
Dr. T. P. WILLIAMS 


Psychology Department, Brown University, Providence, Rhode Island 


HEN a flash of light is delivored to the eye, some of 

the light is absorbed by the photopigment molecules 
of the receptor outer segments. The detailed nature of 
this absorption process is dictated by the quantum theory 
of light: first, because light is corpuscular, there must be 
a distribution of absorbed quanta over the receptors being 
stimulated; second, a photopigment molecule in the 
outer segment must absorb either a whole quantum or no 
quantum at all. 

One of the physiological consequences of this absorption 
of light is the production of an electrical response, the 
electroretinogram (ERG). This is a gross response which, 
presumably, represents a summation of individual electri- 
cal responses produced by individual retinal components. 
This article presents the hypothesis that the individual 
electrical responses are related, in some fairly direct way, 


to the individual acts of quantal absorption. In order to 
implement this hypothesis, a mathematical model is 
constructed which, first, calculates the distribution of 
absorbed quanta over & group of receptors. Next, the 
number of quanta in each outer segment is related, by 
certain assumptions, to discrete increments of electrical 
response, the summation of which is taken to be the 
overall ERG response. As presented here, the model is 
used to calculate both a- and b-wave magnitudes as 
functions of input intensity. 

To facilitate the description of the model, the term 
‘receptor-unit’ will be used to refer to that chain of 
retinal components which can absorb quanta and produce 
both a- and b-wave responses. Hence, the simplest 
receptor-unit probably includes inner and outer segments 
and bipolar cell. 
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A large number of monochromatic quanta, Q, are 
imposed uniformly on a fixed, large number, N, of receptor- 
units. For all calculations, N=10° while Q, the model’s 
analogue of the experimental intensity, is varied at will. 
The duration of stimulation is infinitesimally short. All 
outer segments have the same probability of absorbing a 
quantum; a p-value, 0-10; used by Pirenne and Denton! 
is used here, although the shapes of the curves to be 
calculated do not depend on the accuracy of this vaiue. 
Multiple absorptions are possible without change in this 
p-value; this should hold so long as the photopigment is 
not appreciably depleted by these multiple absorptions. 
That such is the case is pointed out later. 

Under any given conditions of input, Q, it is highly 
unlikely that all receptor-units will absorb the same 
number of quanta. In fact, the Poisson distribution 
funetion describes the situation, the individual terms of 
this function giving the number of receptor-units, n, with 
q quanta absorbed. Thus, given this distribution, it should 
be possible, according to the hypothesis, to relate the 
number of quanta absorbed in a receptor-unit to the 
number of individual units of ERG response it produces. 
To accomplish this, cértain assumptions must be made 
regarding the nature of the individual a- and b-wave 
generators. 

It is assumed that the individual a-wave generator 
produces one unit of electrical response for every quantum 
absorbed in the outer segment. This assumption is 
supported by the fact that the a-wave magnitude has 
been found to obey the Bunsen—Roscoe law’. 

This same assumption is modified somewhat and applied 
to the b-wave generator: one unit of b-wave response is 
produced for every quantum absorbed until a critical 
number, the ‘saturation-number’, g(s), of quanta has been 
absorbed. Beyond this point, it is assumed that further 
absorptions fail to elicit additional units of response. 
That is, the maximum output from any one b-wave 
generator is g(s) units of response. Allowing the individual 
b-wave generators to saturate fulfils the experimentally 
observed condition that, beyond a certain intensity, the 
b-wave magnitude fails to increase. 


Using these response-assumptions in conjunction with ` 


the Poisson distribution function allows one to calculate 
the individual a- and b-wave responses as functions of 
input, Q. The summations of these individual responses, 
then, are the a- and b-wave magnitudes as functions of the 
input. In Fig. 1, the solid line is the calculated a-wave 


Magnitude (units of response x 10-*) 
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Log Q 


Fig. 1. Comparison of calculated and measured a-wave magnitudes: 


Filled cireles, ref. 3; open circles, ref. 4 
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Fig. 2. Calculated 6-wave responses for saturation numbers 1, 2, 5 and 10 
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Fig. 3. Comparison of experimental curves with the calculated curve 
for saturation number 1 


magnitude given as a function of log Q, in the conventional 
way. Two sets of experimental a-wave magnitudes™* aro 
given for comparison. These data have been arbitrarily 
shifted on the abscissa to coincide with the curve. 
Simultaneously, the experimental microvolts bave been 
converted to ‘units of response’, one simple, linear scaling 
equation sufficing to fit both sets of data. A third set of 
data? (not shown) could also be fit if slightly smaller 
constants were used in the scaling equation. The agreement 
of the calculated curve with the data shown in Fig. 1 is 
rough, but satisfactory considering the idealized conditions 
which are imposed on the model. It should be pointed out 
that, in all three sets of data, there is a tendency for the 
magnitudes measured at the highest intensities to fall 
short of the curve. 

Whereas the a-wave magnitude is computed by simply 
taking the sum of all quanta absorbed, the b-wave 
magnitude is obtained from a more complex summing 
procedure. If ngis the number of receptor-units absorbing 
q quanta, the total b-wave response, in units of response, 
1s: 


. ale) Q 
magnitude= 2 ngq+ E Na q{s) 
q=0 a(s)+1 


When q(s) values 1, 2, 5 and 10 were used and the totel 
responses calculated, the s-curves in Fig. 2 obtained. Tho 
magnitudes are given as fractions of the maximum 
response. This ordinate scale allows a more direct com- 
parison with experiments than was possible with tho 
a-wave results. In Fig. 2, the slopes of the central, that is, 
linear, portions of the curves can be estimated and is found 
to increase systematically as g(s) increases. In Fig. 3, 
the curve for g(s)=1 is compared with two experimental 
curves, Hl‘ and #25. Neither of these curves, nor any 
other experimental curve tested. is as steep as curve 1. 
Thus, this trend toward shallow experimental s-curves 
suggests that one quantum, or less, suffices to saturate 
the individual b-wave generator. However, as indicated 
earlier, it is impossible for less than a whole quentum to be 
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absorbed. Therefore, the interpretation rendered here is 
that a single quantum saturates the generator and that 
there must be other reasons (experimental and/or bio- 
logical) for the shallowness of the experimental curves. 
For example, it is known that increasing the flash duration 
gives s-curves with decreasing slopes’. 

Both the a- and b-wave calculations have been extended 
to an input of 108 quanta. At this input, the average 
number of quanta absorbed per receptor-unit'is only 10. 
This represents negligible bleaching of photopigment since 
each outer segment contains 10° or 10? photopigment 
molecules?. Consequently, the use of a constant p-value 
over this range of Q is justified. 

Lengthy discussion regarding the rough agreement of 
the model with experimental results is not warranted 
at this time. It should be stressed, however, that this 
lack of good agreement does not invalidate the use of 
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quantum theory for the description of the absorption 
process. The discrepancies, obviously, arise from the 
oversimplified structure of the model. Of course, experi- 
ments designed to fit as nearly as possible the conditions 
of the model should provide a more meaningful test of 
the hypothesis. 

Ithank Profs. L. A. Riggs and E. P. Johnson for the use 
of some of their data and the U.S. Publie Health Service 
for a postdoctoral fellowship. 
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DISTRIBUTION OF RADIOZINC IN RAT PLASMA 
By J. P. OKUNEWICK, O. A. SCHJEIDE, E. N. CARLSEN and T. G. HENNESSY 
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An contradictions in the existing literature 
have prompted us to re-examine the distribution of 
loosely bound radioactive zine in circulating plasma. 
Careful evaluation of the early work in this field appears 
to indicate that loosely bound zinc is distributed among 
the albumins and the globulins of plasma in a ratio closely 
paralleling the relative proportions of the respective 
proteins. Vikbladh1, by means of chemical analysis, has 
reported that in human beings 35 per cent of the loosely 
bound zine is associated with the globulins and 65 per 
cent with the albumins. By comparison, human plasma 
proteins have been found to consist of 37 per cent globulin 
and 63 per cent albumin®. Similarly, utilizing electro- 
phoresis at pH 7-4, Wolff? has reported that in dogs the 
loosely bound zine distribution is 30 and 60 per cent, 
respectively, while at the same time dog plasma has been 
found to consist of 39-45 per cent globulin and 55-61 per 
cent albumin‘. The role of both the foregoing plasma 
constituents in the loose binding of zinc has also been 
demonstrated by Gurd and Goodman’, who examined 
zine binding to albumin, and by the recent work of Gunn 
et al.®, who have reported zinc binding in vivo to at least 
four major electrophoretic components in the rat. 

In contrast to the foregoing, Vesell and Bearn’, and 
later Dennes et al.8, have reported a preponderance of 
radiozine localized in the «a-globulin region following 
electrophoresis at pH 8-6 of plasma labelled in vitro with 
zinc-65. Similar results have also been reported by 
Dennes eż al.? utilizing Cohn fractionation. 


Ultracentrifugation of in vive Labelled Plasma 


To examine the problem of zinc distribution from a 
new perspective, the ultracentrifuge partition cell tech- 
nique, utilized by Schjeide and Urist® in their work on 
calcium binding in chicken plasma, was applied in this 
laboratory. By means of this method, the plasma proteins 
are distributed into four fractions in different ratios, 
according to their sedimentation rates. In addition, any 
isotope bound to a particular plasma component will also 
be distributed among the fractions in the same proportions 
as its associated component. 

The labelled plasma was prepared. in vivo by injection 
of 0-5 uc. of carrier-free radiozine into (200 g) female rats. 
(It was previously demonstrated in this laboratory’ that 
following intravenous injection of “ZnCl, into rats, essen- 
tially all the isotope was present in the loosely bound 
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form during the first hour. Therefore, the rat was taken 
as the animal of choice for these investigations.) At 
suitable times after injection of the isotope into the cir- 
culating plasma, the rats were bled and the plasma 
separated from red cells by low-speed centrifugation. For 
each period reported the plasma of four animals was 
pooled, mixed, placed in partition cells and centrifuged 
at 70,000g (25,000 r.p.m.) for 8 h in the preparatory 
ultracentrifuge. (The single exception to the foregoing 
method occurred in the case given as zero circulation 
time, in which the animals were killed, the plasmas pooled 
and the radiozine added directly to the pooled plasma and 
allowed to incubate in vitro at 37° for 1h.) Following 
ultracentrifugation, the cell was partitioned and the 
plasma drawn off, beginning with the first, or uppermost, 
fraction. $ 


Bth y 
Uncentrifuged Control Plasma 


A a Bo 


Fraction | Fraction 2 
—_———. 
. Fraction 3 i Fraction 4 


Fig. 1. Electrophoretic patterns of ths four ultracentrifugal fractions 
and of control plasma, Arrow indicates direction of protein migration 
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Table 1. 
g Total protein 
Fraction contained (per cent) Albumin 
1 9-1 es 1-7) 62-9 (+ 3-7) 
2 21-7 (+ 1:5) 51-6 (+ 1:5) 
3 24-9 ft 1-8) 48-9 (+ 1-9) 
4 44-3 (+ 1-6) 36-8 E 1-7) 
Control 100 44-7 (+ 1:9) 


Analysis of the fractions for total protoin and con- 
stituent protein distribution was carried out by means 
of paper electrophoresis for 18 h in veronal buffer (pH 8-6, 
ionic strength 0-075, and constant current of 4-5 m.amp 
at 4° C). Assay of the clectrophoresis strips for protein 
content and distribution, as given in Table 1, was accom- 
plished by the use of either the recording densitometer 
or by dye-elution and colorimetric evaluation. Typical 
electrophoretic patterns are also given in Fig. 1. 

Additional analysis of the fractions was carried out on 
the analytical ultracentrifuge. Measurements of per- 
centage total protein obtained from Schlerin patterns, as 
given in Fig. 2, were in good agreement with those of 
electrophoresis. 


Le 4s 


Fraction | Fraction 2 






ln 


Fraction 3 (diluted 1i) 
Fig. 2, Ultracentrifugal (Schlerin) patterns of the four fractions. Arrow 
indicates direction of protein sedimentation. Values represent percentage 
of total protein in each fraction as determined from the patterns. 
Advanced peak and shoulder represent mainly heavier globulins 


Fraction 4 


Assay of the total zinc-65 in each fraction was accom- 
plished with a well-type scintillation detector. Table 2 
shows the distribution of radiozinc in each of the four 
ultracentrifugal fractions. While the total amount of 
isotope decreased in the same manner as previously 
reported”, the proportions of radiozine within each set 
of fractions remained constant, within experimental error, 
for the entire period of this work. 


Table 2. PEROENTAGE OF RADIOZINC FOUND IN THE ULTRACENTRIFUGAL 
FRACTIONS FOR DIFFERENT PERIODS OF CIRCULATION FOLLOWING INJECTION 
i OF RADIOZINO 


Oirculation Percentage of radiozinc 
time (min) Fraction 1 Fraction 2 Fraction 3 Fraction 4 
0 7:89 22-17 25-79 44:27 
1 9-53 21-81 25-60 43-11 
3 8-24 22-40 26-22 43-14 
6 7:57 21-74 25-49 45-20 
10 8-20 23-18 25-50 43-10 
15 10-52 21-98 25-37 42°11 
30 9-48 23-02 26-91 40-58 
45 8-62 20-60 25-81 45-01 
60 6-80 21-44 25-60 4615 
Average 854 + (1:14) 22-04 + (0-79) 25-81 + (0-48) 43-63 + (1-72) 


Utilizing the distribution of the components in each 
fraction, the percentage of radiozine can be equated to 
tho percentage of protein in the following manner: 


Protein Protein components Radiozine 

Bi% 5-784 + 158a + 1148 + 0-64y 854% 
21:7% 11-204 + 408a + 3-588 + 2-84y | 2204% 
249% | 12-184 + 4B3a + 4-188 + 3786y | 25-81% 
443% | 16304 + 10-28a + 8-378 + 9-45y | 4383% 
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DISTRIBUTION OF THE PLASMA ELECTROPHORETIC COMPONENTS AMONG THE ULTRACENTRIFUGAL FRACTIONS 


Distribution (per cent of fraction) 


a-Globulin 8-Globulin y-Globulin 
17:5 (+ 2:8) TE 2-5) 70(+ 1:5) 
ile 17) 16-5 (+ 1-9) 18-1 (+ 1:5) 
19-4 (+ 2-2) 16-6 (+ M 15-1 (+ 1-9) 
23-2 (+ 3-0) 18:9 (+ 2-4 211 (+ 2:2 
20°8 (+ 1-9) 47-5 (+ 1-7) 17-0 (+ 1-4) 


where the coefficients for A, «, B and y represent tho por- 
centage of protein, and the values A, «. B and y represent 
the amount of zinc-65 bound to the albumin, «-, B- and 
y-globulins, respectively. 

Since the total percentage of protein in each fraction 
equals the percentage of total radiozine for that fraction, 
within experimental error, solution of the foregoing four 
simultaneous equations can be seen from inspection to 
yield the relative values of A = « = B = y = 1. (Schjeide 
and Urist® have demonstrated that when this method of 
fractionation is used, the proportions of metal ion in each 
fraction vary directly with the protein to which the ion 
is bound. If the metal exists as a free ion, bound to no 
protein, there should be little or no difference in its por- 
centage distribution among the four fractions. If the 
metal were bound to one specific protein, then it should 
appear in each fraction distributed in exactly tho samo 
manner as the protein to which it is bound. If the metal 
were bound indiscriminately to many or all proteins, then it 
should reflect the sum total distribution of these proteins 
for each fraction.) Therefore, it would appear that loosoly 
bound zinc is distributed among all the proteins of rat 
plasma, and strictly on a per weight basis, as indicated 
by the earlier work of Wolff? and Vikbladht. 

Further experiments now being undertaken utilizing 
chicken plasma have yielded similar results, but with one 
notable exception. The @-lipoproteins appear to have 
significantly less facility for the loose binding of zinc-65 
in vivo than do the other plasma proteins. Ib should be 
pointed out, however, that the rat plasma used in these 
investigations contained relatively insignificant amounts 
of lipoprotein. 


Effect of Specific Proteins on Zinc Clearance 


Since the radiozine was found by the foregoing method 
to be distributed among major electrophoretic and ultra- 
centrifugal components on a per weight basis, it was of 
interest to us to compare tho clearance behaviours of 
specific proteins labelled with zinc-65. Samples of mam- 
malian albumin, «- and y-globulins prepared by Cohn 
fractionation, were obtained and tested for purity by 
means of electrophoresis. These proteins wero incubated 
individually with carrier-free zinc-65 in Tyrode’s solution 
for 4 h at 37° C and pH 6-9. Tho incubate was then 
dialysed against Tyrode’s solution to remove all unbound 
radiozinc. Each of the zinc-labelled proteins was injected 
intracardially into female rats in an amount of tho ordor 
of 2-5 per cent of that particular fraction contained in 
the blood. 

Table 3 lists the percentage of injected zine-65 found 
to be still circulating in the plasma at tho reported times. 
and values for control animals injected with labolled 
whole plasma. Injection of labelled protein fractions 
resulted in the same clearance pattern as that of the 
whole plasma, further indicating that none of the injocted 
fractions shows a greater affinity for radiozine than any 
other or than whole plasma. 


Table 3. PERCENTAGE OF RADIOZINO FOUND IN CIRCULATING PLASMA 
FOLLOWING INTRAVENOUS INJECTION OF “ZN-PROTEINATE 
Control s 

Time after (whole plasma Albumin a-Globulin y-Globulin 
injection injectate) injectate injectate injectate 
{min} {per cent) (per cent) (per cent) (per cent) 

I 45°80 + (2:05) 41°75 + (2-98) 43-48 + (1-70) 47-76 + (9-27) 

3 27-71 + (1-27) 27-02 + (4:20) 27-11 + WEA 29-61 + (1:07) 

6 16-36 + nae 17-04 + (2-49) 10-72 + (0-22) 16-68 + (1:18) 

1 12-81 + (8-31) 10-38 + (8-41) 15-44 + (0-30) 11-13 + (1-15) 

15 9-22 + (0-97) 8-12 + (2-77) 11-50 + han 8-68 + (1°39) 

6-34 + (0-41) 5-82 4+ (0-95) 7-41 + (1°15) 522 + (0-76) 

45 452 + O38 4-14 + (1-73) 5-66 + (0-20) 4-80 + (0-12) 

3-47 + (0-35) 4-00 + (0-65) 5-08 + (0-27) 4-06 + (0-57) 
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Effects of Electrophoresis on Zinc Binding 


Although the foregoing findings are most convincing, 
it was felt necessary to examine the conditions which may 
have led to the postulated localization. of loosely bound 
radiozine in the «-globulin region, when in vitro labelled 
plasma is subjected to electrophoresis at pH 8-6 (refs. 8 
and 9). 

It has been previously established that both purified 
albumings and y-globulins are capable of binding zinet, 
Therefore, a critical test of the foregoing postulate could be 
made in a direct manner by labelling purified albumin 
and y-globulin with zinc-65 in vitro and then noting the 
effect of electrophoresis at pH 8-6 on the label. If the 
label should appear to be concentrated in the a-globulin 
region in this situation, when no «-globulin is present, 
then that localization of zinc-65 would have to be con- 
sidered an artifact induced by the conditions of electro- 
phoresis rather than indicative of the presence of a 
specific carrier. 

Two electrophoretic separations of albumin and 
y-globulin so labelled were made. The proteins were 
subjected to electrophoresis at pH 8-6 and constant 
current, initially for 4 h, and again for 16h. After 4 h, 
23:5 per cent of the isotope was in the albumin region, 
8-6 per cent in the y-globulin region and 68-3 per cent in 
the intermediate protein-free region. At 16 h corre- 
sponding values were 3-1, 13-8 and 83-1 per cent, indicating 
that a loss of label from the protein may have occurred 
during electrophoresis. 

It has been reported by Gurd and Goodman’ that 
binding of zinc to albumin is pH dependent. Vesell!?, in 
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addition, has found that in vitro zinc binding is also 
dependent on pH, with the maximum binding at about 
pH 7-4 and lesser binding at pH values on either side. 
At pH. 8-6, approximately 16 per cent of the in vitro 
bound zinc in plasma was found to be dialysable™. There- 
fore, since free zinc ions would normally migrate in a 
direction oppposite to that of the protein on electrophor- 
esis, a result similar to that observed might well be 
expected. Add to this the possibility of other factors 
which might affect the migrating proteins (in particular, 
albumin) during electrophoresis and the effect of changes 
in pH and ion concentration during Cohn separation 
which might cause them to alter their ability to attract 
zinc, then the foregoing observed phenomena’:® could jwell 
obtain. 
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ULTRA-VIOLET INJURY AS AN EXPERIMENTAL MODEL OF THE 
INFLAMMATORY REACTION 


By G. LOGAN and Pror. D. L. WILHELM 
University of New South Wales, Sydney, Australia 


‘HE vascular responses of vasodilatation, increased. 

vascular permeability and leucocytic emigration 
characterizing the early stages of the inflammatory 
reaction are remarkably similar in various types of injury. 
The investigation of their mediation or possible inter- 
dependence, however, is impaired by the relatively rapid 
rate at which these vascular events are elicited by agents 
ranging from physical stimuli! to bacterial infection?. 

Thermal injury! and bacterial infection? are popular 
experimental models of the inflammatory reaction; 
but even moderate stimulation by these agents evokes a 
reaction in which the vascular responses overlap in 
appearance and maturation. Most of these disadvan- 
tages are overcome in ultra-violet injury because a single 
mild stimulus appears to elicit a typical inflammatory 
reaction, in which the various vascular events can readily 
be distinguished one from the other. 

Ultra-violet injury was induced in depilated skin 
sites, 8 mm in diameter, on the dorsal trunk of adult 
guinea pigs? by the direct application of a Kromayer 
lamp (model 11) supplied by Engelhard Industries Itd., 
England. This lamp supplies irradiation with a rich 
spectrum at the lower end of the ultra-violet, infra-red 
rays being practically eliminated by a water filter. 

Fig. 1 summarizes the reaction elicited in skin sites 
irradiated for 15 sec. Vasodilatation was evaluated by 
the intensity and colour of local erythema, increased 
vascular permeability by the local exudation of Evans 
blue in animals with circulating dye (30 mg/kg), and tissue 
leucocytosis by the microscopic examination of sections 
of skin from the injured sites. 


Local erythema is present by the time the irradiation is 
completed. The erythema is never more than faint pink 
in colour and disappears in one minute. A second phase 
of erythema ( Fig. 1, Æ) commences in 1-2 h, and reaches 
a maximal bright pink colour in lesions 10-14 h old. 
Afterwards, its intensity remains fairly constant for a 
further 24—48 h, but in the final 12—24 h its colour becomes 
dusky pink. Only the second phase is recorded in Fig. 1. 

The increase of vascular permeability also is diphasic 
(Fig. 1). The first phase develops as the initial erythema 
is fading and becomes maximal in 10 min., normal low 
permeability being restored in a further 5 min. 

4-6 h after the first phase, a second and stronger per- 
meability response begins to develop. This becomes 
maximal in 20 h and subsides in the ensuing 48 h. 


Degree of crythema 


Extravasated dye (mg/ml.) 
- Degree of tissue leucocytosis 





20 30 
Age of lesion (h) 
Fig. 1. Maturation of erythema (2), the diphasic increase of vascular 


permeability (P), and tissue leucocytosis (E) in the inflammatory 
reaction evoked by ultra-violet injury in guinea pigs’ skin 
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Tissue leucocytosis first appears in }-1 h, becomes 
substantial in 4 h and maximal in 16 h (Fig. 1). The 
celis are predominantly neutrophil leucocytes, but a 
few eosinophils and lymphocytes appear after 12 h. The 
rise and fall of tissue leucocytosis precedes the maturation 
and decline of the second permeability response by a 
surprisingly consistent interval of 3-4 h. This is in sharp 
contrast to the corresponding events in bacterial infec- 
tion®, in which leucocytosis closely follows the second 
phase of increased permeability. 

An earlier investigation of the mediation of the diphasic 
permeability response in thermal injury demonstrated 
that the early response is elicited by histamine in both 
guinea pigs and rabbits, and to some extent in rats, 
but failed to identify the mediator of the delayed re- 
sponse!. 

Similar results have been obtained in the present work 
on ultra-violet injury in guinea pigs. The early response 
is substantially suppressed by pretreatment with the 
antihistamine tripolidine, 0-1 mg/kg intravenously, and 
almost abolished by 1-0 mg/kg. 

As in thermal injury’, the mediator of the late perme- 
ability response in ultra-violet injury has not been 
identified. In general, the preparations listed in Table I 
were tested by local or systemic administration at the 
following periods: 

(1) 10 min before irradiation; (2) 2-3h after irradiation, 
that is, just before the late phase begins to appear; 
(3) 1-2 h before the animals were ‘blued’ at 22 h, that is, 
when the late phase is maximal. None of the prepara- 
tions substantially suppresses the late response. 

The failure of the antihistamines (Table 1) in this 
respect does not appear due to their effects being unduly 
restricted in potency or duration. Thus, 1 h after its 
intravenous administration, tripolidine suppresses the 
permeability response to injected histamine about 2,000- 
fold. Although the antagonism declines during the 
second and third hours, it still is 10-fold at the end of the 
third. The corresponding factors for mepyramine are 
66 and 8. Accordingly, the results with antihistamines 
suggest the late response is not mediated by. histamine. 


Table 1. PREPARATIONS TESTED FOR SUPPRESSION OF THE LATE 


PERMEABILITY RESPONSE IN ULTRA-VIOLET INJURY IN GUINEA Pias 








Route of 
Type of admin- 
antagonist Preparation tested Dose (mg) |istration 

Antihistamines Triprolidine 1-0/kg i.v.i. 
0-01 Lod. 
Mepyramine 0-01 ici, 
Protease Soya bean trypsin inhibitor 0-01 iei. 
antagonists Lima bean trypsin inhibitor 0-01 Lol. 
Potato trypsin inhibitor 0-01 i.c.i. 

Ovomucoid trypsin inhibitor 0-01 ied 

s-amino caproic acid 0:01 Lei 

(=10~ M) 
1:3 Lei 
: (=107 M) 
Lecithinase Caloium-EDTA 150/kg i.v.i 
antagonist ip.i. 
Locithin analogue Minne 5/ke i.p.i. 
ethyl)—- 
B-hydroxyethylammonium 6-01 Lei. 
acetate * 

Amylase a-amylase 1-0/kg ip. 
Glucose analogue | 2-deoxy-D-glucose 200/kg ip 
Miscellaneous Sodium a-naphthy! acetate 10/kg ipi 

À 0. 

{=5 x10" M} 














i,v.1., Intravenous injection; i.c.i,, intracutaneous injection of stated dose 
in 0.1 ml. 0-85 per cent saline; i.p.i., intraperitoneal injection. 

* Suspension of 1 mg/ml. in 0'85 per cent saline containing 0-1 per cent 
albumin. 

Of the protease antagonists that were tested, the tryp- 
sin inhibitors from soya bean and potato each suppress the 
permeability effects of both the globulin permeability 
factor and human plasma kallikrein‘. In relatively high 
concentrations, s-amino-caproic acid strongly inhibits 
the activation of plasminogen to plasmin and weakly 
antagonizes both the esterase and caseinolytic activity 
of pre-formed plasmin in viiro®.§. With the exception of 
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soya inhibitor, which induces slight but consistont sup- 
pression, none of the above preparations affects the lato 
response. : 

The «-toxin of Clostridium welchii?-is one of the few 
natural substances known to induce a long-term increase 
of vascular permeability. The «-toxin is a lecithinaso. 
whose lethal®.® and permeability*®" effects are suppressed 
by the calcium salt of ethylenediamine tetraecotic acid 
(calcium-EDTA). Accordingly, we tested the effects of 
calcium-EDTA, as well as a lecithin analogue. Cal- 
cium-EDTA strongly suppresses the permeability res- 
ponse to the toxin and the lecithin analogue has moderate 
effects; but neither preparation antagonizes the late 
ultra-violet response. 

Of the remaining preparations listed in Table 1, both 
#-amylase and sodium «-naphthyl acetate’ have boen 
reported to suppress permeability responses in injury. 
and the glucose analogue, 2-deoxy-D-glucose™’, to suppross 
the effects of histamine-liberators; but none affected the 
late permeability phase in the present work. Furthor- 
more, none of the preparations listed in Table 1 suppresses 
the erythema throughout the whole reaction. f 

The parallelism of the wave of neutrophil leucocytosis 
preceding that of the late permeability response (Fig. 1) 
suggests that the appearance of white cells may be rele- 
vant to the later permesbility events. Accordingly, 
neutropenia was induced in guinea pigs with intravenous 
nitrogen mustard (2-0 mg/kg)". In such animals, tho 
total number of white blood cells fell in 4-7 days from 
10-12,000 cells/mm? to 3-5,000/mm', and that of the 
neutrophil leucocytes from 2-4,000/mm* to 2-400/mmé. 
During the fourth to seventh days, the permeability res- 
ponses—both early and late—to ultra-violet injury in 
such leucopenic animals was similar to that in untreated 
controls. The response to various permeability factors, 
injected intracutaneously, was similarly unaffected. In 
a second experiment, the ultra-violet response was modo- 
rately suppressed in Jeucopenic animals, but tho offect 
appeared non-specific since the response to injected 
factors also was decreased. 

A criticism of these experiments is that tho noutro- 
penia was not absolute: and, in fact, there was slight 
neutrophil infiltration in skin sites irradiated 12-22 h 
previously. However, the infiltration was considerably 
less than in corresponding sites from control animals; 
and taken at face value, our results suggest that, in ultra- 
violet injury, tissue leucocytosis is not a necessary pro- 
cursor of the late permeability response. 

Tn summary, ultra-violet injury elicits an inflammatory 
reaction which appears typical of that in inflammation 
in general**, as well as permitting the component vascular 
responses to be ‘dissected’ one from the other. Although 
the principal mediators of the various responses havo not 
been identified, ultra-violet injury offers advantages over 
other varieties of injury as an experimental model for 
further investigations of the inflammatory reaction. 
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_.NON-VOLATILE ORGANIC ACIDS IN SOME LIVERWORTS 


By Dr. V. S. R. DAS and M. P. RAO 
S.V. University, Tirupati (A.P.), India 


HE occurrence and metabolism of organic acids in 

liverworts had not been investigated until a chromato- 
graphic survey had been made by Allsopp!. However, he 
failed to detect any acids in eight genera investigated by 
him and was of the opinion that non-volatile organic acids 
may be totally absent in liverworts as compared with 
higher plants. Contrary to this finding, Das? reported the 
occurrence of aconitic acid (rans isomer) as a major 
constituent in Riccia, a genus not included in the survoy 
made by Allsopp. The examination of Riccia had 
prompted further enquiry in this laboratory inte other 
genera, not only because of the detection of acid itself 
but also.owing to the unusual nature of accumulation of 
aconitic acid which is normally of restricted occurrence 
even in higher plants. 


different acids based on a typical result with Plagiochasma . 
are summarized in Table 1. 

Thus a positive evidence is provided here for the occur- 
renco of various non-volatile acids in the members of two 
different orders of Hepaticae examined, and it is likely 
that an investigation of other gonera, including those inves- 
tigated by Allsopp, would reveal a closely similar picture. 
The presence of cis-aconitic and malic acids both being 
Krebs-cycle intermediates makes it probable that their 
role in intermediary metabolism in liverworts may be 
similar to that in higher plants. However, aconitic acid 
itself is not easily detectable in higher plants except in a 
few cases such as sugar-cane, where it is found in appre- 
ciable quantities’. As for the appearance of aconitic acid 
mostly in the trans position, it was already argued? that 


Table 1. CHROMATOGRAPHIC CHARACTERISTICS OF THE AOIDIC CONSTITUENTS PRESENT IN THE EXTRACT AND THEIR IDENTIFICATION 











— 














*Re in 
4 Sec.-butanol/formic] 1-Pentanol/5 M Colour reaction to Np N 
Acid acid/H,O ~ | aqueous formic acid | p-Dimethylamino- Ammoniacal Ammonium p-Anisidinet Identified as 
(5:3:2; v/v) (1: 1; v/v) benzaldehyde t AgNO, t vanadatet 

1 0-879 0-654 Immediately red White Yellow — Trans-aconitic acid 
turns to wine red 
at 140° i ie 

2 0-719 0-273 i PP = — — Cis-aconitic acid 

3 0-545 0-345 — Grey Yellow — Malic acid t 

4 0-250 0-053 — Yellowish red Yellow turning Pink Mannuronic acid 

grey-blue after 














* Unidirectional on Whatman No. 1 paper. Ascending direction in sec.-butanol solvent and descending direction in 1-pentanol solvent. 


+ Block, Durrum and Zweig (ref. 3). 
t Buch et al. (ref. 4). 


.In the present investigation Riccardia levieri of anacro- 
gynous Jungermanniales, Plagiochasma sp. and Riccia 
billardiert both belonging to the order Marchantiales 
formed the experimental material. These liverworts, 
available in the local hills, were collected, extracted in 
80 per cent ethanol and the organic acids analysed by 
paper chromatography by means of the techniques 
described previously? In each case the gametophytic 
vegetative thalli were used for the analysis. 

A striking result of this investigation is the detection 
of trans-aconitic and malic acids in all the three genera. 
Also cis-aconitic acid, in traces, is now found to be 
invariably present along with its ¢rans isomer in all cases, 
which was not evident in the earlier work. Another 
significant result is the identification. in addition to the 
acids mentioned, of mannuronic acid in Riccardia and 
Plagiochasma. Its presence in Riccia could not be con- 
firmed at present owing to the lack of material, although 
preliminary evidence is in favour of it. All the acids, 
which were made visible on the developed chromatograms 
by spraying with pH indicators, were compared with the | 
behaviour of authentic samples run alongside, by elution 
and subsequent co-chromatography and by selective 
chromogenic sprays. The results of identification of the 
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the instability of cis-isomer might have caused its trans- 
formation to the former. 

The presence of mannuronic acid in liverworts is an 
interesting departure from angiosperms. In this feature 
liverworts appear to resemble algae since mannuronic 
acid is reported to occur among Phaeophyceae, where it is 
found as a constituent of alginic acid’, a cell-wall poly- 
saccharide. Phaeophyceae are marine organisms, and 
whether this comparative biochemistry between them 
and liverworts has any evolutionary significance should 
be considered. Tho polysaccharides of liverworts have 
not yet been studied and only further investigation will 
establish relationships, if any. 

This work was supported by «a grant-in-aid from the 
Council of Scientific and Industrial Research. We thank 
Prof. I. M. Rao for his encouragement. 

1 Allsopp, A., J. Exp. Bot.,2, 121 (1951). 
2 Das, V. 8. R., Indian J. Plant Physiol., 4, 60 (1961). 
3 Block R. J., Durrum, E. L. and Zweig, G., A Manual of Paper Chromato- 


graphy and Paper Etectrophoresis (Academic Press, New York, 1958). 
t Buch a L., Montgomery, R., and Porter, W. L., Anal. Chem., 24, 489 
1952). 


ë Thimann, oe V., and Bonner, jun., W. D., Ann. Rev. Plant Physiol., 1,” 
75 (1950). 

t Fogg, G. E., and Millbank, J. N., in Encyclopaedia of Plant Physiology, 
12/2, 640 (1980). 

? Frei, E., and Preston, R. D., Nature, 196, 130 (1962). 


OF INDIVIDUAL RESPONSE TIMES IN 
INFECTIONS 


By Dr. G. G. MEYNELL 


Guinness~Lister Research Unit, Lister Institute of Preventive Medicine, London, S.W.1 


A QUANTAL response, like death or formation of a 
local lesion, does not occur at the same time in 
different individuals inoculated with a pathogenic micro- 
organism. The mean response time is usually inversely 


proportional to log dose within a certain range, which 
implies that, in those hosts which respond, the organisms 
increase at a constant rate to reach a critical concentra- 
tion at which the response occurs (Fig. la, refs. 1, 6). 
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Fig. 1. Hypothetical growth curves from infected hosts given doses 


dı, dg. Log count is plotted against time since inoculation. The curve 
for the mean rate in each dose-group is shown between the curves for 
rates 0-5 and 2-0 times the mean 

a, showing that (1) log dose is inversely related to mean response time 

the mean rate is constant and the response occurs when the viable 
count reaches a critical concentration, C (ref. 6); (2) the distributions 
of log response times for different dose-groups have the same variance 
if the distribution of rates of increase of the organisms is constant. 
b, c, Showing that the distribution of response times is truncated if, at 
the corresponding time after inoculation, C steadily increased (6) or 

the ratesof increase of the organisms fell (e) 


+ 


Fig, 2. 
PİN < 1 and the cumulative frequency of response is calculated as n| N, 
even when individual response times are log normally distributed. 
ad N is plotted on a probit scale against the lo 

Inoculation, P/N,= 1, 0-95, 0-5 and 0-2 for curves g, b, c and d respect- 








Log time since inoculation 


Hypothetical example showing that truncation appears if 


garithm of time since 


ively 


In each dose-group, individual response times ofton appear 
log-normally distributed, since a straight line can be 
fitted to the points obtained by plotting the probit of 

-the cumulative frequency of responses against log time 
since inoculation!-*. 
usually have the same slope in a given experiment (that 
is, the distributions have the same variance), regardless 
of their mean, which may indicate that the distribution 
of the rate of increase of the organisms, as well as the 
mean rate, is constant in vivo for all doses (Fig. la). 


The plots for different dose-groups 


In some infections, the distribution of response times for 


groups given relatively small doses has been described as 
‘truncated’, because, when the observations are plottod 
in the same way’, the curve has an initial steep linear 
portion followed by a second part of lesser slope (compare 
curves indicated by open symbols-in Figs. 3 and 4, and 
the dashed curve in Fig. 5). 
has received especial attention from Beard ef al., who 
suggest, from their titrations of tumour viruses, “. . . 
that the first limb represented . . . the distribution of 
natural host resistance or susceptibility . . . in tho indi- 
vidual dose-groups. 
to a change in the state of the host developing during the 
period of observation. 
result of the development of some form of acquired resist- 
ance related to the experience of the host with the virus. 
The second limb, therefore, (is) the expression of the 
influence of the sum of natural and acquired immunity 
exerted during the latter period of observation” (ref. 
8, p. 180; see also ref. 1). 
. changes may therefore be related in some way to the 
time at which any immunity acquired as a result of 
infection becomes manifest, a feature which gives these 
distributions a general immunological interest. 


This type of distribution 


The deviation (is) regarded as due 


This could be explained as the 


The time at which the slope 


It appears, however, that at least some truncated 


distributions previously attributed to host changes 
are artefacts derived in calculating the cumulative 
frequency of response. 
where n: is the number of hosts responding at any timo 
t after inoculation and N is the total number inoculated 
of whom P (<N) respond?.’.8, 
when the intention is to depict the behaviour of the dose- 
group as a whole but not when one is primarily interested 
in the course of those infections leading to a response. 


This has been taken as n: N 


This procedure is valid 
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because the distribution of response times and the shape 
of the probit response-log time curve are then determined 
by the observed value of P/N, the proportion of hosts 
that respond. If the true distribution of n: is log nor- 
mal when P/N = 1 (Fig. 2a), convex curves are obtained 
when P/N <1 (Fig. 2b, c, d) which would easily be con- 
fused in practice with two straight lines meeting at an 
angle. The plots look curved, even when nearly all the 
hosts respond, as the relation of cumulative frequency 
to its probit exaggerates the curvature. A frequency of 
95 per cent, for example, has a probit of 6-6 (Fig. 1, 
curve b) which brings the right hand end of the curve 
about one-third down a scale running from 99-99 to 
0-01 per cent (probits of 8-72—1-28). 

The alternative is to calculate the cumulative fre- 
quency of responses as n:/P, that is, as a proportion of 
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Fig. 3. Distributions of response times for three dose-groups in a titra- 

tion of avian erythromyeloblastic leukosis virus in chicks (exp. 77 in 

ref.(9). The dilutions inoculated and the observed values of P/N were, 

from left to right: 10-1, 47/48 = 0'979; 10-*, 46/48 = 0-958; 107, 

47/50 = 0-940. Points calculated from ni P and n/N ore W and D, 

respectively; overlapping poins PIN r. j oints marked by arrows are 
‘or = 


é d k é é 


Probit cumulative frequency 
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Fig. 4. Distribution of response times for fve dose-groups in a titration 

of avian erythromyeloblastic leukosis virus in chicks (Table 2 in ref. 10). 

The ‘dilutions inoculated and the observed values of P/N were, from 

left to right: 10-1, 29/29 = 1-0; 10-7, 29/29 = 1-0; 10, 24/25 = 0-96; 

10-4, 26/29 = 0-897; 10+, 11/28 ce The symbols are those used 
in Fig. 
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Fig. 5. Distributions of response times for two dose-groups in a titration 
of pneumococci in mice (ref. 1), The number of organisms inoculated 
and the observed values of P/N were, from left to right: 10°, 191/191 = 
1-0; 10°, 183/192 = 0-953. The number of values for nm; were 23 and 
365 respectively, and are therefore difficult to plot separately so that 
curves have been fitted by eye. Continuous lines, n/P; dashed line, n N 


P, the total number of hosts that respond, and not of N, 
the total number inoculated. All dose-groups having 
the same distribution of response times then give plots 
of the same slope, irrespective of the value of P/N. 
The published date have now been examined from this 
point of view and some of the distributions described 
as truncated! *-1* found not to differ in form from those 
of other dose-groups in the same titration. Thus, in two’ 
titrations of avian erythroblastic leukosis virus in chicks®:?° 
all the curves are log normal, with the same slope (Figs. 
3 and 4). Consequently, there is no reason for supposing 
in these titrations that some of the hosts were immunized 
during the infections. The data for psittacosis virus in 
chickens" gave scattered points unsuitable for graphicel 
analysis. Other titrations are too extensive for the data 
to have been given in full®1114, but P/N <1 in many ` 
of the dose-groups said to give truncated distributions 
so that the truncation reported may have arisen by 
calculating n:/N. There remain certain distributions 
which are undoubtedly truncated and which may indicate 
the time at which acquired immunity begins to operate. 
These include mice infected with pneumococci (Fig. 5) 
and White Leghorn chicks, line 15, infected with avian 
erythroblastosis virus (exp. 62 in ref. 14 where P/N = 1). 
The processes underlying truncation have never been 
precisely specified; but two possibilities are that, owing 
to an increase in host resistance, the critical concentra- 
tion rises (Fig. 1b) or the organisms increase more 
slowly (Fig. Ic). 

In all these examples changes in host resistance were 
detected by comparing the distributions of the different 
dose-groups in a given titration. The distributions for 
single dose-groups'*-!7 cannot be so tested, for we have 
no @ priori knowledge of the distribution to be expected 
in the absence of host changes. Such theoretical investi- 
gations as have been made are, like investigations of 
dose-quantal response curves!*, concerned with two 
questions: whether the variance of the distribution of 
response times arises entirely from differences in the 
resistance of individual hosts; or whether microbial 
infection is stochastic and part of the variance reflects the 
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effect of chance on microbial growth in vivo}, and, if so, 
what the distribution might be!®?9, 

The use of P in n:/P presupposes two classes of host in 
each dose-group: those that do and do not respond. 
This must be true in the limiting case resembling a 
bacterial count by the dilution method in which a com- 
pletely susceptible host is infected by a strain of maximum 
virulence and a response invariably follows inoculation 
of one or more organisms, the non-responders being those 
hosts failing to receive even a single organism. The 
assumption is also reasonable when hosts do not invari- 
ably respond to a dose of many organisms. If a responso 
follows inoculation, the number of viable organisms 
increases exponentially in vivo’, but, if the host does not 
respond, the count eventually falls, often despite an initial 
tise, until most of the organisms have been killed by the 
host defences*:?!-*5, When 1 > P > 0, viable counts on 
infected hosts therefore become bimodally distributed 
as the infection progresses. In one system, the proportion 
of hosts in each class 2 days after inoculation was shown 
to correspond to the proportions of responders and non- 
responders recorded 28 days later’. _The usual practice, 
used whenever possible, of ending an infectivity titration 
a relatively long time after the last observed response is 
therefore likely to give a real estimate of P. Its validity 
could be checked by counts of the numbers of viable 
organisms in the non-responders; but this is not usually 
done. 
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A GROWTH ANOMALY AND LYSIS WITH PRODUCTION OF 
VIRUS-LIKE PARTICLES IN AN AXENICALLY REARED 
MICROANNELID 


By Dr. ELLSWORTH C. DOUGHERTY, D. JoANNE FERRAL, Dr. BURTON BRODY* 
and MARY LOUISE GOTTHOLD 


Department of Nutritional Sciences, University of California, Berkeley 


HE two phenomena reported here—a growth anomaly 

and lysis with production of virus-like particles—are 
unexpected results of a research programme primarily 
designed to develop methods for culturing minute mem- 
bers of several invertebrate taxa undor a high degree of 
environmental—mainly nutritional—control4. Lnchy- 
traeus fragmentosus* has boen the only annelid to be inten- 
sively worked with by us and, to the best of our knowledge, 
the only member of its phylum (Annelida) to be success- 
fully grown under axenic (germ-free) conditions. For 
more than two years serial sets of cultures, each derived 
from worms of the preceding generation, have been suc- 
cessfully reared in the absence of organisms of other 
species. The steps leading to the establishment of our 
first such lineage and techniques utilized in maintaining 
it (in test-tubes on slants of a complex agar medium), 
have already been reported briefly*-‘. 

E. fragmentosus is a gonadless species so far as is known. 
(The possibility that it may be a clone (mutant) of a 
known or unknown sexually more typical species of the 
genus Enchytraeus has recently been suggested by Over- 
gaard Nielsen and Christensen’.) The individual adult 
(Fig. 1) multiplies by fragmentation; this is initiated in 
a mature worm by the auto-amputation of a small seg- 
ment from its posterior end, followed by similar breaks, 
each more anterior, until the adult has become trans- 
formed within a few days into a progeny of fragments, 
each generally 2-3 times longer than wide. We have 
observed a maximum of 13 pieces, although 10 or less are 
more typical. A single such segment isolated on a fresh 


* Additional affiliations: Permanente Medical Group’ and Kaiser Founda- 
tion Hospital, 280 W. MacArthur Boulevard, Oakland, California. 


slant grows, organizing a new mouth and/or anus, as 
necessary. After a period of, typically, 30-40 days, the 
isolate has matured as evidenced by ensuing fragmenta- 
tion, making possible a repetition of the cycle. We me 
at present rearing the twenty-third generation of axenic 
worms. Each generation is represented by a set of soverul 
isolates (usually 5) taken from the first worm to fragment 
in the previous set. A few pieces are generally left behind 
in the old tube; these, as well as fragments in tubes not 
selected from, grow and, as a rule, ultimately build np 
populations of worms in, and on, the agar medium. 





Fig. 1. Enchytraeus Tragmentozit be ee of normal cult 
x 





Fig. 2. E. fragmentosus, photomicrograph of partially grown worm, 
showing beginning rosettes of anomalous outgrowths at both ends (x 50) 





Fig. 3. E., fragmentosus: photomicrograph of partially grown worm, 
grossly deformed by anomalous outgrowths ( x 50) 


Tho growth anomaly observed and hitherto reported 
by us in abstracts only* would appear best described as a 
derangement of the normal polarity of tho organism such 
that irregular outgrowths develop, beginning as a ‘rosotte’ 
at either extremity (Fig. 2) and ultimately deriving from 
anywhere along the body (Fig. 3). In our preliminary 
notes® we have referred to these outgrowths as ‘tumours’. 
This, wo now feel, has been a premature (though not 
necessarily incorrect) characterization. We have been 
impressed, through examination of the review on inverte- 
brate tumours by Scharrer and Lochhead’, with the 
difficulty of establishing a growth as neoplastic in inverto- 
brates. But, most important, we have now done enough 
histological study of Enchytraeus fragmentosus to convince 
ourselves that our knowledge of the range of its ‘normal’ 
histology through the full life-cycle needs to be consider- 
ably augmented before we can adequately and compara- 
tively characterize its liquid-induced growth derangement. 
A systematic extension of our work on these lines is 
planned. We therefore feel it prudent to refer to the 
deformities in question as constituting a ‘growth anomaly’; 
the question of its neo- versus normo-plastic nature is 
thus left sub judice for the time being. 

In our experience so far, this process can invariably 
and only be elicited by the presence of a sufficiontly large 
amount of an aqueous phase in addition to, or in place 
of, the standard agar medium such that one or more 
worms become trapped thercin. We have studied it 
primarily in a biphasic system of standard agar medium 
(as 4 ml. slants) and sterile distilled water (in amounts of 
0-1-2-0 ml. per tube). So far, a total of 114 tubes have 
been tested, each with an isolated individual ranging in 
size from a new fragment to an ostensibly adult worm. 
The growth derangement was elicited in 101 instances. 
In as little as 3 days the terminal rosettes began to form 
on certain worms. In each of 12 tubes the organism was 
able to escape the aqueous phase by migrating on to or 
into the agar and developed normally in so far as could 
be detected. (The remaining tube was contaminated.) It 
has not been possible to establish a relationship betwoen 
the volume of trapping water and the time of onset of 
aberrant growth. Increased resistance with age is sug- 
gested, but is not definitive on the basis of observations 
to date. 

If worms are left trapped in water, they ultimately die. 
But the survival of a grotesquely deformed worm such as 
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is illustrated in Fig. 3 is remarkable. Scmetimes several 
weeks, even months, pass during which intermittent 
movement of a misshapen mass betokens life; in fact, 
the point of demise is virtually impossible to fix by mere 
inspection because the organism becomes gradually more 
sluggish until permanent immobility imperceptibly super- 
venes. 

We have found that the anomalous growth process is 
in many instances reversible, even when fairly far 
advanced. Most afflicted organisms transferred to normal 
medium lose their outgrowths. Their ability thereafter 
to grow and fragment has been less consistent in our 
experience; but a substantial percentage have repro- 
duced. 

The second phenomenon to be described is lysis of 
certain populations, with the production of virus-like 
bodies. The lytic process has been reported in abstract’, 
and the particle production associated with it has been 
recorded in a recent review, mostly on pathological findings 
in insects, by Steinhaus and Marsh’. In its clear-cut 
form, lysis is a spectacular occurrence: in a tube with a 
substantial population—ostimated to exceed 50-——worms 
suddenly began to dissolve, and within 3-4 days every 
inhabitant has molted into a ghost. The‘ age of such 
cultures has usually been of the order of 3 or more months. 
Comparison of a thriving ‘normal’ population with a 
lysed one can be seen in Fig. 4. 





Fig. 4. E. fragmentosus: photograph of two agar slant cultures in 
16-mm outer diameter test-tubes. Left, flourishing culture; right, 
lysed culture (x 4/9) 


Whereas it is easy to recognize definitive lysis, not all 
cultures of E. fragmentosus die out in this fashion. In 
some instances, where tubes have not developed large 
populations, death has appeared to come gradually, not 
precipitously, and without clear-cut break-down of the 
cadavers. There are gradations between these two 
extremes where some dissolution of worms seems to occur, 
but not in the emphatic pattern of unquestioned lysis. 

Efforts to induce lysis at will by various means have 
given equivocal or negative results. There is reason to 
suspect a relation between the medium and the circum- 
ambient gases, with the concentration of carbon dioxide 
a crucial variable; but the experiments have been tech- 
nically difficult, and further work is needed. Radiation 
delivered by a cobalt-60 source over a range of 5,000- 
400,000 rads failed to produce lysis. 

An outstanding feature of typical lysis has proved to bo 
the appearance of virus-like entities in ultracentrifugates 
of washings from affected tubes. Fig. 5 illustrates a group 
of the virus-like particles which have been found only in 
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Fig. 5, Electron micrograph of virus-like entities in ultracentrifugate 
of washings from lysed culture of E. fragmentosus. Approximate size of 
particles 270 x 50 mu (x e. 16,000) 


worm lysates though sought carefully in ground-up 
preparations of normal and ‘tumorous’ worms and in 
the washings from a blank control (slant of unused 
standard medium). 

We have not, as yet at least, been able to establish 
that the particles are infectious entities. Structurally 
they are close to, but significantly different from, certain 
non-inclusion viruses of insects. Their linearly tripartite 
construction, with one end segment narrower than the 
other two, appears to be unique. If taken provisionally 
as viruses, they are, to the best of our knowledge, the 
first such entities found in the phylum Annelida. 
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It can, we feel, be reasonably suggested that the fore- 
going investigations with Enchytraeus fragmentosus reveal 
an organism offering a rich challenge of problems for 
fundamental research. A few of the obvious potentialities 
can be usefully enumerated. First, there are nutritional 
problems, to which this article makes only brief allusion. 
Secondly, the facile manner in which the organism's 
development can be subverted into the elaboration of 
tumour-like growths promises an interesting end con- 
ceivably important material for studies on differentia- 
tion and possibly on neoplasia. Thirdly, the phenomenon of 
lysis and the presumptive virus recovered from the worm 
lysates provocatively suggest the opening of a new domain 
in virology—with the Annelida taking their place among 
the very few major invertebrate groups known to harbour 
viral entities. Finally, there is the possibility that the 
various problems can be more or less integrated by reason 
of the highly controllable environment made possible by 
axenic cultivation. 

We thank the National Science Foundation for partial 
support through several grants—most recontly G-18122 
and G-23914. The collaboration of Bjorn Solberg and 
Christian F. Holinka in early phases of the work is grate- 
fully acknowledged. We thank Prof. Edward A. Steinhaus 
et al. for electron microscope examination of the virus-like 
entity. i 
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BARR BODIES AND NUCLEAR SIZE IN CULTURED HUMAN FIBROBLASTS 
By URSULA MITTWOCH - 


Galton Laboratory, University College, London 


LTHOUGH Barr bodies are encountered in almost 

all tissues in which two X -chromosomes are present, 
there is always a fraction of the cells in which they are 
not visible. The incidence of Barr bodies is subject to 
considerable variations. Frequencies of more than 90 
per cent have been reported in cells of fætal membranes! 
and similarly large numbers are encountered in nerve 
cells?. On the other hand, in cultured fibroblasts and 
epithelial cells a considerable proportion of the cells do 
not contain any Barr bodies?. The reason that some of 
the cells lack sex chromatin has not yet been satisfactorily 
explained. Although the frequency of scorable Barr 
bodies is to some extent influenced by the technique 
used, it is most unlikely that all cells lacking Barr 
bodies which might theoretically be expected to show 
them are due to artefacts. It has been suggested that 
such cells might be accounted for by the necessity of 
the Barr body to despiralize in conjunction with DNA 
replication’. 

Measurements which have been carried out on cultured 
fibroblasts have shown that there is a difference in size 
between nuclei containing sex chromatin and those lacking 
it, the sex chromatin containing nuclei being, on an aver- 
age, somewhat smaller. These findings will now be 
briefly described. 

The fibroblasts were obtained from biopsies, which 
were cultured according to the method of Harnden’. 


Four cultures, in which chromosome analyses revealed the 
presence of two X-chromosomes, were examined. Of 
these, one had an apparently normal karyotype. two 
cultures had a deletion in a large acrocentric chromosome 
(these cultures originated from the conjunctiva and the 
skin from the arm of a patient with retinoblastoma’). 
while the fourth culture had 47 chromosomes with 2X + Y 
sex chromosomes. In addition, a culture containing three 
X-chromosomes was analysed separately. 

After trypsinization, the cells were allowed to settic 
on the cover slips for 1 h, when they were fixed in 95 
per cent ethyl alcohol and stained with thionin’. Acid 
hydrolysis was carried out at 60° C for 4 min. The short 
interval between trypsinization and fixation resulted in 
all the cells being in interphase. Measurements were 
carried out with a Leitz micrometer eye-piece. Since the 
nuclei are oval in shape, the long and the short diameters 
were measured at right angles to each other and the 
products converted into square micra. About 500 cells 
were analysed both in the cultures with two Y-chromo- 
somes and in those with three X-chromosomes. 

In the cultures with two X-chromosomes. the cells 
were divided into three groups: (1) without Barr body: 
(2) with a Barr body at the nuclear membrane; (3) with 
a Barr body in the centre of the nucleus. The mean 
nuclear areas for the three types of cells in the different 
cultures are shown in Table 1. It will be seen that the 
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Table 3. NUCLEAR SIZES IN XXX KaryoryPes 
40 Nucl 3 
185 cells 0. O: : uclear area (x°) p n 
Culture cells Sex chromatin 0 Sex chromatin 1 Sex chromatin 2 
32 examined Mean S.D. Mean S.D. Mean D. 
3 1 100 12849 20-47 12133 2635 12827 24-86 
824 2 151 11842 3545 10926 3300 10098 1023 
r 3 100 98-71 2650 97-00 3066 9304 2148 
= 4 100 13371 2431 13413 25869 131-55 31-99 
16 5 103 198-32 73-08 =, 18133 6279 14936 5075 
= 5 Total 554 13738 5310 12686 4740 11566 3534 
Table 4. DIFFERENCES BETWEEN MEANS IN XXX KARYOTYPES 
Weighted mean difference, € Approx. 
40 60 80 100 120 140 160 180 200 220 240 260 (for square root of nuclear Error —_siguiicance 
NO BARR BODY Nuclear orea (js?) Means compared area) variance level 
Sex chromatin 0/1 02375 0-0156 0-06 
48 Sex chromatin 1/2 0-1880 00201 0-20 
40 222 cells is not significant. Nuclei with central Barr bodies com- 
prise the smallest class, and larger numbers need to be 
n32 examined in order to determine their size in relation to 
3 that of the other classes. 
en The distribution of nuclear sizes are shown in the histo- 
Si grams in Fig. 1. A somewhat surprising feature about 
2 these distributions is that although the means are differ- 
8 ent, the peaks are the same in all three. Thus, the largest 
class of cells in all groups have the same nuclear size, but 
z the cells with sex chromatin comprise a higher proportion 
40 60 80 100 120 140 {60 10 200 220 240 260 of the smaller cells. 
PERIPHERAL BARR BODY uclear area (p) The suggestion that nuclei with Barr bodies are on an 
average smaller than those without seems to be borne 
32 out by cultures with triple X karyotype. Five such 
24 96 cells cultures of varying age, each originating from the same 
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CENTRAL BARR BODY 
Fig. 1. Nuclear sizes in cells with XX karyotype 


average size of nuclei containing Barr bodies was less than 
those without Barr bodies. 

For purposes of comparing the significance of the 
differences between means, the variable used was the 
square root of the area, which has a more nearly Gaussian 
distribution than the area itself, with fewer outlying 
observations. To take account of possible differences 
of variance between different cultures a method of 
weighted means was used (Table 2). Suppose that in culture 
1 the mean value observed in one class is #, with error 
variance Va,, and in the other class J, with error variance 
Vy, Let d, = @, — Jo and W, = 1/Va,+ Vy,). Then 
the weighted mean difference is found from the formula: 

Wid, + Weda +... ; 
Wit Wat... 
and its error variance is 1(/W, + Wa + ...); its standard 
error is the square root of this. The difference between 
cells without Barr bodies and those containing one at the 
nuclear membrane is highly significant. On the other 
hand, although the measurements suggested that nuclei 
with central Barr bodies might be intermediate in size, 
the difference between peripheral and central Barr bodies 


Table 1. NuoLEaR SIZES IN XX KARYOTYPES 
Nuclear area (x°) 


No.of Sex chromatinO Sex chromatin 1 Sex chromatin 1 
Culture cells Periphera! Centra. 
examined Mean SD. Mean S.D. Mean D. 
A 201 92-97 24:81 87°04 22-84 89°25 16-90 
B 104 105°25 19-93 90-20 18°69 98-87 23-36 
Cc 98 105-17 22°34 94-00 25-55 103-18 32-51 
D 100 113-68 21-92 112-33 25-11 105-38 18-54 
Total 503 101-02 24-38 93-96 24-80 98-56 24°78 
Table 2. DIFFERENCES BETWEEN MEANS IN XX KAROTYPES 
Weighted difference, d Approx. 
Means compared (for square root of Error significance 
nuclear area) variance level 
Sex chromatin 0/peripheral 03873 0:0129 0-0007 
Sex chromatin peripheral/central 0-1890 0-0211 0-20 


biopsy, were examined. These cells were again divided 
into three classes, but for this investigation the divisions 
were: (1) cells without peripheral Barr bodies, but includ- 
ing those with central ones; (2) cells with 1 peripheral 
Barr body; (3) cells with 2 peripheral Barr bodies. The 
results of the measurements are shown in Table 3 and 
the tests of significance in Table 4. Since these cultures 
were on an average older than those with two X-chromo- 
somes, a direct comparison cannot be applied. Neverthe- 
less, the average size of nuclei containing Barr bodies is 
less than those without (even though the level of signific- 
ance is just outside 5 per cent), but the difference in size 
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between nuclei with 1 and with 2 Barr bodies is not at 
‘present significant. The histograms (Fig. 2) show that, 
-as before, sex chromatin containing cells are aggregated 
‘on the left, and cells lacking sex chromatin on the right, 
of the distributions. 

Theoretically, the smaller size of a nucleus containing a 
Barr body may be accounted for either as a direct effect 
-of the condensation of one X-chromosome, or indirectly, 
in that the Barr body is present only during certain stages 
of the cell cycle when the nucleus is not at its maximum 
‘size. If the difference in size between cells with peripheral 
and central Barr bodies could be substantiated, the 
‘second possibility would have to be favoured. Fraccaro 
and Lindsten? found that in tissue culture, sex chromatin 
could be seen in some telophase and some prophase nuclei. 
These findings have been confirmed in fibroblast cultures 
in which mitoses are present. A scheme which would 
‘fit the available observations might be as follows. The 
Barr. body appears at telophase or somewhat later. It 
disappears some time during DNA replication, when the 
nucleus might be expected to reach its maximum size. 
The necessity of the Barr body to decondense would 
explain the late replication of the second X-chromosome 
(although it should be pointed out that in cultures de- 
rived from leucocytes, which show late replicating X- 
‘chromosomes, Barr bodies are not usually visible). One 
might expect the Barr body to be re-formed some time 
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after replication. Direct measurements of DNA in the 
cells should be able to clarify this picture. Further evidence 
is also required on whether the central Barr body repre- 
sents a passing phase, possibly connected with DNA 
replication, or whether it remains in this position in some 
cells. Judging from published photographs*-!2, the late 
replicating X-chromosome appears to be at the periphery 
of the nucleus in a large proportion of cells, but not in all. 

While these and other possibilities remain to be worked 
out, a difference in size between cells with and without 
Barr bodies would seem to have been established. 

I thank Mrs. K. P. Lele for supplying the fibroblast 
cultures and Dr. C. A. B. Smith for advice on the statistics. 
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VEGETATION OF SITES OF PREVIOUS CULTIVATION IN THE NEW FOREST 


By Dr. E. L. JONES 


Department of Agriculture, University of Oxford 
AND 


C. R. TUBBS 


The Nature Conservancy 


ITTLE work which falls squarely and designedly- 
under the head of ecological history has been carried 

out in Britain. In consequence, although it is a truism 
that Britain’s flora and fauna have been immensely 
modified by man, the all-pervasiveness of the human 
influence is seldom fully explored. Thomas! would 
seem to have made the only major recent contribution 
to the investigation of vegetation patterns which charac- 
terize ancient, long-abandoned cultivation sites. His 
investigations were concerned with the distribution of 
heath species in relation to prehistoric row cultivation 
on the chalklands. This article records part of some work 
on similar aspects of ecological history, dealing with a 
vegetation pattern superimposed on abandoned, mainly 
post-medieval, cultivation sites on the New Forest heaths. 

An unpublished survey which one of us made in 1961 
revealed that approximately 8,000 of the 37,000 acres of 
heath within the perambulation of the New Forest was 
occupied by gorse (Ulex europaeus L.). The species was 
distributed in well-defined concentrations rather than as 
a uniform scatter, and most of these concentrations were 
adjacent to existing settlements. An examination of 
the gorse stations by both of us during 1962 showed 
further that not less than 75 per cent of the total area of 
gorse occupied ground which had been disturbed for one 
of a number of reasons. 

Field observations indicated that the gorse stations 
repeatedly fall into one or another of the following cate- 
gories: (a) on easily recognized features of ground disturbed. 
by man, such as track and road sides, abandoned sand and 
gravel workings, and the scars of military occupation 
during the Second World War, including exposed gravel 
where, as a legume which can fix its own nitrogen, it is at 
an advantage. It is especially dense on well-drained banks 
and mounds. (b) In a belt fringing settlements, where 
there are closely convergent paths formed and used by 


commonable stock, and a concentration of plant nutrients 
from the droppings of these animals. (c) On sites which 
can be shown to have been farmed at somo previous 
period. 

Less than 25 per cent of the total area of gorse in the 
New Forest falls into none of these three categories, and 
may occupy patches of undisturbed, naturally suitable 
soil. Equally it may be that evidence of former agricultural 
occupations here remains to be discovered. 

These observations demonstrate a strong anthropogenic 
influence on the distribution of gorse in the New Forost, a 
relationship recently affirmed for Dorset?, Ireland’, the 
Isle of Mant and France®, and noticed as far afield as 
New Zealand’. This article is primarily concerned with 
the (c) category of sites, in order to direct attention to 
the repeated pattern of vegetation which distinguishes 
them from the Callunetwm of the adjacent or surrounding 
heathland. 

‘Where dateable, these sites are of post-medieval origin. 
No systematic work in either botanical or archeological 
fields seems to have been done on sites of abandoned 
post-medieval cultivation in Britain. Few of those will. 
of course, have escaped subsequent ploughing campaigns. 
but the peculiar legal position in the New Forest has. 
since the Crown asserted its rights to the soil during 
the nineteenth century, prevented the reclamation of 
the remains of previously abandoned cultivations therein. 
That it is primarily the legal position which has ‘frozen’ 
these remains and not inherent defects of soil which 
inhibit cultivation is evident from the success of the 
New Forest Pastoral Development Scheme (1944-48) 
under which 1,000 acres were cropped and re-seeded as 
grass leys’, or from the present state of Holbury Purlieu, 
where unbroken heather moor on the Forest is separated 
from successful crops on similar soil only by the arbitrary 
boundary fence of the Crown land. 
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A total of 23 sites fall into category (c); thoy can be 
further divided into three classes: (1) whore close to 
settlements they are delineated by banked and ditched 
enclosures assignable to encroachment from the Forest 
edge during the late eighteenth and early nineteenth 
centuries (12 sites); (2) -where isolated on open heathland 
they are bounded by banks and ditches which are mostly 
more wasted and silted than in (1) and which are 
considered to be older (9 sites); or (3) they are 
unenclosed areas underlain by ploughing rig or some 
comparable feature (2 sites). 

The first twelve sites are grouped together because 
each is where up to four enclosures, comparable in size 
with existing Forest-edge paddocks, have been aban- 
doned on heathland adjacent to present-day settlements, 
chiefly the straggling villages round the margins of 
Beaulieu Heath East and West. A typical enclosure in 
this class might be 500 ft. x 300 ft., with a bank 7 ft. 
wide and 2 or more ft. above the ground-level and 4 ft. 
above the bottom of the outside, dry, ditch. It would 
be near or actually abutting on to an occupied paddock 
or garden formed in much the same way. Usually the 
enclosure and the strip, if any, between it and the occupied 
holdings would be covered with a dense cover of gorse, 
or with a moderate cover of gorse and a ground vegeta- 
tion of grasses (Agrostis and Mfolinia setacea) or with an 
association of gorse and bracken (Pteridium aquilinum). 
This vegetation would distinguish the enclosure, often 
very sharply, from the Callunetum of the heath farther 
out from the settlement. Direct evidence of cropping 
in these abandoned intakes is limited, but two sets of 
enclosures show regular undulations which may be 
narrow ploughing rig and another enclosure shows 
three well-marked parallel furrows. On the heather moor 
outside the enclosures the soil profile shows the podzol 
customary on acid heathland, but within the enclosures 
a podzol is lacking, which would be consistent with 
former ploughing, marling, liming, or folding of livestock, 
or some combination of these. A great deal of historical 
evidence, too lengthy to be rehearsod here but consisting 
mainly of the reports of Royal Commissions on the New 
Forest, exists to assist the dating of this outermost, 
abandoned, fringe of enclosures, although individual 
sites can seldom be precisely dated. In sum, it seems that 
the (c,1) sites reprosent the margin of encroachment 
for cultivation during the high-price period of the Napo- 
leonic wars, abandoned without hope of re-occupation 
early in the slump which followed 1815. 

The nine sites grouped in the (c,2) category have in 
common their isolated position away from modern heath 
edge settlements. Thoy have so far defied exact dating, 
although it has been established that they have an 
earlier origin than the (c,1) sites. They probably date 
from more than one earlier period. The largest and most 
elaborate series of enclosures covers more than 200 
acres and contains a raised earthen platform which may 
conceivably have been an occupation site. Here the 
demarcetion of the areas of gorse by the banks of the 
enclosures is particularly striking, and again there is no 
` podzol in the soil profile within the enclosures. Size 
alone makes it unlikely that the site was an illegal en- 
croachment and it is considered possible that the series 
of enclosures were made, as perhaps were others in the 
same category, to grow fodder for the New Forest deer 
in the sixteenth or seventeeth centuries. 

The remaining (c,2) sites are smaller. On three areas 
reseeded under the scheme of 1944-487 there are the faint 
outlines of small fields: it is known that these sites were 
chosen for cropping and reseeding because they were 
covered with gorse and bracken, considered to be indica- 
tors of above-average heathland soils. At the five remain- 
ing sites incomplete enclosure banks approximately 
demarcate areas of gorse. In one case the place-name, 
Milking Pound Bottom, may suggest the original use of 
the site. 
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The two sites in the (c,3) category are relatively large 
areas of gorse, on extensive plains in the south of the 
Forest, which demarcate ground disturbed by ploughing 
or cross-ploughing. In one locality, Beaulieu Heath East, 
we and Dr. G. W. Dimbleby have independently 
noticed remarkably regular undulations when driving 
across the heath in Land Rovers, and the late O. G. 8. 
Crawford recorded ‘strip-cultivation’. In the other 
locality, near Sway, there are seemingly narrow ridge- 
and-furrow ploughing marks of tho kind normally con- 
sidered to be of nineteenth century origin; there is no 
podzol; the configuration of the gorse erea (as in one part 
of the Beaulieu Heath East locality) suggests that indi- 
vidual strips of land were ploughed out irregularly to form 
2 saw-edge boundery with the heather; and finally the 
Ordnance Survey noted what was thought to be a 
hollow-way or field bank of medieval date. 

The common botenical feature of the (c,1), (¢,2) and 
(c,3) sites is the cover of gorse which distinguishes them 
from the Callunetum of the remainder of the heathland. 
At least half the sites are of late eighteenth or early 
nineteenth century date, and the remaindcr are no more 
recent. It should, in view of Dr. A. S. Thomas’s findings, 
occasion no surprise that abandoned cultivation sites 
of this antiquity are characterized by the persistence of 
a plant association which consistently differs from that 
of adjacent undisturbed ground. Nevertheless it is impor- 
tant to establish just what conditions produced by human 
activity permit this pattern to develop. ; 

The essential value of soil disturbance to U. europaeus 
may:in part relate to drainage, that is, gorse may be able 
to tolerate drought conditions inimical to the heathers 
(Calluna vulgaris and Erica spp.). More important, 
gorse is much more exacting in its requirements of certain 
plant nutrients and mineralizable salts than the heathers'. 
In acid heathland soils these are only made available by 
the inversion or modification of the (a) and (b) soil horizons 
by ploughing or other physical disturbance of the soil 
profile or by the provision of additional materials by 


“marling, liming or manuring, resulting in the rapid 


release of (and in the cases of merling, liming and manur- 
ing the addition to) the necessary nutrients locked up in 
the podzol. 5 

In the (c) category of sites these conditions would be 
fulfilled by agricultural use. The explanation is confirmed 
by the broad correlation between the distribution of 
gorse and features of disturbance or with heavy grazing 
(as in category (b)) in the Forest as a whole. 

It is significant that prehistoric or medieval earthworks 
in the New Forest seldom carry gorse unless they have been 
since disturbed, for example, by barrow-robbing. In 
contrast gorse demercates very sharply the ebandoned 
cultivation sites of eighteenth and nineteenth century 
origin. How long gorse will persist on a given site is 
unfortunately in doubt and may, in part at least, depend 
on the relative persistence of manuring by stock following 
abandonment. 

It is finally possible that the abandoned cultivation 
sites, having low grain yields unless expensively fertilized, 
were deliberately seeded to gorse as a fodder crop requir- 
ing little or no upkeep, once grain prices slumped. Gorse 
wes sown for fuel, charcoal and fodder in many counties 
during the eighteenth and nineteenth centuries**, but 
so far as we are aware there are no references to this 
practice in or near the New Forest. 


1 Thomas, A. S., Agric. Hist. Rev., 8, 57 (1960). 

2 Moore, N. W., J. Ecol., 50, 369 (1962). ý 

Lucas, A. T., Furze: A Survey of its Uses in Ireland (National Museum of 
Ireland, 1960). 

«Killip, 1. M., J. Manz Museum, 6, 162 (1962). 

ë Gehu-Franck, J., Bull, Soc. Bot. Nord France, 14, 23 (1961). 

* Little, E. C. S. in The Biology of Weeds, edit. by Harper, J. L, (Blackwell, 
Oxford, 1960). 

7 Browning, D. R., Agric., 58, 226 (1951). 

3 Page, T., Ann. Agric., 9, 215 (1788). 

® Sandham, E., J. Rey. Agric. Soc. England, 4, 523 (1846). 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Volcanic Phenomena on the Moon 


THE ejection of gas from the central peak of the Al- 
phonsus crater on the Moon observed on November 3, 
1958, as well as the subsequent observations of the 
activity of this crater on October 23, 1959, have indicated 
that there are volcanic processes taking place on the Moon. 
It was established that molecular carbon was among the 
gases ejected. In cases of developed volcanic activity, 
such sporadic processes should be accompanied by a 
relatively steady ejection of gases of the fumarole emis- 
sion type: indeed, observations made in November and 
December, 1961, showed the presence of such a fumarole 
field inside the Moon’s Aristarchus crater. 

So far back as 1955, when I was engaged in searching 
for luminescent effects on the surface of the Moon, I 
found that the broad Fraunhofer lines in the violet part 
of the spectrum of the Aristarchus crater seemed much 
narrower than in the solar spectrum. This indicated 
the existence of a luminescent glow in the Aristarchus 
crater, a glow which overlapped the contour lines. The 
luminescent effect in the Aristarchus crater was best 
observed after full Moon, when the Sun stood high over 
the crater. However, during the same phase of the Moon, 
seen in different months, the brightness of the glow 
was not at all the same. These fluctuations in brightness 
did not indicate any connexion with solar activity. 
Therefore, the question arose: Were they not caused by 
the changes in the activity of the crater itself? Such an 
explanation would prove correct if a substantial part of 
the emissions observed were caused not by the lumines- 
cence of the hard rock on the lunar surface, but by the 
luminescence of the emissions of gas from the crater. 
In order to solve this problem a special series of spectral 
observations of the Aristarchus crater was made with the 
50-in. reflector of the Crimean Astro-Physical Observa- 
tory. 

These observations were carried out in 1961 with the 
aid of a low-dispersion spectrograph with about 150 
A/mm near the H; line. Tho spectrum pictures were taken 
with a high slit, which made it possible to carry out the 
photometric treatment by comparing the spectrum of the 
detail under investigation with the spectrum of the sur- 
roundings. 

On November 30, 1961, the Moon was in its last quarter: 
The spectrograms of the Aristarchus crater and its sur- 
roundings were obtained on the nights of November 26, 
28 and 30 and December 2 and 3, 1961. During these 
nights quite a large number of spectrograms of the 
details of the Aristarchus and Herodotus craters were 
obtained together with the spectrograms of the crevices, 
noighbouring small craters and other details of the reliof. 

A series of emission lines could be seen only on the 
spectrograms taken on the nights of November 26 and 28 
and on the two spectrograms of December 3. These 
could be discerned right in the centre of the Aristarchus 
crater ‘even without any photometric measurements. 
The spectrum lines were obtained under exceptionally 
favourable atmospheric conditions. Apparently the 
area on which the emission lines appeared was not more 
than several square kilometres. 

The group of emission lines observed in the centre of 
the Aristarchus crater stood out sharply at the red end 
of the spectrum. The length of waves of this border-line 
amounted to 4634 A with an error of 1 A. The whole 
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Fig. 2. Emission from Aristarchus compared with the emission of the 
hydrogen molecule (- ~~) having the same dispersion 


group of lines stretches up to 4390 A, and has a series of 
maxima. These data definitely establish that tho 
emissions observed are of a gaseous nature. An important 
confirmation of such a Conclusion is provided by the 
fact that on the photographs, taken on Decembor 3, 
emission lines somewhat project into the spectrum 
of the shadow cast by the eastern side of the Aristarchus 
wall. Hence, one can conclude that the source of emission 
rises to a certain height over the surface of the crater. 
It is quite possible that the emissions observed close to the 
last quarter of the Moon are not accidental, and that the 
ejection of the gases is made easier by the fact that the 
Sun’s rays heat tho crater surface. 

The so-called secondary spectrum of hydrogen, that is, 
the spectrum of the hydrogen molecule, is a most compli- 
cated one, and its brightest lines are concentrated in two 
sections: the orange-red and the dark-blue. Tho dark- 
blue section of emission of molecular hydrogen begins 
with a particularly bright line of the singlet system of 
hydrogen fumes, with the wave-length exactly equal to 
4634 A. It is because of this line that in cases of lower 
dispersion the blue section of the hydrogen spectrwn 
looks like a broad strip with a red fringe clearly standing 
out. The comparison of this strip with that in the Aris- 
tarchus crater is convincing proof that there is an emission 
of molecular hydrogen in the crater. 

It is significant that the photometric measurements 


-aided the discovery of a weak emission in the orange- 


red section of the spectrum in the Aristarchus crater, 
actually in the same area where there is intensive emis- 
sion of hydrogen molecules (these are mainly triple linos 
of orthohydrogen). Usually, in laboratory experiments 
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a spectrum of atomic hydrogen accompanies the secondary 
spectrum of hydrogen. However, as regards the Aris- 
tarchus crater, specially made measurements did not show 
any difference between the lines of atomic hydrogen and 
the way these lines appear in the solar spectrum. This 
result can most likely be explained by the difficulty of 
excitation of hydrogen atoms, and also by the fact that 
these atoms, formed as a result of photo-dissociation, 
usually leave the area under observation very quickly 
(that is, sufficiently dense section of the gas cloud). 

The: emission of molecular hydrogen observed in the 
fumarole ejections of Aristarchus crater cannot be the 
result of the photo-dissociation of water fumes, because 
this process brings about the formation of H and OH. 
It is scarcely possible to have molecular hydrogen appear- 
ing as a result of the photo-dissociation of other molecules. 
Therefore, it can be assumed that molecular hydrogen 
is formed and accumulated in the depths of the Moon. 

Such a conclusion is in keeping with the presence of 
local accumulation of hydrogen im the Earth’s crust. 
Moreover, chemical reactions in which molecular hydro- 
gen is formed usually occur at high temperatures. 
That is why the ejection of molecular hydrogen from 
inside the Moon indicates the existence of high temperature 
inside our natural satellite, just as inside the Earth. 

The observations made also raise the following question: 
Are not the emissions of carbon and hydrogen observed 

~on the Moon an indication of the existence of complicated 
carbohydrate compounds inside the Moon, and is it not a 
sign of a substantial difference in the chemical composition 
of the Moon and the Earth? 
Nreonar Kozyrev 
Pulkovo Observatory 
(U.S.S.R. Academy of Sciences), 
Leningrad. 


GEOPHYSICS 


Heat Balance of the Earth 


From the values of the mean thermal conductivity and 
temperature gradient observed over the surface of the 
Earth we deduce the net loss of heat by conduction (the 
geothermal flux). To suppose that this loss represents the 
only sink in the heat balance of the Earth is to accept a 
very severe constraint on geophysical theories. Thus it is 
widely assumed that naturally radioactive elements must 
be confined effectively to the surface layer of the Earth 
accessible to our probing. The latest application of the 
constraint appears in Stacey’s criticism! of Runcorn’s 
theory? of the growth of the Earth’s core. In accepting the 
constraint but not Stacey’s criticism, Runcorn® turns to 
a radical modification of the widely accepted thermal 
history of the Earth. Whatever the merit of the respec- 
tive arguments, it is worth noting that the constraint which 
forms the basis of the controversy may be considerably 
weakened. 

It has been pointed out by Bass‘and Schrödinger‘, and 
confirmed by subsequent discussions®-*, that the present 
experimental knowledge of electromagnetism is entirely 
compatible with the existence of a rest mass of the photon 
not exceeding the order of 10-47 g. In particular, the 
longitudinal waves and photons arising from this modifica- 
tion of the conventional electromagnetic theory would 
interact with matter too weakly to be detected in the 
laboratory. On the other hand, celestial bodies massive 
enough to be at least semi-opaque to longitudinal radia- 
tion would emit a good deal more energy than could be 
registered by instruments placed around their surface. The 
efficacy of this concealed cooling mechanism has been 
calculated’ for the case of the Earth with a result permit- 
ting a plausible distribution of radioactive elements 
throughout its volume. A comparison of that calculation 
with Stacey’s figures! shows that the heat sink provided 
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by the photon mass is also ample to accommodate all the 
heat involved in the present argument. 
L. Bass 
Department of Mathematics, 
Lanchester College of Technology, 
Coventry. 


+ Stacey, F. D., Nature, 197, 582 (1963). 

* Runcorn, S. K., Nature, 195, 1248 (1982). 

3? Runcorn, S. K., Nature, 197, 992 (1968). 

i Bass, L., and Schrödinger, E., Proc. Roy. Soc., A, 282, 1 (1955). 

5 Bass, L., and Schrödinger, E., Supp. Nuovo Cimento, 4, 825 (1956). 
® Wigner, E. P., Rev. Mod. Phys., 29, 255 (1957). 

7 Bass, L., Nuovo Cimento, 3, 1204 (1966). 


PHYSICS 


A Fundamental Extension of Einstein’s 
Diffusion - Mobility Relationship | 


Dirrusion is a fundamental process, possessed by 
molecular, atomic and sub-atomic particles. The process 
is associated with a density gradient, and is independent 
of particle charge. 

About half a century ago, Hinstein’s work! on diffusion 
led to a fundamental relation between the diffusion and 
mobility of charged particles. The equation, named 
after Einstein, has proved to be of significant importance 
in semi-conductor physics?. Einstein’s equation is: 

: kT 

b= (F )e (1) 
where D is the diffusion constant for the particles, and u 
is their mobility, k is Boltzmann’s constant, T is the 
absolute temperature, and q is the magnitude of the 
particle charge. 

The Hinstein equation suggests some intimate compati- 
bility between the drift and diffusion processes. The 
purpose of this communication is to describe some 
fundamental consequences of this compatibility. 

It is well known that in a pure drift process each free 
positively charged particle would have an average motion 
along the electric field. The motion is a result of a drift 
force. It is also well known that in a pure diffusion process 
a charged or neutral free particle would have a net motion 
against the particle density gradient. In view of these 
properties, and the compatibility between the diffusion 
and drift suggested by Einstein’s equation, it seems 
reasonable to assume the following: 

Every particle involved in a diffusion process, on the 
average, would be acted on by a force. Let this force be 
called the particle diffusion force. We shall next calculate 
an expression for this quantity. 

Consider a three-dimensional region, in which there is 
a large number of positive, equally-charged, microscopic, 
mobile particles. Let the only processes in this region be 
the diffusion and drift. Suppose that at a particular point, 
P, the two processes were in equilibrium. Thus, at P, the 
current density J, due to the combined drift and diffusion 
actions, may be described? by: 

J=q(nue ~ Dyn) = 0 (2) 
Here n is the density of the particles, and £ is the electric 
field intensity. 

Because of the equilibrium at P, the sum of the assumed 
particle diffusion force, fp, and the particle drift force, fe, 


must be zero. Thus: 
fp + fe = 0 (3) 
Tt is well known, however, that: 
f: = ge (4) 
Therefore, from (2) and (4), it follows that: 
fe — (2) Ye = 0 (5) 
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Comparison of (3) and (5) shows that: Table 1 
q D yn No. 7 (em) vy” Transition 
fp = = i=] (6) 1 36,425°3 1-2 B-X 
i ; ER n B 
À ’ . . . a 2 x 2—2 Ba 
Substituting the Einstein equation into (6), we get: 4 38231-8 0-0 ee 
vn E UR 
p= — (kT) n (7) 7 40,1042 %1 aI- X X- 
The assumed particle diffusion force fp, as expressed in 9 _ 42'393-0 0-0 aTa 
equation (7), does not depend on the particle charge, and 10 43,105°5 0-0 CEHA 
conceivably would hold true whether or not there were Preliminary constants (cm): 
s m 2 A : Be or B, a Oe Were 
other processes, if the Einstein relation were satisfied. The pst 5 s x 
; : -849 C187 1,6981 74:3 
answer appears to be consistent with the fundamental oi, 5-464 
15+ 5-79 


property of diffusion that it is independent of the particle 
charge. 

We shall next calculate the average energy Wop, gained 
by a particle, diffusing from a point A of high concentra- 
tion na, to a point B of low concentration n». This energy 
would be: 


B 
Wp = Jfp. ds (8) 
A 
where s is the particle path. 
In. view of equations (7), and (8), we have: 


Wo = (ef) In (2 (9) 


which is independent of the path. This energy is the 
amount gained from the diffusion process alone. 

The concept of a particle diffusion force suggested in 
this communication does not seem to be inconsistent with 
the well-established laws of Nature. In fact, the collective 
contribution of the particle diffusion force would, in some 
cases, give rise to the osmotic pressure discussed in Hin- 
stein’s original paper!. Furthermore, osmotic pressure 
effects are well-known observations. 

Many processes and phenomena in the life, natural, and 
engineering sciences involve the diffusion process. It is 
probable that the particle diffusion force, and gained 
energy, might be useful, if not essential, for a better under- 
standing of some of these processes and phenomena, 
wherever they may be, if the Einstein equation holds. 

I thank Dr. C. W. Schultz for his comments. 

: M. A. MELEHY 
Department of Electrical Engineering, 
University of Connecticut, Storrs. 
1 Einstein, A., Ann. Physik, 17, 549 (1905). 
? Shockley, W., Electrons and Holes in Semiconductors, 299 (D. Van Nostrand 
Co., Inc., New York, 1950). 
> See ref, 2. 


Absorption Spectrum of Gold Hydride 
in the Ultra-violet 


THE absorption spectrum of gold hydride has been 
photographed in the region 2200-2900 A. 

Gold hydride has two known excited states, A1E+ at 
27,340 cm~! and B12 at 38,230 cm-! above the ground- 
state X&+, Transitions from several vibrational levels of 
A and from B(v’=0) to X have been observed in emis- 
siont?. The 1-0 transition of B—X has been observed in 
absorption’, 

In the region 2200-2900 A eleven bands were found, 
all shaded towards the red. Of these the band farthest to 
the ultra-violet (head at 43,846 cm-t) was too weak and 
diffuse to be analysed, but it is too complex to be a 12-1 
transition. The bands are given in Table 1. 

-The B state dissociates very probably to ?Dy: (Au) + 
*S,/2 (H) and the A state (10,890 cm~ below B) to "Dz. 
(Au) + °S, (H), where *D,;, is 12,270 cm-t below *D;,, and 
9,160 em~ above the °8,;. ground state of gold. 

The C!X+ — X12 transition shows broad lines increasing 
roughly linearly with J (width at J=10~2 cm-). This 
indicates a predissociation of O, probably by an unstable 
T-state. 

The ®II state is inverted and the constants given are for 
aJ7,. A TI — 5 transition should have 5 branches in Hund’s 


case (a) and 9 in Hund’s case (b). For gold hydride 5 
branches are observed at low J values. For higher J 
values extra branches appear, indicating a transition from 
case (a) to case (b). The 0+ levels of "IT, lie about 100 
cmt below the 0- levels owing to the strong perturbing 
influence of C1X+. This influence also shows up as a 
broadening of the R- and P-lines from IT. 

It may be remarked that the notation used here may 
not be quite adequate, since for some of the states Hund’s 
coupling (c) seems to be more appropriate. It is hoped 
that projected experiments with gold deuteride will 
elucidate further the problem. 

Absorption spectra, of silver hydride have also been 
taken for wave-lengths below 2700 A. These show the 
existence of new X and H states of silver hydride. but the 
analysis has not yet been completed. 

This work was carried out, during June 1962, in the 
Physical Chemistry Department, University of Oxford. 

A detailed account of the experiments on gold hydride 
and gold deuteride and, later, silver hydride, will be given 
in the Swedish journal Arkiv for Fysik. 

Note added in proof. Analysis of gold deuterido has 
shown that the notation °IJ is incorrect. The state labelled 
3]J,* is in reality a higher vibrational level of the B 
state and the other components of ‘II are now labelled 
0-, 1, 2, all dissociating to *D;,. (Au) + °S; (H). 

Uns RINGSTRÖM 
Institute of Physics, 
University of Stockholm. 
1 Heimer, A., Z. Physik, 104, 448 (1987). 
2 Ymaniski, S., Sci. Pap. Inst. Phys. Chem. Res, (Tokyo), 31, 247 (1987). 
2 Hulthén, E., and Zumstein, R. V., Phys. Rev., 28, 13 (1926). 


Electron Spin Resonance in 
Neutron-irradiated Diamond 


RECENT work has shown that the nature of the electron 
spin resonance spectrum observed in irradiated diamond 
depends on the type and amount of irradiation. Faulkner 
and Lomer! used comparatively heavy doses of 2-MeV 
electrons (up to 8 x 10! electron cm~*) and distinguished 
four systems, all of which show a g-value which is isotropic 
and equal to the free-spin value within 0:2 per cent: 
(a) a single line of width about 5 gauss; (b) a system of 
24 lines with symmetry axes near the <221> directions, 
anda D-value of 0-14 em-4; (c) a system of 6 lines with 
symmetry axes along the <100> directions and a 
D-value of 0:14 cm-t; (d) a broad absorption with u 
half-power width of about 70 gauss, showing a compli- 
cated anisotropic structure. 

Baldwin*, using a much lower effective dose (9 x 1017 
electron cm~? at 0-75 MeV), observed only the system (a). 
which was shown to be composed of at least three super- 
imposed lines. 

Here we give the results of room-temperature measure 
ments at 9 kMe/s on four specimens of type Ia diamond 
which have been subjected to irradiation with fast neu- 
trons at a temperature of about 50°C in the National 
Institute for Research in Nuclear Science irradiation 
facility in the Atomic Weapons Research Establishment 
Herald reactor. We find that the features of the spectrum 
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` can be classified under the headings of the (b), (c) and (d) 
systems given here. 

The main feature of the spectrum is a broad absorption 
centred at g=2-00, with a half-power width (obtained by 
numerical integration of the recorded derivative curves) of 
about 80 gauss. This line shows a weak anisotropic 
structure in the two less heavily irradiated specimens, but 
appears smooth in the other specimens; the line has very 
long tails and its shape is not Lorentzian. There is no 
evidence of a dependence of the half-power line width on 
irradiation dose, the measured values all being equal 
within + 5 per cent; however, the details of the central 
part of the derivative curve show a dependence on dose, 
so that the separation between points of maximum slope is 
not a reliable indication of the width of the absorption. 
Because of the resemblance of this absorption to the (d) 
system in electron-irradiated specimens, we assume that it 
has a similar origin and have classified it under the same 
heading. 

The (b) and (c) systems were identified without diffi- 
eulty; they were broadened by about 20 gauss in the 
most heavily irradiated specimens. As in the case of the 
most heavily electron-irradiated specimens, the (a) 
system could not be distinguished. 

The integrated intensities of systems (b), (c) and (d) 
were compared with the integrated intensity of the absorp- 
tion line in a specimen of CuSO,.5H,0, in order to determ- 
ine the number of magnetic centres in each system. 
The results, calculated on the assumption that S=1 for 
the diamond centres, are given in Table 1. We estimate 
that these figures are correct within a factor of 2 for the 
(b) system, a factor of 1-5 for the (c) system and + 20 per 
cent for the (d) system. 


Table 1 
Magnetic centres S=1 em~? 
Specimen Dose n° em~? (b) (c) (d) 
D215 3 x 10! 3 x 107 5 x 10% 1-9 x 10% 
D92 3 x 101° 3 x 10! 8 x 10% 9 x 10% 
D16 9 x 1078 1:5 x 10% 5 x 10" 3-1 x 10% 
D218 1 x 10% 8 x 10% 6 x 10! 3-1 x 107° 


The dose figures refer to fast neutron flux as measured 
by the ®8Ni(n,p)®*Co foil threshold detector. 

It appears from Table 1 that the intensities of the (b) 
and (c) systems remain below a value corresponding to 101° 
magnetic centres cm-*, while the intensity of system (d) 
rises to 30 times this value. Furthermore, there is no 
evidence of any constant ratio between the intensities of 
the three systems. 

It is interesting to compare these results with the 
earlier measurements reported by Griffiths, Owen and 
Ward’. These workers observed an increase in the width of 
the central absorption with increasing neutron dose from 
20 to 70 gauss; however, most of their specimens were 
much less heavily irradiated than ours, and we suggest 
that the observed central line was in fact an absorption of 
type (d) superimposed on a line of type (a). It was seen in 
the electron-irradiated specimens that system (d) increases 
regularly with dose while the (a) line reaches a limiting 
intensity, so that in the most heavily irradiated specimens 
the width of the central absorption is that of the (d) 
system only. We did not identify the <110> system 
described by Griffiths eż al., and we suggest that this was 
probably a product of annealing. 

It has recently been suggested by Harris, Owen and 
Windsor‘ that in neutron-irradiated diamond the absorp- 
tion systems which we refer to as (c) and (d) are due to 
damage centres which are present in roughly equal 
numbers, the (d) system being due to vacancies and the (c) 
system being due to interstitial carbon atoms which are 
not all in a paramagnetic state. The work reported here 
appears to contradict this hypothesis, because in the first 
three specimens the (d) system grew in intensity with 
increasing neutron dose while the (ce) system did not; 
furthermore, annealing experiments (to be fully reported 
later) show that by suitable heat-treatment after irradia- 
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tion one can prepare a specimen which does not show the 
(b) or the (c) systems, but which shows a substantial (d) 
system. On the other hand, the present results are not 
inconsistent with the hypothesis put forward by Faulkner 
and Lomer! that ‘the basic unit responsible for the (d) 
system is the vacancy-interstitial pair with S=1, and 
that the anisotropic structure is due to interactions 
between the components of such pairs. The differences 
between the spectra induced by neutron and by electron 
irradiation would be due to the fact that neutron irradia- 
tion produces localized regions of high defect concentra- 
tion, so that the structure of the (d) absorption is smeared 
out by magnetic interactions between pairs. 


E. A. FAULKNER 
E. W. J. MITCRELL 
P. W. WHIPPEY 
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Spontaneous Dissolution of Metals in Polar 
Electrolytes 


Waen a solid metal is dipped into a polar electrolyte, 
a spontaneous transient pulse of net current, carried across 
the interface by metal ions, generates a potential difference 
AV between the solid and the bulk of the liquid. It is 
then either offset by an opposite electron current (gas 
evolution) or, if the bulk of the electrolyte contains some 
concentration ¢m(0o) of the metal ions to begin with, the 
familiar dissolution-deposition equilibrium supported by 
AV (which is calculated from cm(oo) according to Nernst?) 
may be established across the interface. 

Beginning with the latter equilibrium, suppose that we 
gradually replace metal ions in the bulk by hydrogen ions 
carrying equivalent charges. If that equilibrium persisted 
for any ¢m(oo), we could generate arbitrarily large AV’s 
by continuing the replacement process. The replacement 
of the last few metal ions per c.c. of the bulk can scarcely 
cause AV to grow to infinity. Some situation resembling 
equilibrium must gradually replace the familiar picture as 
Cm(0o) is reduced, since noble metals are stable in many 
infinite electrolytes initially containing none of their ions 
(regardless even of convection). Starting from this last 
case we therefore seek an interface interaction (not based 
on deposition or gas evolution) which aids dissolution for 
only a brief period after dipping. The height of the 
potential barrier separating the bound metal ion from its 
solvated state must be temporarily much reduced as 
compared with the real potential, V., separating the bound 
jon from vacuo. The barrier is probably lowered by 
thermal collisions of suitably oriented groups of solvent 
dipoles with the interface?. In macroscopic terms we may 
suppose that the electrostatic binding energy, Vo, of the 
outermost ions of the solid is reduced by the dielectric 
action of the electrolyte to V,/e, provided that we can 
attach to the dielectric constant s values which correspond 
to the underlying microscopic mechanism. In any event. 
es ~ 802e2c ~3 for dilute aqueous solutions, the upper 
limit es arising from orientational, distortional and optical 
polarizability, the lower limit only from the latter two. 

A metal ion bound near the interface and oscillating 
with a frequency, w, subjects the adjacent dielectric to a 
periodic electrical perturbation causing the solvent dipoles 
to turn towards it (solvate it) so far as they can follow the 
rapidly variable field. We are thus led to identify the € 
dividing V, with the temperature-dependent e(w) of 
Debye’s theory? of anomalous dispersion in polar liquids: 
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1 + (wr)? 
°c, + calor} E 


thus obtaining the spectral distribution of the barrier 
height (+ is Debye’s well-known viscous relaxation time). 
If we select an assembly of ions vibrating near the 
interface as quantized oscillators at a frequency w, 
consideration of the relevant orders of magnitude shows 
that the probability, Pw, per ion and unit time of surmount- 
ing the barrier may be approximated by the immediately 
plausible expression: 
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V fe(w) = V 


= z; 0 (2) 


To estimate the distribution of ions over frequencies we 


adapt Debye’s model‘ for the calculation of specific heats ` 


of solids to the vibrations of the metal layers at the 
interface. The approximate number of ions vibrating at 
a unit area of the interface in the frequency band between 
o and w + dw turns out to be dë =3Nh'n'pAw*da/k*OM, 
involving universal constants (Avogadro’s N, Boltzmann’s 
k and Planck’s 2n/), the density p of the metal, its atomic 
weight M and the interionic distance A in its lattice; 
the Debye characteristic temperature § is connected with 
the limiting cut-off frequency which is slightly lowered if 
we allow the dielectric to modify also the shape of the 
barrier, whereby the refractive index n = £w? of the solution 
becomes involved in dë. The total dissolution rate, R 
em~*sec-}, is the integral of Padé over the active frequen- 
cies. Since k0/hS>27x/7 in typical cases, € ~ £% near the 
cut-off frequency and thus the integrand is negligible at 
both integration limits. A good first approximation is: 





= Vo 
EkT 

~ G) O Ge) aa po am 
Esk T. 


which represents the maximum rate of spontaneous 
dissolution. Equation (3) is very sensitive to temperature, 
explicitly as well as through +; for silver at 300° K it 
yields a dissolution current of 2-6 x 10-4 amp cm-?. Ultima- 
tely polyvalent ions probably cross the barrier in 
monovalent form and are ionized further by a redox step. 

To account for stability of metals when cm(co) = 0 we 
observe that even slight dissolution generates an interface 
field E (cE=4rQ, Q being the positive diffuse charge per 
unit area of the interface) so strong that the argument 
uH/kT of the Langevin function is of the order of unity, 
u being the dipole moment of the water molecule. Thus 
saturation of the orientational polarizability reduces s to 
ea and Po to values so small that R is cut down to values 
not noticeable over many years. This effect is greater by 
many orders of magnitude than the direct electrostatic 
action of Q on R. If we suppose for simplicity that full 
saturation sets in at pE/kT=3 (extending the linear 
approximation of the Langevin function), we can estimate 
the quasi-stable charge Q required to stop dissolution 
effectively, as well as the time in which the original R 
generates it. At 300° K the former is of the order 5 x 10-* 
coulomb cm-*, probably representing the main part of 
the zero point charge on stable metals; the latter is of the 
order 2 x 10-? sec for silver, indicating the duration of the 
initial pulse of net current. 

A significant test of the present model is obtained when 
we extend it to continued dissolution with hydrogen gas 
evolution, due to transitions of conduction electrons 
tunnelling from the metal to adjacent solvated hydrogen 
ions. To conserve energy, the ionization energy Ig 13-5 
eV of the hydrogen atom gained in the transition must be 
supplemented by work done by the field Æ in transit, in 
order to supply energy at least equal to the electron work 
function f plus the solvation energy, Wyw12 eV, of the 
hydrogen ion in water. Since the nearest hydrated H+ is 
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at a distance from the interface of the order of two 
molecular radii of water (2a~4 x 10-8 em), the work done 
by # is about 2aeH# and energy conservation requires 
2acH +In > f + Wu, exceptions being insignificant at the 
temperatures under consideration. On the other hand, the 
build-up of # by dissolution ceases in the model at pÆ = 
3kT, so that spontaneous gas evolution cannot occur if: 


Gae f+ We — Ig 
es ET (4) 


This condition of stability yields f>23 eV at 300° K 
and f>2-5 eV at 373°K in water, thus distinguishing 
very satisfactorily between alkali metals and others. Since 
stability is not due to thermodynamic equilibrium in 
ion on (4), this condition is not derivable thermodynami- 
cally. 2 

When. equation (4) is not satisfied, electron transitions 
keep E permanently below saturation values and equation 
(3) may be used to estimate continued dissolution and gas 
evolution rates in the activation-controlled case. The 
theory then reproduces the relative reactivities of alkali 
metals with water. Thus at 373°K we obtain froin 
equation (3) some 30 amp em- for rubidium, but only 
4x10 amp cm~? for lithium, the difference being due 
notably to the Debye temperatures of these metals. As 
regards the absolute values of the rates, some corrections 
may be required for the state of the surface of a rapidly 
dissolving metal. : 

A full account of this theory will be given elsewhere. 


L. Bags 
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METALLURGY 


L2, Structure of the Alloy AuAgZn, 


ProsasLy the most interesting examples of the L2, 
structure are the copper-based Heusler alloys Cu;MnX 
(X = aluminium, indium or tin), which are ferromagnetic 
in the ordered state. Recent additions to this structural 
type are Cu,MnSb (ref. 1), which is antiferromagnetic. and 
Au,MnAl (ref. 2), which is ferromagnetic. With the possible 
exception of Cu,MnSb a difficulty common to all these 
from the point of view of an experimental study of order- 


` ing effects in ternary systems is that the L2, structure 


is stable only at high temperatures. Low-temperature 
anneals or slow cooling, while though initially increasing 
the degree of order and enhancing the magnetic proper- 
ties, finally lead to the breakdown of the structure or the 
precipitation of a second phase. 

Muldawer’ has briefly reported resistivity measurements 
characteristic of ordering in the quasi-binary AuCd — 
AgCd system and the existence of the L2, structure at 
AuAgCd,. Somewhat more favourable atomic scattering 
factors occur in the analogous AuZn—AgZn system and 
we have therefore examined an alloy of composition 
AuAgZn,. This may be regarded as a structure formed 
by the coalescence of B2 8-AuZn and 8-AgZn, and condi- 
tions are favourable for L2, ordering. 

The alloy was prepared in vacuo from elements of 
spectroscopic purity and homogenized for 48 h at 600° C. 
The loss of weight was negligible. The existence of the 
L2, structure was confirmed from powder photographs 
of samples heat-treated at different temperatures and 
examined with copper Ka-radiation in the quenched 
condition. At 18° C the unit cell has dimensions of 
6-2919 + 0-0003 A and 6-2932 + 0-0003 A after one week 
at 280° C and 600° C respectively. There was a slight 
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change in the visually estimated intensities of the super- 
lattice lines in the two cases and the parameter changes 
are presumably due to differences in the degree of order. 
No evidence was obtained of decomposition or the pre- 
cipitation of a second phase at the lower temperature. 

We thank the Council of the Royal Society for a 
grant-in-aid, and the Department of Scientific and 
Industrial Research for a maintenance grant for one of us 
(C. D. P.) 

Note added in proof. Cu,MnAl has recently been shown‘ 
to partially disorder to a CsCl structure at high tem- 
peratures. 


D. P. Morris 
C. D. Price 
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Superconducting Alloys of the 
Nb;Sn,M_, Type 


IN a report prepared in this Laboratory some of the 
empirical observations concerning superconductivity 
which have been proposed in recent years were evaluated 
and modified using data obtained from the literature?. 
This work suggested that the initial materials to be 
examined should have the 8-tungsten structure, contain 
an element which itself was a good superconductor, and 
have an average valence electron-per-atom ratio of 
approximately 4-75. Since Nb,Sn, which has the highest 
superconducting transition temperature reported, meets 
the foregoing criteria, the many alloys which can be 
prepared by partial or total substitution for tin by elements 
with the same or nearly the same number of valence 
electrons as tin also will meet these criteria providing 
they retain the 6-tungsten structure. As a consequence, 
an attempt was made to prepare and examine alloys with 
the general formula Nb,SnxM,—x, where M is germanium, 
silicon, aluminium or antimony, and is in the same group 
or neighbouring group of the Periodic Table as tin. 

In the preparation of all the alloys, powders of the 
elements of 99 per cent purity were mixed in the desired 
stoichiometric amounts and ball-milled dry for 0-5 h. The 
powders then were pressed into pellet form and heated 
under the following conditions. Alloys in which germanium 
or silicon was substituted for tin in Nb,Sn were heated at 
1,750° C for 5-5 h under argon, and those containing 
antimony or aluminium were sealed first in evacuated 
silica capsules before heating them to 1,100°C for four 
days. 

Small amounts of the samples were ground and powder 
X-ray photographs were taken using a 57-3 mm radius 
Philips X-ray powder camera and high-intensity copper 
Ko-radiation with settings of 50 kV and 40 m.amp for 
3h. The X-ray patterns were read, indexed, and the cell 
sizes determined by extrapolation of a, versus 1/2 (cos*6/ 
sin§ + cos*0/6) to 6 = 90° (ref. 2). 

The transition temperatures of the alloys prepared with 
the general formula Nb,SnxGe,-x were found to vary 
approximately linearly with composition, falling between 
the transition temperatures of Nb,Sn and Nb,Ge (6° K). 
Since germanium lies in the same group of the periodic 
table as tin, these alloys all had the same electron-per-atom 
ratio. When antimony was substituted for tin in Nb,Sn, 
however, the electron-per-atom ratio increased from 4-75 
to 5, and the transition temperature of these alloys showed 
a rapid drop with increasing amounts of substitution. 
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The substitution of aluminium for tin lowered the electron- 
per-atom ratio and lowered the transition temperature 
which, unlike antimony alloys, then reached a maximum 
with total substitution of aluminium, Nb,Al (17-5° K) 
(ref. 3), indicating that there may be another ideal electron- 
per-atom ratio for the @-tungsten structure at 4:5 as well 
as 4:75. While this communication was in preparation, 
it was learned that Dr. T. Reed of the Lincoln Laboratories 
has also examined systems which involved the substitution 
of germanium, aluminium and antimony for tin in 
Nb,Sn (ref. 4), so it was decided to present only the 
general trends that we had found. 

As an extension of our work, the Nb,Sn,Si;-, system 
was also investigated. It is interesting to note that 
Nb,Si does not adopt the @-tungsten structure as the other 
Nb; compounds in this work but instead was found to 
have the ordered Cu;Au structure’. The largest amount 
of silicon which could be substituted for tin with retention 
of the ®-tungsten structure is ~50 atomic per cent. 
Table 1 presents the compositions, cell sizes, and 
transition temperatures of the phases prepared. 
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Table 1. Data FOR Nb,SnzSi,.2 ALLOYS 

Alloy Structure Cell size (Å)  Te°K 
Nb,Sn 8-tungsten 5-202 17-8 
NbSno.9,Sig-06 -tungsten 5:285 17-8 

3S Da.7s 510-85 B-tungsten 5:263 16-4 

3SDo.735lo.a7 -tungsten 5-261 13-9 

S1g.53S1o-47 f-tungsten. 5-239 8&3 
NbeSn9.59Sio-s0 -tungsten 5:235 7-0 
Nb,St ordered Cu,Au 4°22, 15 


Since Nb,Si and Nb,Sn have the same electron-per-atom 
ratio of 4-75, the drop in transition temperature with 
increasing amounts of substituted silicon cannot be 
attributed to a deviation from this favourable ratio for 
the B-tungsten structure. Instead it may be that substitu- 
tion of small silicon atoms for much larger tin atoms may 
decrease the stability of the chain of niobium atoms which 
runs through the 8-tungsten structure until at 50 per cent 
substitution the structure is no longer retained. 

We thank Bruce Warner for assistance in obtaining 
the superconducting transition temperatures. 
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RADIATION CHEMISTRY 


Electron Spin Resonance Investigations of 
Irradiated Carbohydrates 


DvRING an examination of the radiation chemistry of 
cellulose, electron spin resonance measurements were 
performed on a series of irradiated sugars. Certain novel 
features of the results which were observed are summarized 
here. Various carbohydrates have been examined 
previously by electron spin resonance’-*, but no detailed 
investigation of a series has been reported using compar- 
able conditions of irradiation and measurement. 

Irradiations were carried out in a cobalt-60 source at 
dose rates of 1-25 x 10° rads/h in both vacuum and air to 
total doses of 10? and 10° rads. For vacuum irradiations 
samples were vacuum-dried to constant pressure before 
being sealed off in ampoules at less than 10-? mm mer- 
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cury®. Spectra, were measured at room temperature in a 
spectrometer of conventional design featuring an elec- 
tronic field sweep to record the first derivative of the 
absorption curve in approximately 4 min. 

The spectra of the irradiated monosaccharides, disac- 
charides and polysaccharides (Table 1) were similar and 
showed little hyperfine structure. The significant feature 
of the results was the doublet of 15-20 gauss separation 
exhibited by all compounds with two notable exceptions— 
lyxose and lactose, which produced four-line spectra. In 
marked contrast to the remainder of the series the two 
amorphous polysaccharides, amylose and amylopectin, 
when irradiated in air, produced only very weak signals. 
The appearance of satellite peaks or poorly resolved lines 
in some of the spectra, especially glucose and fucose, 
rendered absolute interpretations difficult. Both effects 
may be due to overlapping lines from at least one other 
radical species. This situation can readily occur with the 
disaccharides if the primary radiation act ruptures the 
glycosidic linkage and leaves a predominance of two 
radical fragments. Chromatographic analysis of all the 
irradiated disaccharides showed that rupture of the 
glycosidic linkage occurs’. 
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Table 1. SUMMARY OF ELECTRON SPIN RESONANCE SPECTRA OF IRRADIATED 
CARBOHYDRATES 


No. oflines Separation Splitting 
Compound ae rads) Atmosphere in derivative (gauss) (gauss) 
Amylose 100 Vacuum +2 15 3-5 
100 Air Very weak signal at maximum 
sensitivity 
Amylopectin 100 Vacuum 16 3-5 
100 Air Very 2 réak signal at maximum 
sensitivity 
Cellulose 100 Vacuum 2 16 and 33* 5 
100 Air 2 16 and 35* 3-4 
Glucose 100 Vacuum 2 16-18 t 
100 Air 2 18 9 
10 Air 2 18 and 40* 9 
Galactose 100 Vacuum 2 16 and 32* 3-5 
100 Air 2 18 and 33* t 
Mannose 100 Vacuum 2 17 5-6 
100 Air 2 17 t 
Fucose 100 Vacuum 2 17 5-6 
100 Air 2 18 8 
Arabinose 100 Vacuum 2 17 5 
Sucrose 100 Vacuum 2 18 5 
Cellobiose 100 Vacuum 2 18 7 
100 Air 2 18 7 
10 Air 2 18 7 
Trehalose 100 Vacuum 2 17 t 
100 Air 2 18 4-5 
10 Air 2 18 and 40* 3-5 
Maltose 100 Vacuum 2 15 and 34* t 
100 Air 2 15 and 34* $ 
10 2 15 and 34* t 
Melibiose 100 Vacuum 2 17 5-6 
10 Air 2 16 and 40* 11 
Lyxose 100 Vacuum 4 17 and 33* 6 
Lactose 100 Vacuum 4 18 and 36* 6 and 31 


* Second figures refer to separation of outer satellite lines. 
+ Splitting cannot be dete: ed because of probable overlapping of lines. 


The occurrence of a doublet in most spectra indicates 
spin-coupling with one proton and suggests that the 
radical arises from the ejection of a hydrogen atom from 
C, or C.. The four-line spectra from lyxose and lactose 
indicate an interaction with three protons. This situation 
may occur in the latter if the odd electron is localized 
predominantly at C, and then spin-couples with the three 
protons from C, and C,. In like manner, for the lyxoso 
radical existing in either pyranose or furanose forms, the 
free electron if localized on C, may couple with the throe 
protons from C, and C; to give the observed spectrum. 
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Spur Reactions in the Radiolysis of Liquid 
Aliphatic Hydrocarbons 


A CONTRAST between the radiation chemistry of water 
and that of liquid aliphatic hydrocarbons is that, in the 
former, interpretation of the system is made on the basis 
of models involving the concepts of tracks and spurst, and 
that in the latter these concepts are much less frequently 
invoked?3, (‘Hot atom, unimolecular and ‘cage’ reactions 
have been suggested and may occur within a spur, but it is 
reactions other than these that are primarily discusscd 
here.) 

Evidence is accumulating that charged species partici- 
pate in the radiolysis of water and aqueous solutions but, 
nevertheless, the application of a simple model in which 
free radicals are distributed in spurs and tracks has made a 
considerable contribution to the understanding of these 
systems. In the radiolysis of liquid hydrocarbons, reac- 
tions of excited or charged species may also possibly occur. 
but it has been pointed out that in these systems compli- 
cating ionic effects are less likely to occur, and that the 
size of spurs would seem to be comparable to that found in 
aqueous systems, Application of a similar model would 
therefore seem to be justified. 

The much greater complexity of products in the radia- 
tion chemistry of liquid aliphatic hydrocarbons‘ is an 
obvious reason why spur and track effects are difficult to 
find, and this fact also explains why the main effort in 
these systems has been directed towards the symmctrical 
hydrocarbons such as cyclohexane and neopentanc, where 
the chemistry is relatively more simple. The following 
discussion, therefore, refers to cyclohexane and neopentane 
in particular but the arguments apply in general to liquid 
aliphatic hydrocarbons. 

It is generally stated® that the primary reactions that 
occur on radiolysis of cyclohexane include: 

CHH + C,H, (1) 
OHH, + CHa (2) 

If these reactions occur in a spur there will be a local 
high concentration of H, C,H,, and C,H,, and possible 
spur reactions from reaction of these intermediates w 


include reactions (3) to (7): ul 
H+H—H, (3) 
H +CHır >H, + CHo (4) 
H+C,H,.°C,.Hiy (9) 
20,H,.->C, Hip + CoH, (6) 
20 H11->(CeHy1)2 (7) 
H+C,H,.-H,+0,H,, (8) 


where the H and C,H, of reaction (4) are not necessarily 
from the same cyclohexane molecule. If a situation 
similar to that accepted for water pertains here, the rates of 
reactions (3), (4), (6) and (7) are probably diffusion-con- 
trolled and a fraction of the primary intermediates will 
disappear by reactions inside the spur, while the remaining 
fraction diffuses out of the spur and reacts by approxim- 
ately homogeneous kinetics. The rate constant of reaction 
(5) has been given’ as K,-~10° litres mole-! sec-1, a value 
sufficiently high as not to rule out the reaction as a spur 
reaction. Because the most probable spur reactions lead to 
intermediates and products similar to those formed by 
reactions occurring in the bulk of the liquid, no obvious 
indication of the occurrence of spur reactions is to be 
expected from an analysis of the main products of reac- 
tion. Evidence for spur reactions, therefore, has to be 
sought elsewhere, and an examination of (1) ininor 
products of reaction, (2) effect of linear energy transfer 
(LET) and (8) effect of solutes is presented here. 

1. Minor Products of Reaction. Detection of minor 
products is complicated by the fact that primary inter- 
mediates may react with accumulating product, often by 
the reaction that may also be a spur reaction. Thus the 
fall in the amount of hydrogen per 100 eV absorbed 
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(G(H.)) with increasing dose in cyclohexane’ and 
neopentane® is attributed to the reaction of hydrogen 
atoms with accumulating olefin product, and to avoid 
contributions from such secondary reactions a system 
must be examined at low conversion. This in turn does 
not facilitate analysis of minor products, and extrapolation 
of minor products to zero dose must therefore be carried 
out with great care. An extensive investigation has been 
made with neopentane®, where there is evidence that 
hydrogen atoms, t-butyl and isobutene are among the 
primary species. Reaction of hydrogen atoms and iso- 
butene produces mainly ¢-butyl radicals, but approx- 
imately 10 per cent of the reaction gives an unexpected 
but characteristic free radical, the production of which in 
the radiolysis of neopentane is indicated by the detection 
of the corresponding C, and C, recombination products, 
for example, 2,4,4-trimethyl-l-pentene is produced by 
reactions (9) and (10): 


H+ (CH,),0 =CH,->H, + CH,(CH,)C0= CH, (9) 
(CH,),0+CH,(CH,) C=CH,->(CH,), C CH,(CH,)C= cH, 
f (10) 


These products are also produced by secondary reac- 
tions, but extrapolation of the yields of product to very 
low dose indicates that they are present in relatively 
large amounts for the small amounts of secondary reaction 
occurring at these low conversions. Thus such products 
may well be ‘initial products’—that is, not produced by 
reactions of accumulating product—arising from reactions 
that occur in & spur. . 

2. Effect of LET. It has been shown?’ that if the initial 
pattern of energy distribution in cyclohexane is similar to 
that accepted in water, and if reactions (3) and (8) are the 
only important reactions of H atoms, there should be a 
miarked decrease in G(H.) with increase in LET. The 
observed invariance of G(H.) with increase in LET” is in 
disagreement with this conclusion and a suggested inter- 
pretation of this anomaly is that the pattern of energy 
deposition in hydrocarbons is more diffuse than in water’. 
- However, other investigations of the effect of increase in 
‘LET show that the pattern of energy distribution in 
hydrocarbons shows similarities to that in water, These 
disagreements may be resolved if it is accepted that 


reactions (4) and (5) may also occur. There are then four, 


reactions of hydrogen atoms the relative importance of 
avhich will vary with LET, and it is then not difficult to 
account for the relative invariance of G(H,) with LET. 
In agreement with this interpretation a change in the 
relative amounts of liquid products with LET is found”. 

3. Action of Solutes. In general, addition of solute 
lowers the yields of product, by the introduction of com- 
petitive scavenging reactions. Thus the fall in @(H,) 
with added solute is attributed? to the competition of 
reaction (11) with reaction (8). 

H+S—HS (11) 


‘The effect of scavenging solute on the radiolysis of isotopic 
mixtures of C,H,, and CD, should be to reduce substan- 
tially the amounts of HD produced by reactions of D and 
H atoms abstracting H and D atoms respectively from the 
corresponding cyclohexanes. Experimentally, significant 
amounts of HD are produced in the presence of scavenger}. 
Spur reactions are less accessible to scavengers, and the 
persistence of significant amounts of HD could plausibly 
‘be attributed to the incomplete suppression by scavenging 
solute of spur reactions between mixed isotopic species 
corresponding to reactions (3) and (4). 

Other scavenging solutes such as hydrogen iodide and 
hydrogen chloride react by: 


H+HI-H,+1 (12) 
H+HCl-+H,+Cl (18) 


and if no spur reactions occur at low LET, no change in 
G(H,) is expected with added solute. Experimentally, an 
increase in G(H,) of >1-0 is observed*4-!* for which a 
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satisfactory explanation has not yet been found!*. Com- 
petition of reactions (12) or (13) with reaction (3), (4), (5) 
and (8) would give just such an increase in G(H,) with 
added solute, thus providing a simple alternative inter- 
pretation. 

There are thus several unusual features in the radiation 
chemistry of liquid aliphatic hydrocarbons which have 
not yet been satisfactorily explained. The effects dis- 
cussed above may have other interpretations than the 
arguments presented here, but it is noteworthy that a 
number of phenomena may be accounted for by the 
postulate that spur reactions occur in the radiolysis of 
liquid aliphatic hydrocarbons. 


JoHN W. FALCONER 


Chemistry Division, 
Atomic Weapons Research Establishment, 
Aldermaston. 
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Szilard ~- Chalmers Reaction on Methyliodide 
with Simultaneous Extraction during 
irradiation 


Tux distribution of iodine-128 between the organic and 
inorganic fraction when irradiating methyliodide with 
thermal neutrons has been examined by many authors?-*. 
It has been shown that when irradiating on a neutron 
source with a high intensity of accompanying y-radiation 
then the organic yield is about 50-60 per cent. On the 
other hand, while irradiating purified methyliodide on 
neutron sources with a low y-radiation background the 
organic yield was about 100 per cent. When irradiated 
in the same conditions, but in the presence of very small 
quantities of elementary iodine, the organic yield rapidly 
decreased, at concentrations of 10-°-10-4 mol/l. It 
reached the value of organic yield about 50-60 per cent 
corresponding to the formal experimental conditions. i 
. It has been suggested’ that an isotopi¢ exchange of 
pseudo-monomolecular mechanism’ between elementary 
iodine and methyliodide is responsible for the raising of 
the organic yield. The role of exchange is depressed by 
the presence of elementary iodine in methyliodide without 
any great difference whether caused by radiolysis or 
mechanical addition. This statement limits the specific 
activity of inorganic iodine-128. 

In our previous communication® we proposed using 
simultaneous extraction during irradiation as a method 
for suppressing the undesired influence of exchange 
reactions on the results of hot atom chemistry processes. 
For methyliodide we hoped to obtain by this method 
a decrease in organic yield of iodine-128 without being 
forced to add any amount of elementary iodine. 

Before the output of the horizontal channel of the V VR 
reactor a paraffin shielding of about 30 cm wall thickness 
was set up. In the middle of this was placed a 250-ml. 
flask completely darkened by a black painted cover, which 
suppressed the role of proteolysis.’ Further on there was 
an arrangement which made it possible to mix the liquid 
content of the flask with a glass propeller connected to an 
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olectric motor giving about 400-500 rotations per min. In 
place of the irradiation vessel the intensity of neutron 
flux was in the range 105-10¢ n/em? sec and that of 
y-radiation 5-10 r.fb. The low value of accompanying 
y-radiation was reached by inserting a bismuth cylinder 
(diameter nearly the same as the diameter of the horizon- 
tal channel and about 70 cm long) in the horizontal 
channel. Using this apparatus, methyliodide was irradi- 
ated under two different .conditions: (1) 50 ml. methyl- 
iodide without stirring during irradiation; 50 ml. of 

10-? M Na,SO, in distilled water was added up to the end 
of irradiation; (2) 50 ml. of methyliodide and 50 ml. of 
10-? M Na,SO, in distilled water mixed before irradiation; 
the liquids were stirred during irradiation. In each 
experiment the methyliodide used was purified by stand- 
ard methods and freshly re-distilled before each irradiation. 
Irradiation in every case took 2h. About 2 min (ref. 10) 
after the end of irradiation the samples were placed 
in a separation funneland shaken for 3 min. After separat- 
ing the layers, equivalent portions of the organic and 
aqueous fraction were taken in order to measure the radio- 
activity. This wag done in a special measuring vessel 
under a mica-window Geiger-Miiller counter. After 
introducing the usual corrections on the basis of the rela- 
tion between the activity in organic fraction and the 
activities in both fractions (organic + aqueous) the amount 
of iodine-128 in organic form was estimated. In all cases 
accomplished under condition (1) 99+1 per cent was 
estimated; under condition (2) 50+1 per cent in organic 
form. 

. These results are not only in very good agreement 
with the suggestions described, but they also suggest that 
the true organic yield of iodine-128 in irradiated methyl- 
iodide caused purely by hot atom processes is 50 per cent. 


Kristian SVOBODA 
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CHEMISTRY 


Temperature-dependent Hyperfine Splitting 
in a Sterically Hindered Radical 


SUBSTITUTED phenoxyl radicals derived from 2,6-di- 
tertiary butyl phenols by lead dioxide oxidation or 
photolysis are quite stable and particularly suitable for 
examination by electron spin resonancet?, The experi- 
mental results indicate that the spin distribution in the 
aromatic ring is not very sensitive to alkyl substituents 
and that a hyperconjugatively coupled methyl-type proton 
in the 4 position should have a hyperfine coupling constant 
of about 10 gauss. However, the 2,6-di-tertiary butyl 
4-cyclohexyl phenoxy] radical has a coupling constant of 
about 4-5 gauss (at room temperature) for the single 
«-proton of the cyclohexyl ring’. 

It seemed likely that this small hyperfine splitting was 
due to a steric effect, the a-proton being constrained to 
lie near the plane of the aromatic ring. Such a conforma- 
tion would show a smaller coupling than one where there 
was free rotation of the cyclohexyl ring, since the coupling 
for the «-proton would depend on cos*0, where 9 is the 
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dihedral angle between the aliphatic C-H bond and the 
symmetry axis of the 2p orbital on the adjacent aromatic 
carbon atom‘. Dreiding models support this hypothesis, 
the source of hindrance being interaction between the four 
B-hydrogen atoms of the cyclohexyl ring and those in the 
3 or 5 positions in the aromatic ring: the models indicate 
that these hydrogens could approach to about 1-8 A. 

The hyperfine splitting by the «-proton has been 
examined as a function of temperature in hexane, methyl 
cyclohexane and dodecane solutions, and some results 
obtained from several different samples are shown in 
Fig. 1. As well as the hyperfine splitting increasing with 
temperature there is a small dependence on solvent. The 
spectra also show resolved splittings of 1-694 0:05 gauss 
from the 3,5-protons in the aromatic ring and of 0-48 + 0-03 
gauss from the four 8-protons in the cyclohexyl ring. No 
temperature dependence was observed for these splittings. 
Some should occur for the 8-protons but the appropriate 
value of 6 for these in the equilibrium position should be 
rather small and a very slight dependence on temperature 
is not unreasonable. The dependence of the a-proton 
coupling cénstant on solvent is small but real, the values 
at 295° K being 4-55, 4-60 and 4:76 + 0-05 gauss in hexane, 
methyl cyclohexane and dodecane respectively. This is 
brought out more clearly in Figs. 2a and b, which show the 
spectra in hexane and dodecane at 295° K. Fig. 2c 
illustrates the change which occurs in the spectrum in 
hexane when the temperature is raised to 341° K and 
Fig. 2d shows a reconstruction of Fig. 2b in terms of the 
above coupling constants. The radicals were prepared by 
flash photolysis?. The coupling constants were measured 
by comparison with the spectrum of Fremy’s salt; 
temperatures were measured with a thermo-couple and 
are estimated accurate to +2°K. 

These observations support the suggestion that steric 
hindrance tends to keep the «-proton in the plane of the 
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Fig. 1. Variation of a-proton coupling constant, da, with temperature 


(° K); open circles, hexane; filled circles, methyl cyclohexane; squares. 
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Fig. 2. Electron spin resonance spectra of 2,6-di-tertiary butyl 4-cyelo- 

hexyl phenoxyl. a, in hexane, 295° K; b, in dodecane, 295° K; e¢, in 

hexane, 341° K; d, reconstruction of 295° K dodecane spectrum (2b) 
The marker indicates 5 gauss 
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aromatic ring. The proper description of the temperature 
dependence of the hyperfine coupling in this case requires 
the evaluation of the quantum mechanical average of 
cos*@ over the eigenstates of a torsional oscillator, which 
are solutions of the Mathieu equation. The problem has 
been discussed recently by Stone and Maki®, who have 
computed the explicit temperature dependence of the 
hyperfine splittings in some nitroalkane radicals. Since 
solutions to the Mathieu equation have not been computed 
over a sufficient range of energies to cover the problem 
they have used the usual approximation of considering a 
harmonic oscillator for states of lower energy than the 
height of the potential barrier and a free rotator for the 
higher energy states. However, they do not have a direct 
comparison between experimental and calculated values. 
The results presented here show a temperature-dependence 
of the general type expected. 

Stone and Maki’ do comment that there is a possibility 
that the solvent may contribute to the potential barrier. 
Although the effect observed here is small, it may mean 
that the actual barrier to free rotation within the molecule 
itself will be difficult to assess. The effect does not seem 
capable of a simple interpretation in terms of the solvent 
viscosity, for the hyperfine couplings show an inverse 
correspondence with the viscosities. It may be the dispo- 
sition of only one or two solvent molecules around the 
radical which determines the solvent’s contribution to the 
potential barrier. 

Electron spin resonance spectra were taken on a Varian 
100ke spectrometer provided by the Department of 
Scientific and Industrial Research, whom one of us 
(R. S. F. H.) thanks for financial support. 
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Desorption of Water, Methyl Alcohol and 
Carbon Tetrachloride from Silica-gel Surfaces 


A NUMBER of investigations have been made of the 
physical and chemical adsorption of both liquids and gases 
on silica gel’. In particular, Kiselev? has examined the 
nature of the adsorbed complex formed by a number of 
gases including water and methanol. However, no rate 
data are available on either the adsorption or desorption 
process. i 

Rates of desorption were examined in air and nitrogen 
with a modified Stanton thermobalance. ‘Davison 923’ 
chromatographic grade silica gel was activated at 240° for 
2 h before use. Samples were equilibrated at 20° over 
solutions of known water-vapour pressure’ or saturated by 
immersion and then boiling in the respective liquids. The 
loss of weight and rate of loss of weight in the desorption of 
water were determined with a steadily rising temperature 
up to 250° (Fig. 1). Water desorption commenced close to 
55° with a maximum in the rate of desorption at 140°. 
These values were independent of the degree of surface 
saturation. Samples saturated with methyl alcohol and 
carbon tetrachloride gave appreciable desorption at 20° 
and rate maxima at 120° with carbon tetrachloride and 
80° with methyl alcohol. 

Dehydrated silica gel was prepared in air at 950° for 6h 
to remove all physically adsorbed water and all, or almost 
all, structural water’. Jon-exchange was by immersion of 
10 g of gel in 100 ml. of 1 M sodium chloride until equilib- 
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Fig. 1. Loss in weight from water-saturated gel. Inset, rate of loss in 


weight at different saturation-levels. ©, Saturated; @, ©, M, x, 
equilibrated respectively at 100%, 75%, 50% and 25% relative humidity 


rium was reached. Analysis showed that the amount of 
Na+ ion exchanged was 212 ug ion/g gel, with no measur- 
able amount on a blank original. 

Isothermal rates of desorption from saturated surfaces 
were investigated at a series of temperatures of 60°-212°. 
For each adsorbent, the maximum weight loss was always 
reached first with thermally dehydrated samples and last 
with unmodified samples. Mathematical analysis of these 
results showed that the rate of desorption for carbon 
tetrachloride and methyl alcohol was directly propor- 
tional to the amount adsorbed on all surfaces; for water the 
results clearly indicated a rate proportional to the square 
root of the amount adsorbed. The latter result is shown 
in Fig. 2, where 7, the rate of desorption, is plotted against 
wre, 

As expected, with each type of gel, water gave the 
highest and carbon tetrachloride the lowest adsorption 
capacity. Infra-red spectra showed almost complete 
disappearance of the hydroxyl peak, at 3,740 cm-t, on 
dehydration while no appreciable change was noted in the 
spectrum of dehydrated silica gel after adsorption of 
methanol. 

Preliminary results for the activation energy of the 
desorption of water from surfaces with various degrees of 
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Fig. 2. Rate of desorption of water from saturated surfaces. O, Ion- 


exchanged gel at 191°; x, activated gel at 147°; W, dehydrated gel 
at 189°; @, activated gel at 100° 
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adsorbent concentration indicate a linear decrease in 
activation energy from 5-5 to 4:5 keal/mole in the region 
§= 0-1 to about 0-4, This decrease is presumably due to an 
increase in coulombic repulsions between adjacent 
adsorbed molecules. The linearity of the change suggests 
the presence of an immobile adsorbed layer, which together 
with the relationship of Fig. 2 leads to the conclusion that 
one water molecule is adsorbed for every two silanol 
groups on the gel surface, allowing that 6 (the fraction of 
surface covered) is proportional to the number of adsorp- 
tion sites. This is in good agreement with the adsorption 
expected from Kiselev’s figure? of 12 ymole/m? for the 
hydroxyl group concentration on completely hydrated 
surfaces of silica gels. The adsorption capacity results 
for saturated surfaces indicate multilayer formation and 
under these conditions secondary adsorbent/adsorbent 
interactions may be expected. 

With surfaces saturated with methyl alcohol there 
appears to be less tendency to multilayer formation and it 
is probable that single-site adsorption may occur by 
hydrogen bording of the alcoholic oxygen to a surface 
hydroxyl group. Carbon tetrachloride may be held only 
by weaker van der Waals forces. 


B. B. Dartow 
R. A. Ross 


Department of Chemistry, 
Royal College of Science and Technology, 
i Glasgow, C.1. 
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Catalytic Oxidation of Propene 


THREE papers on the mechanism of the vapour-phase 
catalytic oxidation of propene to acrolein have recently 
appeared from the Shell laboratories of Emeryville?? and 
Amsterdam. We have been carrying out similar work in 
an attempt to discover something about the reaction 
intermediates. We have used labelling of the propene 
with carbon-13 and labelling of the catalyst surface with 
deuterium. 

Our catalyst consisted of bismuth, phosphorus and 
molybdenum oxides supported on silica, and it was 
prepared by the method of Veatch, Callahan, Milberger 
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and Forenian*. The catalyst was usually used in its light 
hydrogen form, but for some experiments was converted 
to a deuterated form by treatment with deuterium oxide 
vapour at 450°C. 1-C-propene-1 was prepared from 
barium carbonate (55-6 atomic per cent carbon-13) by a 
modification of the method of Fries and Calvin’. Confirma- 
tion that all the carbon-13 was in the methylene group 
was obtained from the infra-red spectrum, which showed 
a shift of the methylene wagging band from 912-3 cm~? 
to 903-6 cm“ (ref. 6). : 

The oxidation apparatus was a closed system consisting 
of a gas circulating pump, glass spiral pressure gauge, 
tubular reactor (1-1 g catalyst) and product trap. The 
propene/oxygen reaction mixture in an argon carrier 
gas was passed over the catalyst and through the 
product trap. In long contact time runs the product 
trap contained water at 0°C to remove water-soluble 
products while the unconverted propene and oxygen were 
recycled. In single pass runs the product trap was cooled 
in liquid oxygen and the unconverted propene as well as 
organic products were trapped out. The infra-red spectrum 
of the recovered propene was used to determine the percen- 
tage carbon-13 on the methylene group, thus giving the 
extent of double-bond migration which had occurred. 
The position of the carbon-13 in the acrolein product was 
determined mainly by mass spectrometer and was based 
on the relative intensities of the “CHO (mass 30) and 
parent ion (mass 57) peaks. 

The results are summarized in Table 1. Provided that 
no double bond migration occurs it might be expected 
that the acrolein resulting from the oxidation of 1-"C- 
propene-1 would be “CH,==CH—CHO or CH,—CH— 
13CHO, depending on whether the aldehyde group results 
from the methyl or the methylene of the propene 
molecule. It was found, however, that under all reaction 
conditions the ratio CH, =CH—-“CHO/total 1C acrolein = 
0-5. This result would have been obtained if prior to 
oxidation the propene were isomerized as indeed the 
recovered propene largely was at 250°C. However, at 
450° C, although the acrolein was isomerized as usual, the 
recovered propene was only partially isomerized, being 
84 per cent “CH,—CH—CH, and 16 per cent CH,—CH— 
80H, in one run. This result means that at 450°C the 
isomerization of the acrolein is not due to a prior isomer- 
ization of the propene, but must be due to the oxidation 
of propene proceeding through a symmetrical intermediate. 

The conclusion about the position of the carbon-13 
label in acrolein obtained by mass spectrometer was 
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Table 1. 
Moles reactants x 10° 
Temperature | Contact time* 
(Ce) (sec) 
Propene, Oxygen 
0-22 0-22 448 0-4 
0-22 0-29 450 11 
0-25 0-31 450 1:3 
0-21 0-21 448 3-2 
0-45 0-21 250 101 
0-22 O21 251 217 





% “CH.=CH—CHs 


CH,=CH—-"CHO 


% CH:=CH—"“CH, Ratio Total BC acrolein 





84 16 0-53 
75 25 052+ 
73 27 0-48 
0-51 
53 47 
O51 








* Based on gas volume at 23° C. 
į Acrolein fraction examined by infra-red. 


Table 2. OXIDATION OF PROPENE BY A DEUTERATED CATALYST AT 450° C 
































Moles reactants x 10° Labelling of products 
Contact time* Recovered propene Acrolein 
Propene Oxygen (see 
% dy % ay % ds % do % dı % as 
0-11 0-15 0-09f 99-6 0-4 — 99-1 0-9 A 
0-11 0-15 0-34 95-7 4-1 02 97-1 2-9 sie 
0-11 O15 1-29 89-1 10-2 0-7 95°8 +1 0-1 
* Based on gas volume at 23° C. 


4 0-29 g catalyst. 
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checked by infra-red analysis of an acroléin vapour 
sample. The P and E branches of the carbonyl band at 
1,720 cm~ showed a shift of 41 em~ to lower frequency, 
indicating carbon-13 in the carbonyl group; the methy- 
lene wag band at 957 cm-! showed a similar shift of 9 em-!, 
indicating carbon-13 in the methylene group. Intensity 
measurements were in agreement with equal concentra- 
tions of carbon-13 in the two functional groups. 

The most probable symmetrical intermediate in the 
oxidation of propene is allyl, but the possibility of isopropyl 
being involved must be considered. 


CH,—CH—CH,” 


If the oxidation were carried out with a deuterated 
catalyst surface the allyl route would lead to light acrolein 
only; neglecting isotope effects, the isopropyl route would 
give acrolein 50 per cent monodeuterated. Results for the 
oxidation of propene-d, over a deuterated catalyst surface 
at 450° O (Table 2) showed that the acrolein product was 
more than 95 per cent acrolein-d, in support of the allyl 


route. If the small amount of acrolein-d, were due to a 


low concentration of deuterium on the catalyst surface, a 
decrease in conversion (shorter contact time) would have 
given an increased amount of acrolein-d, relative to 
acrolein-d); the reverse effect was in fact found.’ It is, 
therefore, concluded that proton addition reactions do not 
occur during the formation of acrolein. The small amounts 
of acrolein-d, arise from the oxidation of deuterium 
exchanged propene since it was found that the exchange 
of acrolein itself was very slight, being less than 1 per cent 
in a 0-34 sec contact time run. 

Our conclusion is that an allyl intermediate occurs in 
the oxidation of propene to acrolein. Although the initial 
attack occurs on one end of the propene molecule the 
resulting allyl radical must at some stage be either free, 
or bound symmetrically to the surface, for the two 
methylene groups ‘to become indistinguishable. The 
present results obtained with a supported bismuth 
phosphomolybdate catalyst are very similar to those for 
cuprous oxide? and bismuth molybdate*? catalysts. It 
would appear that the allyl intermediate is a common 
feature of the vapour phase oxidation of propene to 
acrolein by various catalysts. 

©. C. McCain 
G. GoucE 
G. W. GODIN 
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Distillers Co., Ltd., 
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Comparison of Relative Retention-time 
Data and the Kovats Index 


Ix an investigation of the hydrocarbons formed in the 
pyrolysis of organic compounds using the gas chromato- 
graphic technique, I was confronted with the problem 
that relative retention times published by different 
authors were not found to be identical. Where possible 
I then recalculated these data for a number of hydro- 
carbons into the Kovats scale!. 

It was found that using this retention parameter, the 
results for these compounds on apolar phases were now 
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strictly intercomparable and independent of apparatus 
and experimental conditions. 

Fig. 1 shows some of the results of these calculations. 
Fig. 2, on the other hand, shows the retention times 
relative to n-pentane for the same data as were used in 
calculating the indices for Fig. 1. 

Some experimental details used by the various authors 
are presented in Table 1. ý 
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Table 1 
Column Length of 
Ref. temperature (° C) Stationary phase column 
2 25 3 per cent squalane 50 ft. 
3 100 Squalane modified ‘Pelletex’ 20 ft. 
4 78:5 n-Hexatriacontane 
5 Room temperature 3-1 per cent chloronaphthalene 26 ft. 
6 100 Squalane Golay column 100 ft. 
7 22:5 Tetra iso-butene 6m 
8 100 ‘Convoil 20' (saturated hydro- 
carbon oil) Im 


From these results it is clear that the Kovats index, at 
least for this class of compounds, is superior to the relative 
retention time commonly used in indicating eluted 
components. 

J. H. Duont 


Central Institute for Nutrition and Food Research 
T.N.O., 
Utrecht, The Netherlands. 
1 Kovats, E., Z. Anal. Chem., 181, 851 (1961). 
? Eggertsen, F. T., and Groennings, S., Anal. Chem., 30, 20 (1958). 
3 Simmons, M. C., and Snyder, L. R., Anal. Chem., 30, 32 (1958). 
* Desty, D. H., and Whyman, B. H. F., Anal. Chem., 29, 320 (1957). 
£ Martin, R. L., and Winters, J. C., Anal. Chem., 31, 1954 (1959). 
* Zlatkis, A., Anal. Chem., 81, 620 (1959). 
7 Schomburg, G., Z. Anal. Chem., 164, 147 (1958). 
“Tenney, H. M., Anal. Chem., 30, 2 (1958). 
* Wehrli, A., Diss., Zurich (1961). 


A New Synthesis of Lead Azide 


Leap azide is still prepared by using, in principle, a 
method first described by Curtiust. This method involves 
reacting a soluble inorganic azide, preferably sodium 
azide, with a soluble lead salt, preferably lead nitrate or 
lead acetate, in aqueous solution whereby lead azide is 
formed as a precipitate. The precipitate is always 
contaminated with the cation coming from the azide and 
the anion coming from the lead salt. Purification by 
recrystallization is difficult for the following reasons: 
The solubility of lead azide in pure water is very small. 
Using an ammonium acetate solution in which the solu- 
bility is higher introduces new impurities. Furthermore, 
lead azide has a tendency to detonate spontaneously on 
recrystallization?. A direct synthesis of lead azide from 
lead oxide and hydrazoic acid yields inhomogeneous 
yellow products because the lead azide formed on the 
surface of the lead oxide grains is very insoluble and 
prevents further reaction. 

We have therefore tried to use the reaction between the 
nitrite and azide ions in acid solution which was first 
described by Sommer and Pincas?: 

N,-+NO,-+ 2H+—-N,0+N,+H.0 (1) 

In a system consisting of lead nitrite and an excess of 
hydrazoic acid the latter would have two functions: 
‘First to destroy the nitrite group to form nitrogen and 
nitrogen dioxide and second to react with the lead cation. 
The equation for this reaction is: 


4Pb(NO2)2+2HNs>2Pb(Ns)2+N2+N,O+H.,O (2) 


Gaseous hydrogen azide as obtained by reacting sodium 
azide with a mixture of 85 per cent phosphoric acid 
(750 c.c.) and phosphorus pentoxide (250 g) in a nitrogen 
stream was passed into 100 c.c. of ethanol at room 
temperature until the alcoholic hydrazoic acid solution 
had reached a concentration of 10 per cent. Higher 
concentrations were avoided to reduce the danger of an 
explosion. 
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50 g sodium nitrite were dissolved in 100 c.c. of water 
and placed in a flask provided with a dropping funnel 
containing about 150 c.c. of 25 per cent sulphuric acid, a 
nitrogen gas inlet, and an outlet tube. After the apparatus 
had been flushed with nitrogen, the sulphuric acid was 
added to the sodium nitrite solution and the outflowing 
gas consisting of nitrogen and an equimolar mixture of 
nitric oxide and nitrogen dioxide was passed through a 
tube filled with glass wool to retain droplets of the reaction 
mixture and then into another flask containing a suspen- 
sion of lead oxide (2 g in 25 c.c. of water). After about 
30 min a clear yellow solution of Pb(NO,), was 
obtained. Nitrate could not be detected in this solution. 
The lead nitrite solution was then added dropwise to the 
alcoholic hydrazoic acid solution. With amounts given 
here the acid was present in a five-fold excess. The 
solution started to froth as soon as the lead nitrite solution 
was added, and a white precipitate of lead oxide was 
formed. This white precipitate was obtained only when 
spectroscopically pure lead monoxide (Jarrell Ash) was 
used. Reagent grade lead monoxide (Fisher) gave a 
slightly yellow product. The precipitate was filtered. 
washed with ethanol, and dried under vacuum at room 
temperature. Due to the sensitivity of the lead azide to 
light, the precipitation had to be carried out in darkness. 
The yield of lead azide was 2-4 g (91 per cent) based on the 
lead oxide used. The material obtained by this procedure 
was the «-modification as demonstrated by X-ray 
analysis. The average analytical values for lead and 
nitrogen (5 determinations) were as follows: 


Theory 
Pb (%) 70-76 + 0-12 7114 
N (%) 28-91 + 0-09 28-86 


The advantage of using an alcoholic hydrazoic acid 
solution over an aqueous solution lies in the fact that the 
solubility of the lead azide is less, giving a higher yield. 
and the danger of a surface hydrolysis (to form basic lead 
azides, and, by absorption of carbon dioxide, lead 
carbonate) is reduced. 

It is planned to use this lead azide for thermal decompo- 
sition investigations and for growing single crystals. 

We thank Mr. Marcel Blais for help in carrying out the 
lead and nitrogen determinations, and Dr. J. V. Richard 
Kaufman for his encouragement. 
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Rape P. Manno 


Explosives Research Section, 
Explosives and Propellants Laboratory, 
Picatinny Arsenal. 
Dover, New Jersey. 
1 Curtius, T., Ber., 24, 3345 (1891). 
? Bowden, F. P., Proc. Roy. Soc.. A, 246, 150 (1958). 
ibid., 153: Rogers, G. T., ibid., 153. 
3 Sommer, F., and Pincas, H., Ber., 48, 1967 (1915). 


Kaufman, J. V. R.. 


Acetonitrile as a Constituent of Cigarette 
Smoke 


ACETONITRILE (methyl cyanide) has been identified in 
the body fluids of smokers while it is essentially absent in 
the body fluids of non-smokers!. This work indicated that 
urine acetonitrile content may provide a more accurate 
measure of the actual degree of exposure to tobacco smoke 
than the number of cigarettes smoked, or other similar 
measures commonly used. Therefore, it became desirable 
to determine the source of this compound; namely, 
whether it came from the cigarette smoke itself or was 
produced in the body as a derivative of some other smoke 
constituent. Tobacco smoke was then examined for 
acetonitrile specifically, rather than for its broad spectrum 
of components. 

Gas chromatographic techniques were used for separa- 
tion and the mass spectrometer was used for identification. 
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The cigarette was mechanically smoked through a glass wool 
trap immersed in a solid carbon dioxide—acetone bath. 
From there the light volatiles were passed into a short 
preliminary gas chromatographic column for a coarse 
separation. That fraction of eluent suspected to contain 
the acetonitrile was recycled back through for further 
separation and finally passed into a standard laboratory 
gas chromatograph. The peak corresponding to aceto- 
nitrile was then trapped out for mass spectrometer identi- 
fication. Since the peak was shown to contain hydrogen 
cyanide also, the process was repeated with an ascarite 
scrubber placed between the cigarette and trap to remove 
the hydrogen cyanide. Subsequent analysis showed the 
peak to be entirely composed of acetonitrile. Operating 
conditions of the method were as follows: 

The cigarette was smoked at the standard rate of 750 
c.c./min (ref. 2). The ascarite scrubber was 14 mm in 
diameter by 10 cm long followed by 10 cm of glass wool 
filter to trap the tars. The preliminary gas chromato- 
graphic column was 20 cm long, composed of 15 per cent 
‘Carbowax 1,500’ on ‘Chromosorb-P’ which was calibrated 
with acetonitrile to determine the elution time. It was 
found that two further recycles of the eluent were neces- 
sary before passing it into the laboratory chromatograph. 
A Perkin-Elmer 154-D with thermistor detector was used, 
using 2m of ‘Carbowax 1,500’ on ‘Chromosorb-P’. 

Quantitatively, about 1 mg of acetonitrile was found to 
be produced from the smoke of 1 cigarette. Various 
smoking rates were tried and different cigarettes used, but 
no significant differences appeared. The unsmoked 
tobacco and papers from five cigarettes were then stripped 
of their volatiles using the method of Rhoades?; but no 
acetonitrile could be detected. This indicates that aceto- 
nitrile is a combustion product and is present in the 
smoke. 

This work was supported by the National Cancer 
Institute, U.S. Publie Health Service, under contract 
SA-43-ph-4339. 
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Inhibition Analysis and Inhibitor-resistant 
Enzymes 


AMINO-ACID analogues have proved very useful in 
numerous investigations involving micro-organisms. 
Among these applications is the technique of inhibition 
analysis whereby one makes a structural comparison of 
related molecules that competitively inhibit the growth 
of micro-organisms in order to derive information about 
the nature of an enzyme-substrate complex?. Thus, the 
conclusion has been reached that the B- and ¢-carbons 
must He in a trans-like conformation when lysine is 
complexed to the enzyme surface”. The terminal and 
B-methylene groups of methionine were reported to be 
cis-like to each other in the enzyme-substrate complex‘. 
The steric and spatial relationships of the ring carbons to 
the f-carbon position of the alanine side- 
chain of certain analogues seemingly determ- 
ine whether the phenylalanine or the leucine 
enzyme-substrate complex is mimicked®. 

This approach avoids the necessity of 
actually isolating the enzyme in question, 
but it does not completely allay the doubts 
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ETH, L-ethionine 
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that more than one enzyme in the intact organism 
is being inhibited by the selection of antagonists 
used. It seems probable that the several enzymes 
involving any specific amino-acid as substrate could show 
differential inhibition patterns because they complex in 
varying manners with the natural amino-acid substrate. 
In particular, an inhibition analysis with amino-acids. 
such as leucine, phenylalanine, and lysine is susceptible 
to error. These compounds have shown very little 
specialized function which could be metabolically isolated. 
from their primary role of general protein synthesis. 
Harding and Shive* suggested that cyclopentaneglyecine 
may inhibit a relatively few of the functions of isoleucine, 
but the evidence was incomplete. Martin’ has pointed out 
the necessity for amino-acid analogues to show differential 
antimetabolite action, and indicated that a low concen- 
tration of ethionine could preferentially prevent the 
conversion of methionine to cystine without exerting a 
direct effect on protein formation. However, it would ` 
seem that an inhibition analysis investigation with 
methionine analogues would have a greater chance of 
success due to the possibility of selectively inhibiting the 
moethyl-transfer function. 

Several laboratories®-'° have reported the enzymatic 
methylation of homocysteine to be the final step in the 
biosynthesis of methionine in micro-organisms. These 
available systems could allow a useful correlation between 
an inhibition analysis investigation and inhibition of the 
corresponding enzymatic system. In addition, some of 
these investigations may result in the development of 
resistant mutants the previously inhibited enzyme system 
of which now has a single amino-acid replacement (single 
mutation) located so that the inhibitor binding is altered 
and antagonism is prevented. Davis! has pointed out the 
desirability of having just such a homologous series of 
catalytically identical proteins with differential suscepti- 
bility to inhibition. ; 

Perkins!* has developed a Bacillus cereus system in 
this laboratory which may illustrate an inhibition analysis 
investigation of a selected enzyme with mutant enzymes 
comprising a resistant homologous series. The original 
mutant organism was isolated after ultra-violet irradiation 
of Bacillus cereus NRS 942 and designated strain M-1. 
It grew well in a glucose—basal salts minimal medium with 
a 2-3h lag-phase and maximum growth being attained 
6-7 h after inoculation. Growth was slightly stimulated 
by t-methionine (10-3 M), and was completely prevented 
by L-methionine sulphone (MSO,; 2x10-° M) and by 
t-ethionine (ETH; 2x 10-4 M). In each case, the same 
concentration of L-methionine (3-5 x 10-5 M) was necessary 
to completely reverse the inhibition over a ten- to hundred- 
fold inhibitor concentration range. Thus, the antagonism 
appears to be against methionine production (perhaps the 
final enzymatic methylation). After 24 h in inhibitor- 
enriched media, other mutants showing inhibitor resistance 
were isolated and maintained their resistance after sub- 
culture in the basal medium. The present series of mutants 
is outlined in Table 1. 

Ethionine inhibition of M-2 isnot prevented by methio- 
nine sulphone, although ethionine does allay the inhibition 
of M-3 by methionine sulphone. 

One might interpret these mutations as involving 
repression mechanisms; for example. Spence and Parks** 
have shown this to be the case with some Saccharomyces 
cerevisiae mutants. It is possible, however, that each 
inhibitor-resistant mutant differs from its parent by a 
single amino-acid replacement in the enzymatic site for 
binding of the two antagonists to methionine biosynthesis. 


Table 1. RELATION OF INHIBITOR-RESISTANT MUTANTS 
SoM METS MSO}* )+M-4(ETH™ MSO;") 


M-3(ETH™, MSO’ }>M-4‘(BTH™, MSO;") 


r, antagonized by inhibitor 
r+, resistant to inhibitor 
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Thus, M-2 enzyme can no longer accommodate methionine 
sulphone and M-2 is therefore not inhibited by it. M-3 
enzyme can no longer accommodate ethionine, so M-3 is 
not sensitive to ethionine. M-4 and M-4’ enzymes could 
very wellshow different amino-acid replacements, although 
neither can accommodate methionine sulphone nor 
ethionine. Although the proof of this interpretation is yet 
to be accomplished, the method seems general enough to 
allow a rational approach to the examination of the mech- 
anisms underlying small-substrate binding to enzyme 
surfaces. 

This work was supported in part by the Brown-Hazen 
Fund of the Research Corporation and by U.S. National 
Science Foundation grant, G21817. 
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Reduction of Adrenochrome by Ascorbic 
Acid 

ALTHKOUGH it has been known for some time that 
adrenochrome (I) is reduced by ascorbic acid, the mechan- 
ism of the reduction and the manner by which the various 
products are formed are not fully understood'-*. Paper 
chromatographic examination of the reduction products 
(using 2 per cent aqueous acetic acid on Whatman No. 1 
paper as the chromatographic system) has suggested that 
two or three products were present in the reaction mixture 
together with dehydroascorbic acid and unchanged 
ascorbic acid (the Rr’s of this latter pair of substances are 
both about 0-85 under these conditions). The other 
products (III), (IV) and (V) had Rr’s of about 0-43, 0-56 
and 0-66, respectively. The product (UI) with Rr=0-43 
was shown to be 5,6-dihydroxy-N-methylindole by isola- 
tion and comparison with an authentic specimen‘. How- 
ever, the second spot (Rr about 0-56), due to a non-ether- 
extractable substance, exhibiting characteristic indole 
absorption in ultra-violet light and which gave a blue- 
green colour with Ehrlich’s reagent, often appeared to be 
considerably more intense than the spot due to (ITI). 

When the adrenochrome/ascorbic acid reaction mixture 
was chromatographed after various reaction times, the 
intensity of the spot due to (III) decreased with reaction 
time while that due to (IV) increased. (Similar observa- 
tions have been made recently by Bouchilloux’.) After 
24 h the spot due to (III) had disappeared, 
suggesting that (IV) is, in fact, a secondary pro- 
duct derived from (IMI). This was confirmed 
by adding ascorbic acid to a two-phase system 
consisting of aqueous adrenochrome (I) solution 
and peroxide-free ether. The mixture was 
vigorously shaken (under nitrogen) and a 
good yield of (III) was recovered from the 
ether layer while no (IV) was detected in 
the aqueous phase. This would be expected if 
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(IV) resulted from the interaction of (III) and dehydro- 
ascorbic acid. When a large excess of ascorbic acid was 
used as the reducing agent, the formation of (TV) tended 
to be favoured at the expense of (III). This is presumably 
due to the increased concentration of dehydroascorbic 
acid resulting from the oxidation of the ascorbie acid by 
atmospheric oxygen. However, we have observed that a 
large excess of ascorbic acid is not necessary to ensuro the 
quantitative reduction of adrenochrome, as has been 
suggested by Roston®. 

In order to examine the possibility of secondary pro- 
ducts being obtained from (III) the nature of any inter- 
actions that occurred between (III) and ascorbic acid, 
dehydroascorbic acid and diketogulonic acid. were studied 
paper chromatogrephically. Spots consisting of about 
15-50 ul. of the reaction mixture (prepared from 5,6- 
dihydroxy-N-methylindole (ITI) (5 mg) and debydro- 
ascorbic acid (or ascorbic acid or diketogulonic acid) (30 
mg) in water (i ml.) ) were examined paper chromato- 
graphically on Whatman No. 1 paper with a 2 per cont 
acetic acid running solvent after the reaction mixture had 
stood at room temperature under nitrogen for various 
periods up to 24h. (A sample of diketogulonic acid was 
not available to us but a solution containing a high 
proportion of diketogulonic acid was prepared as 
described by Penney and Zilva*.) There was no appreciable 
interaction between (III) and ascorbic acid during this 
time; however, (III) reacted relatively rapidly with do- 
hydroascorbic acid to form a substance chromatographi- 
cally identical to (1V). (The product (V) obtained from 
adrenochrome and ascorbic acid was not observed among 
the reaction products of (III) and dehydroascorbic acid.) 
It appeared that no appreciable reaction occurred between 
(III) and diketogulonic acid. However, since the solutions 
of this acid used always contained some dehydroascorbic 
acid, some (IV) was invariably detected on the chromato- 
grams. No reaction between adrenochrome (I) and dehy- 
droascorbic acid was detected. 

The reduction of (I) by ascorbic acid probably proceeds. 
therefore, by the initial formation of the unstable ‘leuco- 
adrenochrome’ (II), which spontaneously dehydratos, 
giving (IIL), which undergoes a slow reaction with dehydro- 
ascorbic acid to form the secondary product (IV). Tho 
degree to which this reaction occurs is to a cortain extent 
governed by the pH of the medium, the formation of (TV) 
being favoured at acid pH’s. At neutral and slightly 
alkaline pH’s there is a tendency to form other, as yet 
unidentified, products in addition to (IV). 

Examination of the structure of (IV) is now in pro- 
gress. It is decomposed by 40 per cent aqueous sodium 
hydroxide with the regeneration of (III). Itis also decom- 
posed by mineral acids. It appears that the catechol 
function is involved in the complex formation since 
5,6-diacetoxy-N-methylindole (VI) did not react with 
dehydroascorbie acid in aqueous methanol while the 
5,6-dibydroxy compound (IIL) reacted completely under 
these conditions. In studying the interaction of dehydro- 
ascorbic acid with (VI) 2 per cent acetic acid was not a 
satisfactory chromatographic solvent and an n-butanol’ 
acetic acid / water (6 : 1 : 2) solvent system was used (the 
Rr’s of (IV) and (VI) in this system being about 0-32 and 
0-90 respectively). 

This investigation received financia] support from tho 
Department of National Health and Welfare (Ottawa) and 
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increase of Ascorbic Acid in Cauliflower 
during Blanching 


Warme assessing the loss of nutrients of some common 
vegetables at different stages of canning operations, 
indications were obtained in some preliminary experi- 
ments that there might be some increase of ascorbic acid 
in cauliflower during blanching by hot water. 

Retzer et al.1 noted that there was a loss of 19 per cent 
and 18 per cent of ascorbic acid of cauliflower during 
blanching by hot water and by steam respectively. In 
1947 Kaloyereas? in an investigation showed that blanch- 
ing of cauliflower and spinach (boiling water or dielectric 
heat) resulted in: a loss of ascorbic acid up to 82 per cent. 
There are, however, some references regarding increase 
of some vitamins during processing and storage of some 
foodstuffs. Lamb eż al.* noted an increase of ascorbic 
acid during the processing of corn, peaches and spinach. 
McMillan and Todhunter‘ observed an increase of de- 
hydroascorbic acid in cut cabbages after standing for 
2h. According to Poole and others’ vitamin B, 
apparently increased by 43 per cent in cabbage during 
dehydration for 8-h. Brenner et al. observed that the 
vitamin B, content of many products increased 25-200 
per cent on storage. Kohman’ also found that the appa- 
rent ascorbic acid content of canned foods (for infants, 
invalids and the aged) increased during processing. 

Some experiments were performed to confirm the 
preliminary observations regarding increase of ascorbic 
acid in cauliflower during blanching by hot water. About 
5 kg of cauliflower were purchased from the local market 
and brought to the laboratory. The edible portion was 
washed in tap water to remove dirt, dried with a towel 
and cut into small pieces. The pooled samples were 
mixed and four representative samples were taken, as 
quickly as possible, to determine the ascorbic acid con- 
tent. The moisture content was determined simulta- 
neously. About 3 kg of samples were blanched for 4 
min, at 82-2° C with about 5 vol. water in a glass-lined 
vessel heated by steam. A portion of the blanched 
sample was allowed to cool by itself and another portion 
was cooled by spray of water. Ascorbic acid and moisture 
were determined on the different samples after 5 min, 30 
min and 1h after blanching. Ascorbic acid determina- 
tions were made by using 2 : 6-dichlorophenol indophenol 
as recommended by the Association of Vitamin Chemists, 
Tne.. 

The results are shown in Table 1. 


Table 1. EFFEOT OF BLANOHING AND COOLING ASCORBIO AOID CONTENT 
(MG PER CENT ON DRY Basis) 
Blanched Blanched 

Sample Raw Cooling by water spray Slow cooling in air 
No. min 80min 60min min - 30min 60 min 
4 459-8 986-3 1,088-0 975-7 9863-8 975-7 919-6 
2 495-1 1,2110 1,1910 879:2 1,185-0 1,2830  1,121-0 
3 595-1 1761-9 7711 7987 896-6 1,026:0 827-3 
4 567-0 73644 808:3 671-7 726-8 694:0 725-7 
5 646-9 862-4 902-4 841-2 823-5 853-3 872-4 
6 458-3 396-6 4397 467-2 446-4 517-7 498-9 
Mean 537-0 825-8 858-4 = 772-3 840-4 881-6 827-5 
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From Table 1 it is evident that there is an increase 
in ascorbic acid content of cauliflower during blanching 
with hot water. The percentage increases observed are 
53-7, 59-8 and 43:8 after 5 min, 30 min and 60 min (cooled 
by spray of water). The corresponding figures for sam- 
ples cooled slowly in air are 56-5, 64:4 and 54-1. 

I thank the Indian Council of Medical Research for a 
research grant. 
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Absorption of I-'*C Lignoceric Acid in the 
Rat 


LIGNOORRIC acid, the straight-chain fatty acid having 
24 carbon atoms, is a constituent of the sphingolipids 
where it is found in amide linkage with sphingosine. No 
compound having this fatty acid in ester bond has been 
isolated so far from animals. It has, however, been shown 
that when 1-“C lignoceric acid was administered to rats, 
it was incorporated into both the sphingolipids and esteri- 
fied lipids such as neutral and phosphoglycerides?. Since 
sphingolipids are constituents of the regular diet, the work 
reported here was undertaken to determine whether 
lignoceric acid is absorbed at all, and if so, in what form 
it would be transported, after absorption, in the lymph. 

Male rats (100-200 g) were fed a fat-rich diet for 24 h 
and then fasted overnight. They were then anzsthetized 
with sodium pentothal (5 mg/100 g) and the thoracic duct 
was cannulated according to Bollman*. A neutralized 
aqueous suspension of 1-4C lignoceric acid was adminis- 
tered either by stomach tube or by intraduodenal injec- 
tion. The lymph was collected, extracted with 19 volumes 
of a mixture of chloroform/methanol, 2 : 1, and an aliquot 
taken for determination of total radioactivity. The rest 
was evaporated to dryness, the residue taken up in light 
petroleum ether and the phospholipids precipitated with 
acetone in the presence of ethanolic magnesium chloride; 
the supernatant was then taken twice through a column 
of ‘MgO-Celite’®. 

Fig. 1 shows the radioactivity of the lymph lipids after 
administration of 1-C lignoceric acid by stomach tube 
and by intraduodenal injection. In these experiments 
about 15 per cent of the radioactivity was recovered in 
the lymph after 24-40 h. Occasionally, however, absorp- 
tion of 25-30 per cent of the administered fatty acid was 
observed. When the animals were killed’ after 40 h, 
about 5 per cent of the radioactivity was found in the 
stomach and intestine, and more than 30 per cent was col- 
lected in the stool. It can be seen in Fig. 1 that a 4-h lag 
in absorption occurs after administration of lignoceric acid 
by stomach tube, duo apparently to slow emptying of the 
content of the stomach. 

Fractionation of the lymph lipids showed that about 
85-95 per cent of the radioactivity was in the neutral 
glyceride fraction, about 3 per cent in the phospholipids 
and 3-10 per cent occurred as free fatty acid; this is 
similar to the results obtained with lower fatty acidst-*. 

. These results suggest that if the amide bond of ingested. 
sphingolipids can be hydrolysed in the digestive tract, the 
lignoceric acid (and possibly also other long-chain fatty 
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Fig. 1. Absorption of 1-“C lignoceric acid by rat intestine: A neutralized, 

aqueous suspension of 1-"C lignoceric acid (4 moles, 20,000 c.p.m./ 

umole) was given by stomach tube (A) or intraduodenal injection {O). 

The thoracic duct was cannulated, the lymph collected and the radio- 
activity of the lipids determined 


acids) thus released is absorbed and afterwards trans- 
ported as neutral glycerides in the lymph. It has pre- 
viously been shown! that lignoceric acid, in the form of 
neutral lipids, is metabolized by the liver. In addition, 
1-4C lignoceric acid, when injected into rats, is oxidized to 
respiratory “CO, (ref. 1). Therefore, it is reasonable to 
assume that the dietary lignoceric acid is transported to the 
liver, released from its linkage to glycerol and then either 
oxidized or again incorporated into the sphingolipids or 
eglycerides. 

This work was supported in part by grant B-2967 from 
the U.S. National Institute for Neurological Diseases and 
Blindness. 
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Occurrence of trans-Octadec-I6-enoic Acid 
in Sheep and Ox Perinephric Fats 


In their investigations on the fatty acid composition of 
butter-fat, Backderf and Brown! deduced the presence of 
trans-octadec-16-enoic acid, an acid hitherto unknown in 
Nature. Later this acid was isolated from butter-fat by 
Hansen. and Cooke? and its physical and chemical charac- 
teristics were established. The present communication 
reports the detection by gas-liquid chromatography of 
this acid in sheep and ox fats using as a basis for identi- 
fication the gas-liquid chromatographic data previously 
obtained for the methyl esters of pure trans-octadec- 
16-enoic acid isolated from butter-fat. The methyl 
. esters of both sheep and ox fats were analysed with 
a chromatograph fitted with a strontium-90 ioniza- 
tion detector and an 8 ft. x } in. column. With a 
‘Celite’ column impregnated with 20 per cent (w/w) 
polydiethylene glycol adipate at 207° a peak appeared 
in both fats with Rr value 1:26 corresponding with 
that recorded for the methyl ester of trans-octadec- 
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16-enoic acid?, but with a ‘Celite’ column containing 5 per 
cent (w/w) ‘Apiezon L’ at 207° this component was not 
apparent. As was earlier found with the polydicthylene 
glycol adipate stationary phase’, resolution from other 
cis and trans C,, isomers and from methyl stearate was 
complete whereas with a ‘Celite’ cohumn impregnated with 
5 per cent (w/w) ‘Apiezon I’ the methyl ester of trans- 
octadec-16-enoic acid was not separated from methyl 
stearate. To confirm the presence of trans-octadcc-16- 
enoic acid and other trans acids in sheep fat and ox fat, 
work is in progress which is designed to isolate and 
identify these fatty acid constituents. 


R. P. Hansen 
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Content of Extractable Gangliosides in Rat Brain 
during Ethanol Intoxication 


MclIiwai et al. have established that the content of 
extractable gangliosides (measured by their N-acetyl- 
neuraminic acid moiety) is directly related to the excit- 
ability of the nervous tissue?. The N-acetylneuraminic 
acid is suggested to form a hydrophilic path for the 
passage of cations through the lipid membrane*. We 
wished to check whether the decreased metabolic response 
of rat brain cortex slices to electrical stimulation during 
ethanol intoxication? could be accounted for by a decrease 
in the N-acetylneuraminic acid groups available. 

Rats of Wistar strain (weight 350-430 g) received 550 
mg of ethanol per 100 g of body weight as a 33 per cent 
(v/v) aqueous solution by stomach tube. The control 
animals received an equal volume of water. The rats were 
killed after 1 h by decapitation and their brains dissected 
immediately at room temperature. The brains were 
severed at the caudal level of the cerebral hemispheres and 
the cranial parts were analysed. The gangliosides were 
determined according to Long and Staples? with the 
modifications that the first supernatant in chloroform- 
methanol mixture was centrifuged instead of filtered, and 
that, after addition of a solution of potassium chloride, 
the layers were allowed to separate overnight instead of 
being centrifuged. The standard curve was based on two 
samples of N-acetylneuraminic acid (a gift from Prof. 
L. Svennerholm, of Gothenburg, Sweden, and a commor- 
cial preparation from L. Light and Co., Ltd., Colnbrook, 
England), which agreed within the experimental error. 

The content of extractable N-acetylneuraminic acid, in 
umoles per 100 mg of fresh weight, was in the brains of: 
(a) ethanol-intoxicated rats 0-21140-011 (n=10); (b) 
control rats 0-188+ 0-011 (n= 9). 

_ It is evident that no decrease of N-acetylneuraminic 
acid occurs during intoxication but rather an increase 
(£=4-6, P< 0-001), for which we cannot offer any explana- 
tion at present. It may be relevant, though, that the 
metabolism of certain amino-acids, including glutamic 
acid and glutamine, is disturbed during ethanol intoxi- 
cation’. 
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Carbohydrates of Human Vaginal Tissue 


Mvucx has been published on the histology of the human 
vagina and its changes during the menstrual cycle; how- 
ever, little is known about its biochemistry and its meta- 
bolism. While the presence of glycogen and lactic acid in 
the human vagina has been known since the latter part of 
the nineteenth century, no attempt has been made to 
elucidate the method of synthesis or. breakdown of the 
glycogen molecule. 

In a recent publication! glucose, maltose, maltotriose, 
and maltotetraose were identified in human vaginal 
secretions. The secretions were obtained by placing a cap 
over the cervical og and inserting a pre-weighed cellulose 
tampon which remained in the vagina for 24 h. This 
method of collection did not exclude the possibility of the 
compounds originating from the bacterial flora normally 
present in the human vagina. 

Normal vaginal tissue was obtained from patients 
undergoing gynecological surgery. The tissue was 
immediately frozen and stored until a total of 35 g was 
obtained. A water extract was made by homogenizing 
the tissue in a blender and the carbohydrates extracted by 
Fishman’s method*. Aliquots of the extract were chroma- 
tographed in a one-dimensional, descending system of 
either, n-butanol/pyridine/water (60 : 40 30). or 
n-butanol/acetic acid/water (40: 10. : 50)’. The papers 
were dipped in the modified silver nitrate reagent of 
Trevelyan‘. 

Four discrete spots were observed in the chromatograms 
(Fig. 1). These were identified as glucose, maltose, malto- 
triose, and maltotetraose. Confirmation of the identity 
of the compounds was made by: (1) comparison of 
Rg and Rr values of the unknowns to standard com- 
pounds; (2) acid hydrolysis which yielded only glucose: 
(3) identification of the 1-4 linkage®; (4) plotting the value 
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Fig. 1. Separation of the carbohydrates of human vaginal tissue on a 

one-dimensional descending system of 2-butanol—pyridine—water, 

Whatman No. 1 paper. G, Glucose; M, maltose; M;, maltotriose; 

M., maltotetraose; V, vaginal aii M, mixture of the standard 
solutions 


NATURE 


June 8, 1963 


lg,, (1/Rr-1) against hexose units per molecule demon- 
strating the compounds as members of a homologous 
series®. 

The oligosaccharides, maltotriose and maltotetraose, 
have been identified in rat liver®, rat diaphragm’, rat 
muscle extract®, in the crabs Cancer magister and Hemi- 
grapsus nudus’, and in the crayfish Oreonectes!*. The 
identification of these compounds in vaginal epithelium, a 
relatively accessible human tissue, which responds to 
hormonal stimulation, will permit further examination of 
the oligosaccharides and their role in human carbohydrate 
metabolism. 

This work was supported by National Institttes of 
Health grant RG 6938. 
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Differentiation of Myoglobins and Hemoglobins 


Tre simultaneous estimation by de Duve! of hemo- 
globin (Hb) and myoglobin (Mb) in solution, based on 
the spectral characteristics of their carbon monoxide 
compounds, requires the solutions to be crystal clear 
and strongly buffered and the relevant wave-lengths must 
be reproduced to within a fraction of a my. 

Brown et al.? recorded a great difference between the 
relative stabilities of human hemoglobin and various 
myoglobins as estimated by the time required for half 
conversion to denatured hemochrome in 0-06 M sodium 
hydroxide (t,,%) and by extrapolation to zero time of the 
plot of log per cent undenatured pigment against time. 

Jonxis and Visser? used the ratio of optical densities at 
576 mu before and during alkaline denaturation in determ- 
ining foetal hemoglobin in blood, and a similar method 
has been found effective for the differentiation of myo- 
globin and hemoglobin in solution. 


Table 1. SPEOTROPHOTOMETRIO PROPERTIES OF PIG OXYMYOGLOBIN AND 
OXYHEMOGLOBIN DURING ALKALINE DENATURATION 
Tir t path of cells, 10 mm) 
Sample jal optical too% (min) O.D.: 
density at 577 mu O.D 
Oxymyoglobin 

aA 0-58 26 1-49 
064 180 1-43 

0-43 11 1:35 

0-64 27 1:46 

0-30 69 1-63 

0-45 66 164 

0:90 — 1-59 

Oxyhæmoglobin 

A 0-54 8 2°88 
B 0-59 47 249 
059 30 2-39 

0-64 31 228 

1-22 29 2-44 

c O58 42 2-51 
0-72 2-52 

1-02 38 2:49 

D 0-29 — 2-47 
0-42 — 235 

0-88 — 2-42 
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50 100 HbO, 
0 MbO; 
Composition of mixture (%) 
Fig. 1. Variation of the ratio of f optical densities at 577 my before and 
after alkaline denaturation (S32) with composition of pig oxymyo- 
globin/oxyhæmoglobin mixtures 


Pig metmyoglobin, purified to an iron content of 0-32 
per cent and electrophoretically homogeneous in solution 
at pH 9-3, was converted to the oxy- form by treatment 
with dithionite followed by oxygenation and dialysis; 
pig HbO, was obtained by hemolysis of washed blood 
cells, followed by dialysis. 

Table 1 shows that even for single preparations of pig 
MbO, or HbO, tsı% was not constant and that no consistent 
difference was discernible in the relative stabilities? 
of the muscle and blood pigments in 0:06 M alkali. How- 
ever, the ratios of the optical densities at 577 mu before 


O.D., 





and after alkaline denaturation ( 





+2 
into two distinct groups around values of 1-5 for MbO, 


Table 2. RATIOS OF THE OPTICAL DENSITIES se 


AT 577 Mu BEFORE 


AND AFTER THE ALKALINE DENATURATION OF ÖXYMYOGLOBINS (MB0,) 
aD OXYHÆMOGLOBINS (HBO,) OF VARIOUS SPEOIES 
7 HbO, MbO; 
Species Initial optical O.D., Initial optical 0.D.: 
density at 577 my 0.D.: density at 577 my O.D.: 
Human 0-36 2-82 
0-64 271 
0-22 2-47 
0-43 2°44 
0-32 270 
0-50 2:56 
Ox 0-80 2-76 0-76 1-49 
0:82 2:76 0-34 1:51 
0-80 2-76 0-54 1:51 
0-82 2°70 0-91 1-55 
0-40 1:57 
0-04 277 0-58 1-47 
0-76 1:45 
Sheep 0:70 2-52 0-66 151 
0:76 277 1-20 1-45 
0-86 2-85 0-99 1-58 
0-77 2:37 
Horse 0-77 2:67 0-68 1:56 
0-90 2:74 0-78 1-59 
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and 2:5 for HbO, over a wide range of initial optical 
densities. 


Fig. 1 illustrates the change of the ratio oD 


2 
composition of pig MbO./HbO, mixtures, while the 
ratios of the optical densities at 577 mp before and after 
complete alkaline denaturation for other species are 
reported in Table 2. HbO, solutions were obtained by 
the dialysis of defibrinated sheep and horse blood and of 
whole human male and ox blood. MbO, solutions were 
obtained by aqueous extractions of minced washed ox, 
sheep and horse hearts, and were clarified by simple 
filtration; carefully washed hearts have been found to be 
free of HbO, (ref. 4), the presence of which would, in any 


with 











event, raise the ratio O.D., and reduce the diagnostic 
2 
difference. 
The ratio 2-P1 therefore provides a simple means of 


-D.a 
differentiation between HbO, and MbO, for a number of 
species, and for the pig the method has been successfully 
applied to the evaluation of the composition of pigment 
mixtures. The errors involved were greater than the 
value of 1 per cent reported by de Duvet, but the method 
uses hem derivatives insensitive to light and to pH 
between 5:5 and 10 (ref. 5), which do not require strong 
buffering and which can be clarified sufficiently by simple 
filtration; furthermore, the estimations require optical 
determinations at only one wave-length, and this, judging 
from the spectra of the hem pigments before and after 
alkaline denaturation, needs to be reproduced only to an 
accuracy within the range of an ordinary spectrophoto- 
meter without modifications. 

This work forms part of a research project being carried 
out with funds made available through the U.S. Depart- 
ment of Agriculture under U.S. Public Law 480. 
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Alkaline Labile D-Alanine in Cell Walls 


EVIDENCE has been presented by Baddiley et al.' that 
“in the native walls the teichoic acid has free phosphate 
and amino groups and is presumably held in the wall 
through ionic linkages and hydrogen bonds”. How- 
ever, Strominger? has proposed, as an alternative, that 
the teichoic acid may be ‘attached to the glycopeptide 
through the peptide”. In this latter proposal the ester- 
linked D-alanine of the teichoic acid and the last peptido 
linked D-alanine of the mucopeptide would be the same 
alanine residue. Such a linkage would require that cold 5 
or 10 per cent trichloroacetic acid, which has been used to 
remove teichoic acid from walls', selectively hydrolyses 
the D-alanyl-p-alanine peptide bond, leaving the other 
peptide bonds present and the labile ester linkage unaffec- 
ted. In addition, similarities in the molar ratios of amino- 
acids and muramic acid in cell walls and in the principal 
uridine nucleotide (Park compound) which accumulates 
under conditions of penicillin treatment of Staphylococcus 
aureus have been used in support of the role of this uridine 
muramic acid pentapeptide as a direct or nearly immediate 
precursor of the muramic acid peptide (mucopeptide) of 
the wall?. 
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Fig. 1. Extraction of alkaline labile D-alanine, Walls of Strep. faecalis 

or Staph. aureus H were extracted with 0-1 N ammonium. After each 

of the indicated time periods the supernatant was sampled, brought 

to pH 9 with formic acid, dried in vacuo over sulphuric acid, dissolved 

in water and assayed for mde ere @, Staph. aureus H; 0, Strep. 
faecalis 


It was therefore of interest to determine whether the 
ester linked D-alanine could be rapidly and quantitatively 
removed from ‘native’ walls by treatment with mild 
alkali, as free D-alanine. The quantity of p-alanine 
removed, as well as that remaining unextracted, could 
thus be determined and compared with the p-alanine 
present in ‘native’ walls, and in teichoic acid which had 
been isolated from these walls. 

The time course of liberation of free D-alanine by 0-1 N 
alkali from freeze-dried walls of Staph. aureus H and 
Streptococcus faecalis (A.T.C.C. 9790) is shown in Fig. 1. 
p-Alanine was determined by microbiological assay with 
Lactobacillus delbruckit (A.T.C.C. 9649)! which, in the 
absence of pyridoxal phosphate and/or pyridoxamine 
phosphate, requires both D- and t-alanine. This test 
organism does not respond to pD-alanyl—p-alanine, either 
in the absence of D-alanine or in the presence of suboptimal 
amounts of this amino-acid. 50 per cent of the alkaline 
labile D-alanine was liberated in about 9 min from Strep. 
faecalis walls and in about 21 min from Staph. aureus H 
walls. However, zero time values, determined on the 
streptococcal walls and extrapolated for the staphylo- 
coccal walls, indicate that more free D-alanine was initially 
present in the former (29 per cent) than in the latter 
(17-21 per cent). Both wall preparations had been freeze- 
dried before extraction. This is then consistent with other 
evidence’ indicating that freeze-drying may liberate 
alanine from walls. The initial rates of extraction were 


Table 1. QUANTITATIVE ESTIMATION OF D- AND L-ALANINE IN WALLS, 
ALKALINE EXTRACTS AND RESIDUES 


a (a TAlanine 
o o 
Staphylococcus aureus H 
1 Total 8:50 + 035 431 + O2 
2 Residue 462 + 0-2 3:90 + 01 
3 Alkaline extract 3:64 + 04 
4 Percentage of recovery * 98 91 
Streptococcus faecalis (9790) t 
1 Total 2-88 + 0-08 3-86 + 01 
2 Residue 1-83 + 0-04 3°32 + 02 
3 Alkaline extract 1-04 + 0-01 
4 Percentage of recovery * 97 99 


* Lines 2 + 8/Line i x 100. 
+ Valine depleted cells (ref. 6). 


10-15 mg samples of walis were extracted with 1 ml. of 0-1 N ammonium 
at room temperature (21-27° C) on a rotary shaker for 1 h. Walls and 
supernate were separated by centrifugation and the procedure was repeated 
twice more. The supernates were combined, brought to pH 9 with formic 
acid and dried in vacuo over concentrated sulphuric acid. The wall residues 
and 7-10 mg samples of unextracted walls were bydrolysed with 1-0 ml, 
of 6 N hydrochloric acid in an evacuated sealed tube at 120°C for 22 h. 
The acid hydrolysates were dried in vacuo over sodium hydroxide and 
sulphuric acid. The samples were dissolved in water for microbiological 
assay for D- and L-alanine with L. delbrueckii (ref. 4). 
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very similar and indicate an extraction half time of 23-27 
min under these conditions. In both cases liberation of 
p-alanine was completed in about 2 h. Additional 
alkaline labile p-alanine was not released from the dried 
extracted residues by a second 2-h extraction period. 
Paper chromatograms of similar alkaline extracts of 
another lot of Strep. faecalis walls indicated that the only 
ninhydrin-positive substances detected corresponded to 
either alanine or alanine amide. A spot corresponding to 
alanyl-alanine was not detected. Hydrolysis of alkaline 
extracts of Strep. faecalis walls in 6 N hydrochloric acid 
for 22 h failed to liberate additional p-alanine. 

Three consecutive l-h extractions with 0-1 N alkali 
were then used to liberate quantitatively the ester linked 
alanine. The results of these oxperiments are shown in 
Table 1. While t-alanine was not extracted by this 
procedure about 40 per cent of the p-alanine from the 
Staph. aureus H walls and 35 per cent from this lot of 
Strep. faecalis walls was removed. D- and L-alanine 
determinations on the unextracted walls and on the 
residue after extraction are also shown in Table 1. 
Essentially all of both isomers are accounted for, either in 
the alkaline extracts or in the residue. 

Repeated determinations of alkaline labile p-alanine on 
this and other lots of Sirep. faecalis walls gave consistent 
results. However, various wall preparations contained 
different amounts. This was true even for walls that had 
been prepared in the same manner from cultures which 
were thought to have been grown under defined and 
identical conditions. The disruption procedure utilized 
for preparing the Strep. faecalis walls used alkali-free 
glass beads’, eliminating the loss of ester-linked alanine as 
a major factor during the disruption procedure. The 
reasons for this variability are not yet understood, but 
again might be due to freeze-drying of whole cells and 
walls. 

The quantity of p-alanine liberated by mild alkaline 
extraction of ‘native’ Staph. aureus H walls (3-6 per cent) 
is in good agreement with the amount of alanine that can 
be calculated to be present in the wall teichoic acid (3-8 
per cent) of this organism from the data of Baddiley et al.t 
(walls contain 2:4 per cent phosphorus, 83 per cent of 
which is in teichoic acid; wall teichoic acid contains 6-4 
per cent phosphorus and has an alanine-to-phosphorus 
ratio of 0-66 : 1). 

It would then seem that all the teichoic acid alanine is 
liberated by direct extraction of ‘native’ walls with 0-1 N 
alkali without first removing teichoic acid from the walls 
by means of acid extraction. It would certainly seem 
unlikely that the teichoic acid alanine was covalently 
linked to any other wall constituent, in agreement with 
the findings of others?. ; 

The amounts of D- and t-alanine found in walls of Staph. 
aureus are in excellent agreement with the total alanine 
found in walls of this organism and with the presumed 
distribution of optical isomers from that determined on 
another strain of Staph. aureus’. However, the finding 
that 40 per cent of the D-alanine present is in the form of 
teichoic acid ester p-alanine leaves less than 2 peptide- 
linked pD-alanine residues per glutamic acid residue 
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Table 2. RATIOS OF AMINO-ACID IN WALLS OF Staphylococcus aureus H 





umoles per 100 mg Ratio* 
Glutamic acid 38 (1) 
Lysine 45 1-18 
Glycine 182 4-8 
Alanine (DL) 140 37 
L-Alanine 
Total 48 13 
Peptide 44 12 
p-Alanine 
Total 3 95 2-5 
Peptide 52 14 
ster 40 oa? 


Figures above the line are from ref. 3. Figures below, the line are calculated 
from Table 1. i 


* Moles per mole of glutamic acid. 
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(Table 2), These data, together with the evidence that 
indicates which alanine is added to the presumptive 
(uridine nucleotide) mucopeptide precursor as the dipep- 
tide, p-alanyl—p-alanine*", suggest that, in walls, some of 
the glutamic acid containing peptides may not contain the 
p-alanyl—p-alanine dipeptide unit. It is clear from these 
results as well as from those of Rogers and Perkins’ that 
the observed concentrations of amino-acids present in cell 
walls and wall mucopeptide of Gram-positive cocci do not 
seem to fit a simple pattern. 

The walls of Staph. aureus H were kindly provided by 
Dr. J. T. Park. 

This work was supported by a research grant from the 
National Institute of Allergy and Infectious Disease, U.S. 
Public Health Service (#—3911). 
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Localization of y;4-Globulin (824-Globulin) in 
Tissue Cells 


Yi4-GLOBULIN (8,4-globulin) is progressively gaining 
recognition as representing a third type of immune 
globulin, besides the ys- (Ys, 7Sy-) and yr- (19Sy-, 
B.-) globulin classes'-*. This concept was 
at first based on the structural relationship 
between these three protein groups, as well 
as on their simultaneous deficiency in con- 
genital agammaglobulinemia, and on the 
occurrence of three corresponding types of 
paraproteinemias. Recently, specific anti- 
body activities have been reported to be 
associated with purified y,4 samples isolated 
from human serat’, 

It was therefore logical to presume that 
the sites of synthesis of y,4-globulin would 
correspond to the well-known pattern of the 
antibody-production apparatus. Indeed, 
Asofsky and Thorbecke‘ observed incorpora- 
tion of labelled amino-acids into y,4-globulin 
by tissue cultures from human and monkey 
lymph nodes, spleen, bone marrow and 
intestinal wall. Concerning the nature of 
the cells involved, no direct evidence has 
been brought forth, if one excepts the 
special case of the y,4-type paraprotein- 
æmias where abnormal plasma cells of some- 
what peculiar morphology’ seem to be 
responsible. 

Studies with fluorescent antibodies speci- 
fic for y,4 were made by Burtin*, but 
led to little conclusion. In the present 
work, fluorescein-conjugated specific anti- 
‘ia rabbit y-globulins and similarly con- 
jugated non-immune rabbit y-globulins 
were applied to methanol-fixed cryostat sec- 
tions from various human tissues. The 


Figs. 1-3, 
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Immunohistochemical localization of y. 
Immature plasma cell surrounded by pear fnoteacentt 
germinal centre (low magnification); 3, wall of a lymph node sinus. Lu, lumen; LC, tittors! 


Gay 


material, all of which was obtained at surgery and immedi 
ately processed, consisted of several mesenterial lymph 
nodes and fragments of ileal wall from two patients with 
regional enteritis, of one non-metastatie epiploic lymph 
node from a gastric cancer case, of the spleen from a 
ease of acquired hemolytic anemia, and of one mildly 
inflamed tonsil. All preparations treated with non 
immune fluorescent reagent remained unstained. In the 
sections stained with anti-y,4 antibodies, bright specific 
fluorescence was observed in three types of structures. 
Most of the fluorescence was localized in the eytoplasm of 
plasma cells (Fig. 1) of various stages of maturation, 
which occurred in nests in the red pulpa of the spleen, 
in the medulla of the lymph nodes and the tonsil, and 
in the intestinal submucosa. The second fluorescent 
structure was represented by the germinal centres (Fig. 2) 
of the lymph follicles in the white pulp of the spleen, 
in the cortex of the lymph nodes, in the tonsil and in the 
intestinal submucosa. It was impossible to state whether 
the fluorescence was localized intra- or extra-cellularly, 
since no definite cell boundaries could be observed in 
this type of tissue’. A third cell type (Fig. 3) consisted 
of elongated cells with granular fluorescent cytoplasm, 
which lined the lymph sinuses in the medulla of the 
lymph nodes and also occurred in some endothelial lin- 
ings in the other tissues here investigated. Many of the 
reticular cells composing the trabecule which bridged 
the lymph sinuses (Fig. 3) showed the same sort of specific 
granular fluorescence. 

These patterns of fluorescent antibody localization 
of y,4-globulin were found to be essentially similar to 
those obtained with the use of specific anti-ys, or anti-y,s 
antibodies, except that cells staining for y,4-globulin were 
much scarcer than those taking the anti-y,, stain. It 
may be concluded that y,4-globulin: shows the same 
pattern of cellular distribution as has previously been 
described for y-globulin’, for y,s-globulin™, or for 
antibodies as a whole**?*. 

Prof. P. Morelle, Prof. P. Guns and Dr. Ch. Dive kindly 
provided the material used for this work which was 
supported by a U.S. Public Health Service research 





a-globulin in ine node calls, 1, 


lymphocytes (high magnification); 


cell; P, pulpa (high magnification) 


ae cannot be frozen. To avoid degradation dur- 
» ing the washings and centrifugations necessary 
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Comparative Investigation of the Free 
Nucleotides of an Ascitic Hepatoma and of 
Normal or Regenerating Liver 

Our investigations'.? of the regulation of the biosyn- 
thesis of ribonucleic acids* in the cells of normal and 
_ cancerous rats led us to examine the pool of free nucleo- 
tides in the ascitic hepatoma of Zajdela as well as in 


normal and regenerating liver. Normal liver represents 


‘an organ in a practically stationary state with differen- 
tiated cells; regenerating liver represents a tissue whore 
normal cells start proliferating, and the ascitic hepatoma, 
proliferating cells partially dedifferentiated., 

The experiments wero carried out on 145 white adult 
rats, of Wistar stock, placed in three groups: a first group 
of 30 animals, divided into 6 lots, a second group of 36 
rats divided into 5 lots and a third group of 79 rats 
distributed in 5 lots, have respectively been used for the 
investigations of free nucleotides in normal.and regenera- 
ting liver, and in the hepatoma of Zajdela. For the 
experiments on regenerating liver, the animals wero 
partially hepatectomized according to the technique of 
Higgins? 17h before being killed. The transplantation of 
the ascitic hepatoma was effected by intraperitoneal 
inoculation of 1 ml. of ascitic liquid aseptically extracted 
from a tumour-carrying animal. The hepatoma develops 
after 5 or 6 days into abundant and often hemorrhagic 
ascites. For the removal of the liver we pro- 

_ ceeded as follows to avoid any possibility of 
hydrolysis of nucleoside polyphosphates: 
the abdomen of the slightly anesthetized 
animal was opened. and. the liver separated 
from the other organs by two. strips of gauze 
without injuring the lobes. The anesthetized 
animal was then. completely immersed in 
liquid air. The liver froze instantly. If the 
liver was not removed after congelation a 

_ degradation of the nucleoside polyphosphates 
:: occurred. To isolate ascitic cells, the animal 


nMfam Proteins 


š 





to eliminate the red blood cells from the 
ascites, we worked with solutions of 8 g/l. 
sodium chloride containing 1 g glucose, 76 mg 
pyruvate, 4 mg succinate/l., in the cold, 
and as rapidly as possible. = 
The extraction of the acid-soluble free 
nucleotides was performed according to 
the methods described elsewhere‘. The separ- 
ation of the nucleotides was carried out accord- 
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ing to the technique of Cohn’, Hurlbert et al.* by chroma- 
tography on an anion oxchango resin column ‘Dowex _ 
1X8’ and completed by two-dimensional rechromato- : 
graphy on Whatman 1 paper, according to Bourdet and 
Mandel? and Paladini and Leloir’. ar 
The results of our experiments are recorded in 
Figs. 1 and 2. They show that the amount of AMP. 
NAD, NADP and UDP-saccharides is lower in the hepa 
toma of Zajdela than in normal or regenerating liver. 
The average amount of ATP in the hepatoma is higher 
than in the normal liver but the difference is not signifi- 
cant; it is, however, significant compared with regenerating 
liver. The values of GTP, UTP and CTP aro significantly. 
higher in hepatoma than in normal or regenerating liver. < 
It is known that the nucleoside triphosphates of 
tissues are used on one hand for the synthesis of nucleic 
acids, on the other for the synthesis of proteides, 
phosphatides and polysaccharides and therefore also for 
the formation of sub-cellular structures. Thus CTP 
supplies CDP-choline and CDP-colamine; UTP gives 
UDP-oses and osamines, and GTP produces GDP- 
mannose. We may imagine that in tumour cells, as the 
nucleotides are used in RNA syntheses more actively 
than in normal or regenerating liver cells, there results 
a lower production of nucleoside diphosphate compounds 
which play a part in the synthesis of polysaccharides and 
phosphatides and therefore also in the formation of 
sub-cellular structures (Scheme 1). This: hypothesis. is 
supported: (1) by the reduction of UDP coenzymes in 


ATP 
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Fig. 1. A comparison of the amount of free nucleotides in normal and. 

regenerating liver and in the ascitic hepatoma of Zajdela. The height. 

of these columns shows the values of the various nucleotides in emoleg 
proteins, (For abbreviations, see text) . 
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Fig. 2. For legend, see Fig. 1 
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Scheme 1. SUMMARY OF THE ON OF THE NUCLEOSIDE DI- AND 
TRI-PHOSPHATES DURING | METABOLISMS 
DIFFERENT METABOLISM +———ATP 


POLYSAC- UDP- 
CHARIDES *— COENZYMES *—UTP — 


PHOSPHA- CDP 
TIDES COENZYMES = 


P 


ROTEIN 
SYNTHESIS “7 COENRZYMES Se 


ola; (2) by the fact that the lowest values 
i oe amg were found for the poly- 
hosphory i in regenerating liver. The 
attor must moot at the same timo the demand for supple- 
oa deni eae ge which proliferation requires and 
tho increased demand for nucleoside diphosphate com- 
pounds which the normal cell requires. Such a hypothesis 
concerning the change in the use of nucleoside triphos- 
i pei is in agreement with the dodifferontiated character 
of cancer cells and their aptitude to intense proliferation, 
to which the pool of free nucleotides seems adapted. In 
this way it is also possible to explain the lesions or the 
of the intracellular membranes which 
characterize the tumour cells. Tt is well known that the 
biosynthesis of mucopolysaccharides and phosphatides, 
in other words a metabolic pathway of the nucleoside 
diphosphate compounds, which seem decreased in cancer 
cells, play an important part in membrane formation. 
Finally the damage to the mitochondrial membranes may 
pa sod the decrease of respiration and the glycolytic and 
anaerobic metabolism in tumoral cells as a secondary 
This work was su 9d by erant, SEGRE seve She 
U.S. Public Health 
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Optical Properties of the Human Epidermis 


In order to use infra-red scanners in medicine to detect 
small in skin temperature, a knowledge is needed 
of the variation of emissivity of the outer layers of the 
ture and wave-length’. 
The emissivity (e) of a suitable specimen of epidermis 
calculated from the variation of transmittance 
(T) with wave-length as measured = a Perkin-Elmer 

21 spectrometer and using reflexion measurements 
Ce ened by Derksen, Monahan and Laws*. The 
emissivity is given by: 
(1— R)* 


= DP (1) 


el 
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Reflectivity; +- - -, transmission (skin); —--, transmission 
(uid); samo, emissivity of akin 


. 2. a, Skin, 292° C; black-body 30:1° C. b, Black-body, 202°C; 
z black-body, 301° C 


iH 
A 


than unity. Hence an estimate of the emissivity can be 
made and its variation with wave-length is shown also 


in Fig. 1. 
Between 3 and 6u the calculated emissivity is 

than 0-7 while for wave-lengths greater ihan, iiin tbe 

epidermis will act as a blackbody emitter. d For 

lengths shorter than 3u the emissivity is q 





-o methode, 


1002 


in certain regions is governed by the moisture content of 
the epidermis. 

Measurements of emissivity using a Hilger double-beam 
spectrograph indicate that beyond 6g the epidermis acts 
as a black-body, in agreement with the foregoing calcula- 
tions, thus indicating that in general these conclusions 
are correct (Fig. 2). 
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Thiocyanate-level in the Serum and Thyroid . 
of Cows from Areas with Different Intensities 
of Goitre in Human Beings 


THe results of recent investigations suggest that the 
genesis of endemic goitre in different countries is caused 
not only by iodine deficiency in food, but also by anti- 
thyroid compounds contained in different plants. Several 
goitrogenic compounds are so far known: 1-5-vinyl-2- 
thiooxazolidone (goitrin)!, polysulphides* and thio- 
eyanates* 4, These last-named can be formed from 
cyanoglucosides contained in larger quantities in some 
species of white clover’. 

The following compounds may be considered also as 
being goitrogenic: ‘arachidoside’ glucoside in groundnut 
shells* ; cheiroline in wallflowers (Cheiranthus cheiri) 

‘whieh, in the ramen of sheep, can be transformed into 
thiourea derivatives’. 

Although the action of polysulphides and thiocyanates 
is considered as being less goitrogenic than, for example, 
that of goitrin, they can be just as dangerous owing to 
their presence in large amounts. 

Silinik and MarSikové’ found an increase in thio- 
cyanate content in the blood serum of inhabitants of 
goitrogenic areas. Podoba et al.® discovered a positive 
correlation between the SCN- content in investigated 
vegetables and the thyroid weight of animals consuming 
them. Greene et al.!° examined the goitrogenic action of 
milk from cows fed on white clover. 

Our investigations were carried out on 200 cows destined 
to be fattened, originating from areas of varying intensi- 
ties of goitre in human beings. 

Thiocyanates were estimated in blood plasma and in the 
thyroid extract. This extract was obtained in the following 
manner: twice-distilled water (1 ml.) was added to 
1 g of freshly prepared thyroid tissue and then homo- 
genized. A small amount of this homogenate was centri- 
fuged for 15 min at 15,000 r.p.m. at room temperature. 
0:5 ml. of liquid from the sediment was collected for 
analysis: Thiocyanates in the blood plasma and thyroid 
extract were determined by means of Aldridge’s 


Some of the results are presented in Table 1 


Table i "THIOOYANATE CONTENT IN Buoop PLASMA AND THYROID EXTRACT 
TROM AN ARBA WITH VARY: me INTENSITIES OF GOITRE IN HUMAN BEINGS 


of thyroids SEN- ntent SCN- content 


Hae No. of in- ee more: in blood in the thyroid 
Area goltre m vestigated: than 24 gin pisma, of extract of 
s "COWS ROWS cows? 
Ca) ee S MY ta ) (ug/ml) 
0-3 70 > 257 £17 441-7 
H 31-50 100 BF oo 5. i E20 43 t20 
TH 51 80 700 ee cae a | 5:8 £18 
Statistical analysis: *1I and TW, P < 0001; If and Iii. P < 0-001. 
ĮI and H, P = 0-012; I and IN, P < 0-001; IL-and Ill, P = 0-002. 
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An tiereassd amount of thiocyanates was noted in. 
thyroids in which cysts appeared. Their content was 
7-49 + 1-4 pg SCN-/ml. of thyroid extract. Statistical 
analysis showed a high significance difference (P <0-001) 
between the thiocyanate content in cystoid thyroids and 
those without cysts. The correlation coefficient for thyroid 
thyroid weight(g) 
100 kg live weight 
analyses) and thiocyanate content in the thyroid extract 
was r= +067. The correlation coefficient for the SCN- 
level in blood plasma and the SCN- content in the thyroid 
extract was r= +044. The last correlation coefficient 
turned out to be highly significant (P< 0-001). 

It should. be noted that well-known goitrogenic plants, 
such as Swedish turnip, appear frequently in the investi- 
gated areas. Earlier investigations'®* have also shown 
a lower iodine content in water and milk from areas with a 
greater goitre intensity in human beings (Table 2). 


weight (the ratio: was used for 


Table 2. . MRAN IODINE-LEVEL IN WATER AND MILK FROM AN AREA WITH 
VARYING INTENSITIES OF GOITRE IN HUMAN BEINGS 
Area* Iodine in water Todine in milk 
(#2 oo) (#8 feo) 
I 4 3 
i 2-4 2-3 
IH 0-2 0-2 
* See Table 1. 


The results obtained suggest that thiocyanates— 
among other factors (as, for example, the lack of iodine) 
—provoke an abnormally enlarged thyroid in cattle, or 
that they can appear as an accompanying compound and 
an indicator of other sulphuric compounds having goitro- 
genic effect’. 
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Action of y-Aminobutyric Acid on Cancer 
borealis Muscle 


In several crayfish preparations!-* y-aminobutyric acid 
(GABA) mimics the natural inhibitory transmitter. 
Moreover, it has recently been found in large amounts in. 
Cancer borealis peripheral nerve and muscle®, suggesting 
a possible role as inhibitory transmitter. The action of 


GABA on C. borealis muscle has not been examined. ~ 


It has been reported that GABA has no inhibitory effect 
on C. anthonyi muscle’ and that it blocks excitatory. - 
junctional potentials in C, magister muscle while scarcely 
changing membrane conductance’. Thus, it seemed of ES 
interest to investigate the action of GABA on C. borealis. 
muscle. 

Two microelectrodes were inserted into the superficial 
muscle fibres of the ‘opener’ or ‘closer’. of the. dactyl 
of the walking leg. One, filled with 3 M potassium chloride; - 
recorded resting potential; ; 
3.M potassium citrate, altered membrane potential by 


while the other, filled with 
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Fig. 1. (‘Opener’ muscle.) Effect of GABA (10~* g/ml.) on the change 
in membrane potential resulting from a square pulse of applied current 
and on excitatory junctional potentials arising from stimulation of the 
efferent nerves. Records show excitatory junctional potentials and 
hyperpolarization recorded (A) while the muscle fibre was bathed in 
normal crab Ringer; i) immediately after the application of 10-* g/ml. 
GABA; (C) 20 min after return to normal crab Ringer. Note the large 
decrease in the effect of applied current and the marked decrease in the 
size of excitatory junctional potentials. Current was monitored periodic- 
ally and was found to remain constant. Changes in resting potential 
are not considered significant. Scales: upper records, 4 mV, 100 msec; 
lower records, 2 mV, 100 mane 


passing current. The efferent nerves were stimulated 
and excitatory junctional potentials were recorded. The 
effect of GABA on excitatory junctional potentials and 
membrane conductance was studied. 

In both the ‘opener’ and ‘closer’ muscles, GABA in 
concentrations of 10-* g/ml. or greater produced within 
a few sec: (1) a decrease in the size of excitatory junc- 
tional potentials of up to 80 per cent; (2) a marked 
decrease in the effect of applied current, indicating an 
increase in membrane conductance (Fig. 1). 

In crab muscle the natural inhibitory transmitter 
reduces excitatory junctional potentials and produces a 
selective increase in membrane conductance, bringing 
the membrane potential toward a particular level—the 
‘reversal potential’?)*. Thus, in crab muscle both GABA 
and the natural inhibitory transmitter produce an in- 
crease in membrane conductance. 

A more detailed comparison of the action of GABA 
and the natural inhibitory transmitter in crab muscle— 
such as that made by Boistel and Fatt? in crayfish muscle 
—has not as yet been made. 

We thank the entire staff of the Nerve-Muscle Program 
(1961), Marine Biological Laboratory, Woods Hole, 
Mass., for advice and encouragement. 
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Effect of Alacreatine on the Rat 


In an earlier communication we reported that rats fed a 
diet containing 2 per cent of pL-«-guanidinopropionic acid 
(alacreatine) develop weakness during a 6-week period’ 
In subsequent work we have been unable to demonstrate 
either a defect in creatine metabolism in these animals or 
improvement of the weakness by creatine administration 
Because of an odour which suggested the presence of a 
sulphur-containing compound in the alacroatine prepera- 
tion further experiments were, done with highly purified 
odourless alacreatino. None of the animals receiving the 
purified alacreatine became weak. It thus appears thet 
the weakness was not caused by alacreatine, but by an 
impurity. The impurity has not been identified. How- 
ever, various isothiourea and guanidine derivatives are 
known to be toxic in acute dose* and such compounds 
could have been present in the original preparations of 
alacreatine. 

This work was supported by research grant No. A-3615, 
National Institutes of Health, U.S. Public Health Service. 

Coy D. Frreu 
James S. DINNING 


Departments of Biochemistry and Medicine, 
University of Arkansas School of Medicine, 
Little Rock, Arkansas. 


1 Fitch, C. D., and Dinning, J. S., Nature, 187, 421 (1960). 
* Guggenheim, M., Die biogenen Amine, 386 (S. Karger, Basel, 1951 


PHARMACOLOGY 


Effect of ‘Methotrexate’ and ‘Melphalan’ 
on the Survival of Tumour and Skin Homo- 
grafts 


SEMI-ISOLOGOUS (F, hybrid) mice surviving systemic 
leukemia [1210 after extensive therapy with halogenated 
derivatives of ‘Methotrexate’ (MTX) were showa to be 
immune to re-inoculation with sensitive or resistant sub- 
lines of leukemia L1210'*. In other work**, it 
observed that MTX therapy of mice bearing homografts 
of MTX-resistant leukemias abrogated the immune 
response. However, in a system involving differences at 
the strong H-2 histocompatibility locus, pretreatment of 
mice with MTX failed to promote the growth of L12107 
In the latter system, pretreatment with a number of 
alkylating agents (cyclophosphamide, triethylene mela 
mine, and ‘Melphalan’) and X-irradiation resulted in 
marked immune suppression. In view of the foregoing 
results, and the observation that MTX therapy did not 
interfere appreciably with the ability of an inoculum of 
splenic tissue to render mice immune to L1210°, we 
decided to determine what effect a dose-level of MTX 
capablo of abrogating the immune response to tumour 
homograft would have on the survival of skin homografts. 
Also, as part of the same experiment, the effect of pro- 
treatment with MTX on the immune response to skin and 
tumour homografts was determined, since, in the present 
system, only minor histocompatibility differences were 
involved. ‘Melphalan’, a potent immune suppressor’, was 
used as a positive control. 

In the work recorded here the fates of DBA/2 tumour 
and skin homografts were compared in drug-treated 
BALB/c mice. The DBA/2 strain leukemia used was 
FR-8 (ref. 8), an antifolic-resistant sub-line of 11210. 
Skin from stock DBA/2 male mice was grafted to BALB/c 
male mice according to the technique of Billingham and 
Medawar’. 

Mice of the BALB/c and DBA/2 strains possess the 
same H-2 histocompatibility allele (H-2¢), but havo 
multiple differences at other, more minor histocompati- 
bility loci’. Following subcutaneous inoculation of £1210 
or resistant sub-lines, a local tumour develops at approxim- 
ately the same rate as in isologous controls. Cessation of 


Was 





Vou. 198: 


June 8, 1963 






























































1004- 

Table 1, EEFECT OF Dave TREATMENT ON THE RESPONSE | OF BALB cE To o DEAJ2 Towour AND SKIS GRAFTS 
E a a aa g i 
j I Í E FRB | a i Maximum tumour d : 
| Group | Drug | Dose | Schedule | Foxie deaths | inooutum * Takes | diameter E Median 

j i | ° 
| (asiko (nily) Toa | (day 0) To | a E ay day of death 
[eru E ere PE EEEE ce: EESE ENEO AETI EEE 3 
i 1 | MIX | 0-75 8 to 21 0/10 + H 9/10 | 11-9 10-7 125 
i 2 | MTX | 50 ~5to ~1 2/10 + 8/8 | 12:0 11-3 eee 
t 3 „Melphalan’ł 1 50 —5 to ~1 9/10 + 10/10 Poo 10-0 12-0 
| 4 — io— — 0/10 + 10/10 | 10-9 10-8 Tae 
H is soa pares d EIE? 
| | | MERA Takes | Median time to ae 
ji kin gr: —— complete nge 
| | (day 0) i Total | rejection (days) (days) | 
I ` f DEE, AAE NA TTA EEA 
| 5 MTX | 0-75 3 to 21 0/9 + 9/9 | “49 17-22 | 
l 6 | MTX 50 ~5 to -1 4/1l + Ui | 17 12-19 | 
j 7 ‘Melphalan’ 50 | ~5to-1 0/12 + 32/12 | 28 25-33 | 
| 8 a fates ar — H 0/10 i + i 10/16 17 17-19 l 


| 





* The PR-8 (an antifolic-resistant subline of leukemia £1210) was inoculated subeutaneously at a concentration 100 times greater than that required to 


produce 100 per cent tumour takes in normal BALB/e mice. 


+ ‘Methotrexate’ was dissolved in 2 per cent sodium bicarbonate and injected subcutaneously at.a constant volume of 0-01 ml./g bedy-weight. 


‘Melphalan’ was su: 


i 


of BALB/c male mice. 


growth and onset of regression of the local tumour usually 
occur on the 10-12th day, which is within the period of 
time that death occurs in isologous animals inoculated 
with equivalent concentrations of tumour. 

The loukemia £R-8 regressed in 8/10 tuwmour-bearing 
BALB/c control animals (group 4, Table 1). In contrast, 
all the tumour-bearing animals (9/10) treated daily with 
0-75 mg/kg MTX (an optimal therapeutic dose against 
sensitive L1210 in isologous mice) died with progressively 
growing local tumours (group 1). Pretreatment with MTX 
at a dose which was lethal to 20-40 per cent of the mice 

did not suppress the homograft response to FR-8 (Group 
2)... Pretreatment with ‘Melphalan’, however, abrogated 
the homograft response to FR-8; all the tumour-bearing 

‘animals (10/10) died with progressively growing local 
tumours. 

Pretreatment with MTX did not prolong the survival of 
DBA/2 skin homografts on BALB/c mice, whereas similar 
pretreatment with ‘Melphalan’ increased the median 
survival time from 17 days (controls) to 28 days. The 
same post-treatment dose-level. of MTX (0-75 mg/kg) 
which abrogated the homograft response to FR-8 pro- 
longed the survival of skin homografts by only 2 days. 
Thus, the results indicate that, even in a system involving 
minor histocompatibility differences, pretreatment with 
MTX does not alter homograft immunity. Furthermore, 
the immune suppression necessary to abrogate the homo- 
graft response need not be very extensive (that is, the 
homograft response to £1210 was abrogated by a dose of 
MTX which prolonged the survival of skin homografts by 
only 2 days). 

Tho data suggest that a system involving the immune 
response to a tumour homograft could be a sensitive 
indicator for the detection of weak immune suppression. 

J. P. GLYNN 
A. R. Branco 
A. GOLDIN 


Laboratory of Chomical Pharmacology, 
National Cancor Institute, 
National Institutes of Health, 


Bethesda, Maryland. 
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wponded in saline (0:85 per cent) and injected subcutaneously at a constant volume of 0-01 ml./g body-weight. 
Full thickness circular disks of skin (9 mm in diameter) taken from the dorsal surface of DBA/2 males and placed on the lateral aspect of the right thorax 


HISTOCHEMISTRY 


Electron Microscopic Observations of a Dense, 
irregularly Banded Material occurring in Some 
Porcine Muscle Fibres 


A PREVIOUS communication! described the electron 
microscopic changes occurring in porcine muscle which 
had undergono an extremely rapid rate of post-mortem 
anaerobic glycolysis, At that time no evidence was found 
of the dense clumps across the muscle fibres which Bendall 
and Wismer-Pedersen” postulated were denatured. sarco- 
plasmic proteins resulting from rapid glycolysis at a high- 
temperature post-mortem. Since then we have observed 
a dense, irregularly banded substance in porcine muscle, 
but we have interpreted its occurrence in a different 
manner. 

On. two occasions this material has been observed in 
porcine muscle fibres which were taken immediately at. 
the time of death. Subsequent samples from the sam 
area at the onset of rigour and 24-h post-mortem. failed 
to reveal the presence of this material. Therefore, it 





diately at the time of death of the animal or during - 
removal or fixation of the muscle tissue. It is possible 
that the processes resulting in the appearance of this : 
material are reversible. 

Samples were fixed in buffered osmic acid, dehydrated 
and embedded in prepolymerized methacrylate. A thick 
section (Fig. 1) was cut and stained with methylene blue 
for rapid observation under the light microscope and 
thin sections (Fig. 2) were cut adjacent to the thick 
section and viewed in the electron microscope. 

Fig. 1 illustrates the appearance under the light: 
microscope of fibres which contain the dense, irregularly 


banded areas and which are distinct from other fibres.” 


exhibiting only a wrinkled or wavy appearance. . The. 
dark bands run transversely across the fibres and vary 
in width and distribution. : 

Fig. 2 isan electron micrograph of an adjacent section. 
takon at an original magnification of 8,000. The myofibrils 


appear highly contracted with only a short I band ©. 


present and the Z line barely visible. The dark area in - 
the centre of Fig. 2 is very likely analogous to the dense 
areas observed in Fig. 1. 
material to be- continuous with the myofibrils and, 
although not so apparent in this illustration, it hasa 
definite fibrillar appearance throughout. It appears that. _ 
the myofibrillar materia] from a number of sarcomeres 
has ‘piled-up’ in the dense bands. A large amount of . 
granular material is obvious in the sarcoplasm. 

The dense, irregularly banded material described in the 
preceding paragraph. appears to be similar to that de- 









is He 
assumed that the material is the result.of a severe cons 
traction due to stimulation of the muscle either imme- 


Examination shows the dense — 
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Fig. 1. Appearance of dense, irregularly banded material occurring 


in some porcine musele fibres (light microscope) 





Fig. 2. Electron micrograph showing continuous appearance of myo- 
fibrils with dense banded material 


scribed by Bendall and Wismer-Pedersen*. However, it 
is concluded that the structure described here is not com- 
posed of sarcoplasmic proteins, but rather is myofibrillar 
material. Cheney? has reported the occurrence of ‘in- 
cipient retraction clots’ in frog muscle as a result of 
caffeine contraction. These ‘clots’ appear as dense bands 
lying transversely across muscle fibres. We have noted 
some similarities between the fibres herein described and 
the fibre structure during thaw rigor. 

Evidence from the electron micrographs and previous 
reports from the literature suggest that the material 
described here is primarily of a fibrillar nature and is 
associated with the process of contraction. 

It is hoped to publish a complete account of this 
investigation elsewhere. 
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ANATOMY 


Hormonal Control of the Metabolism of 
Cholesterol in the Rabbit Fætus 


EXPERIMENTAL work on tho rabbit and rat fætus by 
Jost? and Hwang and Wells? has firmly established that 
the foetal pituitary thyroid system is functionally inter- 
related before birth, and that the function of the feetal 
thyroid is under the control of the foetal pituitary. In 
addition Geloso® has demonstrated the presence of thyroid 
hormones in the foetal rat. 

However, the functional importance of the foetal 
pituitary thyroid system in the metabolism and develop- 
ment of the foetus is as yet much less well understood. It 
has long been known that the human anencephalic foetus, 
which has a small or absent pituitary, shows a disturbance 
of fat metabolism. Angevine found an increase in the 
subcutaneous pannus of fat in his series of 20 cases*, and 
this finding was confirmed by one of us in a personal 
series®. It was suggested that this abnormality is due to a 
feetal hormonal imbalance resulting from a failure of the 
functional development of the foetal pituitary thyroid 
system since it was shown that foetal hypophysectomy in 
the rabbit results in a significant increase in the total fat 
content of the foetal liver’. Further evidence has been 
provided by Jost and Picon*, who showed that foetal 
thyroidectomy results in an increase of total body fat in 
the rabbit foetus. 

In view of this evidence that the foetal pituitary thyroid 
system may be essential for the normal regulation of 
foetal fat metabolism, we decided to investigate the role 
of the foetal thyroid in the regulation of foetal cholesterol 
metabolism, and in addition to investigate whether the 
foetal pituitary, by influencing the fetal thyroid, is also 
essential for this regulation. 

Work so far has shown that fetal thyroidectomy either 
by a bloc removal of the larynx with the thyroid’, or by a 
precise total thyroidectomy to preserve intact the other 
structures in the neck of the feetus*, results in a highly sig- 
nificant increase in blood cholesterol. In addition, deeapi- 
tation of the foetus through the neck to remove the thyroid 
with the head similarly results in a highly significant rise in 
blood cholesterol’. High decapitation of the fœtus 
through the mouth to preserve the lower jaw and the neck 
of the foetus, and therefore the thyroid, also results in a 
highly significant increase in blood cholesterol’. These 
experiments would indicate that the fotal thyroid is 
essential for normal cholesterol metabolism and that in 
addition the normal functioning of the foetal thyroid, at 
least as regards cholesterol metabolism, is dependent on 
the normal functioning of the feetal pituitary. However, 
the operation for removal of the pituitary and thyroid 
involves decapitation of the foetus, and it is impossible to 
rule out the importance of other structures in the feetal 
head, such as the central nervous system, which could be 
held to be responsible for this alteration in cholesterol 
metabolism. 

To overcome this criticism, and to provide further and 
more conclusive evidence that the foetal pituitary thyroid 
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system is essential for cholesterol. metabolism, it was 
decided to replace thyroid hormone by the direct injection 
into the foetus of thyroxine at the same time as the head 
of the foetus is removed. ` 

A new technique for decapitation. has therefore been 
developed to enable fetal injection to be accomplished 
at the time of the decapitation. As first deseribed by 
Jost?® and used by one of us", the technique for decapita- 
tion involves making a small window in the uterus over 
the head of the foetus, opening the foetal membranes and 
then manipulating the head out of the uterus. This 
method involves some loss of amniotic fluid, and the 
uterme wall may contract and compress directly the 
foetus in the now almost empty amniotic sac. It has now 
been found possible to deliver the head of the foetus out of 
the window in the uterine wall without opening the 
amniotic sac. The amnion remains intact, forming a 
transparent sheath over the foetal head with a thin film of 
amniotic fluid between the amnion and the foetal head. A 
suture is tied around the head with its sheath of amnion, 
and the trunk of the foetus remains within an intact 
amniotic sac inside the uterine cavity. The only amniotic 
fluid lost when the decapitation is performed is the thin 
film between the head of the foetus and its surrounding 
sheath of amnion. 

The injection is made before the head is removed. A. 
fine needle is passed under the suture around the neck of 
the foetus into the subcutaneous tissues of the inter- 
scapular region. The injection is given, the needle is 
removed and the head is then amputated. With this 
technique a negligible amount of amniotic fluid is lost and 
the operated foetus is not subjected to compression by the 
uterine wall. 

Injections of 100-150 ug of u-thyroxine were made into 
nine foetuses at the 22nd-23rd day of development, and 
the foetuses were then decapitated by the technique just 
described. Initially, larger doses were given and this 
resulted in a high fæta] mortality. A dosage below 150 ug 
was not associated with any increase in fcetal mortality. 
The thyroxine was suspended in 0-05 ml.~0-1 ml. of olive 
oil to act as a depot to delay absorption of the thyroxine 
and to avoid the giving of multiple injections into the 
fætus following the decapitation. 

The fetuses were allowed to continue development 
within the uterine cavity for a further seven days, and 
were then recovered by Caesarian section just before term. 
Blood was taken from the nine operated foetuses, and also 
from 32 litter mates for controls, and the serum cholesterol 
was estimated using the method of Abell et al.2?. 

The results of these experiments are shown in Table 1. 

















Table 1, SERUM CHOLESTEROL IN RABBIT FEÆTUSES SUBJECTED TO 
DECAPITATION AND INJECTION OF THYROXINR 

i i | 

| Age at Mean serum cholesterol | i 

Fætuses on No. | (mg/100 ml. + S.E. | 

Decapitation and injec- | i | 

tion of thyroxine (at Í 

22-23 days) 29-30 days 98-114 £697 | 

| Litter-mate controls | 20-30 days 32 | 96-09* £367 | 

i i | 


i 





* These differences are not significant. 


The decapitated fætuses continued to grow within the 
uterine cavity and showed no difference in size, judged by 
weight from the litter-mate controls when allowance wes 
made forthe head. This confirms earlier reports on foetal 

“growth as judged. by weight following decapitation?» 

It is seen (Table 1) that the decapitated foetuses injected 

‘with depot thyroxine did not show any alteration in 
cholesterol metabolism compared with the litter-mate 
controls. The injection of thyroxine into the operated 
foetus ‘thus effectively abolishes the increase in serum 
cholesterol which occurs following decapitation. This 
work therefore adds further evidence for the view that the 
fetal thyroid is essential for normel regulation of footal 
cholesterol metabolism. 
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PATHOLOGY 


Effect of Age on the Acidophilia of Aortic 
Elastin 


Acın dyes at high alkaline pH (8-10-5) have been found 
by us to stain aortic elastin in a variety of different: 
mammals (see also Spicer and Lillie). Bromphenol blue 
is the best dye for the purpose, as it is less easily removed 
by subsequent dehydrating alcohols. Our attention has 
been directed to the effect of somatic age on this elastin 
stain. If one compares formol-fixed aortie elastin. of a 
human infant with the same structure in a 70-year-old, 
bromphenol blue stains the elastin of the aged aorta less 
intensely than the juvenile one. 

Of more importance than this gradient. of intensity is’ 
a considerable difference in the ability. of the elastin’ to 
retain the stain under running tap water or in distilled 
water. In the case of the aortic elastin of the aged subject. 
most of the stain has disappeared after 4-1 min of such 
treatment. The young aorta retains it usually up to 24 h 
and sometimes up to 5 days. 

As the water-leached aortæ can be readily ro-atained 
and the differential gradient again demonstrated, we do: 
not consider the effect is due to aqueous extraction of 
some unspecified substrate in the elastin. The explanatiori 
presumably lies in the quantity of substrate present or 
in the linkage between it and the dye. The development 
of an inhibitor substance with increasing age has also. to 
be considered. 

An experiment has been devised to show more precisely 
the age range of this leaching phenomenon. Two hundred 
human aorte were taken at random from consecutive 
autopsies, the thoracic portion selected, and atheromatous: 
patches so far as possible avoided. Only the age of the 
subject was considered. Other factors such as sex and 
cause of death were ignored. 

In each case the fixation was formol-saline, parafin. 
sections were cut at 5-7u, stained with bromphenol 
blue (B.D.H. indicator) freshly made up at 0-025 per cent 
in Sorensen buffer pH 8-2, for 10 min. The elastic lamina 
were then examined under low power with the staining 
solution still on the ‘slide. . Brief rinsing followed in tap 
water, and transference to distilled water. Afterwards the ` 
elastin was examined under low power after 1, 5, 15 min 
and 20 h (overnight). Results were assessed as 0=no: 
stain, + =faint or patchy stain, + = definite stain. ~~ 
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Table 1. 


Appearance 
No. of immediately Imin 6min min 20h 
Age aortas ter in distilled water 
examined staining 
40-100 y. 159 + 0 Q 0 tt) 
or rarely 
+ 

Less than 1 y. 2 -+ + + - _ 
17 + + + + + 





Table Qe Water LEACHING OF Human Aortic ELASTIN STAINED BY 
BROMPHENOL BLUE 


Detail of intermediate age group 1-40 





Appearance 
immediately 1 min 5 min 15 min 20 h 
after staining in distilled water 
+ 6 0 0 p 
+ + 0 0 0 
cok G 0 0 0 
a t 0 0 0 
Seger +. E 0 0 
+ + (H 0 0 
a bide 0 0 0 
of + 0 0 0 
+ + + 0 Q 
Fa +$ + 0 0 
+ + a Q 0 
t + 0 0 0 
+ + 0 0 0 
+ x 0 0 0 
+ + 0 0 0 
a + + $ 0 0 
+ + + 0 0 
& + + + 0 a 
5 + + + 0 0 
3 + + + + + 
2 + + + + + 
; + + + + + 


; “Table 2 shows the individual results of elastin leaching 
in the intermediate age-range 1-40, designed to demon- 
_ strate how the adult pattern changes to the juvenile. The 
_ small number of cases in this important range is regret- 
_ table, but reflects the fact that these ages seldom reach 
< post-mortem. 

= ‘The general trend is clear. In the infant, bromphenol 
_ blue staining of aortic elastin resists water extraction 
_ almost indefinitely. This stability diminishes rapidly as 
|. the somatic age rises to 5, and fades out at an upper level 

“somewhere in the third to fourth decade. 

We thank the pathologists and staff at the Royal 
Children’s Hospital, Royal Melbourne Hospital, and City 
_ Morgue, Melbourne, for help in collecting the aorte used 
in this experiment. 






D. W. MENZIES 
dJ. T. ROBERTS 
Department of Pathology, 

University of Melbourne. 


: 1 Spicer, 8. S., and Lillie, R, D., Stein Technol., 86, 365 (1961). 


Skin —SH Levels of Mice 


-> During. the examination of changes in the soluble 
_ sulphydryl content of mouse skin produced by application 
_ of polyeyclie hydrocarbons it was noted that the result 
froma sample {pool of two animals) taken from a larger 
group. occasionally differed significantly from the mean 
_o-~SH for the larger group, The possibility existed that 
_ those animals the skin —SH of which differed from the 
< mean were of different age or had skin with hair in more 
_ than one stage of growth. Consequently, untreated mouse 
_ skin from mice of varying age, sex, strains, and stage of 
_ hair cycle were used to investigate factors determining 
_ soluble sulphydryl content of mouse skin. 

= Mice of both sexes of 3 different strains and one hybrid 
were used. Just prior to killing, the dorsal skin was 
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clipped with electric clippers and, to secure a 
sample, pairs of mice (except for one group): 
the hair of which appeared to be entire. 
(resting) phase of the hair cycle. At this stage 
of the mouse is thin and the hair follicles are inact 
situated high in the corium, without extending 
the panniculus adiposus. Immediately after a 
killed by cervical dislocation, the dorsal skin 
and scraped free of fat and areolar tissue 
The skins were minced with scissors, and were 
to a Potter—Elvehjem homogenizer immersed in ice 
The tissue was homogenized in 10 ml. 2-5 per cent aq 
sulphosalicyelic acid to precipitate. the protein, 
solution being saturated with ethylenodisro is ‘Ea 






















the suspension was paar The —SH con 
filtrate was determined with 0-001 N silver ni 
ing a modification of an amperometric titration de 
by Kolthoff and Harris, Benesch and Benesch, 
Bidmead and Watson!*, The —SH. content was calc 
in units of ug per 100 mg wet weight of skin., 













Table 1. SOLUBLE SULPHYDRYL CONTENT OF MovsE BRIN OC 
Strain Age (months) Sex Pairs of mice “SH 300: ii 
(web weigh : 

CAP, 1 M 8 Pl Ee ey 
CAF, 1 F 8 788E OS: 
CAP, 35 M 29 FILLOL 
CAF, 3-5 F 68 HHS + 23 
CAF,* 35 E 5 S452) 

CAF, 6 M 7 Fot 

CAF, 6 F 8 pa 

CAF, 12 M 6 ae 

CAF, 12 F 5 B 

Cc 3-5 M 5 Be 

3-5 E 5 4: 

C5,B1/6 35 M 5 EA 

Cs81/6 3-5 F 5 g” 

DBA}? 35 M 5 3: 

DBA{2 35 F 5 5 
* Skin in anagen stage, tested 14 days after plucking. 
+ Mean and S.E. 


The —SH content of skin of 3-5-month-old CAF, female 
mice killed at daily intervals for 5 days after ali ng 
remained within the normal range of 3°5-month-old fernale 
CAF, mice and showed no tendency to rise or fall. ‘Thus 
it was concluded that clipping did not. significantly 
stimulate hair growth or epidermal hyperplasia. 

Table 1 presents the results obtained for the warigus 
experimental groups. The mean —SH content: in females 
appears to exceed that in males at all age-int 
tested. The results obtained with the CAF; mic 
that the greatest drop occurs during the first 
of life. The presence of a high —SH content in p: 
tissue emphasizes the importance of --SH. co 
pome cellular metabolism. Results from differe 











mules and 4°53-6-35 ug for females, thè hes 8 
being found in the 0,,B1/6 mice. In one experime 
dorsal hair of 3 month old CAF, femalo mice was pl 
and permitted to grow again for 14 days before 
were clipped and killed. Those animals the hair of which 
was in an active growth-phase (anagen. stage) all bad 
thicker skins, thicker hair follicles, and ample development 
of subcutaneous fat, compared to the other mice nsed. 
The thickened skin had a mean -—SH. content higher than 
the corresponding mice whose hair was in the télogen 
stage; in fact, the --SH content was within the range 
found for CAF, males 1 month old. 

The relationships found in the foregoing experiments 
indicate that variations in —-SH level mey occur es a 
result of a number of controllable factors. Additional 
experiments have demonstrated that application of 
analytical reagent acetone alone to the clipped ? 
produces no detectable change in —SH content. The 
application of carcinogens, 0-1 per eent 7,1 
benz(a)anthracene or benzo(a)pyrene in: 
mice produces an —SH content great } 
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controls. 

carcinogens on the ~-SH content increases with age. 
JosEPH A. DrPaoto 

Roswell Park Memorial Institute, 
New York State Department.of Health, 
Buffalo 3, New York. 

: Benesch, R., and Benesch, R. E., Arch. Biochem., 19, 35 (1948). 

* Bidmead, D. S., and Watson, D., J. Clin. Path., 6, 80 (1952). 

* Kolthoff, I. M., and Harris, W. E., Indust. Eng. Chem.,18, 161 (1946). 


RADIOBIOLOGY 


Role of the Genotype in Controlling 
Accumulation of Strontium-89 by Plants 


Tae entry of radioactive materials into the food-chain 
from soils contaminated by intentional or accidental 
explosion of atomic devices is a potential hazard worthy 
of considerable attention. Once deposited in the soil, 
the isotopes are taken up by plants from which they may 
pass directly to man or to animals and then to man. 
Within the body, serious damage can result from levels of 
radioactive material that would be trivial as a source of 
external radiation. Much research has been done to find 
ways of reducing the movement of radioactive isotopes 
into plants. Because of its relative abundance, long 
half-life, and site of deposition in the body, strontium-90 
has received more attention than other fission products. 
Factors known to influence strontium-90 uptake from 
contaminated soils are soil type, organic matter content, 
method of cultivation, calcium content, and fertility 
level??, A number of investigators®* have reported that 
plant species differ in amount of strontium-90 that they 
accumulate from the soil and that plant parts may differ 
in content of strontium-90. 

In 1960 Myers’ suggested that entry of radioisotopes 
into the food-chain could be reduced by using plants 
that would take lower than normal amounts of the 
material from the soil or that would deposit the material in 
plant parts that would not be utilized for food. The 
suecess of this approach depended on finding genetically 
controlled differences for isotope accumulation. A recent 
‘investigation® revealed major differences for accumula- 
tion of strontium-89 among varieties in three plant species 
-~barley, wheat, soybeans. In these investigations the 
observed differences were for strontium-90 content in 
grain. This communication is concerned with genetic 
control of accumulation of strontium-89 in stems, leaves, 
and grain. 

Six varieties of barley and of wheat known to differ 
for accumulation of strontium-89 in the grain were used 
in the work. Plants were grown in the greenhouse in 
pots containing 4 Ib. of soil to which 25 ue. strontium-89 
was added prior to planting. Strontium-89 was used 
rather than strontium-90, which is of greater concern, 
since strontium-89 is easier to handle experimentally. 
They are assumed to be chemically and biologically 
similar. Two plants were grown in each pot and there 
wore five pots of each variety. The soil was a mixture of 
3 parts Waukegan silt loam to 1 part sand. Soil analysis 
revealed 11-9 and 0-03 m.equiv. of exchangeable calcium 

and strontium respectively, per 100 g of soil. Content 
of strontium-89 in stem, leaves, and grain was determined 
“using a l-g sample of finely ground material. The ground 
material was ashed and assayed using a Geiger—Miiller 
detector... Observed disintegrations were corrected for 
-o baékpround, counting efficiency, self-absorption, and. 
decay whero appropriate. 

“The activity. of strontium-89 found in grain, stems, 
and leaves of the two species is given in Table 1. In each 
species the highest concentration of strontium-89 occurred 
in the leaves. [he stems were intermediate, and the 
grain contained the least activity: For barley and wheat 
the average activity of strontium-89 per gram dry matter 
in the grain was only 3 per cent of that found in the leaves. 


In CAF, female mice the effect of these Table 1. 


a June 8, 1963 vce ; 


AVERAGE SrRONTIUM-89 AOTIVITY -(DI18./SEC/G DRY MATTER) x 











PLANT Pants OF BARLEY AND WHEAT VARIETIES 

i Variety Grain Stems Leaves 
y 

Dorsett 110 332 2,682 
Anoidium 105 856 2,309 
i 87 1,062 4,487 
Trebi 78 274 1,777 
Vantage 7 625 3,109 
Tregal 49 493 2,339 
Average 84 524 2,784 
(P tandard error* 9 62 283 
Kentana 52 106 1,026 3,815 
T E ia 
Cadet 76 290 2181 
Carleeds 49 799 2,484 
Great Northern 4i 347 1,918 
Average 74 563 2,410 
Standard error* 6 78 “247 


* Standard error of variety means. 


The stems of barley and wheat contained 22 and 26 per 
cent, respectively, of the activity found in the leaves. 

Varieties within each species differed significantly 
for strontium-89 activity in grain, stems, and leaves. 
Tho finding of significant differences in the grain is in. 
agreement with previous work*. For stems and leaves 
the barley variety, highest in strontium-89. activity, 
exceeded the lowest by a factor of 3-8 and 2:5, respectively. 
For wheat stems and leaves, the high variety had a 
strontium-89 activity exceeding the low by a factor. of. 
3-5 and 2-2, respectively. Amounts of strontium-89 
activity in the grain were not associated with activity 
in stems. There was an association between. activity’ 
of strontium-89 in the grain and leaf tissue in wheat 
but not in barley. In each species, strontium-89 activity 
in stems and leaves was positively associated. Correla- 
tion coefficients for association between the components 
are given in Table 2. 


CORRELATION VALUES FOR ASSOCIATION OF STRONTIUN-S9 
CONTENT AMONG PLANT PARTS 


Table 2. 


Correlation between Barley Wheat 
Grain and stems - ra 05 0-28 
Grain and leaves 0-08 0-52 * 
Stems and leaves 0-77 * 0-64* 


* Significant 1 per cent level. 


The results verify the earlier finding’ that large geno- — 
typic differences exist for strontium-89 accumulation | 
in the grain and further indicate that accumulation in’ 
stems and leaves is subject to significant genotypic — 
control. The mechanism which causes one genotype to | 
accumulate more strontium-89 than another is not known, 
but it is likely that the genes in the various varieties | 
affect both absorption and transport. Differential trans- 
port in tho differont genotypes is suggested by lack of 
association between strontium-89 content in the various 
plant parts. Suggestive of differential absorption is. the — 
observation that certain varieties contain more strontium- 
89 in all plant parts than do other varieties. The mag- 
nitude of the differences in strontium-89 content among _ 
the varieties. studied indicates that the hazard associated — 
with radiostrontium in the soil can be reduced. This _ 
could be done by growing varieties that absorb low. 
quantities of strontium or by growing varieties that 
accumulate low concentrations of strontium in plant 
parts used for food. 

This work was supported. by the U.S. Atomic Energy- 
Commission. EERU 
D. C. RASMUSSON 
L. H. SME = 
W. M. Myers 
Department of Agronomy and Plant Genetics, 

University of Minnesota, St. Paul. 


1 Niit te Ty Romney. E. M., and Larson, K. H., Agric. and Food Chem.. 

+ Reltemeier, R. F., and Menzel, + Seventh Intern, Congr, Soi: Sei. 
Madison, Wisconsin, August Ra "1060. 

* Evans, E. J, and Dekker, A. J., Canad. J. Plant Sci., 42, 252 (1962), 

4 Vose, P. Ro and Koontz, H. V., Hilgardia, 29, 575 (1960). oS 

5 Myers, W. M., Radioisotopes in the Biosphere (Univ. of Minnesota Prose, 
Minneapolis, 1960). 

* Rasmusson, D. C., Smith, L. H., and Myers, W. M., Crop Sei., 8; 34 (1988). 
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Swimbladder in African Notopterid Fishes 


ALTHOUGH the swimbladder has been investigated 
thoroughly in the three Asian species of Notopterus'-, 
it has not been described in the African species (N. afer) 
or in the monotypic African genus Xenomystus nigri. 
Authors have tacitly assumed that the swimbladder is 
similar in African and Asian members of the family, 
but this is not so. I have had occasion to examine the 

i in Notopterus afer and Xenomystus nigri, 
and I found several striking differences, both between 
the two genera and between N. afer and its Asian con- 


geners. 

The most outstanding characters of N. afer are the 
two pairs of extensive intracranial diverticula from the 
swimbladder (Fig. 1); in the Asian species the single 
anterior (auditory) cecum of each side is extra-cranial 
in position even though it is partly overhung by certain 
skull bones. The larger diverticulum of each lateral 
pair is post-cranial in origin, and enters the skull by a 
foramen shared with the vagus nerve. After a short, 
narrow passage through the exoccipital bone it expands to 
fill a large sub-spherical space which occupies the posterior 
quarter of the skull above the ear and brain. A posterior 
semi-circular canal passes through each chamber, the 
median walls of which are in broad contact but are imper- 
forate. The second diverticulum of each side is derived 
from the extracranial and so-called auditory cecum of 
the bladder. A short distance anterior to the point where 
it gives off a dorsally directed bulge to the auditory 
fenestra, the main body of this cecum swings medially 
and passes into the skull, thenceforth leading forwards as 
a moderately narrow tube. In its intracranial passage 
this diverticulum is closely applied to the pro-otic, 
pterosphenoid and part of the orbitosphenoid bones. 
Medially, the tubes of each side are separated by a 
low ridge of the parasphenoid. Entry into the skull is 
effected through a large foramen formed between the 
lateral aspects of the parasphenoid and the pro-otic. 
In Asian species the two bones are united in this area by 
means of a deep vertical articulation. The anterior- 
most tip of this forward diverticulum lies slightly ahead 
of the orbitosphenoid—pterosphenoid articulation and 
is thus within the orbital region. Both diverticula 
are formed entirely from the thin internal tunic of the 
bladder. The presence of such spacious intracranial 
vesicles has, of course, led to certain osteological differ- 
ences, specially in the posterior region of the skull where 
the bone is very thin and the whole cranial vault markedly 
bullate. 


Other characters in which the swimbladder of N. afer 
differs from that of the Asian species are: (1) The caudal 
cæca extend to the posterior tip of the body; consequently 
the number of ventral diverticula is greatly increased 
(c. 120, ef. 14-18). (2) The posterior half of the abdominal 
part of the bladder consists of separate left and right lobes, 
closely adherent to one another but nevertheless separable. 
(3) Internally, the left and right divisions of the bladder 


of left a lobe; OBS, oblique 
pneumatic bose SD, upper intra- 


maa ad A A 

ransverse um (cut); 4 

cranial diverticulum, 
d 
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(c. x $) 
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tum; O, œsophagus; P. aena g R g &. 
, bony portion of median septum. (e. x1) 


are more completely sealed off from the unpaired anterior 
part than is the case in the Asian species; in the latter 
an oblique transverse septum seals off the left-hand 
division, but in N. afer the septum extends right across 
the mouth of both divisions leaving only a small, ventrally 
situated common entrance channel to the two parts. (4) An 
epiglottis-like structure is present i iately anterior 
to the inner opening of the pneumatic duct; this body 
ean occlude, simultaneously, the openi of the duct 
and the common opening of the left and right bladder 
lobes; no such body occurs in the Asian species. (5) The 
heads of the first seven or eight ribs are enclosed by the 
swimbladder wall; in the Asian species the ribs closely 
cradle the bladder, but are nowhere encased by it. 

Despite these differences, the fundamental ‘bauplan’ 
of the swimbladder is similar in the African and Asian 
Notopterus species. In distinct contrast, the bladder of 
Xenomystus nigri shows fewer common fundamental 
characters, although it is possible to see its relationships 
with the Notopterus-type of plan. The most obvious 
difference between the swimbladders of Notopterus and 
Xenomystus lies in the absence, in Xenomystus, of capa- 
cious abdominal and cranial sections anterior to the 
entrance of the pneumatic duct (Fig. 2). In this fish the 
anterior part of the bladder is continuous with the pneu- 
matic duct, and the auditory connexion is represented 
merely by a thick-walled, narrow tube arising from the 
dorsal surface of the bladder slightly posterior to the 
distal end of the pneumatic duct. A diverticulum of 
tunica interna from this tube is associated with the 
auditory fenestra of each side in a manner essentially 
similar to that of Notopterus, but there are certain 
differences of detail. Since the tunica externa (which in 
Notopterus forms the lateral wall of this diverticulum) 
is ossified, the diverticulum appears to be intracranial 
but it is still lateral to the outer wall of the basioceipi 
A very small but truly intracranial vesicle is 
from the anterior part of the auditory cecum; however, 
it barely leaves the otic region of the skull. 

The internal arrangement of the swimbladder is very 
different from that of Notopterus afer but shows some 
affinity with the condition obtaining in the Asian species 
of that genus. There is a single abdominal chamber 
completely divided into two parts over most of its length 
by a thin-walled, vertical and paramedial septum. The 
free anterior margin of the septum is slightly bowed and 
immediately behind it a long, triangular and very thin 
piece of bone is embedded in the septum (Fig. 2). Poster- 
iorly, the septum is joined to the enlarged first anal 
pterygiophore which forms the hind limit of the abdominal! 
eavity. Beyond this point the swimbladder splits into 
two lateral caudal ceca of a typical notopterid form. 
The length of each cecum is about 60 per cent of the 
post-abdominal body and ventral diverticula are given 
off over its entire length, there being about seventy-two 
diverticula in a specimen 154 mm long. 

In both Notopterus afer and Xenomystus nigri there are 
suggestions of sexual dimorphism in certain aspects of 
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swimbladder anatomy; these points require checking 
on a larger series of specimens. A paper is in preparation 
which deals with the anatomy of the swimbladder in these 
species and with the taxonomie implications of the 
differences outlined here. 


Department of Zoology, 
British Museum (Natural 


History), 
Cromwell Road, London, 8.W.7. 
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Absorption of Vanadium by Tunicates 


Tue accumulation of vanadium by certain species of 
tunicates is a case of extremely selective absorption 
of a rare element from the seat, where it occurs at its 
highest valency: as vanadate anion or perhaps vanadyl 
cation’. In tunicate tissues the chromogen, hæmo- 
vanadin, is a reducing substance containing trivalent 
vanadium complexed with sulphate and chelated with the 
amino groups of protein’, The reducing properties 
facilitate the detection of vanadium in electron-micro- 
graphs of tissues fixed in osmic acid. It has been sug- 
gested’ that the surfaces of blood cells bind vanadate 
that has entered the blood plasma without any selective 
absorption. My evidence pin-points the site of chelation 
in the blood cells and suggests selective adsorption of 
vanadyl ions. 

Electron-microscopice studies confirm that vanadium 
becomes reduced and concentrated in the blood cells. 
Fig. 1 is an electron-micrograph of a vacuolated amoe- 
bocyte from Ascidia pygmaea Michaelson, in which accum- 
ulation, reduction and precipitation of vanadium is 
taking place, not on the cell surface, but on the membranes 
of cytoplasmic vacuoles m,, me and My. 

It has been assumed that the state of the element 
in the sea was anionic’, although Bertrand‘ has suggested 
that it might occur in the sea in a form other than vana- 
date. 

Preliminary determinations of the ionic form of vana- 
dium in sea-water of the Indian Ocean were made at the 
Estação de Biologia Marítima, Inhaca Island, Mocam- 
bique, by means of the ion flotation technique of Sebba, 
who has shown that “vanadyl ions under conditions of 
pH near neutrality can be floated using an anionie col- 
lector’’. 

About 500 1. of water were floated with anionic potas- 
sium laurate and with cationic lauryl pyridinium. The 
scum was collected, ignited and analysed spectrographic- 
ally. An amount of 10 mg ignited scum contained 0-011 
mg vanadium, that is, 0-11 per cent, giving a recovery of 
vanadyl ions from sea-water of 2 x 10- p.p.m. 

Prelimi results with the cationic collector were 
negative, but this does not exclude the occurrence of 
vanadate, and the investigation is being continued. There 
can be no doubt, however, that at least a proportion of 
the vanadium in the sea is present as vanadyl cation. 
At the dilution found in the sea, there is probably an 
equilibrium between vanadyl] and vanadate ions. 

Tho sea itself is an adequate source of vanadium 
since the flow of water is considerable’. The mucin on 
the p surface was demonstrated to be the site of 
adsorption by means of autoradiographs’. 

Cell membranes are readily permeable to anions. 
Vanadate is, in fact, easily absorbed by respiratory sur- 
faces in industrial vanadium poisoning. It has been used 
in absorption experiments in tunicates‘, although the 
clearance of vanadate was very low. Selective absorp- 
tion, however, requires a unique preferential adsorption 
mechanism for specific cations. 

Fig. 2 is an electron micrograph of non-ciliated pharyn- 
geal cells, which separate sea-water from the blood plasma, 
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. Electron-micrograph of a ong amoebocyte of Ascidia 
Born. gsm an, Yael mem wheels WI. CONN ns id 
min). mM, m, and m,, vacuolar a roe which collect and reduce 


in the same species. The cells are coated on the outer and 
inner surfaces with electron-dense granular material. 
The outer coat has been shown by staining“ to be acid 
muco-polysaccharide of pH 6-0, while that on the inside 
is neutral mucus. Tho uneven outlines, long processes, 
deep indentations and pinocytotie vacuoles (P.V.) 
suggest dynamic function. 

It is suggested here that, in addition to a certain perme- 
ability to vanadate, the initial capture of vanadium is by 
the preferential linking of vanadyl ions from the sea 
with the sulphate groups in the acid pharyngeal mucus. 
When the mucus is neutralized it passes by pinocytosis 
into the blood plasma and is available to the amoebo- 
cytes. In vitro chelation of trivalent vanadium together 
with sulphate in a compound with properties similar to 
hemovanadin has been accomplished, starting with 
electrolytically reduced vanadyl sulphate’. The initial 
combination with sulphate, in vivo, would ensure the 
participation of both in the pigment. As vanadyl ions 
are removed the equilibrium with the vanadate, which 

may have penetrated into the blood plasma by anionic 
permeability, would be shifted, so that chelation in the 
amoebocytes would be rapid. 

Such a participation of vanadyl ions would partly 
explain the low clearance rate and the inability of phos- 





Fig. 2, Electron- ‘aph of pharyngeal cells. S.W. Bee pler Spaen; 
BE blood space; P.V., sas bait vacuoles; Mit., m tochondria ; 
N, nw 
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phate ions to inhibit completely the uptake of vanadate 
-m ascidians in Goldberg’s experiments. The formation of 
vanadyl sulphate on mucin also makes possible the forma- 
‘tion of the complex without the presence of free sulphuric 
acid, which appears to be absent at that stage®. 
Vanadium-collocting tunicates have a sulphate content 
in the blood plasma equal to half that of the sea, although 
in respect of other ions there is no difference'. Radio- 
active sulphate is taken up preferentially in sulphated 
- -gauco-polysaccharides by mammals*. It seems reasonable 
_to suppose that the sulphate of sea-water is incorporated 
into tunicate mucin and then transferred with vanadyl 
io! ‘pinocytosis: of mucin via the pharyngeal epi- 
| vacuolar membranes of the amoebo- 
the chelated compound is formed. 
hank Prof. F. Sebba, the Portuguese authorities 
and the Central Metallurgical Laboratory, Johannesburg, 
< for assistance. 
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Fasciola hepatica L., a Tissue Feeder 


.  Apout two years ago I published in these columns a 





account? of the burrowing and feeding activities 
of juvenile forms of Fasciola hepatica in the livers of 


_ mice. This note was based on a more detailed study which 
_ proved that these young flukes eat their way through the 
- liver, feeding chiefly on hepatic cells?. The oral sucker 
| uis used to pinch and burst hepatic cells one by one, and 
>a homogenate of liquid cytoplasm and broken tissue is 
aspirated by the pharynx and ingested. By the time the 
_ fluke has just entered the liver some hundreds of hepatic 
_ cells have been excavated in this way, and as the fluke 
grows an enlarging oral sucker broadens the burrow so 
hat the toll of hepatic cells becomes enormous, even 
_in moderate infections. Burrowing involves damage to 
sinusoids and consequent hemorrhage and some blood is 
ingested; but the young fluke is a tissue-feeding animal 
- in the true sense of the term and not a blood feeder as is 
- commonly supposed. 
_ My work on Fasciola has now advanced to the point 
at which there is or will soon be published information 
_ on growth and maturation*-‘, the passage of juveniles 
- through the intestinal wali of the host®, features of bile 
_ duct histology which have some bearing on the mode of 
_omutrition of adults* and the nature of liver damage during 
_ early and late stages of liver invasion’. It has also become 
apparent that the secretory cycle in the cecal epi- 
-thelium of flukes of all ages is of the apocrine type’. 
_ ‘This experimental work has been conducted chiefly with 
‘mice, which are valuable hosts under conditions of light 
_ infeotion. The administration of 5 metacercarial cysts 
->to each host yields up to 5 mature flukes in infections of 
five weeks’ duration, that is, much sooner than in rabbits, 
sheep and other hosts*. The fourth and fifth weeks of 
infection are critical for the hosts, mice then often dying 
as @ result of serious liver damage: but mature flukes 
_ have been recovered from mice which at autopsy showed 
< only insignificant liver damage after 20 weeks. During 
-> the critical period, flukes may live in blood-filled spaces 
in the liver but growth is then reduced in amount and 
may even cease, indicating that blood is not a satis- 


NATURE 


lell 











factory diett. Moreover, liver damage during the « 
period is not wholly attributable to the feeding activities 
of the fluke but is due partly to intense leucosytic n 
filtrations which characterize the inflammatory resection: 
at this time’. peor 

My study of the migration of young flukes: through ti 
intestinal wall of the host during the first day of m ont. 
in the mouse has provided irrefutable proof of 
feeding habits of the young liver fluke. Newly 
forms have oral and ventral suckers the prime fu 
of which are adhesion to and locomotion over PS 
substratum. For some weeks or even months e 
exeystment these young flukes have been confined to 
their cysts, so that a low state of nutrition may be pre- 
sumed to impel them to seek a substratum over which to 
ereep and browse. They settle on the lining of the in- 
testines and very soon browsing has produced incal 
breakdown of epithelial cells and enables them to enter 
the mucosa as they continue to feed. 

This is an event which never occurs during the eni ire 
life-span of the vast majority of trematodes of more than 
one hundred families, and it must be correlated with the 
potency of the fluke’s digestive secretions, a subject which 
awaits investigation. The young flukes make tortuous 
burrows in the mucosa, sometimes lodging temporarily 
in the villi, and then eat their way through the muscle 
layers and the serosa. Much photomicrographisal, evi 
dence supports the observation that these juveniles | 
down epithelia, connective tissues, unstriped minscle 
fibres and other tissues and feed on the products of their 
activities on the first day following excystment.. Vor 
example, within the burrow which is formed in the muscle. 
layers there are the remains of broken cells in the wake 
of the young flukes, the cæca of which contain clea 
recognizable fragments of unstriped musel, Att 
emerging in the abdominal cavity the flukes browse on the 
serosa and when taken from hosts treated before infec- 
tion with intra-vital dyes show in their exca stained frag- 
ments of this tissue**. In travelling over mesenteries the 
flukes often enter lymph nodes and adipose tissue, the 
cæca then containing masses of lymphoidal cells and tissue 
fragments respectively. The tissue-feeding habit which 
has thus been demonstrated conclusively is probably 
carried over from larval life, because it is practised in, a 
modified form by miracidia during penetration into 
snails, by rediæ in the digestive glands of their hosts 
and during excystment by the juveniles (metacercaria) 
which literally eat their way out of their cysts*. 

There is some evidence which indicates that adult. 
fiukes in the bile ducts of vertebrate hosts sustain. 
tissue-feeding habit®. When immature flukes are ini 
ing the liver parenchyma the biliary epithelium bee 
hyperplastic and the underlying connective tissus fi 
Consequently, the substratum which is available t 
when they enter the bile duct comprises a very thick 
folded compound epithelium underlain by an egui 
thick layer of fibrous tissue, not a simple epithelium wit, 
vascularized sub-epithelial tissue, as many parasitologivte 
seem to suppose. The adult flukes are widely separated 
from the blood vessels of the biliary system by a mass of 
hyperplastic and fibrotic tissues. 

This pathological condition arises in clonorchinsis, 
opisthorchiasis and dicrocceliasis, as well as in fasciolia- 
sis. In some instances adenomatous tissue produces a 
mucin-like substance in copious amounts but in any case 
(and in rats, rabbits and sheep as well as mice) the epi- 
thelium is completely abraded superficially by the action 
of the cuticular spines of the fiuke and often further 
denuded by the suckers. Drifts of abraded tissue debris 
oceur in the lumen of the bile duct, and the ewmea of th 
flukes contain similar materials. As denudation continue 
the damage is repaired by a regenerative process. D) 
hyperplasia of the bile duct and the fibrosis. of dee 
tissues has been noted by other investigators, but 
seems to have related this condition with the nut: 
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the feeding activities of the fluke. These investigations - 
havo led me to the conclusion that flukes enter the biliary. 


system at a time when continued feeding on hepatic cells 
would greatly endanger the life of the host, and that as a 
result of the inflammatory reaction the flukes are provided 
there with a ‘pasture’ of tissue on which to feed... In 
moderate infections, these conditions tend to favour the 
maintenance of a well-balanced host-parasite relation- 
ship, whereas a blood-feeding habit could scarcely be 
expected to sustain either the parasite or its host. 
Ben Dawes 
Department of Zoology, 
King’s College, 
London, W.C.2. 
t Dawes, Ben, Nature, 190, 646 (1961). 
* Dawes, Ben, J. Helminthol, (R. T. Leiper Supp.), 41 (1961). 
4 Dawes, Ben, J. Helminthol., 36, 11 (1962). 
* Dawes, Ben, Trans. Roy. Sec. Trop. Med. and Hyg., 58, 13 (1962). 
* Dawes, Ben, Parasitology, 58, 109 (1963). 
* Dawes, Ben, Parasitology, 53, 123 (1963). 
* Dawes, Ben, Parasitology, 58, 185 (1963). 
* Dawes, Ben, Parasitology, 52. 483 (1962). 


Breakdown of Polyvalent Tolerance in the 
Chicken by Thymic Grafts 


PoLyVALENT immunological tolerance of - varying 
degrees to histocompatibility antigens can be induced 
in non-inbred recipients by the neonatal injection of 
pooled cells from a wide range of donors. This was demon- 
_ strated by Hasek and Haskova! in ducks, Koldovsky? 

and Billingham and Silvers? in rats, and by Lengerova‘ 
in mice. All these workers used the acceptance of skin 
homografts as the criterion of tolerance. 

A more complete form of polyvalent tolerance has 
been demonstrated by Hilgard et al.5. By prenatal admin- 
istration of embryonic spleen cells, non-inbred chickens 
can be rendered tolerant to histocompatibility antigens 
in the sense that their circulating leucocytes are incapable 
of producing focal lesions on the chorioallantoic membrane® 
of any embryo in the population of non-inbred birds 
used. It was evident that this tolerance was lost with 
time, so permanent chimeras were probably not formed. 
However, during the period of the tolerant state, no foci 
were produced on any membranes. With the cell dosage 
we have used in inducing tolerance, reactivity begins to 
return at about 4-6 weeks, and by 3-4 months nearly 
complete reactivity is established. It was previously 
shown’ that the large lymphocytes are the cells in blood 
responsible for initiating these lesions, the normal value 
being about 1,000-3,000 large lymphocytes per focus, 
and this eriterion is used as the index of reactivity. 

The origin of the chorioallantoic membrane reactive 
cell is at present unknown. Genetic investigations®.* 
have indicated that both the rejection of skin homo- 
grafts, B-isoagglutinin production, and the initiation of 
chorioallantoic membrane lesions, are directed towards 
the same histocompatibility antigens. However, in 
an examination on the immunological competence of 
neonatally thymectomized chickens", it was found that 
despite an impaired capacity to reject skin homografts, 
chorioallantoic membrane competence was unaltered 
in terms of cells per focus, although the actual numbers 
of chorioallantoic. membrane reactive cells and lymphoid 
-colls generally in the bird were reduced. It was also 
- found that in a group of birds deprived of bursa and 
‘thymic cortex by the embryonic injection of testosterone, 
although skin homografts were permanently accepted 
the chorioallantoic membrane competence was again 
unaltered#, It has also been found that thymic cells 
from 1-3 month old birds are incapable of producing 
-chorioallantoie membrane lesions. These investigations 
therefore seemed to indicate that the chorioallantoic 
membrane reactive cells belonged to a third population 
-of immunologically competent cells. 
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-This communication presents the results obtained by 


grafting a thymus into polyvalent tolerant birds. As. 
most polyvalent tolerant birds accept a skin graft in the 


-first month, it was folt that a thymus graft should also be: 


accepted by the recipient. 


Table 1. CHORIOALLANTOIO MEMBRANE COMPETENCE OF THYMUS GRAFTED 
AND CONTROL POLYVALENT TOLERANT BIRDS 


Weeks Control Thymus grafted 
5-7 4:5, 12-5, 17-6, 42-0, 64-0, 70-0, 35, 42, 45, TL 74, 
80-0, 1000, 1000, 1800 Ta, OTI 1079, 250, 48:0 
9 84, 88, 150, 17-0, 230 35-0, 31, 33, 4:3, 44, +9 
84:0, 93-0 5-0, 56 
20-0 ad 


Values shown are the number of large lymphocytes x 10* per focus for 
individual birds. The median value for the group is shown in italics. 


All embryos used were commercially bred White 
Leghorn—Australorp hybrids obtained from the one 
commercial hatchery. A spleen cell suspension was pre- 
pared from about 30-40 fifteen day old embryos and 
1--2 million cells were injected intravenously into 15-day- 
old embryos. At one week post hatch, half the group were 
grafted with 2 lobes of thymus from a 2-month-old chicken, 
The grafts were placed subcutaneously in the region of 
the recipients’ own thymus, 2-3 lobes of which had been 
first removed. The control group received no thymic 
homograft but otherwise were subjected to the same. 
surgical manipulations. At 5-7 weeks post hatch all 
birds were bled and tested for chorioallantoic membrane: 
competence. At each time of testing equal numbers of 
each group were taken. Repeat titrations were then 
made at 9 weeks. The results are presented in Table 1. 
In the control group, a wide range of choricallantoic 
membrane competence is seen, probably reflecting differ- 
ent rates of return to normal reactivity. This is also 
shown by the greater reactivity at the -week bleed as. 
compared to the 5-7 week. The results are presented in - 
diagrammatical form in Fig. 1. This clearly shows the 
differing chorioallantoic competence of the two groups 
when tested at both ages. A statistical test for signifi- 
cance of means gives a probability value of P = 0-03. 
for the 9-week bleed. As preliminary experiments have |. 
indicated that loss of chorioallantoic membrane tolerance - 
and skin homograft tolerance do not occur at: the same 
rate, graft tolerance being lost first, we have not used this 
criterion of tolerance in this system. ere e 

The experimental breakdown of tolerance in. other 
systems could perhaps be divided into two groups: 
(a) by the introduction of immunologically competent: 
cells, for example, the adoptive transfer of lymph node 
cells!213; (b) by influencing the hosts’ own immune mecha- — 
nism, for example, irradiation':5, With this background 
two different interpretations of the observations presented 
here can be proposed. In the first, the chorioallantoic 
membrane reactive cells are taken as representing cells 


CONTROL 


5-7 week 
THYMUS GRAFTED 








10° 10¢ 10* 
Large lymphocytes per focus 
Fig. 1, Choricallantoic membrane competence of control and thymus: 
grafted polyvalent tolerant birds. The hatched area indicates. the 
range of competence of normal untreated chickens of similar age 
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hide by the graft, or their descendants. This would 
rrespond to adoptive immunity in the experiments of 
Piling 
The second explanation would be along the lines 
propo by Miller’* in his investigations on thymus 
in neonatally thymectomized mice. The im- 
a donor thymus after losing most or all its own 
lymphoid cell population then provides a suitable en- 
vironment in which host cells could gain or regain chorio- 
allantoic membrane in the absence of a constant source of 
tolerance maintaining chimeric antigens. This altern- 
ative implies that the tolerant state in these chickens 
is associated with at least temporary colonization of the 
~~ hosts’ thymus by multiple chimeric cells. The existence of 
chimeric cells in tolerant mouse thymuses has been re- 


ported by Billingham”, but we are not aware of any 
experiments to determine whether thymic isografts 
could break down an established chimeric system in 
mice. 

Choice between the alternatives may need to wait 
on the development of satisfactory means of distinguish- 
ing chorioallantoic membrane reactive cells of host and 


donor origin. 

This work was rted by research grants from the 
National Health Medical Research Council, Can- 
; A. SZENBERG 

N. L. WARNER 
Walter and Eliza Hall Institute 
-of Medical Research, 
Melbourne. 


Baek, M., and Haskova, V., Trans. Perot ad aaa 

, P., Trans. Bull., 28, 21 (196 
‘tahoe, R. E., and Silvers, W. K., ; Immunol., 88, 667 (1959). 
* Lengerova, A., Nature, 187, 160 (1960). Fae 
$ H. D., and Burnet, F. M., Austral. J. 5 5 s 
a S me 


* Boyer, G., Nature, 185, 327 (1960). 

* Szenberg, A., and Warner, N. L., Brit. J. Exp. Path., 48, 123 (1962). 
* Dineen, J. K., and Sagi D., Trans. Bull., 30, 84 (1962). 

® ee a A, W., Nature, grt 511 (1963). 


a and Medawar, P. B., Phil. Trans. Roy. 


ae W. K., Trans. Bull., 28, 118 (1961). 
kin, L., Austral. J, Sei.,22, 168 (1959). 
Sits Trans. Bull., 29, 73 (1962). 

P., Proc. Thymus Conf. (in (in the press). 

. E., J. Cell Comp. Physiol., Supp. 1, 60, 197 (1962), 


Sensitization of Guinea Pigs to 
Chromium Compounds 


A WELL-ESTABLISHED fact in clinical dermatology is the 
frequent occurrence of dermatitis caused by bichromates 
(hexavalent chromium), while dermatitis caused by 

trivalent chromium compounds (for example, chromium 
sulphate) i is very rare or non-existent. This seems to be 
_ in contradiction with the prevalent opinion that protein- 
_ affinity enhances for a given substance its sensitizing 
capacity. It appeared to me from a large number of 
experiments with guinea pigs that it is relatively easy to 
sensitize guinea Pigs for chromium with trivalent chro- 
mium compo 
some observations of Mayer et al.}, sensitiza- 
tion was performed with 3 intracutaneous in i jections, 
given every second or third day, of bl sl aes: 0-04 per 
cent chromium sulphate solution. Nearly 60 per cent of 
these animals developed a contact dermatitis when brought 
in contact with non-toxical hexavalent chromium solutions 
whereas no reaction occurred when chromium sulphate 
was used as test solution. 
Sensitization with potassium dichromate solution is 
possible in the same manner, but the degree of sensitization 
is markedly inferior. In contrast 100 per cent of the 
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animals are sensitized when with the potassium dichromate 
Freund adjuvant is used*. 

In a series of 60 of the latter animals I was able to 
demonstrate in two animals circulating antibodies against 
trivalent chromium compounds with the passive cutaneous 
anaphylaxis test. 

In the light of the results of these experiments, it is 
possible or even probable that: 

(1) Trivalent chromium compounds penetrated the 
skin, and gave rise to the contact-type chromium allergy. 
This good sensitizer in itself lacks the capability to elicit 
reactions after the sensitization has been achieved. The 
chromium allergy can only be demonstrated with hexa- 
valent chromium. It is possible that the chromium 
compound in the test-solution has to enter the ‘sensitized’ 
lymphocyte to elicit the reaction’. Perhaps this can only 
be achieved by the more diffusible hexavalent chromium. 

(2) Cireulating antibodies in guinea pigs are directed 
against trivalent chromium. This agrees with the results 
of the experiments of Cohen‘ performed with rabbits. 


F. C. J. van NEER 
Clinic of Dermatology, 
R.C. University of Nijmegen, Holland. 
Mayer, R., and Jaconia, D., Allergie Asthma, 4, 275 (1958). 
* Hunziker, N., Dermatologica, 93, 121 (1960). 
* Eisen, H., Fed.. Proc., 16, 412 (1958). 
‘Cohen, H., J. Invest. Derm., 38, 20 (1962). 


Compound Mouse Diets 


No single compound diet available in Great Britain is 
universally satisfactory for breeding mice of different 
strains in different laboratories. Moreover, formulæ 
developed in one country are not always useful in others 
because of the different availability of ingredients. It is 
therefore desirable to have a ready means of assessing 
a diet, to ensure that it is capable of supporting optimum 
growth and reproduction and of sustaining health in all 
strains and in all conditions likely to be encountered in 
the laboratory. 

We have used as our experimental system groups of 
monogamous pairs of adult inbred CBA mice observed 
over a period of 110 days; that is, five gestation periods 
plus one cestrous cycle, giving a possibility of five litters 
being born during the period. We chose OBA mice 
because it had been our experience that diets commonly 
regarded as satisfactory for mice, unspecified, would not 
support good reproduction in CBA mice unless supple- 
mented. Our diets, both test and control, were unsupple- 
mented: they were given, together with water, ad libitum. 
We noted the number of litters born during 110 a, 
size of litters, weaning rate, economic breeding life of 
females, and, in the young, weight gain and age of first 
onset of cestrus and of first fertile mating. Fig. 1 shows 
4 male CBA mice, 152 days old, fed pe i on 4 





Diet 
. 1. Four male CBA mice, 152 days old, fed respectively on four 
= commercially available mouse diets 
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commercially available mouse diets. The mice and the 
diets are representative. Breeding performance of 
females showed similar variation. 

This work, which is published in detail elsewhere’, 
has shown that: (1) The same diet made by three 
different manufacturers produced vastly different results. 
(2) A diet shown to be adequate for a moderate level of 
breeding in non-inbred mice may fail when the breeding 
is intensified or when given to a difficult inbred strain. 
(3) A difficult inbred strain, intensively bred, gives the 
same rank order of a number of test diets, but with far 
fewer animals and in about one-fifth of the time needed 
when non-inbred animals are used: in one or two genera- 
tions instead of four or five. (4) A given formula is 
insufficient specification for a diet. Even more important 
is the composition of the diet as offered to the animals, 
and this should be incorporated in the specification. 

We conclude that we are still a long way from the ideal 
of a standardized and efficient diet for mice; but there 
seems to be no reason why that ideal should not be 
attained. Assessing a diet is made easier if a sensitive 
indicator, such as a suitable inbred strain, is used, and 
if other measurements, in addition to weight gain, are 
made. 

W. LANEg-PETTER 
G. PORTER 


Laboratory Animals Centre, 
Medical Research Council Laboratories, 
Carshalton, Surrey. 


* Porter, G., Lane-Petter, W., and Horne, N., Zeitschrift für versuchstier- 
kunde, 2, 75 (1963). 


Effect of Varying Residual Moisture Content on 
the Viability of Lyophilized Algae 


Ir has long been recognized that the ability of cells to 
resist heat, cold, and desiccation is somehow related to the 
degree of hydration of the protoplasm. Active protoplasm 
in normal vegetative cells is usually composed of about 90 
per cent water by weight!. Specialized reproductive 
structures such as spores and seeds, which show increased 
hardiness in regard to heat or desiccation, may consist of 
only 5-10 per cent water by weight®. It is important, 
however, to consider not only the total water content of 
biological material but also the water activity. Water 
molecules which are attracted and held by ions, polar 
molecules and hydrophilic colloids are spoken of collec- 
tively as bound water. This water, which will not freeze 
regardless of how low the temperature is taken, shows 
greatly reduced activity and is generally assumed to be 
incapable of acting as a solvent®. There is no clear-cut 
distinction between such bound water and free water; one 
can only differentiate them by definition or by reference 
to results of specific analytical procedures. This bound 
water is considered by some investigators to be important 
in the spatial configuration of macromolecules and, during 
dehydrating conditions, to protect the cellular proteins 
from denaturation? §, 

During the past decade much progress has been made in 
the lyophilization (or freeze-drying) of diverse tissues* and 
micro-organisms’. The freeze-drying process as usually 
carried out for the preservation of micro-organisms 

“supposedly removes all the free water but not the bound 
water. Once the free water has been removed by sub- 
“imation the removal of bound water can be hastened by 
warming the tissue to room temperature or higher. The 
question arises as to what the effects will be on the cells as 
inereasingly greater amounts of the bound water are 
removed. Such an extension of the normal lyophilization 
procedure can be expected to affect not only the viability 
of the cells but also the extent to which they can survive 
high temperatures and ionizing radiation. 
The following experiments were performed to determine 
the effects of progressive removal of greater amounts of 
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bound water on the viability and resistance to heat of tw 
species of algae. : 

The algal species used were the blue-green alga 
Nostoc muscorum (strain 1013) and an unidentified species 
of the green alga Chlorella (strain W-39-A). Small samples 
(0-1 ml.) of the algal suspensions were frozen and dried in 
small ‘Pyrex’ tubes. During the drying procedure, the 
tubes were either maintained at —25° C or they were 
exposed to room temperature (about + 26° C), with sub- 
limation of the ice preventing any thawing of the suspen- 
sions. The pressure in the system when the first tubes 
were sealed was 50u mercury; for the last 50 h of drying 
the ressure was 2-34 mercury. After sealing, half the 
tubes were heated. at 100° C for 10 min. Viability was 
tested by transferring the dried samples to either liquid or 
agar nutrient medium. The results are shown in Table 1. 

It is seon that for both Nostoc and Chlorella, there was 
no significant difference in viability between the samples 
dried at —25° C or at room temperature. Also, ‘the 
viability did not show any significant change when the 
cells were dried for 12 h or for periods of up to 101 h. Thus, 
all the control samples of Nostoc showed visible growth in 
the Erlenmeyer flasks between 12-14 days after transfer, 
while for Chlorella, the time for growth to become visible 
was 6-7 days in all the control samples. The quantitative 
determination of viable cells of Chlorella varied from a low 
of 0-68~1-0 per cent for those dried at — 25° C and 1-1-2-0 
per cent for those dried at room temperature. It is thus 
clear that under the drying conditions used in these 
experiments that bound water was not being removed to 
such an extent that the viability of the cells was being 
reduced. 

Tho effects of removing progressively greater amounts 
of water are evident in the results of heating the dried cells 
of Chlorella at 100° C for 10 min. The samples dried for 
12, 24 and 46 h were killed by this heat treatment; the best- 
viability of the heated samples was obtained in the samples 
dried for 101 h. The heated samples of Chlorella had a 
viability of 0, 0, 0-00000011, 0-00036, 0-00022 and 0-00072 
per cent after being dried at room temperature for 12, 24, 
59, 72, 82, and 101 h, respectively. The samples dried at. 
— 25° C showed a similar increase in viability with increas- 
ing length of the drying period. BS he 

The heated samples of Nostoc did not show an increase 
in viability with length of the drying period. Some of the 
samples which had been heated did not show as rapid a 
growth as the controls, whereas in other samples the heat- 
ing did not reduce the viability at all as judged from when 
growth became visible in the Erlenmeyer flasks... It. is 
apparent that Nostoc behaves in a manner quite different 
from the Chlorella species. It is known from other work 
























Table 1. VIABILITY OF Nostoc muscorum AND A Chlorella SP. AFTER BRING 
DRIED FOR VARYING PERIODS OF TIME 
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that Nostoc is very resistant to desiccation and to freeze- 
drying when compared with many green algae. Also, the 
addition of organic adjuvants to Nostoc cultures during the 
freeze-drying procedure has no effect at all, whereas with 
the green algae such adjuvants usually have a pronounced 
effect on increasing the viability of the cells. The cells of 
blue-green algae present very different morphological 
features from the green algae in regard to thickness and 
character of cell walls, organization of chromatin material, 
lack of true vacuoles (as differentiated from the vesicles 
termed ‘pseudovacuoles’), organization of pigments, etc. 
Further work is required to determine the physical- 
chemical effects of freezing and dehydration on cyano- 
phycean cells and how such effects differ from those which 
prevail in the green algae. 

This work was supported in part by research grant 
(RG—7052) from the U.S. National Institutes of Health, 
and by grant number G-9975 from the U.S. Antarctic 
Research Program, National Science Foundation. 
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Spinellus in Pure Culture 


Isozatses of Spinellus!:? are easily maintained in pure 
culture by mycelial transfers, but their sporangiospores 
germinate only with difficulty, after delay and in small 
percentages. 
sensitive to temperature, although one* shows differences 
in the temperature-range and optimal temperature 
required for growth. Further, the same isolate; at 22°5° ©, 
forms spores which differ, not only morphologically but 
also in germinative capacity, from those formed at 13° C. 

Abortive attempts to obtain Spinellus in pure culture 
had previously been made in this Department, in order to 
test its ability to act as a host for mucorine parasites such 
as Piptocephalis and Syncephalis. Stimulated by tho 
above findings, collections of Spinellus were made and 
diagnosed as Spinellus fusiger (Link) van Tieghem on 
Collybia fusipes (Bull.) Bork., and Spinellus macrocarpus 
(Corda) Karsten on Mycena galopus Pers. Utilizing a 
recommended malt extract agar!, pure cultures of both 
species were obtained using spore inocula of Spinellus 
only. At 12°-15° C, good but slow growth occurred. From 
15°-22° C, inocula gave a good and speedy growth. For 
example, a spore inoculum of S. fusiger, incubated at 22° 
C, produced sporangiophores within 72 h. No spores 
germinated below 10° C but mycelial transfers grew, with 
decreasing vigour, until at 6° C no growth was recorded. 
Similarly, above 22° C, the amount of germination and 
growth diminished with S. macrocarpus, which gave, with 
mycelial transfers only, a little temporary growth at 26° C, 
and none at all at 27° C. Yet, even at this temperature, 
spores of S. fusiger will germinate and mycelial transfers 
will grow to produce new hyphe and young sporangio- 
phores. 

This initial germination and mycelial development are 
only temporary and cease within 24h. 

Mycelial transfers and spores, of both species, were 
tested for growth and germination on a variety of media. 
Two of these, namely, (a) cornsteep—sucrose agar and (0) 
bread-filter paper—malt extract agar, the formulations 
of which are given here, gave excellent growth and 
sporangiophores in all cases. On both these media, 
S. fusiger produced its characteristic zygospores. 
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Comparisons are difficult in that the isolates, previously 
investigated), are not diagnosed. It is obvious that, in 
S. fusiger and S. macrocarpus, spore germination does not 
present the difficulties previously encountered in other 
isolates’, Yet spore inocula of these two species, under 
identical conditions, often show inconsistent behaviour. 
In some such inocula 90 per cent of the spores will germ- 
inate; in others none will germinate. 

The thermal effect on the germinative capacity of the 
spores of one isolate? suggests that the precise conditions 
for germination may prove to be interesting. However, 
this thermal effect was observed neither in S. fusiger nor 
in S. macrocarpus, even though all have similar tempera- 
ture requirements for growth. Further, cold pre-treatment 
of spores, at 0°-2° C for 7-9 h, had no effect on their 
germinative capacity. 

There is little doubt that physiological differences 
exist and these probably explain the variance with 
results already observed?*. Thus, S. fusiger usually 
possesses a more vigorous capacity for independent 
growth than S. macrocarpus. Yet the situation is reversed 
on double-strength potato-carrot agar’. Again, whilo 
certain isolates may be described as ‘extremely sensitive 
to temperature’? and others as having ‘absolute tempera- 
ture requirements’!, collectively, species and isolates of 
Spinellus grow well over an almost mesophilic range of 
10°-22° ©. 

The formulation of a synthetic medium, for the growth 
of Spinellus in pure culture, is likely to prove less difficult 
than the establishment of precise conditions for spore 
germination. 


% % 
(@) 025  MgS80,.7H,O (6) 1 filter paper 
0-4 PO, malt extract 
0-2 (NH,)sHPO, 2 bread 
3-0 agar 2 agar 
1-0 sucrose i pH 55 
0:75  cornsteep liquor 
pH 55 


G. LEADBEATER 
M. RICHARDSON 


Department of Science, 
Nottingham and District Technical College, 
Nottingham. 


1 Ellis, J. J., and Hesseltine, C. W., Nature, 198, 699 (1962). 
3 Watson, P., Nature, 195, 1018 (1962). 
8 Herb. I. M. I. Handbook (Commonwealth Mycological Institute, 1960). 


CYTOLOGY 


Lysosomes and Vacuolation of the Liver Cell 


Vacuoration of the liver cell can be produced by a 
variety of experimental procedures such as intravenous 
or intraperitoneal injection of hypertonic solutions, 
or anoxia’. The vacuoles do not contain any material 
detectable by ordinary histological methods and hence 
have been referred to as ‘watery vacuolation’. Aterman 
suggests that the vacuoles he studied, produced by injec- 
tion of hypertonic solutions, result from uptake by the 
liver cell of substances from the blood. Hanzon? and 
Reese‘, examining anoxic vacuolation, thought they wero 
derived from bile canaliculi. In this communication we 
describe vacuoles in the liver cell developing from lyso- 
somes, 

Vacuolation was produced by injecting adult albino 
rats intraperitoneally with 6-8 ml. of 50 per cent sucrose. 
After 4-6 h widespread vacuolation of the parenchymal 
cells of the liver had developed. The livers were examined 
by light and electron microscopy. The results will be 
reported fully elsewhere. Here we wish mainly to de- 
scribe the results of preparations demonstrating acid 
phosphatase activity. For light microscopy we have 
used Holt’s® modification of Gomori’s technique. This 
demonstrates in normal animals numerous small acid 
phosphatase-containing bodies about the bile canaliculi. 
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When vacuoles develop these bodies become larger and 
vacuoles can be seen that are positive for acid phosphatase. 

The object of the electron microscope study was to 
attempt to identify the cytoplasmic body, if any, giving 
rise to the vacuoles. A variety of techniques have been 
used. After osmic fixation and ‘Araldite’ embedding 
followed by lead staining many of the vacuoles contain 
small dark irregular masses suggesting origin from lyso- 
somes. Because of this we then used the technique of 
Holt and Hicks? to demonstrate acid phosphatase for 
electron microscopy. In control animals we confirm 
their results that the acid phosphatase is sharply limited 
to the lysosomes (what they call “vacuolated dense 
bodies”) (Fig. 1). When vacuoles develop, the acid 
phosphatase is similarly found in the vacuoles and ap- 
parently concentrated in the dark irregular masses found 
in osmic-fixed preparations (Fig. 2). 





Fig. 1, Part of liver cell of control rat. The dark bodies are lysosomes 
which contain acid phosphatase, The lighter bodies are mitochondria 





Fig. 2. Part of liver cell of a rat injected with 8 ml. of 50 per cent 

sucrose. A vacuole containing acid phosphatase is seen. Around it 

are mitochondria. (In both figures, Holt and Hicks’s method for acid 
phosphatase; in ‘Araldite’ x 30,000) 


There has recently been considerable controversy 
regarding the “nature of the small cytoplasmic bodies 
of the liver cell which we do not wish to consider here. 
However, it now seems that agreement is emerging that 
the acid phosphatase-containing bodies are the lysosomes 
of Duve. Our observations demonstrate -that the vac- 
uoles formed in’ the liver cell.after injection of sucrose 
develop from these lysosomes. 

Ashford and Porter? have described mitochondria 
within lysosomes following perfusion of the liver of rats 
in vitro with glucagon. Novikoff and Essner® found 
similar bodies in the liver of rats following intravenous 
injection of “Triton WR-1339’. They are different from 
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the vacuoles developing following intraperitoneal sucrose 
injection as we have not seen any mitochondria in any 
of our vacuoles. 

The function of the lysosome is obscure. Because of 
its content of hydrolytic enzymes it has been suggested 
that it might play a part in autolysis. Bennett? has- 
suggested that they may represent segregated phago- 
cytosed material. Some support for this may be gained 
from the observation of Essner and Novikoff!*, who 
demonstrated an increase in their number following 
injection of bilirubin. De Man eż al." also found dextran- 
containing vacuoles sometimes with lysosomes forming 
part of their wall. The vacuoles we have found may 
result from some derangement of this storage function. 

We have evidence that anoxic vacuolation develops 
in a completely different way. 


VoL. 198 


D. B. BREWER 
D. HEATH 
Department of Pathology, 
University of Birmingham. 
1 Aterman, K., Lab. Invest., 2, 577 (1958). 
2 Trowell, O. A., J. Physiol., 105, 268 (1946-47). 
> Hanzon, V., Acta Physiol. Scand., 28, Supp. 101 (1952). 
“Reose, A. J. M., Brit. J. Exp. Path., 41, 527 (1960). 
5 Holt, S. J., Hap. Cell Res., Supp. 7, 1 (1959). 
‘Holt, S. J., and Hicks, R. M., J. Cell. Biol., 11, 47 (1961). 
7 Ashford, T. P., and Porter, K. R., J. Cell. Biol.,12, 198 (1962). 
® Novikoff, A. B., and Essner, E., J. Cell Biol., 15, 140 (1962). 
* Bennett, H. S., J. Biophys. Biochem. Cytol., 2, Supp. 185 (1956). 
10 Essner, E., and Novikoff, A. B., J. Biophys. Biochem. Cytol., 9, 778 (1961). 


u de Man, J. C. H., Daems, W. Th., Willighagen, R. G. J., and van Rijssel, 
Th. G., J. Ultra-structure Res., 4, 43 (1960). à 


Effect of Cobalt, Nickel and Iron on Mitosis 
in the Roots of the Broad Bean (Vicia faba) 


Tum three elements of the iron group (iron, cobalt, 
nickel) are very important to the living organism. The 
element of this group about which the most information 
has been gleaned is iron occurring in hemoglobin, apo- 
ferritine, myoglobin, transferrin cytochromes and 
catalase, 

Cobalt in the human organism is usually in the form of 
cobalamine which contains about 4 per cent of the metal 
bound in a complex fashion. It is indispensable as an 
inactivator of the hemogenic processes?. Another very 
important function is its effect of growth, in particular 
that of micro-organisms and young cells. Niebrój? noted 
that cobalt excites the neurocytes to amitotic divisions 
and Pogorzelski* describes its effect on the amitotic 
division of nuclei of the cardiac muscle fibre. 

Large doses of cobalt introduced into the system cause 
poisoning’, and small doses administered for a longer 
period lead to hypertrophic changes. 

Rosenfeld and Tobias found increased amounts of 
cobalt in the cytoplasm of neoplastic cells. ; 

Nickel is'one of the least-understood trace elements. 
There are only a few reports on its influence over growth, 
on the hemogenic processes, and on its connexion with 
the hormones (insulin contains 0-0004 per cent nickel). 
A few cases of allergy to nickel causing contact dermatitis 
have also been reported. 

Since the effect of trace elements of the iron group on 
growth processes has been ascertained, we attempted to 
discover what effect these elements would have on cellular 
mitosis. The most convenient material for such an 
investigation is the plant root. The broad-bean (Vicia 
faba) was used for this work. The seeds were germinated 
in distilled water, after which they were transferred to 
Petri scales, 15 seeds on the scale of 15 cm diameter, the 
seeds being covered with a suitable salt solution. About 
90 per cent of the seeds germinated. For the next part 
of the investigation 10 roots of each group were used. 
The roots were cut 5 mm from the end of each root. The 
following solutions were prepared and their effect on the 
mitotic processes were investigated. 
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(1) From each element to be investigated, three salts 
soluble in water (nitrate, chloride and sulphate) were 
chosen. Group I consisted of Co/NQO,;/.,CoC!,,CoSO,. 
Group IT consisted of Ni/NO,/,,NiCl,,.NiSO,. Group NI 
consisted of Fe/NO,/;,FeCl,,Fe./SO,/5. 

(2) From these salts, solutions of the following concen- 
trations were made: 0-1, 0-01, 0-001, 0-0001 and 0-00001 
per cent. 

(3) For each group a control group of plants was grown 
in distilled water. In conducting the experiment this 
way we prevented the growth of a medium and thus the 
effects of other salts on the plants were eliminated. This 
is possible if the experiments do not last over a longer 
period of time and the plants used for the experiment have 
reserves in their cotyledons. Our experiments lasted 
‘three days, that is, from the moment when the germinated 
plants were transferred to the appropriate solutions to the 
moment when the roots were cut. Preparations were 
made from the severed roots by means of the paraffin 
method, after which they were stained with hematoxylin 
and eosin. The microscopic specimens thus prepared 
were used for controlling the mitosis which we carried out 
in the shoots nearest to the initial cells. 

Salts of cobalt had the greatest effect on mitosis, 
whereas salts of nickel had a slightly less effect. Salts of 
iron in concentrations of 0-1 and 0-01 per cent caused 
inhibition of growth: in the remaining concentrations the 
results were similar to that of the controls. We think 
that the various salts influence the cell division in a 
specific way. The greatest deviations from the control 
group were observed when nitrates and sulphates were 
used. The last deviations were noted when the chloride 
group was used. 

The aberrations observed were: abnormal arrangement 
of nuclear chromatin in the dividing cells, appearance of 
grossly deformed cells, extra micronucleoli, and the 
appearance of small granulations of the nuclear chroma- 
tine in the cytoplasm. All the observed abnormalities 
are evidence of disturbances in the cell nuclei. Different 
nuclear granulations in the area of the cytoplasm were 
more frequently observed than abnormal mitosis. The 
results are presented in Tables 1 and 2. 
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Table 1. NUMBER OF ABNORMAL DIVISIONS IN THE ROOTS OF THE BROAD- 
BEAN ON BEING SUBJECTED TO THE INFLUENCE OF SALTS FROM THE IRON 
GROUP IN AQUEOUS SOLUTIONS 








Solution concentration (%) 
























Group M] 
0-1 0-0001 0-00001 
Cobalt Co(NOs)3 4-5" 3-0 : 1-7 1-6 
CoC, 2-0 2:3 2-3 2-0 0-5 
g CoS0, 3-0 2-5 22 2-0 1:0 
Nickel Ni(NO5)s 3-0 4-0 1-7 20 15 
NiCl, 15 2-0 2-0 1-0 0-5 
NiSO, 2-0 25 17 1-0 1-5 
Iron Te(NOy)s 0 03 0-5 0 0-5 
FeCl; 0 0 0-5 0 0 
Fes(SO,)s 0-5 0 0-4 03 02 
K H,0 02 





* This number indicates the average number of abnormal divisions 
observed in 10 bean roots. 


Table 2. THE NUMBER OF CELLS IN WHICH GRANULATION OF THE NUCLEAR 

CHROMATIN IN THE AREA OF THE CYTOPLASM OR MIORONUCLEUS WAS NOTED IN 

BROAD BEAN ROOTS AFTER BEING SUBJECTED TO THM INFLUENCE OF SALTS 
OF THE IRON GROUPS IN AQUEOUS SOLUTIONS 























Solution concentration (%) 
Group ee 
01 0-01 0-001 0 0 

Cobalt Co(NOs)s 65* 55 4-1 4-0 24 
CoCl, 4:8 3-6 1:3 1-0 1-0 

CoO, 2-3 3-0 2-0 2-0 15 

Nickel Ni(NO,)s 2-0 10 2-0 1-0 0-3 
Nich, 27 3-0 3-0 3-0 17 

NISO, 3-0 1-0 2-0 2-0 0-5 

Tron Fe(NO;)s 2-0 0-7 1-0 1-0 13 
FeCl, 2-0 1:0 1-0 13 0-5 

Fes(SO,4)s 2-0 10 0-5 0-7 0-3 

K H,0 0-3 








i This number indicates the average number of cells found in 10 bean 
roots. 
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Our observations coincide with those of other numerous 
reports where other chemical substances or physical 
agents affected vegetative cells of shoots. 

A. K. Sharma‘ investigated the effect of X-rays on tho 
root cells, seed cells and pollen cells of Rhoeo discolur anul 
found that after doses of 250 r. and 500 r. disturbances 
of meiotic division nuclear fragmentation, and in tho 
sister nuclei, unsynchronized divisions occurred. The 
greatest effect was noted 72-96 h after irradiation. Tho 
same author, in another investigation on tho offoct of 
chemical agents on neoplastic growth in root-tips. found 
cytological changes, chromosomal disturbances and dis. 
turbances in cell division. 

Tt will be seen from our rosults that large concentrations 
of salts of the iron group (cobalt and nickel in particular) 
cause a stimulated growth of the roots, pathological 
changes in the cell nuclei and lead to disturbances in cell 
division. 

L. KOMCZYNSKI 
H. Nowax 
L. REINIAR 


Department of Pathological Anatomy, 
Bialystok Medical Academy, 
Bialystok, Poland. 
1 Dabski, H., Polish Med, Weekly, 52, 2027 (1961). 
2 Hope, H. C., et al., Amer, Clin. Path., 24, 1374 (1954). 
3 Niebr6j, T., Endocrinol. Pol., 10, 17 (1959). 
t Pogorzelski, J. K., Folia Morph., 2, 287 (1960). 
5 Beskid, M., Pol. Med. Weekly, 14, 525 (1962). 


* Sharma, A. K., Proc. Nat. Inst. Sei. India, 27, 3 (1961). Sharma K , an! 
Bhattacharyya, B., Bull. Bot. Soc. Bengal, 27, 3 (1957). 
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VETERINARY SCIENCE 


Diagnosis of Pregnancy in Mares by an 
Immunological Method 


Tre use of a hemagglutination inhibition reaction for 
the diagnosis of pregnancy in women was reported by 
Wide and Gemzell! and Wide*. In this reaction human 
chorionic gonadotrophin (HCG) inhibited the agglutina- 
tion of stable HCG-coated blood cells. The rame 
immunological technique was applied for the assay of 
pregnant mare serum gonadotrophin (PMS) and was used 
as a pregnancy diagnosis test in mares. Sera from pregnant 
mares containing elevated levels of gonadotrophin 
inhibited an agglutination reaction of PMS-coated 
formalinized erythrocytes in the presence of PMS anti- 
serum, while sera from non-pregnant mares did not give 
this reaction. 

The preparation of the test reagents and tho perfor- 
mance of assays of gonadotrophin in serum of pregnant 
mares followed the same procedure as used for the assay 
of HCG described by Wide?. 

Rebbits were immunized with commercial preparations 
of PMS (‘Gestyl’, Organon, or ‘Antex’, Leo). Every 
second to third week injections of 1,500-4,000 1.u. of PMS 
were given subcutaneously and intramuscularly with thc 
hormone suspended in Freund’s or Ramon’s adjuvants. 
The antisera obtained against both PMS preparations had 
to be absorbed with serum from a stallion or a non- 
pregnant mare before use. The antisera neutralized the 
biological effect of PMS in rats. 

Sheep erythrocytes were formalinized, tanned and 
sensitized with PMS (25-100 r.v./ml.). 

Owing to the technical difficulties in reading the 
reactions on untreated sera, acetone extracts of the rera 
were done. The acetone precipitate of one volume of 
serum was dissolved in two volumes of pH 6-4 phosphate- 
buffered saline. All tests were performed semi-quanti- 
tatively with the extracts diluted twice. The pregnancy 
test was considered positive when an inhibition of the 
agglutination reaction occurred. The sensitivity of the 
method was such that sera containing 1-6 1.u. of PMS per 
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ml. or more gave a positive pregnancy reaction. The 
reactions were read after 1-5-2 h. 

Fifty sera, drawn from mares 44-116 days after covering, 
were tested by the immunological method and the results 
were compared with those obtained by the Aschheim- 
Zondek? test. Thirty-three of the sesera gave a positive 
and seventeen a negative, reaction. It follows from Table 
1 that the results of the two tests were in complete 
agreement. . 

Table 1. COMPARISON OF RESULTS OBTAINED BY THE INMUNOLOGIQAL 


PREGNANCY TEST AND THE ASOHHEDI~ZONDEK TEST ON 50 SERA DRAWN 
FROM MARES, 44-116 DAYS AFTER COVERING 


Immunological 
pregnancy test 
Positive Negative 
Aschheim—Zondek Positive 33 — 
test Negative —— 17. 


The concentration of PMS in serum during pregnancy 
determined by the immunological method (Fig. 1) seemed 
to follow a curve similar to those previously obtained by 
biological methods. A peak was found around the 70th 
day of gestation as was reported by Cole and Hart‘. 


500 
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60 80 160 180 200 
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Fig. 1. Immunological PMS activity in sera from 33 mares, 44—116 
days after covering 


These preliminary results indicate that the immuno- 
logical method may be suitable as a routine test for the 
diagnosis of pregnancy in mares. It gives a rapid answer, 
is easy to perform and seems to be reasonably accurate. 
The clinical value of using the method for quantitative 
determinations of PMS in serum during different stages 
of pregnancy will be investigated. 

- Marian Woe 
Ler WIDE 


Department of Obstetrics and Gynæcology, 
Akademiska Sjukhuset, 
University of Uppsala, 
Sweden. 
1 Wide, L., and Gemzell, C. A., Acta Endocrinol., 35, 261 (1960). 
2 Wide, L., Acta Endocrinol., Suppl. 70 (1962). 
> Aschheim, S., and Zondek, B., Klin. Wschr., 6, 1822 (1927). 
t Cole, H. H., and Hart, G. H., Amer. J. Physiol., 98, 57 (1930). 
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SOIL SCIENCE 


Effect of Alcohol Washing and pH Value 
of Leaching Solution on Positive and 
Negative Charges in Ferruginous Soils 


Arisina from an investigation of the variation in 
positive and negative charge with pH in a number of 
ferruginous tropical soils!, it appeared that the use of 
alcohol washings in the determination of cation exchange 
capacity (CEC) on such soils might lead to serious errors. 

Four ferruginous soils all having a pH value of 4 in N 
potassium chloride were selected for an investigation of the 
effects of alcohol washing and pH value of leaching solution 
on the measurement of exchange capacity. This could be 
achieved by comparing the results from Schofield’s 
method? for positive and negative charge, taken as 
standard, against positive and negative charge reflected 
by the retention of chloride and ammonium respectively 
after washing with 20 x 10 ml. portions of 80 per cent 
ethanol. (Schofield’s method involves the weighing of 
the occluded salt solution for which a correction is made.) 
Measurements were carried out at two pH values, 
namely, pH 7 and pH 4. The results are presented in 
Table 1. f 

The cation exchange capacity by N ammonium acetate 
agrees well with the values for negative charge determined 
with N/2 ammonium chloride (pH 7) with alcohol washing. 
However, the values for positive, negative and net charge 
by this method are all much lower than by Schofield’s 
method. It appears, therefore, that any method involving 
alcohol washing does not give a true reflexion of the 
charges present in the soil. At pH 4, the negative and 
positive charges are both higher than those with alcohol 
washing. However, the net charge by both methods 
agrees fairly well. 

A possible explanation of this behaviour is that at pH 7 
one is measuring negative charge in a region where it is 
dependent on pH (ref. 1). The alcohol washing may cause a 
shift in the pH of the system to the acid side, causing a 
decrease in negative charge as a result of proton transfer. 
‘On the other hand, at pH 4 the negative charge is largely 
independent of pH and hence the results for net charge 
by the two methods agree well. However, if values for 
positive, negative and net charges are required, alcohol 
washing may not be used as this leads to the loss of some 
of the cations and anions held by the soil. 

The effect of pH of the leaching solution is clearly 
manifest in Table 1. There are large differences in the 
results obtained at pH 7 and pH 4. It is logical to assume 
that the value for net charge which is of most value to the 
soil scientist is that value measured at or near the field pH 
value of the soil (in this case, pH 4). It would appear 
therefore that, if alcohol washings are to be used, the pH 
of the leaching solution should be adjusted to the pH of 
the soil. 

A. further experiment was conducted to examine the 
effect of successive alcohol washings on the measured 
positive and negative charges (Table 2). 

It can clearly be seen that even two alcohol washings 
(10 ml.) cause a severe drop in the measured positive and 


Table 1. EFFECT OF ALCOHOL WASHING AND pH OF LEACHING SOLUTION ox THE MEASUREMENT OF POSITIVE, NEGATIVE AND NET CHARGES IN TROPIOAL 
x OILS À 


























N/2 NH,Cl pH? N/2 NH,Cl pu 4 
Sh oe £ Alcohol washing Schofield’s method Alcohol washing Schofield’s method 
oi P ——_— 

. me % Negative | Positivo Net Negative | Positive Negative ; Positive Net Negative | Positive Net 
charge charge charge charge charge charge charge charge charge charge charge 
me % me % me % me % me % me % me % me % me % me % me % 

1 4-9 4-7 0-01 ~4-7 8-1 1-8 28 0-3 — 2-5 55 35 —2-0 

2 65 6-6 0-00 — 6-6 10-5 24 2-4 1-2 -12 48 3-8 -10 

3 5-0 47 0-01 ~47 8-8 3-2 1-2 12 0-0 46 50 +04 

4 T5 83 0-09 -8:3 11-9 0-8 5-6 0-3 -53 79 2-4 -55 
i 














* By standard N ammonium acetate. 
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Table 2, EFFEOT OF SUOORSSIVE ALCOHOL WASHINGS ON POSITIVE 


AND NEGATIVE CHARGE AT pH 4 (Som 8) 


No. of 10 ml, portions Negative Positive. Loss of charge in ethanol 
of 80% ethanol charge charge ' WAS 
me % me % Negative Positive 
me % me % 
o* 46 5-0 — — 
2 28 3-0 1:8 2-0 
5 20 20 08, 1-0 
10 16 18 0-4 04 
20 12 1:3 0'4 03 
30 10 1-0 0-2 0-3 
40 0-8 0-8 0-2 0-2 
50 07 0-8 01 0-0 
60 0-7 0-7 0-0 O41 


* Measured by Schofield’s method. 


negative charges. There is a continual loss of positive and 
negative charge in roughly equivalent amounts until 
about 50 x 10 ml. portions of alcohol have passed through 
the sample. It is interesting to note that soil 3 is iso- 
electric in the vicinity of pH 4. 

The explanation for the loss of charge in equivalent 
amounts is that the alcohol washing causes a decrease in 
electrolyte concentration with a resultant expansion of 
the double layers surrounding positive and negative 
charges. Under such conditions these double layers will 
overlap, resulting in the mutual neutralization of positive 
and negative charges with the loss of the cations and 
anions previously held as salt. ` 

I thank Mrs. M. Odendaal for the analyses. 


M. E. SUMNER 


Department of Soil Science, 
University of Natal, 
Pietermaritzburg. 


1 Sumner, M. E. (in the press). 
2 Schofield, R. K., J. Soil Sci.,1, 1 (1949), 


Occurrence of Kaolinite in Association with 
lron-pan 


Kaormire has generally been recognized as the most 
widely occurring clay type in the humid tropics.. Various 
theories in regard to the probable mode of occurrence of 
this clay type have been advanced from time to time. 
Prescott and Pendleton! have observed that in a region of 
high rainfall and under heavy leaching: ‘Kaolinite is 
likely to be most characteristic’. They have also 
expressed the likelihood of kaolinite formation as a result 
of resilicification of gibbsite. According to Russell? 
kaolinites are formed “under conditions of a low concen- 
tration of bases”, that is, in well-drained areas. It has also 
been suggested by Russell? that in Malabar laterite might 
have developed from a lithomarge (containing 30-50 
per cent kaolinite with 15-40 per cent of iron oxides) 
under an indurated iron pan. 

The observation reported in this communication seems 
to prove the latter view. Recently, while studying a soil 
profile on the slope of a hill (in Nsukka, Eastern Nigeria) 
a small specimen of indurated iron pan was encountéred 
at a depth of about 3 ft. 3 in. from the ground surface. 
Within this specimen, some very fine white powdery 
material along with other soil materials were observed. 
The soil may broadly be classified as lateritic and the 
dominant vegetation is of savanna type. There are only 
two identifiable layers, namely, the upper surface layer, 
darker in colour due to organic matter, and the other 
layer, reddish in colour extending to a great depth. The 
iron-pan specimen was found in the second layer. Termites 
were observed to be very active in the close vicinity of the 
occurrence of the specimen. Due to a lack of necessary 
facilities for examining and analysing the soil materials, 
the specimen was dispatched to the Rothamsted Agri- 
cultural Experimental Station. 

On the basis of the results of the X-ray analysis the 
white material in the specimen has been identified as 
kaolinite. 
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Further work is needed to explain the mode of occur- 
rence of such iron pans in very freely drained materials. 
G. P. TEWARI 
College of Agriculture, 
University of Nigeria, 
Nsukka. 


1 Prescott, J. A., and Pendleton, R. L., Laterite and Lateritic Soils, 33 
(Commonwealth Bur. Soil Sci. Tech. Comm., No. 47). 

? Rossell, E. J., Soil Conditions and Plant Growth. 556, 560 (Longmans, 
Green and Co., Ltd., London, 1961). 


STATISTICS 


Generalized Inverse of a Singular Matrix 


Tx problem of ‘inverting’ singular matrices is by no 
means uncommon in statistical analysis. Rao} has shown 
in a lemma that a generalized inverse (g-inverse) always 
exists, although in the case of a singular matrix it may not 
be unique. 

A technique having its basis in the following theorem 
may prove useful in the solution of many statistical 
problems, particularly those connected with the analysis 
of variance (Koop, J. C., unpublished communication). 

AB 

Let X= [ CD 
sub-matrices A and D are non-singular and are such that 
the elements of A-BD-10 and D-'CA-"B are close to zero. 
Then a g-inverse of X is approximated by 


A110 A -—B)[A70 
x= [6 dalle “allo p-a] 
The proof of this theorem depends on Rao’s lemma. If X- 


is a true g-inverse then according to this lemma XX-X =X. 
Thus if X, approximates X~ then the relation 


XX XX (1) 


will hold subject to the conditions stated in the above 
theorem. Now: 


| be a singular matrix in which the square 


xxx=x[9" 54][-6 “allo palle pl- 
a ie pig? T ] [D0 aad j 
ee a 
xx 


since by hypothesis the displayed partitioned matrix has 
elements which are negligible. Hence X, is an approx- 
imate g-inverse of X. 

Tf it is desired to correct X., then we proceed as follows. 
Let X,=X-+S, where S is a deviant matrix. If S can be 
determined then X, can be corrected. 

Now: 


XXX =X(X-+S)X =XX-X+XSX=X+XSX (3) 
Since (2) and (3) must be identical: 


l — 4“BD7C o 
SX = [ O _pagap| (4) 


Let S= a] where «, B, 0 and p are of the same order as 


the corresponding sub-matrices of X= [6 ae Premulti- 


plying X by S and setting the resulting matrix expressions 
equal to the corresponding ones on the right-hand side of 
(4) and solving for «, 6, 6 and u, we find: 


a= A~BD-1C(BD=C — A} 
B= —A-BD-1C(BD“C — A) BD4 
§= —D7CA“B(CA“B—D)"04-1 
u=D-CA“B(C4A7B—D)> 
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Thus a true g-inverse X-=X,—S is now obtained by 
subtracting each of the elements of X, by the correspond- 
ing elements of S as obtained from a, B, 8 and p. The 
work involved will be less cumbersome if A and D are 
diagonals. 

Certain problems in the analysis of variance with 
unequal subclass numbers were posed by Prof. C. H. 
Hamilton, who will be publishing a paper on the subject 
very shortly. i 

J.C. Koop 


North Carolina State College, 
Department of Experimental Statistics, 
Raleigh, North Carolina. 
1 Rao, C. R., J. Roy. Statist. Soc., B, 24 (1), 152 (1962). 


Expressions for Combining Standard Errors 
of Two Groups and for Sequential Standard 
Error 


Most research workers have had occasion, during the 
course of several investigations, to combine two groups of 
quentitative results which show no statistically significant 
difference either in their means (m, and m) or in their 
variances ( V, and V,) and standard errors (e; and e.). It 
is usually irksome to have to go back to the original data 
of both groups in order to calculate the new variance and 
standard error. Worse still, the original values may not 
be always available, and lengthy retrograde calculations 
of the sums of squares would then be required before the 
combined standard error could be obtained. Evidently, a 
simple expression relating the new standard error (es) to 
the original standard errors and means would be most 
useful for both research workers and statisticians. We 
have therefore investigated this problem and have found 
the following simple relationship: 
e= a(n (ny — le? +n9(n — Let on -m je] (1) 

3 nin es 1) 1V“ 1 aea ‘9 n 1 2 
where nı, n refer to the number of observations in the 
first and second group respectively, and n =n; + ng. 

Most research workers have also had occasion to collect 
observations which come in slowly as single items of 
measurement. A simple expression which gives a rapid 
method for calculating the new standard error after each 
additional measurement (Xn) would therefore prove 
welcome. This situation represents in fact a special case of 
equation (1), where n,=1 and Mm =Xn+=Xn. Equation 
(1) then yields the simple formula: 


(m, PPN Xn)? 
n? 


nı—l 
n 





a+ (2) 
where n is now equal ton, + 1. 

Proof. Considering the general case where n, and ne 
represent any number of observations in groups 1 and 2, 
we may write: 


DX? — nymi EX; — nma 


e? = —— EE. H a 
Mm (n, — 1) Na (Na — 1) 
so that: 
2 
aa + ag — (tte tne 
B= ees (3) 


(nm, + Nani + na — 1) 


where X, and X, represent the series of individual measure- 
ments in groups 1 and 2 respectively. Expanding the 
term (nm, + nym.) in equation (3) into nim? + n3m2 + 





2 Ban B 
ere NyNgMy; nMi 

PNN MM, substituting —nymn? + —— . and 
12M M9, g mi t bts mitm 


nmi 
: Ny +N 
self-evident rearrangement of terms: _ 





the corresponding expression for — we obtain, after 
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l 


E ag tent 
3 = nin — 1) 


[ EX} — nym} + EX} — nym} + 


ale (mt + mg — 2myme) | (4) 


which reduces to equation (1) directly. 
R. W. R. BAKER 
Department of Chemical Pathology, : 
J. A. Nissrat 


Department of Pharmacology, 
Guy’s Hospital Medical School, 
London, 8.E.1., 


MISCELLANEOUS 


An Apparatus for Sterilizing Heat-labile 
Solutions 


Posrrrve pressure filtration for the sterilization of 
fluids avoids the risks of suck-back from the pump and 
prevents concentration of the fluid by evaporation. 
It is, however, more difficult to ensure sterile collection 
of the filtrate. The apparatus shown in Fig. 1 minimizes 
the risks of infection. The narrow funnel containing the 
glass sinter fits into an elongated bell-housing, its stem 
projecting into a Universal container, wedged into the 
housing with cotton-wool. 





Fig. 1 


The apparatus is constructed of ‘Pyrex’. brand glass and 
‘Quickfit’ connexions are used. The housing joint is 
sealed with silicone grease, the top joint being dry. 

The filter used is a grade 5 ‘Pyrex’ brand sintered glass 
filter of average pore diameter of 1-1-]-2u and an air 
permeability greater than 0-1 ml. min/em?/1 cm water 
pressure. It is heat sealed to the ‘Quickfit’ connexion, 


~ care being taken not to damage the sinter during this 


process. 

The whole apparatus is first sterilized by heat m an 
oven for 0-5 h at 180° C. The solution to be sterilized 
is poured into the funnel, a positive pressure of four 
pounds per square inch from a nitrogen cylinder applied, 
and the sterile filtrate collects in the Universal container, 
which may be replaced when full. 

G. GODFREY 

Medical Research Council Unit for Research 

on the Experimental Pathology of the Skin, 

The Medical School, 
University of Birmingham. 


No.4sa4 June 8, 1963 a 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, June 10 


ROYAL GEOGRAPHICAL Soctery (at 1 Kensington Gore, London, S.W.7)}, 
at 3 p.m.—Annual General Meeting. 


MEDICAL RESEARCH Counc (at the National Institute for Medical 
Research, Mill Hill, London, N.W.7), at 4.30 p.m.—Dr. R. E. Billingham, 
F.R.S. (Wistar Institute, Philadelphia): “Hamster Cheek Pouches and 
Transplantation Immunity”. 


UNIVERSITY Or LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 5.80 p.m.—Prof. Willy Hartner (Frankfurt 
am Main): “The Structure and Dimensions of the Universe According to 
Ancient and Mediaeval Sources”. (Further lectures on June 12 and 13.)* 


Monday, june 10—Tuesday, June lI 


INSTITUTE OF RURAL LIFE at Howe AND OVERSEAS (at the Department 
of Technical Co-operation, 6 Carlton House Terrace, London, S.W.1), at 
10.39 a.m. daily—Conference on “Teaching the Rural Community Over- 
seas’. 


Tuesday, June II 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N.W.1), at 5 p.m.—Scientific Papers. 


UNIVERSITY OF LONDON (at the London School of Economics and 
Political Science, Houghton Street, Aldwych, London, W.C.2), at 5 p.m.— 
Tror R XK. Bouwsma (University of Nebraska): “Notes on the Cogito of 

escartes’’. 


Wednesday, June 12 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Prof. A. W. Downie: "Vaccines 
in the Control of Virus Diseases”. * 


UNIVERSITY OF LONDON (in the Physiology Lecture Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. Joseph S, 
Fruton (Yale University): ‘“Enzyme-Catalysed Transamidation Reactions”. * 


Soorety oF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (in 
the Film Theatre, Shell Mex House, Strand, London, W.C.2), at 6 p.m.— 
Thirty-first Annual General Meeting, 


Thursday, June 13 


Royat Society (at Burlington House, Piccadilly, London, W.1), at 
2.30 p.m.-—Discussion on “Physical and Biological Changes Across the 
Antarctic Convergence” organized by Dr. G. E. R. Deacon, F.R.S. 


Soorery OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S.W.1), at 6 p.m.—Annual General Meeting. 6.30 p.m.— 
Mr. L. S. Mumford: “The Loneliness of the Long Range Forecaster” 
(Chairman’s Address), 


Monday, June 17 


BRITISH SoOorETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof. R. Rudner: “Nothing but the Truth”. 


UNIVERSITY OP LONDON (at St. George's Hospital Medical School, Hyde 
Park Corner, London, 8.W.1), at 5.30 p.m.—Prof. H. J. Eysenck: ‘The 
Biological Basis of Personality” (Thomas Young Lecture).* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

LECTURER (with medical qualifications registrable in Great Britain) IN 
ANATOMY——-The Registrar, The University, Manchester 18 (June 13). 

TUTORIAL STUDENT (graduate, or about to graduate) IN THE DEPART- 
MENT OF GEOLOGY, to read for a higher degree and give a limited amount 
of assistance by demonstrating—The Registrar, King’s College (University 
of London), Strand, London, W.0.2 (June 14). 

LEOTURER or ASSISTANT LECTURER (with interests in any branch of 
mathematics) IN MATHEMATIOS—The Secretary and Registrar, The Univer- 
ality, Southampton (June 15). 

LECTURER (with a good honours degree in mathematies and experience 
in the teaching of mathematics in secondary schools) IN THE DEPARTMENT 
a ei aT A Registrar, University College of North Wales, Bangor, 

une 16). 

LECTURER (with a particular interest in cartography, photogrammetry 
and surveying) IN GEOGRAPHY—The Registrar, University College, Singleton 
Park, Swansea (June 16). 

PHYsI0AL CHEMIST, to work on the movement in the soil and the uptake 
by pianis of insecticides ; and a ZOOLOGIST (preferably with a knowledge 
of chemistry), to work on the mode of action of insecticides—The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts (July 15). 

RESEARCH ASSISTANT (graduate in pure or applied bacteriology, zoology, 
or biochemistry, and preferably wifh some research experience) IN THE 
DEPARTMENT OF AGRIOULTURE in connexion with a study of the bacterial 
pathogens of insects—~-The Registrar, The University, Leeds 2 (June 15). 

RESEARCH DEMONSTRATORS IN PHysics—The Registrar, The University, 
Leicester (June 15). 

SOIBNTIFIC INFORMATION OFFICER (with a botanical or agricultural 
degree, the ability to write correct English, and a knowledge of German 
or other foreign language), for work which includes the abstracting and 
revie' of biological literature—The Director, Commonwealth Agri- 
cultural Bureaux, School of Agriculture, Cambridge (June 15). 

LEOTURER or ASSISTANT LECTURER (graduate in science or medicine) 
a se ae Registrar, University College, Cathays Park, Cardiff 

‘une 17). 

LECTURER or ASSISTANT LECTURER (with a good honours degree and 
preferably some experience in teaching and research) IN ELEOorRonics— 
The Secretary and Registrar, The University, Southampton (June 19). 
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ASSISTANT LECTURER IN INORGANIC CHEMISTRY——-The Registrar, The 
University, Manchester, 13 (June 20). g 

EXPERIMENTAL or ASSISTANT EXPERIMENTAL OFFICER (with at least a 
pass degree or equivalent, and preferably a background training in chem- 
istry or biochemistry) IN THE DEPARTMENT OF CELL BIOLOGY, to take part 
in investigations on the behaviour of proteins and nucleic acids in cells 
in eulture—The Secretary, John Innes Institute, Bayfordbury, Hertford, 
Herts (June 22). 

POST-DOCTORAL FELLOW IN ORGANIC CHEMISTRY, to carry out researches 
into reactions in strong acid media in collaboration with Dr. M. F. Ansel 
The Registrar, Queen Mary College (University of London), Mile End Road, 
London, E.1 (June 28). ene 2 

READER (Clinical) (with a senior postgraduate qualification in medicine 
and substantial experience in clinical teaching and research) IN MEDICINE 
at the University of Queensland, Brisbane, Australia—The Secretary, 
Association of Universities of the British Commonwealth (Branch Office), 
Marlborgnghi House, Pall Mall, London, S.W.1 (Brisbane and London, 

une 28). 

RESEARCH ASSISTANT (with a university degree or qualification of equiva- 
lent standing) IN THE DEPARTMENT OF PHYSIOLOGY, to work on rescarch 
supported by the United States Public Health Service and concerned with 
the control of food intake in animals—The Secretary, The University, 
Aberdeen (June 28). 

CHAIR OF PLANT SOIENCE; and CHAIR OF HORTICULTURE at Massey 
University College of Manawatu, Palmerston North, New Zealand—The 
Secretary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1; or The Registrar, 
ores Needle College of Manawatu, Palmerston North, New Zealand 

une 29). 

LECTURER or ASSISTANT LECTURER (with a medical or scientific quali- 
pation) Bt VirotoGy—The Registrar, The University, Manchester 13 

une 29). 

í LECTURER or SENIOR LECTURER (with a suitable, preferably higher, degree 
in science or food science, and experience in the food processing industry) 
IN THE DEPARTMENT OF FOOD TECHNOLOGY, Massey University College 
of Manawatu, Palmerston North, New Zealand—The Secretary, Association 
of Universities of the British Commonwealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1, or the Registrar, Massey University 
College of Manawatu, Palmerston North, New Zealand (June 29). 

READER or SENIOR LECTURER IN GkopHYsIos—The Registrar, The 
University, Liverpool, quoting Ref. No. CV/331 (June 29). g p 

RESEARCH OFFIOER (Organic Chemist) (with a Ph.D, degree in organic 
chemistry or postgraduate research experience of equivalent standard and 
duration supported by satisfactory evidence of research ability) IN THE 
DIVISION OF COAL RESEARCH, Commonwealth Scientific and Industrial 
Research Organization, Ryde, N.S.W., Australia, to carry out investigations 
into hydrogenation and other reactions of aromatic compounds having 
structures likely to be present in coals, carbons, pitches and tar fractions, 
and to investigate their application in the chemical utilization of these 
materials—Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, Africa House, Kingsway, London, W.C.2, quoting Appointment No, 
480/436 (June 29). 

SENIOR LECTURER IN PHYSICS at Massey University College of Manawatu, 





` Palmerston North, New Zealand—The Secretary, Association of Univer- 


sities of the British Commonwealth (Branch Office), Marlborough House, 
Pail Mall, London, S.W.1, or the Registrar, Massey University College of 
Manawatu, Palmerston North, New Zealand (June 29). 

TERMINABLE LECTURER IN THE DEPARTMENT OF PATHOLOGY—The 
Secretary, The University, Aberdeen (June 29). a s 

LECTURER or ASSISTANT LECTURER IN MATHEMATICS at the University 
of Singapore—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1 (June 30}. 

LECTURER (with a special interest in mycology, plant pathology or 
cognate subjects) IN BotaNny—The Secretary, The Queen’s University, 
Belfast, Northern Ireland (June 30). , . 

JUNIOR LEOTURER (either medically qualified or with a higher qualification 
in biochemistry) IN THE DEPARTMENT OF CHEMICAL PATHOLOGY —The Dean, 
Guy’s Hospital Medical School, London Bridge, London, S.E.1 (July 1). 

CHAIR OF BOTANY at Royal Holloway College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (July 3). 

CHAIR OF BOTANY; and SENIOR LECTURER or LECTURER IN BOTANY 
at the University of Ibadan, Nigeria—--The Secretary, Inter-University 
Gunel for Higher Education Overseas, 29 Woburn Square, London, W.C.1 

uly 4). 

LEOTURER (preferably with previous oxperience in teaching and in research 
in tropical permanent cash crops) IN HORTICULTURE IN THE DEPARTMENT 
OF AGRICULTURE, University of Ibadan—The Secretary, Inter-University 
Gao Higher Education Overseas, 29 Woburn Square, London, W.C.1 

uly 10). 

DIRECTOR OF THE UNIVERSITY COMPUTING CENTRE—~The Registrar, 
University of Adelaide, South Australia (July 15). 

LECTURER or SENIOR LECTURER IN MECHANICAL ENGINEERING at the 
University of Tasmania, whose main duties will be to lecture in the theory 
of machines, vibrations, metrology, and kindred topics—The Secretary. 
Association of Universities of the British Commonwealth (Branch Office), 
Harlberough House, Pall Mall, London, S.W.1 (Australia and London, 
uly 15). 

SENIOR TUTOR (with an honours degree in psychology, and preferably 
able to teach in the feld of personality theory or social psychology as well 
as in the general introductory course) IN PSYCHOLOGY at the Australian 
National University—The Secretary, Association of Universities of the 
British Commonwealth (Branch Office), Marlhorough House, Pall Mall, 
London, S.W.1 (Australia and London (July 22). 

SENIOR LECTURER IN PHYSIOLOGY AND PHARMACOLOGY at Rhodes 
University, Grahamstown, South Africa—The Secretary, Association of 
Universities of the British Commonwealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (South Africa and London, July 25). 

CHAIR OF BIOLOGY (in the field of cell physiology) at the University of 
Sydney, Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch eine Marlborough House, Pall Mall, London, 
S.W.1 (Australia and London, July 31). 

LECTURERS/SENIOR LECTURERS (qualified graduates in science, medicine., 
veterinary science, or agriculture) IN BIOCHEMISTRY at the University of 
Sydney, Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, London. 
8.W.1 (July 31). E 

Post-DOCTORAL RESEARCH FELLOW IN THERMOCHEMISTRY—Dr. TH. 
Mackie, Department of Chemistry, The Queen’s University, Belfast, Northern 
Treland (July 31). 

SENIOR LECTURER (with a science degree specializing in geophysics or 
related discipline, and some research experience to Ph.D. or comparable 
level) IN GEOPHYSICS IN THE DEPARTMENT OF GEOLOGY AND MINERALOGY. 
University of Queensland, Australia—The Secretary, Association of Univer- 
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\ sities of the British Commonwealth (Branck Office), Marlborough House, 
Pall Mall, London, S.W.1 (London and Brisbane, Taly 31). 

TEACHING FELLOW (with an honours degree in science or equivalent 
qualifications) IN THE SCHOOL OF MINING ENGINEERING AND APPLIED 
GEOLOGY, University of New South Wales—The Agent-General for New 
South Wales, 56-57 Strand, London, W.C.2; and the Appointments Section, 
The University of New South Wales, Box 1, Post Office, Kensington, New 
South Wales, Australia (July 31). 

ANDERSON CHAIR OF PSYOHOLOGY—-The Secretary, The University, 
Aberdeen (August 17). 

ASSISTANT PROFESSOR (with a Ph.D.) IN PHARMACY (Pharmacoutics)— 
Dr. J. R. Murray, Director of the School of Pharmacy, The University of 
Manitoba, Winnipeg, Canada. 

BIOLOGIST (with a master’s or doctor’s degree in zoology and preferably 
fisheries research experience), to conduct ecological studies of early life of 
salmon—The Director, Fisheries Research Board of Canada, Biological 
Station, Nanaimo, British Columbia, Canada. 

LEOTURER (man or woman, with good academic qualifications and prefer- 
ably some poaching erence) IN HEMATIOS AND PHysics—The Prin- 
gipal (TS8/B/14286 6), Avery Hill Training College, Bexley Road, Eltham, 

ndon, S.E.9. 

LECTURER (with a higher degree, some teaching andjor industrial ex- 
perience, and preferably an interest in thermodynamics or spectroscopy) 
IN PHYSICAL CHEMISTRY—The Registrar, College of Technology, Burnaby 
Road, Portsmouth. 

MASTER TO TEACH PHysics—The Headmaster, Whitgift School, South 
Croydon, Surrey, 

PRINcIPAL Paysicist at the Cardiff Radiotherapy Hospital—The Group 
Secretary, Whitchurch and Ely H.M.C., Whitchurch Hospital, Whitchurch, 

ardiff. 

RESEARCH ASSISTANT (with a degree in a biological subject, an interest 
în biochemistry, and prepared to learn serological techniques) IN THE 
BIOLOGY DEPARTMENT, to help with an investigation of the application of 
serology to problems of Brassica taxonomy—The Secretary, Queen Elizabeth 
College (University of London), Campden Hill Road, London, W.8. 

RESHAROH StupENT (with a good honours degree in parse) IN THE 
MiIOROWAVE PHYSICS GROUP, to study a project associated with the inter- 
action of microwaves and gaseous plasma-—Head, Department of Physics, 
Battersea College of Technology; London, 8.W.11. 

RESEARCH STUDENTS (with a first degree in physiology, biochemistry, 


pharmacology, or experimental zoology) IN THE DEPARTMENT OF PHYSIOLOGY . 


AND BIOCHEMISTRY -The Registrar, The University, Southampton. 

SENIOR RESEARCH FELLOW (with a Ph.D. in physics or electrical engineer- 
ing or equivalent research experience, and preferably research experience 
in the optical field) IN THE DEPARTMENT OF ELECTRICAL ENGINEERING, 
for research into optical and other problems associated with the generation 
of millimetre waves by photoelectric mixing of laser beams—The Registrar, 
The University, Sheffield. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Royal Observatory Bulletins. No. 69: A Critical Examination of the 
Relationship between the Northern and Southern Photometric Systems. 
By A, W. J. Cousins, Pp. E323-E336. 28. 6d. net. No. 70: The E-Region 
Zero-Point Programmes. By A. W. J. Cousins Pp. E337-H352. 2s. 6d. net. 

London: H.M. Stationery Office, 1963.) 264 
Training in the Clothing Industry: a Study of Recruitment, Training 
and Education. By Eunice Belbin and Robert Serjean. Pp. vii+199. 

{London : Twentieth Century Press (1962), Ltd., 1963.) 7s. 6d. [294 

South-West Essex Technical College and School of Art. Annual Report, 
Session 1961-62. Pp. 43+1 plate. (Walthamstow: South-West Essex 
Technical College and School of Art, 1963.) [294 

Durham University Appointments Board. Seventeenth Annual Report, 
1961-62. Pp, 12. (Durham: The University, 1963.) f294 

Planning, Vol. 29, N. 471, (29 April 1968): The Shape of the Sixties. 
Pp. 148-174. (London: Political and Economic Planning, 1963.) 48. [294 

The Asgoctation of the British Pharmaceutical Industry. Annual Report 
and Year Book, 1962-1963. Pp. 39. (London: The Association of the 

British Pharmaceutical Industry, 1963.) [294 

The Universities Federation for Animal Welfare. Some Things Done, 

Being Done, and To Be Done. Pp. 6. (London: The Universities Federa- 
., tion for Animal Welfare, 1963.) [304 

The Electrical Research Association. 42nd Annual Report for the year 
ended Sist December 1962. Pp. 101. (Leatherhead: The Electrical 

Research Association, 1963.) {304 

Empire Cotton Growing Corporation. Progress Reports from Experiment 
Stations, Season 1961-1962. Uganda. Pp. 38. 2s. 6d. Aden Protectorate. 
Pp. 18. 2s. 6d. (London: The Empire Cotton Growing Corporation, 


1962.) [304 
Institution of Chemical Engineers, Annual Report of the Council for 
(London: Institution of 


the year ending 31 December, 1962, Pp. 19. a 
04 
Forests of North-East Scotland, Edited by 


Chemical Engineers, 1963.) 
Forestry Commission. 

H. L. Edlin. (Forestry Commission Guide). Pp. viti+131+37 photographs. 

5s. net. Booklet No.8: A4idsto Working Conifer Thinnings. By S. Forrester. 

Pp. 36+12 plates. 3s. net. Booklet No.9: Felling and Converting Thinn- 

ings by Hand. By R. E. Crowther and J. Toulmin-Rothe. . 32+6 


plates. 29. 6d, net. Leaflet No. 19: Elm Disease, Ceratocystis ulmi. Pp. 
7. Qd.net. Leaflet No. 36: Crossbills. By Dr. Bruce Campbell. Pp. 15. 
1s. net. (London: H.M. Stationery Office, 1962 and 1963.) 6 


Ministry of Education. 
Authority Area, Pp. 9. 
net. 


Secondary Education in each Local Education 
(London: H.M. Stationery Office, 1963.) 18. ae 


Other Countries 


United States Department of the Interior: Geological Survey. Bulletin 
1127: Geology and Uranium Deposits of the Strawberry Hill Quadrangle, 
Crook County, Wyoming. By Robert E. Davis and Glen A. Izett. Pp. 
iv-+87+6 plates. Water-Supply Paper 1614: Water Resources of Red 
River Parish, Louisiana. By Roy Newcome, Jr., and L. V. Page. Pp. 
` Wows +13 plates. (Washington, D.C.: Government Printing one 

Journal of Hydrology, Vol. 1, No. 1, (March 1963). Edited by F. Dixey, 
F. Hellinga and G. B. Maxey. Published quarterly. Subscription price 
per volume of 860 pages : 1088. : 15 dollars; 60 D.M.; 75 .; 54 guilders. 

Amsterdam: North-Holland Publishing Company, 1963.) {264 
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Board of Grain Commissioners for Canada. Grain Research Laboratory— 
1982 Report. Pp. v+81. (Ottawa: Queen’s Printer, 1963.) 294 

Annals of the New York Academy of Sciences. Vol. 107, Article 1: 
Vertical Take-Off and Landing (VTOL) Aircraft, By I. B. Laskowitz 
and 88 other authors. Pp. 1-469. (New York: New York Academy of 
Sciences, 1963.) y ~ [294 

Pharmacia, Uppsala. Sephadex in Gel Filtration. Pp. 20. (Uppsala : 
Pharmacia, 1963.) 294 

United States Department of the Interior: Geological Survey. Bulletin 
1083-F: Geophysical Methods of Exploring for Buried Channels in the 
Monument Valley Area, Arizona and Utah. By R. A. Black, F. C. Frischk- 
necht, R. M. Hazlewood and W. H. Jackson. Pp. iv+161-228. Bulletin 
1122-C : Coal Geology of the Seitz Quadrangle, Breathitt, Magoffin, Morgan, 
and Wolfe Counties, Kentucky. By M. J. Bergin. Pp. iv+39-+4 plates. 
Bulletin 1140-B : Use of Cesium~137 in the Determination of Cation Ex- 
change Capacity. By W. A. Beetem, V. J. Janzer and J. 8. Wahlberg. 
Pp. iii+8. Bulletin 1142-E: Geology of the Calamity Peak Area, Custer 
County, South Dakota. By Donald H. Kupfer. Pp. iv-+-23+plate 1. Bulle- 
tin 1160: Clay Minerals in the Morrison Formation of the Colorado Plateau. 
By W. D. Keller. Pp. iv+-90+1 plate. (Washington, D.C.: Government 
Printing Office, 1962 and 1963.) (294 
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RETICENCE AND RELIEF FOR UNDERDEVELOPED 
COUNTRIES 


LTHOUGH the recent report of the National 
Economic Development Council, Conditions Favour- 

able to Faster Growth *, made little reference to the under- 
developed countries other than to admit that for various 
reasons it seemed undesirable to restrict private invest- 
ment in these countries, the needs of the underdeveloped 
countries were fully discussed in a debate in the House 
of Commons on May 10. The debate was notable both 
for the tributes paid to Mr. Dennis Vosper for his work 
as Secretary for Technical Co-operation and for Mr. 
Robert Cart’s reply for the Government on his first 
appearance as Mr. Vosper’s successor. The discussion 
was opened by Mr. R. E. Prentice moving a resolution, 
adopted by the House without division, supporting the 
decision of the United Nations to designate the 1960’s as 
a “Development Decade” with the objective of a minimum 


annual rate of growth of 5 per cent in the developing’ 


countries by 1970. He called on the Government to 
co-operate with other countries in programmes designed 
to achieve this objective, to carry out progressive policies 
of economic aid and technical assistance in the Common- 
wealth and elsewhere, and to pursue trading policies 
aimed at providing bigger markets for the products of 
developing countries. Mr. Carr said that the Government 
fully accepted the motion, as was shown by its actions. 
The significant fact was not the scale of Britain’s pro- 
gramme of aid but the speed at which it had increased, and 
he undertook to look at the proposals made in the debate 
for increasing such aid. 

Early in his speech Mr. Carr reminded the House of the 
Prime Minister’s undertaking to keep in mind the whole 
shape of the Department of Technical Co-operation, and 
he warmly welcomed the clear expression given in the 
debate to the sense of national purpose in overseas aid of 
all kinds. It was in line with Britain’s tradition of looking 
outward, and it was natural that the pattern of any pro- 
gramme of assistance should reflect Britain’s past history. 
Throughout the debate strong emphasis had been laid on 
overseas service, including voluntary service, and in 


expressing the hope that more and more young people- 


would make it their business and desire to spend a few 
years abroad. Mr. Carr appealed to all employers and 
leaders of all professions to count overseas service as a 
powerful entry on the personal credit record of people 
when selecting them tor promotion and for future leader- 
ship. He thought too that both Britain’s society and 
economy would gain greatly by increased infiltration of 
those who had spent at least one, two or three of their 
years working abroad, particularly in these developing 
countries. 

Mr. Carr emphasized that Britain did not seek to 
impose on countries the particular forms of assistance 
that she wished to give. It was the intention that they 
should set their own priorities and that Britain should 
try to help them in achieving those priorities. That 


* National Economic Development Council. Conditions Favourable to 
Faster Growth. Pp. v + 54. (London: H.M.S.O., 1983.) 4s. net. 


+ Science and Politics. By the Right Hon. Viscount Hailsham, Q.C. Pp. 
110. (London: Faber and Faber, Ltd., 1963.) 13s. 6d. 


emphasis is the more necessary in view of Lord Hailsham’s 
comment in his recent book, Science and Politics t, that 
the most salient political characteristic of the under- 
developed countries is often a nervous and self-asscrtive 
nationalism which is more likely to show resentment at 
the extent to which Western provision falls short of their 
own demands than gratitude at the extent to which their 
need is actually provided for. The justice of Lord Hail- 
sham’s remark is sufficiently attested by the trend of 
Dr. I. H. Usmani’s presidential address at tle annual 
science conference of the Pakistan Association for the 
Advancement of Science in March (see also p. 1041 of this 
issue of Nature). 

It is in this context that.it is appropriate to recall the 
figures cited both by Mr. Prentice and by Mr. Carr. Mr. 
Carr pointed out that Britain’s expenditure on overseas 
aid had increased more rapidly in recent years than 
expenditure in any other sector of public expenditure, 
and had risen from £80 million in 1957-58 to £160 million 
in 1961-62, and would be higher still this year. While 
deprecating comparison with other countries, he agrecd 
with Mr. Prentice’s figure that the Government’s aid to 
overseas countries at present amounted to about 0-6 or 
0-7 per cent of Britain’s gross national product, but if to 
that was added private investment overseas, estimated 
at about £150 million a year in the developing countries, 
the figure would be nearer 1:5 per cent. In terms of 
money, 85 per cent went in capital and only 15 por cont 
on technical assistance for which his Department was 
responsible. The figure for that, however, had risen from 
£6-2 million in 1957-58 to £10-2 million in 1960-61, and 
this year was expected to be £30 million. Much of this is 
due to the introduction of the overseas aid scheme, 
whereby British officials are encouraged to remain in the 
service of the Governments of developing Commonwealth 
countries until they themselves can train their own people 
to take over, and Mr. Carr said that the scheme was and 
would be used extensively as a medium for recruiting in 
future. In this connexion, he pointed out that some 
17,000-18,000 British experts were serving abroad at the 
end of last year, paid for in whole or in part by the 
British Government. 

This should not be forgotten in comparing Britain’s 
voluntary effort overseas with, for example, the American 
Peace Corps of 5,000 in 37 different countries, a figure 
which is expected to be doubled this year, for the United 
States has no large professional overseas service. Britain’s 
own. effort began in 1958-59, when 20 volunteers were sent 
to six countries. Five years later, Britain had more than 
300 volunteers in 50 countries, and in the year ahead 
Voluntary Service Overseas alone hopes to send more 
than 300 school-leavers, while the various societies co- 
operating through the Lockwood Committee hope to send 
250 graduates. All this was beginning to build up to a 
programme of which Britain could be proud and, besides 
providing more experts to the United Nations than any 
country except the United States, Britain was the second 
largest contributor to the international assistance pro- 
grammes and had increased her contribution by 25 per 
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cent this year. Moreover, at the present time, Britain 
had some 65,000 overseas students, 40,000 of them from 
the developing countries—a number exceeding that being 
trained and educated by any other country. Some 10 per 
cent of all further education places available in Britain 
were filled by students from overseas, two-thirds being 
from underdeveloped countries. 

The importance of this manpower aspect of develop- 
ment was fully recognized in the debate. It is quite true, 
as Mr. Carr observed, that obstructive trading policies 
could easily cancel the benefit of the most generous aid 
programmes and that, in the long run, liberal trading 
policies are even more important than aid. It is equally 
true, as Mr. J. Griffiths remarked in the debate, that 
whatever plans Britain makes, and whatever resources 
she may provide, will not achieve their purpose unless 
the necessary administrative skill is on the spot. Herein 
lies the importance of the recent report of the Bridges 
Committee on training in public administration for over- 
seas countries (see Nature, 198, 919; 1963). Admittedly, 
this is a particular aspect of technical assistance, of the 
education assistance which was recognized on all sides of 
the House as of key importance. There was a general 
desire to see more exchange of students between Britain’s 
universities and those of Africa, Asia and elsewhere, as 
- well as for more voluntary and professional service abroad, 
within the framework of a national scheme, and it was 
obvious, too, that some members were fully conscious of 
the difficulties and problems which beset particular forms 
of assistance. 

These are well illustrated in an article on staffing 
African universities which has been published as a 
pamphlet by the Overseas Development Institute, but 
which also appeared in the spring 1963 issue of Minerva (1, 
No. 3; 1968). Im this article, Sir Alexander Carr- 
Saunders summarizes the facts disclosed by a study 
of the staffing of higher education in Africa, undertaken 
in preparation for the Conference on the Development of 
Higher Education in Africa, held at Tananarive in Sep- 
tember 1962 under the auspices of the United Nations 
Educational Scientific and Cultural Organization. Assum- 
ing that the African universities will fill all vacancies 
from among their own nationals whenever fully qualified 
locally born candidates are available, and that the 
number of students will rise from the present 16,000 to 
about 93,000 in 1980-81, the survey estimates that over 
the nineteen years 1961-80 the number of expatriates 
required will be about 5,000-5,500. The English language 
universities will need to recruit 2,200 between 1961-62 
and 1965-66, 2,000 between 1966-67 and 1970-71, and 
thereafter the figure will decline to 300 between 1976-77 
and 1979-80. The total number of expatriates serving 
in these universities at any one time would not exceed 
2,250. 

These figures give some measure of the demand on one 
of Britain’s most valuable but limited resources; however, 
while the demand is expected to decrease, it is at its 
maximum and is most urgent in the immediate future. 
Nor, as Sir Alexander points out, is it simply a matter 
of the universities. It may be more urgent. to African- 
ize the universities than ‘the research organizations 
because the former are more directly involved than the 
latter in the life of the country which they serve. Never- 
theless, the Africanization of the research organizations 
must occur, and this affects the Africanization of the 
universities because universities and research organiza- 
tions must seek their recruits among the same group of 
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graduates of high ability, who have a capacity and a 
liking for a career devoted to intellectual pursuits. 

The Africanization of the staff of the research organiza- 
tions has scarcely begun, and no estimate of the demand 
of such organizations for expatriate staff is attempted in 
this survey; but in mentioning these institutions Sir 
Alexander Carr-Saunders referred to an aspect of technical 
assistance of particular importance to Britain which was 
entirely overlooked in the debate. Mr. J. Griffiths and Sir 
John Vaughan-Morgan, it is true, made passing reference 
to the difficulties from which rice research in Sierra Leone 
was suffering from lack of funds and from lack of co- 
operation between the Governments in West Africa, but 
there was no reference to the marked neglect of the 
Overseas Research Council by the Department of Tech- 
nical Co-operation and the Minister for Science—an 
omission as notable in Lord Hailsham’s recent book as in 
the report of the Department of Technical Co-opera- 
tion. 

The long series of reports on colonial research attest 
the immense opportunities before us as well as the con- 
siderable achievements which Britain has made in this 
field. Since, however, in deference to the present trend 
of opinion the Colonial Research Council changed its title, 
no further reports have appeared and no information 
appears to be available to indicate how far the oppor- 
tunities are being used or what assistance is forthcoming 
to ensure that the Governments of emerging but im- 
poverished territories have the resources to pursue work 
of vital importance to their developing economies. The 
matter is one into which it may be hoped that the new 
Minister will probe fully and urgently. Meanwhile, 
scientists who are aware of some of the great opportunities 
in this field and of the bearing of overseas research on the 
development of the overseas universities should not fail 
to press the Government to break the silence and secrecy 
maintained for more than two years. 

Sir Alexander in this summary directs attention 
not simply to the limits to the demand of African univer- 
sities for expatriates but also to the limits to which it is 
desirable for overseas students to be encouraged to come 
to Britain for undergraduate training. Postgraduate 
study may be another matter, though here again there 
are limits if the building up of research institutions in the 
developing countries is not to be too protracted or the 
establishment of graduate schools in their own univer- 
sities—a matter which once again touches on the organ- 
ization and fostering of overseas research in general. He 
has, moreover, some important comments on the length 
of contract, and conditions of service, including salary, 
for expatriate staff. No doubt the Secretary for Technical 
Co-operation will take due note of this, including the 
suggestion for a uniform salary scale with locally born 
staff, but under which the expatriate would be credited 
with a sum representing not less than the difference 
between his local salary and that which he would have 
received had he retained his position at home. The total 
sum credited would be handed over after completion of 
his contract, and, meanwhile, the uniformity of locally 
spendable income might avoid the difficulties which at 
present are liable to arise from discrimination. 

Mr. Carr, in replying on the debate, did not touch on 
the United Nations Development Decade mentioned in 
the motion, and on which Mr. Prentice spoke. The objec- 
tive of this is to secure a minimum annual rate of growth 
of 5 per cent by 1970, a target which Mr. Prentice regarded. 
as practical politics, although it would still leave a big 
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gap between the living standards, and there would still 
be appalling poverty over much of the world. It called 
for effort from the richer and from the underdeveloped 
countries, and, according to U Thant, the Secretary- 
General of the United Nations, would require Britain to 
devote 1 per cent of her national income to economic aid 
and an increase of 10 per cent in the number of experts 
sent to the developing countries, as well as an adjustment 
in her trading arrangements to secure a shift of at least 
10 per cent in the terms of trade in favour of the poorer 
countries. It involves an expansion of perhaps 50 per 
cent in the United Nations Expanded Programme of 
Technical Assistance and the Special Fund under which 
surveys and pilot schemes are carried out which can lead 
to capital development later. 

Mr. Prentice recognized that in all this the United 
Nations should play a larger part, though he also looked 
to the World Bank and the International Development 
Association for greater efforts, but quite as much as Mr. 
Carr, Mr. Prentice recognized the whole situation as one 
which offered a great challenge to Britain. This view 
appeared to be fully shared by other speakers, including 
those who recognized also that the objectives of the 
Development Decade were unlikely to be achieved unless 
some of the underdeveloped countries developed a climate 
of opinion less hostile to overseas investors. As Sir 
Richard Thompson observed, the extent of private aid 
from Britain is already running at about the same level 
as Government aid; but its extent really depends on how 
stable and how attractive the recipient countries can 
make their economies to attract the industrialist and the 
investor. Moreover, despite all the altruism invoked in 
voluntary service overseas, the extent to which profes- 
sional men and women are prepared to come forward to 
serve overseas as teachers or in other ways probably 
depends far less on the terms of service which the under- 
developed countries are able to offer than on the spirit in 
which their service is accepted and the political and social 
climate in which they have to work. 

One consistent note running through the debate was 
that of the urgency of the present situation. Whether or 
not, as Sir Richard Thompson suggested, the organization 
of Britain’s overseas aid must move more into line with 
that of the United States Agency for International 
Development, on geographical lines for four areas of the 
underdeveloped countries, within which each country is 
required to formulate a national development plan of 
priorities, and all the aid supplied is used in a co-ordinated 
manner to facilitate the execution of the national plan, it 
is clear that the maximum aid is required now and that, 
subject to the conditions already indicated, it will be 
most effective if given now. Manifestly, the aid to be 
given by Britain will be determined in direction and in 
character largely by her past responsibilities and tradi- 
tions, and it is for that very reason that great attention 
should be directed to the help Britain is giving and could 
give in education and research. There is no aspect of 
technical assistance which more closely concerns the 
scientist and technologist, and if their full co-operation 
is to be ensured they should be given the fullest possible 
facts about Britain’s present effort and what is still 
required. That is why, for example, the Government’s 
reticence regarding the Overseas Research Council is so 
reprehensible, and both the new Secretary for Technical 
Co-operation and the Minister for Science should make a 
point of seeing that the lacuna in regard to overseas 
research is filled without further delay. 
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CHEMISTRY OF PYRIMIDINE 


The Pyrimidines 

By D. J. Brown, With an Essay by S. F. Mason. (The 
Chemistry of Heterocyclic Compounds: a Series of Mono- 
graphs, Vol. 16). Pp.xxv-+774. (New York and London: 
Interscience Publishers, a Division of John Wiley and 
Sons, Inc., 1962.) 300s. 


‘HIS book is number sixteen in the series of mono- 

graphs on heterocyclic chemistry published under the 
géneral editorship of Arnold Weissberger. Like its pre- 
decessors, it aims at providing a detailed and compre- 
hensive account of its subject, but it must have presented 
a most difficult task to the author, if only because of the 
magnitude of the literature needing review. In this 
connexion, it is of interest to note that had it been the 
first volume of the series to appear (1950), only half 
of the present 2,200 references would then have been 
available. 

From the earliest days, the chemical study of the deriva- 
tives of pyrimidine has been stimulated by the biological 
significance of this ring system, at first by the advent 
of the barbiturate drugs, and somewhat later by the 
isolation of cytosine, uracil and thymine from natural 
sources. This stimulus was reinforced in the course of 
time by work on the pyrimidine-containing vitamins and 
enzymes, and on the similarly based therapeutic agents 
such as the sulphapyrimidines and certain anti-malarial 
agents. In recent years, much of the new pyrimidine 
chemistry has become associated once more with the 
nucleic acids, for example, in studies aimed at the syn- 
thesis of these substances, -and in attempts to devise 
carcinolytic agents structurally related to them. It 
is safe to say that this interest will be markedly intensi- 
fied in the years immediately ahead, and many young 
chemists and biochemists newly entering these fields 
will have reason to be grateful to Dr. D. J. Brown for 
his monumental work on their behalf, since this volume 
is for the greater part clearly aimed at those whose 
concern it is with the minutia of the chemistry of pyrimi- 
dine. Yet those whose concern is more superficial can 
learn a great deal about this intriguing nucleus by reading 
no more than the first hundred pages or so. For that 
is the way in which the author has dealt with his 
subject. 

A short introductory chapter recites the early history 
of. the chemistry of pyrimidine, underlining its unique 
basis, then goes on to.summarize the main substitution 
and replacement reactions, and finally deals with the 
physical properties associated with this ring system and 
its derivatives. The next two chapters are concerned 
with the many ways in which pyrimidine derivatives 
ean be built up from their component parts. The first 
is devoted to what are described as the ‘principal’ methods, 
and the second to routes which are perhaps of greater 
scientific than practical interest. The latter section touches 
briefly on certain fused heterocycles, such as quinazo- 
lines and pteridines, that incorporate the pyrimidine 
ring system within their structures. Then follow nine 
chapters dealing with synthetic routes to pyrimidines 
carrying classified substituents (alkyl, aryl, nitrogenous. 
halogen, hydroxyl and alkoxyl, thiol, carboxyl, N-oxide, 
etc.), and the reduced pyrimidines. 

These chapters are supplemented by nearly three 
hundred pages of tables giving references to named 
individual substances. When a single condensation 
reaction can give, as is so often the case, a pyrimidine 
derivative containing two or three substituents belonging 
to different classes, then the practice is to mention it in 
all the relevant chapters. In addition, the end-products 
may be listed again individually in the appropriate tables. 
This replication serves a useful purpose in that it makes 
each section self-sufficient, but it is largely responsible 
for the size of the book. 
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Finally, 8. F. Mason has contributed an essay on the 
absorption spectra of pyrimidines, which is in line with 
the modern theoretical treatment displayed in the book 
as a whole. Certainly this is a work which many chemists 
would like to have by them for reference on their own 
bookshelves. Only the high price may prevent them from 
doing so. F. L. Rose 


FLUORINE CHEMISTRY 


Advances in Fluorine Chemistry 

Vol. 3. Edited by Prof. M. Stacey, Prof. J. C. Tatlow and 
Dr. A. G. Sharpe. Pp. v+281. (London: Butterworth 
and Co. (Publishers), Ltd., 1963.) 50s. 


HIS volume of Advances in Fluorine Chemistry 
maintains the high standard set by its predecessors. 

Six interesting topics in fluorine chemistry aro covered 
at some length, each involving a substantial bibliography. 
“Effects of Adjacent Perfluoroalkyl Groups on Carbonyl 
Reactivity” (H. P. Braendlin and E. T. McBee, Purdue 
University, 18 pages) largely directs attention to com- 
pounds carrying one perfluoroalkyl group. Reactions 
involving inductive, intramolecular field and steric effects 
are discussed at length. The effect of hydrogen-fluorine 
bonding is also considered. ‘‘Perfluoroalkyl Derivatives 
of the Elements” (H. O. Clark, University of British 
Columbia, 42 pages) considers the syntheses and chemical 
properties of a very extensive number of metal and non- 
metal derivatives. The'aim of this topic is to emphasize 
the ‘unusual’ characteristics of perfluoroalkyl compounds 
which are so completely different in nature from the alkyl 
analogues that the two classes bear only a formal struc- 
tural resemblance to each other. “Mechanism of Fluorine 
Displacement” (R. E. Parker, University of Southampton, 
28 pages) elucidates the displacement of fluorine attached 
to a variety of systems relative to the attacking species. 


„é` Mechanisms are considered in the light of a large number 


+438. of variables, including solvent systems and catalysts. 


General comparisons are made with similar or analogous 
chlorine systems. 

“Nitrogen Fluorides and their Inorganic Derivatives” 
(C. B. Colburn, Rohm and Haas Co., Huntsville, Alabama, 
25 pages) summarizes the work on the preparation and 
properties of the derivatives of NF;, such as N.F,, N.F;, 
HNF, HNF, CINE, and NF,NO. The structures and 
other physical characteristics are evaluated in terms of 
optical, magnetic resonance and mass spectral data. 
The strengths of the N-F and N—N bonds in some of the 
species are evaluated. ‘‘The Organic Fluorochemicals 
Industry” (J. M. Hamilton, jun., du Pont, 64 pages) deals 
with the nomenclature, handling, manufacture, properties 
and applications of literally scores of organic halochemi- 
cals. The discussion is restricted to compounds the 
skeleton of which does not exceed four carbon atoms. 
Fluoro-carbon polymers are considered only incidentally. 
“The Preparation of Organic Fluorine Compounds by 
Halogen Exchange” (A. K. Barbour, L. F. Belf and M. W. 
Buxton, Imperial Smelting, 90 pages) is marked by an 
extremely comprehensive review of the literature (672 
references) on the preparation of fluorine compounds. 
Every conceivable reagent for fluorination by halogen 
exchange and representative organic reagents are con- 
sidered. The material is arranged and classified to assist 
the preparative organic chemist but the reader is recom- 
mended to the original literature for the practical details. 

This volume clearly elucidates the impact that recent 
advances in the field of fluorine chemistry has had on the 
fundamentals of modern chemistry and from the very 
nature of the practical technology emanating from 
industry to-day equally impressive application for the 
benefit of society may well be expected in the near and 
distant future. RICHARD DRESDNER 
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ELECTRONS IN ACTION 


The Age of Electronics 

Edited by Prof. Carl F. J. Overhage. (Lincoln Labora- 
tory Decennial Lectures.) Pp. ix+218. (New York, 
San Francisco, Toronto and London: McGraw-Hill 
Book Company Inc., 1962.) 62s. 


HIS volume contains the eight lectures which were 
delivered by distinguished speakers during the 
winter of 1961—2 at the Kresge Auditorium of the Massa- 
chusetts Institute of Technology to mark the tenth anni- 
versary of the founding of the Lincoln Laboratory of the 
Institute. The Laboratory is primarily concerned with 
electronics, and the topics chosen for the lectures reflect 
the particular interests of the Laboratory. However, 
they are, in addition, of considerable general interest and 
their technical level is such they they will appeal not 
only to scientists and engineers but also to the non- 
specialist educated layman. Hight short talks cannot, 
of course, do full justice to the present age of electronics 
and there are important omissions. These are referred 
to in the introduction to the volume. which is contrib- 
uted by ©. F. J. Overhage, the director of Lincoln 
Laboratory. He summarizes the various lectures and 
describes the growth during the past forty years in the 
number of radio and television sets in use in the United 
States and the significant increase in the number of 
scientists and engineers who have contributed to the 
expansion of electronics during the past six decades. 
Prof. H. B. G. Casimir, the director of Philips Research 
Laboratories at Eindhoven, in his lecture on Maxwell, 
Hertz and Lorentz, outlines the various problems in 
electrodynamics discussed by these great men and the 
ideas they formulated which initiated the age of elec- 
tronics at the beginning of this century. The central 
theme of Dr. L. V. Berkner’s address on communications 
is the work of Shannon and Wiener. 
communication is at the root of civilized progress and 
man’s ability to control his environment and to organize 
his social structure. The story of radar and particularly 
its development in recent years is described most inter- 
estingly and ably by I. A. Getting. He lists the areas of 
progress during 1950-60 and emphasizes the importance 
of the growth in continuous-wave radars. The sensing 
of information and then the use of the information are 
defined as the principal functions of radar. ‘Electronic 
Computers and Scientific Research” and ‘Radio Astron- 
omy and Radio Telescopes” are the subjects of the 


talks given by 8. M. Ulam and E. G. Bowen respectively.- 


They illustrate the impact of new, large and versatile, 
electronic machines on modern scientific investigation. 


He maintains that - 


The last three chapters in the volume—‘‘Transistors’’ ., 


by W. Shockley; “Masers” by C. H. Townes; and 
“Satellite Relays” by J. R. Pierce—are descriptions of 
the most recent contributions of physies to electronics 
and their application to communications in space. 
Shockley, the inventor of the junction transistor, gives 
a clear exposition of the transistor principle and of the 
three types of transistor—the field-effect, the junction, 
and the filamentary transistors. It is clear from Dr. 
Townes’s review of masers that masers and optical 
masers represent a convergence of quantum mechanical 
ideas, microwave techniques and new materials. Dr. 
Pierce delivered his talk on satellite relays before the 
successful demonstration of Telstar, but he describes 
in some detail the communication satellite programme 
for 1962 of Hcho and Telstar, and refers to the future 
launchings of Relay, Syncom, etc. He hints at the excit- 
ing prospects, but reminds us that the bringing of practical 
and useful satellite communication into being is a tremen- 
dous task. 

The Age of Electronics is an enjoyable and instructive 
book, and no sixth-form, extra-mural, educational ortechni- 
cal library should be without its copy. S. WEINTROUB 
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SCIENTIFIC CARE FOR THE ARTS 


Recent Advances in Conservation 

Contributions to the I.I.C. Rome Conference, 1961. Edited 
by G. Thomson. Pp. xv+224, (London: Butterworths, 
1963.) 105s. 


“HIS handsome volume is the outcome of a conference 
held in Rome in 1961, and contains forty-seven 
papers dealing with almost every aspect of the conserva- 
tion of art treasures. While it is true that there have 
been assemblies of experts on various occasions before, 
this is the first time in which the whole field has been 
covered, not only technically, but by representatives from 
all over the world. This wide spread is itself of significance, 
because there are signs that a new applied science is 
beginning to take shape, namely, that of museum climat- 
_ ology, or the study of the meteorological conditions under 
which precious material must be kept in divers countries. 
Here, knowledge of local circumstances and an apprecia- 
tion of administrative problems are almost as important 
as a grasp of thermodynamic principles. 

After such an appropriate beginning follow contribu- 
tions dealing with methods of analysis, fungicides, cleaning 
methods, metallic objects, Italian methods of fresco 
transfer, consolidation of fragile objects, glass, wood 
panels, new picture varnishes, textiles and tapestries, 
education and training. A notable omission from the 
well-arranged and copious references is any mention of 
the elegant researches of Graham on diffusion through thin 
films (using interferometric techniques), and the associated 
question of the activity of mixed solvents, together with 
the behaviour of plasticizers. The text is fully illustrated, 
with a double frontispiece in. colour. 

It would serve little purpose to follow the authors 
through the minutiae of their labours; this book should 
find a place in every museum or gallery library wherein 
the task of custodianship is taken seriously. Without 
exception, the participants in this international gathering 
were people grappling with the most complex situations 
in their various countries, and, as the President remarks 
in a brief foreword, they bear the responsibility for safe- 
guarding the cultural heritage of twenty-five centuries. 
Regarded in this light, such a discussion—at specialist 
level—assumes the character of an international event, 
which does credit to “T.I.C.’’, as it is affectionately called, 
and to the faith and generosity of the Calouste Gulbenkian 
Foundation, Lisbon, which provided essential financial 
support. The Editor, too, has carried a heavy load, and 
fully merits, as he will surely receive, many congratula- 
tions on the result of months of careful work and super- 
vision. It is probable that from time to time conservators 
will come together to exchange views, and to lay down 
agreed programmes of investigation into ad hoc topics, 
but that will not prevent the present compilation from 
remaining the basic source of information for many 
a year. 

The official languages of the conference were English and 
French, and these are reflected in the papers before us. 
There is an odd misprint in the caption on page 19, where 
‘Neuvres’ should presumably. be ‘Oeuvres’. The more 
purely scientific aspect of the subject is maintained at a 
high standard, although there is one slightly naive 
remark on p. 7, where we are exhorted “to know what 
light really is”. Indeed, from Newton to Einstein at least, 
we should be happier and wiser if we knew the answer. 

Towards the end come some valuable comments on the 
subject of organized courses of instruction for would-be 
entrants into the field. The difficulty of obtaining degree 

“status is probably not merely a matter of the additional 
year (important as that is), but the natural hesitancy 
of university authorities to accept conservation in general 
as an academic discipline. It would seem likely that the 
most hopeful approach might be by stressing the epistemo- 
logical connexion between art-history and the develop- 


NATURE 


erm ae 


% 1027 


ment of technique. Care of what is, by hypothesis, unique 
is much more than mere ‘doctoring’: it is a major contribu- 
tion to civilization, and needs to be taught as such. If 
there is any doubt of this, the distinction and intcgrity 
of these pages speak for themselves. 


AN AID TO SORGHUM GROWING 


Diseases of Sorghum Sudan Grass and Broom Corn 
By Dr. S. A. J. Tarr. Pp. x+380 (43 figures). (Kew, 
Surrey: The Commonwealth Mycological Institute, 
1962.) 60s. 


HE post-war years have seen the emergence of many 

previously underdeveloped countries into political 
independence, and the means by which they can be 
brought into some form of economic stability are, wo 
hope, the earnest concern of all. Not least of the problems 
in tropical and sub-tropical territories is the raising of 
the nutritional level of the indigenous populations and 
this, ‘in effect, means the greatly increased production of 
crops suited to the areas in question. Sorghums, because 
of their special qualities, have a large contribution to mako 
in this connexion and it is fitting and timely, therofore, 
that the Commonwealth Mycological Institute should 
publish the present volume on the diseases of sorghum, 
sudan grass, and broom corn. Dr. Tarr, the author, 
was formerly chief plant pathologist to the Republic of 
the Sudan and is obviously qualified to speak with author- 
ity on tho diseases of a group of plants worthy of more 
recognition than it has had in scientific literature up to the 
present. 

Dr. Tarr starts with a briof treatment of the morphology 
and taxonomy of the three species, Sorghum vulgare, 
S. sudanense and S. bicolor var. technicum, and some 
discussion of the genus as a whole. An informativo soc- 
tion is included on sorghum poisoning of livestock in 
which tho literature on this subject is summarized. The 
main portion of the book divides the diseases into those 


affecting the seed and seedling, the root and stalk, the `., 
foliage and the inflorescence and developing grain. - 


The more important diseases, such as those due to Hel- 
minthosporium spp. and the smut fungi, are dealt with 
in considerable detail, and justifiably so. Thero would 
appear to be less need for the amount of space devoted 
to seed treatments and some pruning of the literature 
included would have been an advantage here. In every 
case the pathogen is fully described with the nocessary 
diagnostic detail and this is one of the most valuable 
features of the book. An appendix listing fungi recorded 
on Sorghum but not included in the main text, since many 
of them are not specialized pathogens, is a model of what 
the presentation of information for pathologists should 
be and makes one wonder whether some of the longor 
passages in the foregoing chapters were really nocessary. 

Bacterial and virus diseases provide a minor, but 
important, section. The rapid rise in importanco of 
grass and cereal virus diseases that we have witnessed 
in the past fifteen years may well be repeated in sorg- 
hums since the potential would appear to be there. 

It may surprise some to note that, on occasion, more 
serious menaces to sorghum growing than the orthodox 
types of disease are higher plants of the parasitic genus 
Striga. A most interesting and instructive chapter is 
included on this subject., 

The book is well printed with useful plates and some 
beautiful drawings reproduced, for the most part, from 
originals by Dr. A. M. Saccas. A bibliography of more 
than 1,200 titles is included. Dr. Tarr is to be commended 
on the production of a work that is likely to be the author- 
itative text on this subject for a long time to come. He 
has certainly succeeded in his avowed purpose of providing 
a book to enable cultivators, agricultural officers, and 
pathologists to recognize and possibly control sorghum 
diseases. J. H. WESTERN 
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THE SCIENTIFIC REVOLUTION AND LEISURE* 


By Pror. JOHN COHEN 


Department of Psychology, University of Manchester 


HE ambiguous heritage of Western civilization has 
been the idea of work that is at once a curse and a 
blessing, although throughout the centuries the curse 
has remained steadfastly dominant over the blessing. 
Before turning to the situation to-day let us quickly 
. traco the path of this idea from its dim origins to the 
present day. ` 
How did Adam occupy his time in the Garden of 
Eden before the Fall? What precisely did he do, day by 
day, hour by hour? This is what the early Fathers of the 
Church wanted to know, and let us not be misled by the 
allegorical form of their questions. What they were 
really asking was: How should we spend our time if 
we lived in an ideal society? St. Augustine (354-430) 
refused to believe that Adam’s back was bent in toil, 
but neither was he idle. He was what we should now 
describe as an amateur gardener, giving himself to the 
‘agreeable occupation of agriculture’, a task which 
afforded wonderful opportunities for close communion 
with Nature. Milton’s Adam must have been an Augus- 
tinian, for he tells Eve!: 


“Man hath his daily work of body or mind 
Appointed, which declares his dignity, 
And the regard of heav’n on all his ways, 
While other animals inactive range; 
And of their doings God takes no account. 
Tomorrow, ere fresh morning streak the east 
With first approach of light, we must be ris’n, 
And at our pleasant labour, to reform 
Yon flow’ry arbors, yonder alleys green, 
Our walk at noon, with branches overgrown, 
That mock our scant manuring, and require 
More hands-than ours to lop their wanton growth.” 


St. Augustine had no time for the multitudes crowding 
the deserts in search of a life of ease, even soldiers gladly 
‘exchanging their-tunics for cassocks. Work, he believed, 
of any description, is intrinsically good, and he devoted 
his De Opere Monachorum to a sharp attack on monastic 
idlers. Six hundred years later, Abelard (1079-1142), 
moved by the miserable state of the peasantry, repudiates 
Augustine’s roseate picture of land work and insists that 
agriculture, far from being a pastime fit for Paradise, 
was nothing less than a penance imposed on Adam for 
the Fall. 

A century passes and St. Thomas Aquinas (1226-1274) 
suggests a compromise. Work is neither sheer joy nor 
undiluted pain. It is a duty, “a necessity of Nature”. 
But there is an occupational order of merit: agriculture 
‘has pride of place, handicraft comes second, and com- 
merce last. Ecclesiastical activities are, naturally, 
superior to any kind of work. The social order founded 
on this scheme of things is divinely ordained, and there 
can be no movement from one class to another. Human 
society is an organism, each part having its appointed 
task which cannot be interchanged with any -other 
task: and just as the lungs cannot serve for the heart, so 


* Substance of a lecture delivered at Hatfield College of Technology on 
March 16, 1963. 


the carpenter cannot serve as a leech. The judiciary is 
located, in the liver and the populace in the toes. When. 
the people grow restive, the social organism is said to be 
afflicted with -gout. Luther (1483-1546) breathes a- 
harsher note than St. Thomas; the unforgivable sin 
is, once more, idleness. But it is Calvin (1509-15 64) 
who sets the stage for the modern epoch. He it is who 
re-interprets the ancient curse of work and thereby lays 
the theological foundation stone òf modern industrial 
society: the sweat of the brow is now the glory of 
God. A 
But by this time there are dreamers in Italy taken with 
a vision of another sort: a vision of work as joy and fruit- 
ful action. In the writings of the Italian humanists, 
Leon Batista Alberti (1404-1472), Marsilio-Ficino (1433- 
1499), Tommasso Campanella (1478-1555), and Giordano 
Bruno (1550-1600), as well as in those of Sir Thomas 
More (1478-1535), work is invested with dignity. It is 
congenial, no longer a crushing burden, and abundant 
free time is available for all. These unworldly fantasies 
fell on deaf ears at the time, and they had to await the 
revolutionary thinkers of the eighteenth century. Rous- 
geau (1712-1778) was the first of these to see a greater 
worth in the spontaneous play of the child than in the 
forced labour of the man. In Schiller (1759~1805) we 
encounter the apotheosis of play as the expression of 
what is noblest in man: man “‘is only completely a man 
when he plays”, a conception which is poles apart from the 
one we owe to Darwin and Spencer. They saw play as a 
preparation for a predatory career in the stock market 
or battlefield, as sanctified in the oracular dictum ‘The 
battle of Waterloo was won on the playing fields of Eton”. 

There is nothing animal-like in Schiller’s idea of play. 
On the contrary, it is man’s most distinctive and character- 
istic quality, that which marks him off from all other 
species. But work and play are still mutually opposed; 
they remain antitheses. The genius of John Ruskin was 
needed to foreshadow a world in which they could become 
fused in one and the game activity. In spite of all the 
efforts of his followers and disciples we cannot claim to 
have made any advance beyond Ruskin or even yet to 
have caught up with him. 

In the light of our past, then, we are faced with two 
essential problems. How do we spend our time? How 
should we spend it? These are not to be confused, for the 
first is a question of ascertainable fact, and the second a 
question of value. Replies to either of them could range 
from the style of life preferred by St. Simon Stylites to 
that chosen by Buffalo Bill, from the choice made by 
Diogenes to that which held its peculiar appeal for 
Casanova. In one guise or another, therefore, the ques- ` 
tions have intrigued the astutest minds: during the Dark 
and Middle Ages, as an issue in theology; from the 
Renaissance onwards, as a vision of Utopia. They may 
be said to amount to this: What shall we do with this 
finite moment poised between two eternities ?*. 


This preamble provides a historical perspective for the 
problem of leisure. For there is no denying that the way 
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we define and evaluate leisure reflects the way we con- 
ceive of work. Leisure to a Luther is a waste of time. 
It is not a ‘positive’ value. To a Ruskin, leisure is assimi- 
lated to work which has shed its terrors. I shall use the 
word ‘leisure’ to mean the free time that remains after 
work. Free time is not necessarily the same as ‘spare’ time; 
for we can do what we like only in free time, not in spare 
time’. Many of our obligations eat into our spare time 
and, in a large city, the amount of spare time which is 
actually free may be very small. First of all there is the 
journey to and from work. Moreover, when the worker 
arrives home a queue of domestic duties may await him: 
shopping and the payment of bills, repairs in the home, the 
care of children, and perhaps a visit to the doctor or 
dentist. There are health and insurance cards to be 
attended to, census and election forms, trade union 
meetings, and other inescapable calls on time. At least 
once a year the citizen must gratify the insatiable curiosity 
of the Inland Revenue, and preparations for a holiday 


` may involve a gigantic effort. Apart from these chores, 


work itself gnaws its way into spare time; second and 
even third jobs are sought. Much home decorating and 
building, for oxample, if not done by the ‘do-it-yourself’ 
householder, is in the hands of amateur builders and 
decorators whose actual jobs are different‘. 

All the same, it remains true that the free time enjoyed 
by the average worker has enormously increased during 
the past century. A hundred years ago the average 
expectation of life at birth was 40 years and a man 
worked about 70 hours a week. To-day, these figures are 
reversed, the expectation of life is 70 years and the 
working week is nearer 40 hours. 

Although there is, relatively speaking, plenty of free 
time, happiness, the Holy Grail of the twentieth century, 
remains as remote as ever. 

There are other negative aspects of leisure, which is 
a time when people may fall victims to accidents, and 
when conjugal hostilities break out into the open; 
‘Sunday neurosis’ is a familiar phenomenon to the psy- 
chiatrist, and even children may find a badly arranged 
summer holiday a period of boredom and distress’. 


Whatever happens during leisure time, the distinction 
between it and work can only relate to jobs regulated 
by the clock, to the factory or office worker who arrives 
promptly and lays down his tools or pen even more 
promptly. How sensitive some workers can become to the 
lapse of time was revealed in a study of the slackening of 
effort as the appointed period uf work draws to a close; 
the formula “Time, Gentlemen, please” is perhaps a more 
familiar feature of life in Britain than the procedure 
in a post office where, as six o’clock approached, an observer 
wished to record the precise moment at which the door 
would be closed. Unfortunately, his glance was turned 
away from the door for the merest fraction of a 
second as the hour was about to strike, and when he 
looked again the door, as if by a miracle, was securoly 
locked. 

There are many occupations, in the professions and 
arts, where the distinction between work and leisure is 
blurred because of an intrinsic interest in the task itself, 
even in the absence of external constraint. A man whose 
work is freely and ardently chosen does not follow the 
clock. His leisure time is not defined for him as an 
interval free from labour. Michelangelo remained two 
years at the top of a ladder painting the ceiling of the 
Sistine Chapel without dreaming of a long week-end. 
For such men the boundary between work and leisure 
scarcely exists. On the other hand, a man who detests 
his task escapes from it as soon and as often as he can, 
and looks to a leisure which will differ from it as much 
as possible, with relief from monotony, a chance to 
recuperate from fatigue, engagement in sport, a quasi- 
breach of the law or unwritten social codes, or the ex- 
perience by proxy offered by fiction, the theatre or the 
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cinema*. The meaninglessness of machine-paced work may 
carry its disintegrating effect into the after-work period. 
By reducing the number of working hours we may well rid 
ourselves of some undesirable features. But others may 
take their place. Suppose that the working week were 
to be cut down, by Government decree, to 20 hours a week. 
with pay unaffected. We might predict two consec- 
quences: substantial rise in the consumption of uleohohe 
beverages, and an increase in gaming and gambling: 
alcohol as a defence against boredom, and gambling as a 
means of enlarging income for more conspicuous consump- 
tion. 

I am not here primarily occupied with the tribulations 
of ‘permanent under-secretaries’ or bishops, who hnow 
how to use their free time. In this respect no doubt they 
resemble Members of Parliament, nearly 80 per cent 
of whom have two or more hobbies, while 8 per vent 
have one. The 800 hobbies in which they indulge fall 
into three categories: (i) activities, such as shooting 
associated, by tradition, with the leisured class; (ii) 
those exemplified by walking and gardening; and (iii) 
a more varied class, exemplified by ‘eating good food’. 
improving the alphabet and liturgiology. Forty per cent 
of Conservatives as compared with 12 per cent of Labour 
Members indulge in the first category; in the second 
category the indulgences are reversed?, I am chiefly 
concerned with the millions who work by the clock and 
who are likely to find themselves with more and more 
free time on their hands. Although there is a growing 
demand on all sides for a shorter working week as tho 
automatization of industry and commerce proceeds 
apace, this demand, in Britain at least, is not being 
made everywhere without misgivings, as I can testify 
from my own experience; some engineers, in any cvert, 
suspect that it is perhaps not leisure that they aro seeking 
but paid overtime, and they have some anxiety about 
the ‘moral’ basis of their claims. If many prefer io 
work overtime rather than enjoy free time, this muy 
merely reflect the fact that they are insufficiently alive 
to tho potentialities of leisure. 


In pre-industrial societies this problem of leisure docs 
not exist for the simple reason that free leisure time as we 
understand it is unknown, though not the idea of a 
loisured class. There can be no leisure for those who work 
from dawn to dusk until they die. Even to-day the farmer 
and the agricultural worker are tied to their soil, to their 
cows and pigs and to an unbroken sequence of daily and 
seasonal tasks. Older forms of society found emotional 
release in traditional festivities, like the Saturnalia, 
Sigillaria and Lupercalia of Rome, and the carnivals 
and masques of the Middle Ages. Something of this still 
lives on in attenuated form in many Italian and German 
cities; the Fastnacht of Basle in Switzerland is one of 
these festive occasions that preserves its original foree: 
and in the social history of England we encounter a host 
of practices which offer a release from taboo and conven- 
tion in music, dance and convivial buffoonery. The 
ghost of these customs survives in student rag days, 
although these are not free from guilt, for the partici- 
pants, under the vigilant eye of police and vice-chancellors, 
are obliged to dedicate their orgiastic spirit to a charitable 
purpose. 

All these traditional activities we can collectively 
call ‘play’, the content of free time. Play can never he 
automated. In work we do everything we can to reduce 
our effort, physical or mental, and even the effort of 
making up our minds. In play, on the contrary. we 
intensify our energies, and no effort is too great. The 
realm of play has no restrictive practices, no go-slow or 
‘ea-canny’. So, however pleasant and exciting we make 
work, however much joy and satisfaction it yields, play 
still has something more to offer. Even those whose 
work is free and who do not wish to escape from it need 
to ‘play’. For man is not only a worker. He is also an 
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idler, a man of leisure, a player, by which I mean that 
he can enter a world of ‘imagination’ which is quite 
different from the intelligence and skill exercised in the 
courso of work. 

But what is imagination? We know from Shakes- 
peare’s Theseus that “The lunatic, the lover and the 
poet, are of imagination all compact”. He goes on to tell 
us how they differ, but what do they share in common? 
We have a clue from Dr. Johnson who announced, with 
Boswellian finesse, that were it not for the imagination, 
a man could not decide whether he is in the arms of a 
duchess or a chambermaid. But this is a clue to no 
purpose, for who would venture to pursue it ? 

Let us turn to Coleridge, who distinguishes ‘primary’ 
from ‘secondary’ imagination, and both from ‘fancy’. 
Primary imagination is a creative force in perception, an 
act of Proustian penetration, swift and immediate, before 
the prosaic intelligence can intervene and destroy the 
magic of the priceless moment; primary imagination 
opens the doors of perception to yield a glimpse of heaven 
and hell. Secondary imagination is but an echo of the 
primary, from which it differs only in degree, while 
fancy is merely a shuffling of the filing cabinets of 
memory. 

This conception, too, leaves us unsatisfied, for we know 
that the world of perception is tied to the here and now, 
while imagination is unbound and free from the fetters 
of time and space. In perceiving, we interpret that which 
is outside us, although such interpretation may be directed 
from within the mind as well as from outside it. In 
imagining, so to speak, we fabricate missiles of the inner 
life and guide them into perpetual orbit. But even to 
refer to ‘the imagination’ reifies what is after all no more 
than a quality. Moreover, what about the varieties of 
imagination, the poetic and the pictorial, the musical 
and the mathematical, the technical and the theo- 
logical? 

The art of imagining, I suggest, implies a refusal to take 
things only at their face value or literally. It is a search 
for meaning, or rather meanings, symbolical, figurative, 
allegorical, mystical. A search for meaning characterizes 
the life of all men, high and low, and informs primitive 
myth as much as the esthetic consciousness. Even the 
ramblings of crazy people are ‘meaningless’ only if we 
project on to them our own ignorance; their search for 
meaning may, indeed, be even more intense than our 
own. The clue to leisure may lie in our use of the imagina- 
tion. 

The exercise of the imagination is a re-creation. 
Whether we immerse ourselves in associations and 
fantasies, in reflexions and memories, whether we cheer- 
fully chase a ball in a field, whether we swim or climb 
at pleasure, or join in a game of cricket according to 
rules, whether we are engrossed in a film or a drama 
on the stage, we are in each instance moving in a zone of 
experience with values of a different order from the utili- 
tarian values of daily life, and when we go on holiday 
we are like players about to play a game. We enter a 
more or less clearly defined region for a given period of 
time, and within this region our conduct is apt to undergo 
some startling changes. We let ourselves go; we dare 
more. We incur greater hazards, and we have greater 
confidence in our success. The make-believe topology 
of our private domain is strangely transformed. We 
wear clothes we would not otherwise dream of wearing. 
We are more lavish; our money-values change, as if 
we had come into a fortune. We become grandiloquent 
and extravagant. Pounds are spent as if they were 
shillings, and this change may begin the moment we 
step into a travel office to buy the ticket, a fact of life 
that does not take sea-side hoteliers and shop-keepers 
entirely by surprise. 

If, as I would suggest, man is essentially a creature of 
imagination rather than of intellect, contemporary educa- 
tion is out of joint, for it is a pragmatic affair almost 


NATURE 


June 15, 1963 VoL. 198 


wholly concerned with acquiring a representation of the 
external world. This relative overestimation of the inter- 
lectual at-the expense of the imaginative is not a new 
phenomenon. “Men of great imaginative power”, 
wrote Spinoza, “are less fitted for abstract reasoning, 
whereas those excelling in intellect and its use keep their 
imagination more restrained and controlled holding 
it in subjection, so to speak, lest it should usurp the place 
of reason.” “We stay too long on the theatre”, declared 
Bacon. “let us now pass to the palace of the mind, which 
we are to approach and enter with more reverence and 
attention.” “I am glad”, said Leibnitz, “that Dryden 
received a thousand pounds for his Virgil, but I wish that 
Halley could have had four times as much, and Newton, 
ten.” In the same vein, Locke wrote “Its [Fantasy’s] 
beauty appears at first sight and there is required no 
labour of thought to examine what truth or reason there 
is in it’s, 

Our educational system also fails to present a coherent 
image of man in which biological, historical and cultural 
aspects all play their proper part. This failure is revealed 
in the absence of any reconciliation between the scripture 
lesson and the natural history lesson. If teachers shrink 
from such a formidable task it is to be expected that their 
pupils’ notions of human origins will be a curious amalgam 
of Genesis and pre-history. Here are typical replies? 
given by adolescents to the question “How do you think 
Man began on Earth ?”’: 


“God made man in his own image. He made Adam and Eve 
first from apes.” 


“When men first came on the Earth they did not know how 
to do anything, and were very warlike ...nor did they know 
how to hunt until Jesus came on Earth and taught them.” 


“In our science lesson we have been told that the Earth is a 
small part of the sun. If so, I think that man originated from 
a monkey. But in the scripture lesson we are taught that God 
made a man and then a woman. I think I shall have to learn 
a lot before I can give a definite idea.” 


By neglecting to face this problem of reconciliation the 
pupil never acquires a sense of man’s place in Nature, 
in history, in society, or of man’s limitless possibilities 
which have scarcely yet been tapped. Man is taken 
only as he is, not as he could be. If these possibilities 
are to be made actual, radical changes must be made 
in our educational system. It may not be much of an 
exaggeration to say that in England a child reaches his 
peak of brightness, relative to age, before he begins 
school, for it is then that he is at his exuberant best. 
The moment he enrols as a pupil his intellectual decline 
sets in and steadily proceeds until the end of his school 
career, in spite of some increase in knowledge. The 
vital questioning of everything familiar and unfamiliar, 
the uninhibited searching, the direct hit: “Fhe Emperor 
wears no clothes!’’—all this disappears. Compare, for 
example, the free-ranging fantasy of the pre-schoolchild, 
as embodied in his drawings and paintings, with the 
pedestrian efforts produced in the majority of our primary 
schools. Moreover, instead of providing opportunities 
for contact with Nature, many of our schools are content 
to offer a ‘Nature table’ complete with tadpoles and 
buttereups. If we are to explore and enjoy the full range 
of our resources in leisure, these resources must be made 
manifest to us, and this calls for a greater effort than we 
have yet contemplated. To start with, our primary 
schools should be equipped with, say, twenty or thirty 
simple workshop-laboratories, and art and craft rooms, 
each embracing a ‘family’ of occupations. A child could 
spend weeks or months in several of these and thus dis- 
cover his own potential under optimal conditions. In 
this way, occupational choice could become much freer 
and it could achieve a far higher degree of specificity. We 
recognize the value of specificity in choosing professions 
of a high order of competence, such as civil engineering, 
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but the same recognition should be accorded to occupa- 
tions at all levels. 

The world of sense and feeling, the transcendent world of 
myth and legend, all this is undervalued to-day, and we are 
in danger of impoverishing the imaginative life in science 
as well as in the humanities. Is it possible to introduce 
features that might enrich the maturing imagination 
and hence the pupil’s capacity for fruitful leisure? One 
way might be by enhancing visual experience through 
films of poems which are particularly rich in pictorial 
imagery; the viewer’s imagination could then be actively 
stimulated while he listens to the recitation of the poem. 
For example, Blake’s “Tiger, Tiger” might be represented 
as a surrealist sequence of images and scenes of tigers, 
forests, night and other graphic elements in the poem. 
Clear and definitive representations would naturally be 
avoided, for what is needed is not to teach the viewer 
how to recognize a tiger, but to awaken, stir and sensitize 
his imagery so that he can more fully enter into the 
poem. Goethe’s Erlkonig comes to mind| as another 
poem that could be treated at once visually and dramati- 
cally, and hence leave a more powerful impact on the 
viewer than would result from sound alone. 


Perhaps only by nurturing the capacity for inner imagi- 
native experience can we overcome the callousness which 
is blind to suffering that does not occur under our very 
noses: we are far more moved by a trivial casualty in the 
neighbourhood than by some fearful disaster a thousand 
miles away. In the long run, our survival may depend on 
discovering the antidote to such callousness. The provi- 
sions we make for cultivating the imagination may there- 
fore have far-reaching implications, though the concept of 
leisure must have a hollow ring to the hungry millions. 
Their problem is empty stomachs, not empty time. 

Among these wider considerations, we must include the 
impact of technological development on modern society, 
in particular, the relationship between production and 
consumption. The modern trend is to make a man increas- 
ingly restricted as producer and increasingly diverse as 
consumer. For every worker is both. As producer he 
repeats ad nauseam some single task in the manufacture 
of one commodity. As consumer he can choose from the 
innumerable objects made by different workers all over 
the world, and by the range and variety of his choice 
he can influence the entire system. “As producer he 
is ‘the one’, as consumer ‘the many’”!*. Furthermore, 
the type and quality of the demand in any society may 
reflect its civilization more than the efficiency of its pro- 
duction, so that the contrast between the contemporary 
demand for airports and the medieval appetite for cathe- 
drals is more significant than the corresponding difference 
between techniques of production. 

The mass purveyors of entertainment in film, radio and 
television, as well as the mass-producing factories, claim 
to give people ‘what they want’, and often the lowest 
common denominator of wants is appealed to, but con- 
sumers who refuse to deny their individuality and are 
selective in their entertainment, as well as in the clothes, 
furniture and other goods they buy, exercise a counter 
influence to the effects of the mass purveyors. They 
demand that producers shall have the skill, judgment and 
taste necessary to satisfy them as consumers. By 
cultivating the individuality of taste and discrimination 
we could perhaps overcome mass pressures and raise the 
quality of consumption, and the world of production 
would then be obliged to change its tune. Our educational 
machine is now geared to the training of the young as 
producers. What is even more urgently needed, and not 
only for leisure, is to train them as consumers. 

This conflict of roles between producer and consumer is 
paralleled by another, namely, the continuous pressure to 
work which coexists with an image of conspicuous con- 
sumption attainable only with a higher income than 
most people could possibly earn by honest work. Many 
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people seem urged to own cars which cost more and even 
seem larger than the houses they live in, for the car is an 
object of, prestige and display, constantly on show in a 
hundred places, and it is of capital importance in a 
society which has established as its first law the principle 
of ‘keeping up with the Joneses’. The fitter, the textile 
worker, the coal miner, and countless others engage 
in a task which they feel burdensome. All dream of being 
in the position of never having to work. In Britain they 
are apt to become the hordes of football pool punters, 
bingo players and lottery coupon-fillers caught m a 
frantic and feverish race for wealth. 


In a society undergoing rapid technological change. free 
time activities are in a state of flux; some diminish. 
others grow, and yet others come into existence. Thus, 
in Britain attendances at cinemas have declined consider- 
ably in recent years, and so has the popularity of cycling. 
At the same time there has been an increase in hiking. 
gliding, mountaineering, in boatmanship, yachting and 
canoeing. Sales of gramophone records and of paper- 
back books have risen enormously, and there has been a 
minor boom in the number of books borrowed from 
public libraries. Among newer features are gamblinz 
halls (three million players a week) and bowling alleys 
(100,000 players). Dancing attracts nearly six million 
dancers weekly, and is an activity which is estimated to 
lead to 60 per cent of all marriages in Britain. Television 
viewing and travel of all kinds, apart from gambling 
in one form or another, are among the leading consumers 
of free time?*. 

One particular way of spending leisure deserves coni- 
ment if only because of the large numbers involved. 1} 
refer to spectators at football matches. Other ball-playing 
games—rugby, cricket, tennis, golf, hockey and many 
others—also have a powerful appeal, partly perhaps be- 
cause a, ball with its perfect shape and remarkable physical 
properties, is a natural object of play; of all objects. 
it alone may be said to play with the player. Kepler 
thought of ‘a ball’ almost as a religious object. “In 
forming this [the spherical surface of the Karth]’. he 
wrote, “the most wise creator created playfully the 
image of his venerable Trinity’’!%, and, “as the Creator 
played so he also taught Nature, as his image. to play: 
and to play that very same game that he played for her 
first . ...°14 Watching football may be said to have a 
social value beyond the realm of sport, although we must 
not confound the football of the Saturday crowds with 
school football. Educators emphasize the value of 
football for its camaraderie and team work, its fair play. 
initiative, and demands on physical agility and vigour. 
But it is not these qualities which attract the crowds in 
their tens of thousands, which fill the teeming colunins 
of sport in the daily and weekly Press, which evoke the 
eloquence and verve of the broadcaster and which occupy 
the minds of the football associations or which arouse 
national pride’. When a player is injured in League 
football, spectators display little compassion and may 
seem eager for him to be taken from the field so that the 
game can be resumed without delay. 

Why does football exert so powerful an appeal? Be- 
cause each spectator considers himself the supreme 
authority on every detail of the game. He can identify 
himself with each of the players in turn, and he can 
tell you what all of them individually should do at any 
moment. This identification with the players. coupled 
with an agreeably superior feeling of what he (the spre- 
tator) could have done had he been playing, constitutes 
the principal source of attraction to the spectator. Each 
spectator has the chance of witnessing the excellenve 
of a highly skilled performance, which he cannot see in 
his mass-producing factory; and he not only witnesses 
excellence, he also judges it. So he is perhaps less easily 
fooled elsewhere. Britain possesses millions of ‘expers’ 
on football, experts not only in the sense of having a 
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large fund of relevant knowledge but also in that they 
recognize“ no higher authority. Add to this the local 
pride, the sustained tension due to the uncertainty 
of the outcome, the ceremonies before the game and after 


‘a goal, the ardour stirred up by Press and radio, and 


finally the peculiar thrill of being one of an immense 
crowd, and we begin to understand the magnetic appeal 
of a football match'*, The development of football during 
the past century is related to a particular phase in social 
history. If so, the recent decline in attendances—from 
42 million in 1948-49 to 28 million in 1960—is not only due 
to competition from television but also to the growing 
appeal of the private motor-car. 


The traditional festivities to which I have referred 
are gone possibly for ever. But the impulse which created 
them still lives on in the dance, which was once the 
principal rite accompanying’ all significant activities. 
Nothing of social significance was done without a dance. 
“If any intercourse be necessary between two American 
tribes, the ambassadors of the one approach in a solemn 
dance and present the calumet or emblem of peace.’’!? 
If war is declared, if the anger of the gods is to be ap- 
peased, if the birth of a child is to be celebrated or the 
death of a friend to be mourned, there is invariably a 
dance appropriate to the gaiety or solemnity of the 
oceasion; and if a sick person who is to be restored to 
health lacks the necessary skill for dancing the physician 
performs in his place. Greeks and Romans borrowed the 
funeral dance from Egypt where the dancer imitated the 
idiosyncrasies of the deceased. He was dressed in the 
dead man’s garments and wore a mask resembling his 
face. As the cortége moved to the sound of mournful 
music he executed a pantomimic dance representing the 
most remarkable exploits of the man who was being 
borne to his grave!*, The dancers of Japan, like those of 
ancient Greece, were largely pantomimic, each gesture 
having a symbolic or esoteric meaning. The sedate 
Cicero must have been among the first to utter a denun- 
ciation of the dance. ‘‘No gentleman dances”, he declared, 
“unless intoxicated or mad”, a view later shared by St. 
Chrysostom in the fourth century. He also attacked the 
mime songs of his time, or what would to-day be called 
‘pop tunes’. “The young people”, he complained, “were 
singing mime songs all day long”. In his condemnation 
he did not fail to include the curling of hair, the painting 
of cheeks, and the rolling of eyes. A milder view, expressed. 
by St. Thomas Aquinas, led to bitter controversy. Even 
the despised profession of the actor, said St. Thomas, was 
not necessarily sinful, because “‘recreation is necessary to 
mankind”. St. Thomas was fortunately able to find 
support for his liberal plea in a revelation vouchsafed 
to the blessed Paphnutius “that a clown was to be his 
companion in Heaven”. 

As in earlier times, people of to-day seek in the fan- 
tasies aroused by the music, rhythm, whirl and the 
colour of dance an experience free from the bleak and 
dismal reality that often surrounds them. They have an 
intimation in the dance of an existence in which illness, 
ugliness and death have no place, a life in which love 
endures, not for a brief moment, but for ever. Such an 
experience is equivalent to a return to the primordial 
beginnings, the Age that preceded the mythical Fall to 
which legends of all peoples testify, not as historical 
fact, but as ‘sacred’ history. They discover “an image 
of Paradise Lost suddenly evoked by the music of an 
aecordion’’!*, In some impoverished sense the existence 
of a yearning for a Paradise Lost may be said to be 
attested by the well-nigh universal addiction to opiates, 


drugs or alcohol, for inducing states of intoxication. The 


Australian Aborigines, the Hottentots, and North Ameri- 
can tribes seem to have been among the very few excep- 
tions to the general rule. When Captain Cook first visited’ 
the Friendly Islands he discovered that the natives 
drank a potent beverage made from the juice of the kava 
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root. A fermented mare’s milk served the Tartars; 
the juice of the aloe, the Mexicans; and a liquor brewed 
from rice, the people of China and Siam. Indra, in the 
Vedic hymns, reels from the effects of the sacred soma 
poured out for him by his worshippers. In Orphic 
eschatology, the righteous are transported to Hades where, 
crowned with garlands, they drink to intoxication, this 
being the supreme reward for virtue. Such divine drunken- 
ness was felt by the initiates to be a state of ecstacy of the 
spirit??, 

It is easy to be contemptuous of the dance and song of 
the contemporary teenager, but however cheap and 
pathetic the medium, however vacuous the words and 
tasteless the tune, the underlying sentiment commands 
our respect. For it speaks of an unspoiled discontent 
with a drab routine which is devoid of significance. The 
dancing teenager is drawn to a never-never land, to a 
‘once upon a time’ which has no end, for all ‘live happily 
ever after’. 
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Let us finally look ahead and reflect on the form which 
work will take in an era of automation, when men will no 
longer be subject to the indignity of doing what.can be 
done just as well or even better by a machine. Will 
automation call for an army of ‘alert morons’? Will the 
need for continuous industrial traming guard against the 
obsolescence of skills? What meaning will his occupation 
bear for the worker? Will it elicit his talents and energies? 
How will he devote his free time after a four- or five-hour 
stint of labour? Moreover, what, indeed, will be the 
significance for him of his leisure? Even if industry of the 
future could be purged of its monotony and meaningless- 
ness and infused with some of the spontaneity of play, 
there will remain, I suggest, abundant scope for recreation 
by immersion in the imaginative life, in art, drama, 
dance, and a hundred other ways of transcending the con- 
straints of daily life. 

Let us assume that the working week, well before the 
end of the century, will not be more than 30 hours. What 
will people actually do in their free time? I do not think 
that we can or should legislate for this. We cannot, and 
should not, try to direct their energies into channels speci- 
fied in advance. We should rather aim to nourish the 
individual’s potentialities so that each, according to his 
capacity, can find his own solution. This would certainly 
entail a re-casting of educational opportunities. -The 
hundreds of thousands of adolescents who are now de- 
scribed as ‘unemployed’ when they leave school at fifteen 
and find that the labour market has no need for them 
would not be ‘unemployed’ if they remained at school until 
18 or 20 years of age. Obviously, the idea of a ‘school’ 
would have to be very different from what it is to-day, 
because the vast majority of the 15-year-old school leavers 
are not book-worms. Their talents do not necessarily lie 
in a literary culture. 

What unsuspected resources for engaging in leisure 
still lie dormant within us? This question can find no 
proper answer unless we bring to it a proper image of man, 
an image based on an understanding of his humdrum 
activities as well as of his spectacular achievements, and 
on an acknowledgment of the diversity of his aspirations 
and values in different times and places. In conclusion, 
there is something which we can learn from Plato (Laws, 
vii, 10), who tells us that man is God’s plaything, and this 
is the best part of him: “Therefore every man and woman 
should live life accordingly, and play the noblest games 
and be of another mind from what they are at present... . 
For they deem war a serious thing, though in war there 
has never been either play or culture worthy of the name, 
nor is there, nor will there be. But this we say is a thing 
to us the most serious, that everyone ought to pass through 
life for the most part and the best in peace. What, then 
is the right-way of living? Life must be lived as play, 
playing certain games, making sacrifices, singing and 
dancing, and then a man will be able to propitiate the 
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gods, and defend himself against his enemies, and win in 
the contest”. 
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THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
SECOND CENTURY FUND CAMPAIGN 


IFTS, grants and pledges received by the Massachu- 

setts Institute of Technology, Cambridge, Mass., 
from private sources during the three years of its 
Second Century Fund campaign amounted to 98,000,000 
dollars*. Of this total, 77,000,000 dollars came directly 
through the efforts of campaign workers and an additional 
21,000,000 dollars in contributions was stimulated largely 
by the drive and is applicable to the general objectives 
of the Institute as expressed in the Second Century 
Programme. 

The announcement of this gratifying response was made 
on May 7 by John J. Wilson, Boston, general chairman of 
the campaign, before an audience of 1,100 business 
leaders, scientists, etc., at a dinner at the Waldorf-Astoria, 
New York, bringing the campaign to a close. The goal of 
the campaign, as announced in May 1960 was 66,000,000 
dollars. It must be very encouraging to all scientists, and 
especially those connected with this great Institute, that 
the goal was not only reached, but even exceeded by 
almost half as much again. Dr. James R. Killian, jun., 
chairman of the M.I.T. Corporation, declared that success 
of the campaign is evidence of a national determination 
to support educational institutions. The unprecedented 
sum came entirely from private sources, he said. 

Discussing the use of the funds, the President, Dr. 
Julius A. Stratton, commented on the changes and progress 
made possible at M.I.T. by the campaign. But, he said: 
“We have set our goal higher than the mere expansion of 
a campus in Cambridge. We have a programme which we 
believe will advance science and education everywhere on 
this continent”. 

The principal speaker at the dinner was Dr. Frederick 
R. Kappel, chairman of the Board of American Telephone 
and Telegraph Co. Special honour was paid by Dr. 
Killian to Dr. Alfred P. Sloan, jun., of New York, who 
graduated from M.I.T. in 1895, became president of the 
General Motors Corporation and is now chairman of the 
Alfred P. Sloan Foundation and honorary chairman of 
the Second Century Fund. Dr. Killian also expressed 
deep gratitude to campaign workers, including Mr. 
Wilson; Mervin J. Kelly, New York, who led the solicita- 
tion of corporations; Walter J. Beadle, Wilmington, 
Delaware, who directed solicitation of large individual 
gifts, and Philip H. Peters, Boston, who was in charge of 
area solicitation of alumni. 

Dr. Killian announced for the first time at the dinner 
the establishment of an Abby Rockefeller Mauzé profes- 
sorship, to be filled by a succession of distinguished 
women scholars. This chair has been endowed by 
Laurance 8. Rockefeller, a member of the M.I.T. Corpora- 
tion, and the Rockefeller Brothers Fund in honour of 
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the ‘only daughter of John D. Rockefeller, jun. The 
establishment of this chair emphasized the importance 
of women in science and engineering. The M.I.T. admitted 
its first woman student in 1871, the first scientific 
institution in the United States to do so. The chair is 
one of fourteen new professorships which have been 
funded (with an endowment of about 500,000 dollars 
each), including seven established in the School of 
Engineering under a 9,275,000-dollar Ford Foundation 
grant for the advancement of the School. 

Dr. Stratton stated that the immediate and visible 
impact of the Second Century Fund on the development 
of M.I.T. is enormous. The Institute is engaged on the 
largest construction programme in its history. All in all, 
it will have ultimately added nearly 1,000,000 sq. ft. to 
its academic resources for teaching and research. 

The programme of the Second Century Fund, expanded 
beyond the original goals, includes such contributions as 
2,020,100 dollars donated by Mrs. Stanley McCormick. 
Boston, for a women’s dormitory, and two gifts of 500.000 
dollars each for a chemistry building which was not 
originally envisioned but which M.I.T. needs and intends 
to build as soon as further financing can be completed. 
It also includes the recent grant from the Alfred P. Sloan 
Foundation of 5,000,000 dollars for a Center for Advanced 
Engineering Study. The women’s dormitory is now 
under construction, as are the Green Center for Earth 
Sciences, made possible by a 6,000,000-dollar gift from 
Mr. and Mrs. Cecil Green of Dallas, Texas. and a 
6,000,000-dollar Center for Materials Science and Engin- 
eering. 

Other buildings are to be started almost immediately. 
They include a 4,000,000-dollar Student Center; a 
4,000,000-dollar Center for Space Research; and a 
6,000,000-dollar Center for the Life Sciences. 

Dr. Stratton also reported that a major programme of 
renewal and improvement throughout the student houses 
and of extensive changes in the teaching laboratories of 
the Institute is to be undertaken. 

In addition to new professorships and building». 
10,000,000 dollars has been contributed for student ail 
and 30,000,000 for teaching and research programmes. 

Unrestricted funds contributed represent one-third of 
the total amount given, permitting flexibility in develop- 
ment of the programme. Approximately 85 per cent of 
funds given by corporations was unrestricted. 

More than 20,000,000 dollars was contributed by 
business and industry and it came from nearly 500 
corporations, and in addition another 6,000,000 dollars in 
industrial grants to M.I.T. were given during the three 
years of the campaign—an unparelleled demonstration of 
the interest of business in education. 
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Members of the M.I.T. Corporation, the Institute’s 
governing board, individually or their foundations, gave 
more than 22,000,000 dollars. Dr. Killian said: ‘This 
backing by the Institution’s own trustees has been a 
major factor in our success and a demonstration that the 
trustees of a privately controlled institution, in action as 
well as speech, work to fund its independence”. He 
referred to the Second Century Fund as “‘a path-breaker”’, 
and said: “The success of this campaign enables M.LT. 
to take a long stride ahead, but the import of this success 
extends far beyond M.I.T. We live in a decade when the 
American people have launched another great forward 
thrust in education at all levels, when there emerged a 
clear national consensus that the advancement of the 
quality of education must be a top-priority item on the 
national agenda, that anything less than the best we can 
achieve is not good enough for a great society. Anything 
less than the best is not enough when we must exercise 
world leadership and when this leadership depends so 
greatly on the quality and potency of the nation’s 
intellectual skills and the pose of its inner life. 

“We recognize with great satisfaction that the nation’s 
generous response—and it has been a national response— 
to a large programme for augmenting the strength of this 
one institution is a heartening manifestation of a current 
national determination to build strength in all institutions. 

“We may conclude, then, that the new resources which 
have been made available to M.I.T. represent a mandate 
by the nation for M.I.T. to achieve its full potential and 
in its domain, in both teaching and research, to exercise 
to the fullest its resources for national leadership. Much 
of what we have received has been given with the expecta- 
tion that we will employ it in a way that will be useful 
not alone for our own students and faculty but to those 
at other institutions throughout the world. We accept 
these obligations with humility—and with confidence. 

“A. conclusion eloquently expressed by the outcome of 
our campaign is the capability of our privately controlled 
institutions to discover new resources of private support. 
Note well the fact that the great sum announced has come 
wholly from private sources. 

“Along with the success of recent fund campaigns 
conducted by other major universities, M.I.T.’s experience 
convineingly demonstrates how continuingly great and 
responsive are the resources of private giving in the 
United States, when programmes of unmistakable impor- 
tance and urgency are persuasively presented. At a time 
when federal assistance to education is playing a larger 
part in both public and private institutions—and M.I.T. 
is no exception—it has been demonstrated anew that 
private institutions by boldness and diligence—by blood, 
sweat, and tears—can attract unexpectedly large support 
from private sources, that they can still fund their 
independence and maintain those attributes so important 
to all education and vital to a free society which arise 
from the freedoni of our private institutions. In this era 
of mixed support, public and private, the role of private 
funds has become more crucial than ever.” 

In expressing his appreciation to the donors, President 
Stratton summarized his views of the basic objectives of 
M.I.T. He declared: 

“We believe that the central mission of M.I.T. is to 
teach and to contribute a share to the enlargement of 
knowledge and understanding. We propose to fulfil that 
mission with energy and imagination, and within our 
own fields we shall be content with nothing less than a 
quality of effort that sets new standards of excellence for 
American education. 

“We think it our duty to guide the student along paths 
which will fire his imagination and inspire him to great 
‘efforts of his own; to provide him with abundant examples 
of fine scholarship; to furnish him with the most ample 
resources of laboratory and library; and to afford him the 
incalculable benefit of an association with first-class 
minds. 
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“We believe that every great institution leaves its 
imprint on the character as well as the mind of its gradu- 
ates, and we accept our obligation to cultivate a moral and 
physical—as well as an intellectual—environment in which 
will thrive such qualities as judgement, fortitude, and 
integrity. í 

“And so in sum, we hope first to give to the under- 
graduate a command of some lasting fundamentals and 
to excite within him a breadth of interest that relates 
science to the human, pulsating world about him. 

“Secondly, we give him the power that comes from an 
organized training on how to attack problems that are 
new and difficult. 

“Thirdly, we offer him the only real security, the 
confidence that comes from intellectual self-reliance—the 
capacity to keep pace with a rapidly changing world.” 


Dr. Frederick R. Kappel, chairman of the Board of the 
American Telephone and Telegraph Company, in his 
speech, referred to the Sloan Foundation’s magnificent 
new gift to M.I.T. for a Center for Advanced Engineering 
Study “where even professors can keep up their 
education. 

“In the first place, M.I.T. is important to us as a center 
of scientific research. The ideas and information it 
generates help our work in many fields of technical effort. 
They help us chart our directions. They stimulate our 
thinking. They add to our knowledge. The relationship 
between the university and the industrial laboratory 
strikes sparks. It is close and it is lively. It nourishes 
creativity. 

“Second, a good proportion of the trained manpower 
we need to conduct our own research and development 
and engineering effort has come to us from M.I.T. [and] 
.. © 80 many M.I.T. men have been able to con- 
tribute substantial achievement and accept large responsi- 
bility. 

“Third, for a good many years now we have been 
sending small groups of Bell System managers to M.I.T.’s 
School of Industrial Management to participate in the 
Sloan Fellowship Program. In my observation, this 
experience has been of real value to the great majority 
of the men. When they come back to work, there are 
few who do not show a visible advance in their capabil- 
ities. 

“I believe the quality of education in science and 
engineering is central to all future progress in this country. 
It is science and engineering that provide the tools for 
changing the material conditions of life. And the people 
who create these tools—the scientists, the engineers— 
have a unique responsibility to the future. They are key 
people,.and the calibre of their work and thought will 
largely determine what kind of world this is to be. 

“This is not to say that education in the liberal arts, in 
economics, in history, in Government, are matters of 
secondary concern. They are not secondary, and alert 
schools of technology recognize this. M.I.T. itself has 
already accomplished a great deal in building an educa- 
tional environment in which technical studies, broad 
education in the humanities, and a fine school of industrial 
management all flourish together. 

“This simply strengthens my hope—in fact my expecta- 
tion—that M.I.T. will be one of the institutions that will 
bring new height and depth and breadth to the education 
of scientists and engineers. And I believe some such 
expectation of leadership, which others might express in 
different ways, lies behind the contributions of individuals, 
foundations, and industry to the Second Century Fund. 
In my judgement, this is why this campaign has been such 
a success in dollars and cents. 

“The contributions of business organizations alone to 
the Fund come to more than twenty million dollars. 
Such an amount is far and away more than business in 
the United States has ever given to a university in a 
fund-raising campaign: and there have to be compelling 
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reasons for this. I would say these reasons include a deep 
respect for M.I.T.’s outstanding record—equal respect 
for its present leadership——-and the confident expectation 
that all these enlarged resources will be used with 
exceptional insight to discern and meet the developing 
needs of the future. 

“One thing that bothers many thoughtful people (inside 
the universities as well as outside) is the effect of all this 
Federal money now flowing to the schools, especially for 
science and technology. The worrisome thing is that 
if disproportionate amounts of money and talent are 
expended for a few purposes, not enough work can be 
done on other things that are very important too. The 
same kind of problem exists in many businesses, including 
the one I am in. We are always having to decide what 
jobs should come ahead of others. 

“I am not suggesting that the country today can make 
the kind of scientific and economic progress it needs 
without large sums of Government money going to the 
schools for research. I am simply saying that the alloca- 
tion of all time, money, and effort is a matter of crucial 
importance. Regarding this, authorities at M.I.T. have 
pointed out that funds from non-government sources are 
all the more needed to maintain a balance in support of 
the independence of the schools. I do not disagree with 
this, but I doubt that even millions of dollars of private 
support will be enough by themselves to establish a 
balance. All that private money can dò in this situation 
is to strengthen the will of the educators to manage their 
total assignment wisely. 

“To be specific, there are at least two parties to every 
Federal grant of funds. One is the grantor and the other 
is the grantee. What this means is that the worth of every 
project is open to critical evaluation and judgement at 
both ends of the line. And it needs, it must have, the 
benefit of both judgements. Especially, those who are 
invited to undertake research and development work 
must be able to feel that each project lies in an area where 
their talents are genuinely needed and can be employed to 
important advantage. There is no question that the 
people who grant Government funds have an enormous 
responsibility. But the responsibility of those who are 
invited to accept them is at least equal, and, I would say, 
even greater, for no one else can judge as well as they can 
whether a proposition will result in the best possible 
use of somebody else’s money and their own effort and 
time. 

“Here we have in our modern society these magnificent 
resources in science and technology—resources of a kind 
never before available in the whole history of mankind. 
I can think of nothing that is more important—nothing 
at all—than that they be applied to the full limit of their 
potential value. These resources are precious. We cannot 
afford to see any of them wasted—either in industry or 
in the universities. We cannot afford to see them mis- 
applied. Their most fruitful application, I am convinced, 
will come only through the exercise of calm, independent 
judgement by people and institutions that are not thrown 
off balance by streams of dollars, some of which might just 
possibly be flowing in the wrong direction. 

“I think the most valuable thing any school can do for 
a student is to help him get set on a course of continuous 
personal growth (assuming, naturally, that he has some 
potential). How to learn and keep on learning—this is 
what counts. For the scientist or engineer especially, it 
is not a merely desirable attribute, it is a necessity. 
Science is learning. That is its essence: and its application 
in new arts, new systems, new products and services— 
this equally demands the drive and determination to 
loarn. 

“It has been said a thousand times that the pace of 
modern technology is so fast that the education of the 
engineer must be continuous. This is true enough. But 
I think you can also turn it around and say it another 
way: If the drive to learn is not continuous, then the 
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pace of technology will be neither so fast nor so pro- 
ductive. 

“Another point about education in science and 
engineering has been often expressed, but I can’t help 
saying it again. J recall reading somewhere that Faraday 
declined to be described as a physicist. He did not want 
to be classified in purely technical terms. He did not care 
to be tagged as perhaps not wanting other endowments 
as well. He desired breadth of learning, and of being, and 
of understanding, as well as depth. It seems to me that 
for the modern scientist or engineer, the person who is 
building the tools that will change the world, this is more 
important than ever. He will have to keep growing just 
to keep up with the techniques of his profession, of course 
—and hopefully, to advance them. But there is more 
besides, for his responsibility is not alone technical, it is 
human and moral. 

“Dr. J. B. Fisk, president of Bell Laboratories, has 
recently emphasized the various responsibilities that rest 
with engineers—-the responsibility for communicating as 
well as for doing; the responsibility for working in tune 
with other people, and, often, for organizing and leading 
their co-operative effort; the responsibility for discerning 
what ought to be done as well as for knowing how to do 
it; the responsibility for professional accomplishment that 
reflects good understanding of human experience and 
human aspiration. 

“In the business I am in we mix solid-state physics. 
corporate finance, and day-by-day effort to meet the 
needs and wishes of millions of people, no two of whom 
are exactly alike. That is an over-simplified way of 
putting it, but the point is that the technical and the 
economic and the human are not separate, they touch 
each other all along the line. And the people who have 
undergone scientific and enginecring disciplines are 
involved not partially, but all the way. They are involved 
in the economic, social, and political circumstances to 
which their work contributes. They are involved in the 
problems they create as well as in the problems they solve. 
They are intimately involved in the processes of decision. 
and they need the breadth of outlook, the awareness of 
alternatives, the insight into possible consequences, that 
good decisions require. The man of brilliant technical 
attainments can ill afford to appear as an amateur outside 
of his special field. 

“I do not want to see M.I.T. turn out this, that, or the 
other type, or types, of men. The need of the world is 
not for types, it is for individuals, each with his own 
integrity and his own desire to dedicate the best he can 
make of himself to something outside himself. I see a lot 
of what passes for scientific and engineering activity 
going on these days that somehow seems to lack the ring 
of silver. Maybe a contract tempts a group or an individual 
into short cuts. Maybe expediency dictates answers. 
Maybe jobs are being attempted by people not qualified 
to attempt them. Maybe things are being done that ought 
not to be done at all. This is just an impression I have, and 
I decline to particularize. But I do have the impression 
and it makes me want to say to the people at M.LT. and 
every institution in the land where the heritage of science 
and engineering is nurtured—send us, I beseech you, men 
who are scrupulous of their talents. who feel that some- 
thing important has been entrusted to them, who prize 
their responsibility, who insist on themselves and will 
not let themselves down.” 

Dr. Alfred P. Sloan, in his speech, referred to the world- 
famous School of Industrial Management at M.I.T.. which 
he himself proposed some years ago because, as he said 
“it Was evident that many graduates, passing out of the 
door of the Institute would ultimately find their way into 
the area of management. As a matter of fact, it is difficult 
to keep able, professional people out of management; 
they just gravitate that way. 

“Why, therefore. should not the Institute provide 
the essential training. The School of Industrial Man- 
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agement now fills the vacuum in a masterly way. 
Leadership is engrained in its curriculum. Notwith- 
standing its youth, it has established an enviable 
reputation. 

“I am impressed with the announcement of the establish- 
ment of a Center for Advanced Engineering Study. It is a 
recognition of the basic fact that people become obsolete 
in the face of advancing technology, just as machinery 
does. Now we are going to do something about it. We 
propose to maintain our talent abreast of advancing 
science and current techniques, thus stabilizing existing 
organizations and their accumulated experience. I 
believe such a concept will find a place of significance in a 
general scheme of the Institute’s affairs and will ultimately 
be recognized on a broader front as a helpful instru- 
mentality for maintaining the efficiency of enterprise at 
current levels. This is truly a leadership project. We need 
more of those kinds of adventures. 

“I venture to suggest that the concept of supplementary 
education of successful executives of high potential, who 
have already arrived, was advanced in 1935 by the late 
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Dr. K. T. Compton. He asked three industrial executives 
—-I was one—to stake an executive from industry, as a 
pilot operation, to find out just what might happen. 
Through evolution, the so-called Sloan Fellowship Program 
at the Institute and the Stanford-Sloan Fellowship 
Program at Stanford University are both the outgrowth 
of Dr. Compton’s idea. Both have the strong support 
of America’s leading industrial enterprises; both are 
limited to the area of industrial management. Now we 
move to broaden the base of the original concept with the 
new Center for Advanced Engineering Study. 

The Karl T. Compton Physical Science Laboratory 
served to strengthen a basic phase of the Institute’s 
curriculum, but, more particularly, it pays a worthy 
tribute to that great scientist and educator, the late Karl 
T. Compton. Dr. Compton, in my judgement, altered the 
whole course of the Institute’s evolution. He was a 
pioneer. He transformed the Institute from the engineer- 
ing school of my time to what, through evolution and 
inspired leadership has become, without question, the 
outstanding technological institution of today.” 


THE BRITISH HEART FOUNDATION 


NLIKE the United States, Canada or Australia, 
Britain has until now had no Foundation concerning 
itself exclusively with cardiovascular disease. This 
deficiency has now been met by the establishment of 
the British Heart Foundation, which was announced on 
June Il. 

The patron of the Foundation is H.R.H. Prince Philip, 
and the president is Earl Alexander of Tunis. 

The new Foundation’s object will be to promote a 
sustained and systematic programme of research on heart 
and circulation diseases. It will also open up new oppor- 
tunities for long-term research to science graduates and 
technologists of all kinds, including physicists, chemists 
and statisticians as well as medical men. Its inauguration 
will also be a source of encouragement to those engaged 
in research in heart disease whose work is hampered, or 
even endangered, by lack of money. 

Normally, the Foundation will not itself initiate 
research, nor will it lay down rigid rules to govern how 
and where money should be spent. The allocation of 
money by the Foundation will be a matter for the advice 


of a Science Committee of fourteen members, the chairman - 


of which is ‘Sir Charles Dodds, president of the Royal 
College of Physicians and Courtauld professor of bio- 
chemistry in the University of London. Prof. J. 
McMichael, professor of medicine in the University of 
London is the vice-chairman. This Committee will 
consult when necessary an advisory board of eleven 
members. 

Five methods have been outlined by which the 
Committee will maintain a balanced research programme. 
First, there will be support for projects which are already 
in existence but which may be handicapped through 
shortage of funds. Secondly, new schemes of research 
will be reviewed periodically, and support will be given 
to those which seem particularly promising. Thirdly, the 
Committee will specifically encourage physiological 
research into the human circulatory system. This will 
involve the purchase of advanced and costly equipment 
and, very probably, the development of entirely new 
techniques, using such new equipment. Fourthly, the 
Committee will do all it can to encourage metabolic 
investigations, particularly in relation to arterial disease. 
Thus the Foundation will be taking up one of the most 
promising lines of research in heart disease, namely, the 
precise relationship between conditions such as diabetes, 
and hypertension and coronary arterial disease. Lastly, 


research in the basic sciences will be given support by the 
Foundation where there is @ possibility that this research 
may lead to a clearer awareness of the nature of cardio- 
vascular illness. Vital to this awareness, for example, is 
greater understanding of the physiology of the human 
heart, and of the effects of circulatory failure in various 
organs, such as the brain, lungs, liver and kidneys. 

The sum of more than £9 million was spent by the 
American Heart Association in 1962. Out of this sum 
about £34 million was spent on research. The rest was 
devoted to rehabilitation of victims of heart disease. 
public education, fund-raising and administration. The 
new British Heart Foundation is not yet able to contem- 
plate expenditure on this lavish scale. Even so, it has set 
itself an ambitious target. To achieve a programme of 
research on the scale that it thinks adequate, the Founda- 
tion envisages a working figure of more than £500,000 a 
year. To obtain this, the Foundation is appealing for 
funds. It aims at a target figure of £34 million—and it 
has already secured the highly encouraging sum of 
£1,250,000 which has been given, in the main, by industrial 
firms. 

The size of the problem to be tackled is indicated by 
the statistics for deaths from heart disease in Great 
Britain. In 1961 more than 281,000 people in England 
and Wales died of diseases of the circulatory system. 
More than 95,000 alone died of arteriosclerotic heart 
disease, or disease of the arteries of the heart—a classi- 
fication which includes coronary thrombosis. Victims of 
stroke numbered 77,023. Yet road deaths, which claim 
considerably more public attention, numbered in the 
same year 6,908 throughout the whole of the United 
Kingdom. 

One of the most disturbing features of the statistics 
for deaths from heart disease is that the death-rate from 
coronary disease, including coronary thrombosis, among 
men aged 25-44 has nearly doubled during the ten years 
from 1950. In 1960, 28 out of every 100,000 in this age 
group died of coronary disease, compared with 15 out of ` 
every 100,000 ten years previously. In other words, the 
incidence of this illness is changing its character in a 
disturbing manner. This, too, suggests new lines of 
research which the British Heart Foundation will be able 
to encourage. - 

The secretary of the British Heart Foundation is Dr. 
Harley Wiliams, Tavistock House North, Tavistock 
Square, London, W.C.1. = 
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RIFT VALLEYS, CONTINENTAL DRIFT AND CONVECTION IN THE 
EARTH’S MANTLE 


By Dr. R. W. GIRDLER 


Department of Physics (University of Durham), King’s College, Newcastle upon Tyne 


N a recent article’, Prof. Tuzo Wilson uses the geo- 

graphical distribution of the world rift system in 
reaching the conclusion that one long, cylindrical con- 
vection cell “twisted about the Earth” exists in the 
mantle. Earlier?, I used the distribution of the world 
rift system as observational support for the view that 
large convection currents are present in the mantle and 
suggested that the pattern of convection is in accord with 
the theoretical predictions of Vening Meinesz? and Chan- 


drasekhar‘ and recently used by Runcorn“ as a mech- 
anism for continental drift. In view of those differing 


interpretations, it seems worth while to look more care- 


fully at the evidence for the possible nature of mantle 
convection patterns. ‘ 

The work of Vening Meinesz and Chandrasekhar shows 
that the theoretical pattern of mantle convection depends 
on the ratio of the radius of the core to the radius of the 
Earth. They show that, as this ratio increases, the con- 
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Fig. 1. Maps showing the approximate location of the world ridge-rift system and associated features 
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Diagrammatic representations of the n = 3 and n = 5 mantle convection patterns showing the rifts over the rising currents 


and the continents over the descending currents 


vection which is excited.at marginal stability is charac- 
terized by harmonics of higher degree, and Chandrasekhar 
calculates that for a core of the present radius (0°55 R) 
the n = 3, 4, 5 harmonics are almost equally likely to be 
excited. Runcorn‘, using more realistic boundary condi- 
tions in Chandrasekhar’s work, found that the fifth degree 
harmonic is more likely for the present core radius. Prey’ 
and Vening Meinesz? have expressed the topography of 


the Earth in spherical harmonics, and found that the third, - 


fourth and fifth order terms are all strong. Runcorn 
follows Urey* in supposing that the core of the Earth is 
growing, and consequently, as the core grows, the con- 
vection pattern changes with time from n = 1 ton = 2, 
n = 2ton = 3, etc. At each change-over it is supposed 
continental drift occurred. The question arises: Can we 
deduce the degree of the mantle convection from the 
present-day distribution of the world ridge-rift system 
and does the degree so deduced agree with the previous 
deductions from topographical analysis and continental 
displacements ? 

The possible extent of the world ‘ridge-rift’ system is 
shown in Fig. 1. Its continuity was first predicted from 
the continuity of a belt of shallow earthquakes which 
stretch from the Gulf of Aden, through the Indian Ocean 
and around Africa to the mid-Atlantic ridge and rift®. It 
then seemed that the ridge-rift system might be con- 
tinuous on a world-wide scale®:1° and subsequent explora- 
tion of the sea-floor has often confirmed the presence of 
a fracture zone near the crest of the associated ridge". 
The degree of confidence in its existence and location 
varies for different parts of the world. For example, in 
the northern hemisphere the mid-Atlantic ridge, the Hast 
Pacific Rise, the mid-Indian Ocean, Red Sea and Dead 
Sea rifts are well defined, while the existence of a con- 
tinuous fracture zone through Lake Baikal across Asia is 
very speculative. In the southern hemisphere, the frac- 
ture zone which almost surrounds the Antarctic continent 
is fairly well defined, but the mid-Pacific ridge seems to 
be less seismically active than the Hast Pacific Rise and 
may be of earlier age!*. For the present discussion, we 
will assume that the maps of Fig. 1 give a fair indication 
of the location of the world ridge-rift system. 

We next note that the ridge-rift system is likely to be 
a tensional feature. This is supported by recent work on 
the mid-Atlantic rifts, the East Pacific ‘Rise’? and the 
Red Sea and Gulf of Aden. It seems reasonable to infer 
from the continuity of these features that the ridge—rift 
system is a tensional feature on a global scale. If we now 


argue that the tensional forces are due to the rising, 
diverging limbs of mantle convection currents, we have 
a means of mapping a possible convection system in the 
mantle. In recent years, various authors have independ- 
ently suggested that rising convection currents may 
exist under different parts of the ridge-rift system: for 
example, Hess!’ in 1954 suggested a rising convection 
current may exist under the mid-Atlantic ridge, Menard? 
has suggested that the East Pacific Rise is a youthful 
feature due to a rising convection current, and I? have 
suggested that a rising convection current conveniently 
explains the Red Sea and Gulf of Aden rift structures. An 
attempt has therefore been made in Fig. la to show the ° 
possible regions where diverging currents may oxist. 

Using the location of the world ridge-rift system of 
Fig. 1, we now attempt to decide the degree of mantle 
convection. First, it is noted that the degree must be 
odd, as from Figs. lb and c it is seen that the ridge—rift 
features tend to converge towards the north pole, whereas 
in the southern hemisphere the fracture zone partly sur- 
rounds the south pole. Secondly, the complexity of the 
ridge—rift system indicates that the degree must be of at 
least n = 3 or n = 5. It is, of course, very difficult to 
depict these convection patterns of higher degree in two 
dimensions, and very diagrammatic representations of the 
n = 3 and n = 5 patterns are shown in Fig. 2 for com- 
parison with Fig. 1. Thirdly, we notice from Fig. 1b that 
there is a tendency for five ridge-rift features to converge 
towards the north pole, that is, the mid-Atlantic ridge, 
the East Pacific Rise, the mid-Pacific ‘rise’, and the 
possible continuations of the Lake Baikal and Dead Sea 
rifts. Fourthly, the ridge—rift feature around Antarctica 
should be at a distance of 36° for the n = 5 degree 
convection (Fig. 26) and this is approximately so 
(Fig. 1c). 

Finally, assuming the equilibrium state is one of con- 
tinents over descending currents and rifts over rising 
currents near the centres of oceans, a pattern such as 
shown in Fig. 2b explains the antipodal locations of 
oceanic rifts and continents and the positions of Antarc- 
tica, the three southern hemisphere continents and the 
northern hemisphere land-masses. One would not expect 
the positions of rifts and continents to fit the theoretical 
convection pattern perfectly, as there is evidence from 
the Red Sea and Gulf of Aden, the Gulf of California and 
Lake Baikal that the convection pattern has changed 
recently? and it seems likely that the mantle convection 
pattern is settling down to one of the fifth degree. 
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I conclude that comparison of the rift locations 
shown in Figs. 1 and 2 shows that the n = 5 degree con- 
vection pattern explains most closely the observations. 
This is especially interesting in the light of the harmonie 
analysis of topography by Prey and Vening Meinesz, the 
theoretical work of Vening Meinesz and Chandrasekhar 
and the continental drift arguments of Runcorn, all 
which show the strong possibility of a mantle convection 
pattern of tho same degree, 
> Tuzo Wilson, J., Nature, 197, 536 (1963). 
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OBITUARIES 


Prof. E. C. Titchmarsh, F.R.S. 


By the death on January 18 of Prof. Edward Charles 
Titchmarsh, British mathematics has lost an analyst of 
internationally recognized eminence, who has contributed 
more than any other man to the continuation of the 
traditions of the British school of classical analysis estab- 
lished by Hardy and Littlewood. 

Titchmarsh was born in Newbury, Berkshire, on June 1, 
1899, and was the eldest son of Edward Harper Titch- 
marsh, a Congregational minister. He was educated at 
King Edward VII School, Sheffield, from 1908 until 1917; 
at first he was on the classical side, but moved to mathe- 
matics, and won an open mathematical scholarship at 
Balliol College, Oxford, in 1916. After one term at Balliol, 
he was away for two years as a lieutenant in the Royal 
Engineers (Signals). In 1919 he returned to Oxford and 
was much influenced by G. H. Hardy; his last year in 
Oxford was spent on research under Hardy’s supervision. 

In 1923 he was appointed as a lecturer at University 
College, London, and at the same time became a Fellow 
of Magdalen College, Oxford. In 1925 he married Kathleen 
Blomfield, by whom he had three daughters. In 1929 he 
became professor of pure mathematics at Liverpool and 
in 1931 Savilian professor of geometry at Oxford in 
succession to Hardy, a post which he held for the rest of 
his life together with a professorial fellowship of New 
College; in the same year he was elected a Fellow of the 
Royal Society. 

Throughout his working life, Titchmarsh showed a 
single-minded devotion to classical analysis: he accepted 
his chair at Oxford on condition that he should not 
lecture on geometry. His earliest research work was 
devoted to problems concerning the expression of func- 
tions in series or integrals in terms of given functions, an 
interest which lasted throughout his life. His most 
important work at this time was on Fourier transforms, 
particularly the extension of Plancherel’s theorem to the 
Lr classes of functions, and soon after he made important 
contributions to the theory of conjugate functions. His 
contributions to this field, together with his work on 
general integral transforms, and on the applications of 
Fourier integrals to the solution of differential and 
integral equations, laid the basis of his Introduction io 
the Theory of Fourier Integrals (1937). 

In the meantime, Titchmarsh’s interests had extended 
to cover the theory of integral functions, and in par- 
ticular of the zeta function. A series of his papers were 
devoted to the study of the properties of the zeta func- 
tions, particularly to the still unsolved problem of the 
location of its zeros. This work was brought together in 
a Cambridge Tract, The Zeta Function of Riemann, in 
1930 and later treated more fully in The Theory of the 
Riemann Zeta-Function, published in 1951. His book 
on The Theory of Functions (1932) grew out of this 
interest in complex variable theory; like his book on 
Fourier integrals, it is internationally recognized as a 


leading text on both real and complex function theory 
and has been translated into several languages. 

From 1939 onwards Titchmarsh devoted himself in the 
main to the theory of expansions of functions in eigen- 
functions of differential equations, a subject which he 
treated in a large number of papers, including four pub- 
lished this year, and in Part 1 (1946) and Part 2 (1958) 
of his book on Higenfunction Expansions associated with 
second order Differential Equations. This is a subject 
which is vital to quantum theory; before his work there 
was a considerable gap between the general theory and 
the methods used by physicists to solve particular prob- 
lems. Titchmarsh’s theory combines a general theory for 
second order differential equations with techniques useful 
for the study of the spectrum in particular cases. After 
working on ordinary differential equations he moved to 
partial differential equations. He interested himself in 
problems of importance in physics: his last published 
papers, for example, dealt with completeness problems 
for eigenfunctions of equations of relativistic quantum 
theory. He concentrated on those aspects of these prob- 
lems with which he was supremely fitted to deal: he 
never commented on the physical aspect of the problems. 
an attitude typified by the dry humour of the preface of 
his book on Fourier integrals which states that though 
problems of physics are dealt with, the reader need not 
know that such things exist. This work has led to 
important developments by mathematicians in many 
countries. 

Titchmarsh was of a retiring nature but had a capacity 
for dry humour in conversation and in his social duties. 
To his research students he was always approachable 
and guided many towards important contributions to 
mathematics. He took an active part in the adminis- 
tration of New College and of the London Mathematical 
Society in his term as president during 1945-47. During 
the Second World War he worked assiduously on the 
provision of books for prisoners of war. Gardening and 
cricket were among his other interests. 

His distinction was recognized by the award of the 
de Morgan Medal of the London Mathematical Society in 
1953, and of the Sylvester Medal of the Royal Society 
in 1955. J. L. B. Cooper 


Mr. James Macdonald, C.B.E. 


James MACDONALD, formerly deputy director-general 
of the Forestry Commission, died on April 28 at the age 
of sixty-four. He had been in failing health for the past 
year and retired on that account in January of this year. 

Macdonald was educated at Blairgowrie High School, 
and then after a period of Army service went to the 
University of Edinburgh, where he graduated B.Sc. in 
forestry in 1923. He studied forest pathology under Dr. 
Malcolm Wilson for a further year, when he was appointed 
to the research steff of the Forestry Commission. 
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His first spell as a research officer lasted for twelve 
years. At that time one of the Commission’s urgent tasks 
was to collect data on the rate of growth and timber pro- 
duction that could be effected under different site con- 
ditions of the species they were planting on a large scale. 
For some years this was Macdonald’s main work. His 
publication, “Growth and Yield of Conifers in Great 
Britain” (Forestry Comm. Bull., No. 10; 1928) and other 
papers which followed, for example, “Sample Plot 
Methods in Great Britain’ (1931), “The Form of the 
Stem of Coniferous Trees” (three papers, 1932-34), 
brought him wide recognition as an authority in this field 
of work. In 1931 he also wrote a bulletin on forest gardens 
(Forestry Comm. Bull., No. 12), and his sphere of activity 
was further widened in 1932 when he was moved south 
to Oxford, where by special arrangement his duties 
included lecturing at the Imperial Forestry Institute. 

This period was brought to an end by his promotion in 
1936 to divisional officer and transfer to Cambridge to 
take control of the East England Division. He soon found 
this totally different work congenial, and when war-broke 
out he was voluntarily transferred to the Home Grown 
Timber Production Department of the Ministry of Supply, 
which he served in Cambridge, Nottingham and Aberdeen. 

For about two years after the War he was a conservator 
on the headquarters staff of the Director of Forestry for 
Scotland, but when the newly formed Directorate of 
Research and Education became vacant in 1948 his 
selection was a foregone conclusion. He retained responsi- 
bility for this Directorate until he retired, although during 
the past three years he was also deputy director-general. 
This was a period of great development in forest research 
in Britain: a much enlarged and vigorous young staff was 
available; anew Research Station was established at Alice 
Holt. The success which has undoubtedly followed is 
clear evidence of Macdonald’s wise, experienced direction. 

He was awarded the C.B.E. in 1953 and was elected 
Fellow of the Royal Society of Edinburgh in 1957. During 
1957-61 he was president of the International Union of 
Forest Research Organizations, and was chairman of its 
Congress in Vienna in 1961. 

Macdonald seldom enjoyed lecturing; on the other 
hand, he took pleasure in writing, which he did with ease. 
His style was pleasant—the clarity and logic of his 
presentation admirable. During the fourteen years he 
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was director of research he was also responsible for the 
publications of the Forestry Commission, and the high 
standard maintained owes much to his influence. 
Macdonald was inevitably on a multitude of com- 
mittees. Though he could express himself forcibly if he 
found it unavoidable, he much preferred the path of 
quiet, cautious discussion and persuasion. He was wont 
at times to lighten the occasion with a touch of humour 
of rare and charming quality which was one of the notable 
characteristics of a most attractive personality. His col- 
Jeagues will feel the loss of a real friend as well as an 
outstanding forester. A` H. Gosiine 


VoL. 198 


Mr. W. D. George 


Wurm D. GEORGE, a member of the Radio Standards 
Laboratory at the Boulder (Colorado) Laboratories of the 
National Bureau of Standards, U.S. Department of Com- 
merce, was killed in a car accident in Geneva, Switzerland, 
on February 12. Mr. George was in Geneva as a U.S. 
delegate to a meeting of the Radio Consultative Com- 
mittee of the International Telecommunications Union. 

Mr. George’s research work was particularly concerned 
with standards and measurements in use at high fre- 
quencies. He investigated the calibration and testing of 
radio apparatus and materials and the improvement of 
national primary radio standards. He also extended tho 
accuracy and services of broadcasts from the National 
Bureau of Standards radio stations WWV and WW VH. 

At the time of his death, Mr. George was consultant to 
the Chief of the Radio Physics Division at the Boulder 
Laboratories. He had joined the staff of the National 
Bureau in Washington in 1929 as a junior radio engineer. 
Born in Spartanberg, South Carolina, in 1907, Mr. George 
took his B.S. in electrical ongineering from Georgia 
Institute of Technology in 1929. 

Mr. George was active in international and national 
scientific conferences on radio propagation and standards. 
He was a senior member of the Institute of Radio 
Engineers, a study group chairman and U.S. Stato 
Department Adviser of the International Radio Con- 
sultative Committee, and a member of the U.S. National 
Committee of the International Scientific Radio Union. 
He was also a member of the Research Society of America 
and the American Ordnance Association. 


NEWS and VIEWS 


Forestry and Natural Resources at Edinburgh : 
Prof. J. N. Black 


Dr. J. N. BLACK, at present reader in crop ecology in 
the University of Adelaide, has been appointed to the 
chair of forestry and natural resources at the University 
of Edinburgh. The chair was formerly that of forestry; 
since the death of Prof. M. L. Anderson in 1961 (see 
Nature, 192, 502; 1961) the University has had under 
consideration a re-orientation of the interests and activities 
of the Department to include general ecology and the 
utilization of biological natural resources. Dr. Black was 
born in Birmingham and educated at Rugby School; he 
served in the Royal Air Force from 1942 until 1946. In 
1946 he entered Exeter College, Oxford, and was awarded 
honours in the Final Honours School of Agriculture in 
1949; appointed to an Agricultural Research Council 
studentship, he continued his studies in Oxford, and in 
1952 gained a D.Phil. Since April 1952, until the present 
time, Dr. Black has been on the staff of the Waite Agri- 
cultural Research Institute, in the University of Adelaide. 
His research interests have been concerned with the 
growth of plant communities, particularly pasture swards, 
in relation to their environment, and in the utilization of 


solar energy by plants. In 1958 Dr. Black was awarded 
the Andre Mayer research fellowship to study problems 
in crop ecology at the Royal Agricultural College, Uppsala, 
Sweden. Six years ago, Dr. Black, who has always been 
interested in music, founded a semi-professional symphony 
orchestra in Adelaide, consisting of some seventy mem- 
bers, which has given many concerts under his direction. 


The Diamond Power Specialty Corporation 


Mr. W. H. Jackson has been appointed to the newly 
created position of vice-president in charge of operations 
of the Diamond Power Specialty Corporation. He will be 
responsible for engineering, manufacturing, sales and 
analysis for all Diamond Power products. Mr. F. I. 
Hatcher has been appointed to the newly created position 
of vice-president in charge of administration. He will be 
in charge of accounting, purchasing, data processing, 
personnel and office management. Diamond Power 
Specialty Corporation is a subsidiary of the Babeock and 
Wilcox Co., Ltd., and has its main offices and manufac- 
turing facilities in Lancaster, Ohio. It operates in Great 
Britain through Diamond Blower Co., Ltd., Southampton. 
The Corporation is concerned with boiler cleaning equip- 
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ment, gauges, electronic controls, nuclear components 
and industrial television. 


Science for Survival 


Dr. I. H. Usmani’s presidential address, “Science for 
Survival”, to the fifteenth annual science conference of 
the Pakistan Association for the Advancement of Science, 
opens with a plea for the development of a scientific 
rather than an emotional approach to Pakistan’s problems 
and a reminder that science itself reveals the beauty, 
the symmetry and the mystery of matter and life (Pp. 26. 
Karachi: I. H. Usmani, Pakistan Atomie Energy Com- 
mission, 1963). Its application has a long history, although 
something like 90 per cent of the science and technology 
now at our disposal is the product of this century. Re- 
viewing the present needs and opportunities in Pakistan, 
he pleads for more generous help from the more advanced 
nations. However, while he is justly critical of present 
expenditure on armaments and on space research projects, 
he is not entirely fair to the efforts which some countries 
are already making in technical assistance. The major 
part of his address is an admirable survey of the situation 
in Pakistan and of the practical tasks confronting the 
scientist and administrator and concludes with a summary 
of the recommendations of the Scientific Commission 
appointed in 1958, on which little action has as yet been 
taken. 


Science in Parliament 


Ix answer to a question in the House of Commons on 
May 28, the Parliamentary Secretary for Science, Mr. D. 
Freeth, said that the United States Public Health Service 
had given the figure of £543,000 for expenditure by its 
National Institutes of Health on research projects in the 
United Kingdom in their fiscal year 1962. The Research 
Councils employed 518 persons on geological research, 
an increase of 23 per cent in the past 5 years. The Depart- 
ment of Industrial and Scientific Research had increased 
its research work at the National Engineering Laboratory 
on industrial machine design, its support of research 
associations and grants to research workers, as well as 

_instituting development contracts. The report of the 
Fielden Committee on engineering design was expected 
shortly and Mr. Freeth also referred to the grant of 
£140,000 to the Institute for Advanced Studies in Engineer- 
ing Sciences at the University of Birmingham for research 
into an interdisciplinary approach to machine design. 


The Royal College of Science and Technology, Glasgow 


On May 31, in a written answer in the House of Com- 
mons, the Chief Secretary to the Treasury, Mr. J. A. 
Boyd-Carpenter, stated that the University Grants 
Committee had now formally advised him that in view of 
the importance of an early decision in relation to the plans 
of the Royal College of Science and Technology, Glasgow, 
for academic development, particularly in industrial and 
social studies, and the desirability of more university 
places in Scotland, the College should be granted full 
university status. The Robbins Committee had been 
consulted and seen no objection. He had accordingly 
accepted this advice and had authorized the University 
Grants Committee to inform the College that the way was 
clear for it to prepare a draft charter. 


Research in the Social Sciences 


In answer to a Parliamentary question in the House 
of Commons on May 30, Mr. R. A. Butler said that the 
Government had decided to set up an independent Com- 
mittee of Enquiry into the whole question of research in 
the social sciences. Lord Heyworth had agreed to become 
chairman of this Committee. Pressed as to why this 
Committee had not been appointed by the Minister for 
Science, Mr. Butler merely said that the social sciences 
were rather broader than Lord Hailsham’s responsibilities 
and that he himself had been asked to take the responsi- 
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bility for the social sciences. Mr. Butler undertook to 
convey to Lord Heyworth the sense of urgency apparent 
in the House. 


The Fleming Memorial Fund for Medical Research 


Tue ‘Trustees of the Fleming Memorial Fund for 
Medical Research have announced a grant of £50.000 to 
the Imperial College of Science and Technology, Univer- 
sity of London, for its Department of Biochemistry, 
headed by Prof. E. B. Chain. This—the Fund’s sixteenth 
grant to assist basic medical research at home and over- 
seas since December 1961—brings the total of the Fund’: 
grants to more than £260,000. The Fund's 1961-62 
appeal raised monies to a present value of £495,000. The 
grant will enable two main lines of investigation to be 
pioneered further, under Prof. Chain’s direction: (a) the 
study of regulatory mechanisms, with special reference to 
the mode of action of insulin and thyroxin; (b) the study 
of metabolic reactions in nervous tissue, central and 
peripheral, with special reference to amino-acid-carbo- 
hydrate interrelations. Work in these two fields could 
result, in due course, in important additions to knowledge 
of metabolic and mental disorders. 


Production and Use of Protein-rich Foods in Develop- 

ing Areas 

Tue Food and Agriculture Organization of the United 
Nations and the United Nations Children’s Fund is 
organizing in Rome, during October 21-25, a mocting 
with the food industries in order to stimulate tho pro- 
duction and use of protein-rich foods in developing 
areas. From the investigations made during tho 
past ten years it has become clear that protein do- 
ficiency of the diet, particularly of young children, is 
one of the major nutritional problems in many of the 
developing regions of the world. In addition to the 
development of agriculture to produce more protein-rich 
foods of conventional kinds, intensive efforts are being 
made to utilize currently unused sources of proteins for 
human feeding. The two major types of such proteins at 
present are fish-flour and flours obtained from oil seeds, 
such as groundnuts, sesame, cotton-seed, soyabean, ete.. 
after the extraction of the oil. Considerable progress has 
already been achieved in producing high-protein foods 
from such materials for human feeding, but the pro- 
duction is satisfying only a fraction of the need. The 
major reasons are the difficulties involved in the expanded 
production, introduction and marketing of such new 
foods. It is the purpose of this meeting to discuss these 
problems with representatives of the food industries with 
the hope that it will enhance progress and lead to the 
quicker availability of commercially produced low-cost 
protein-rich foods. In addition to personnel of the United 
Nations Agencies, some governmental specialists and those 
from research institutions will be invited to participate. 
However, the majority of those attending are expected 
to represent industry from various countries concerned 
with the production of these new types of foods. 


Ethiopian Prize Trust for National and African Awards 

THE establishment of an Ethiopian Prize Trust for 
National and African Awards has recently been announced. 
Five National Awards, each of a value not less than 7.000 
Eth. dollars (£1,000), will be made each year for out- 
standing achievements in: (a) agriculture; (b) industry; 
(c) Amharic literature; (d) fine arts; and (e) humanitarian 
activities. Ten four-year undergraduate scholarships for 
study in Ethiopia and at least two two-year graduate 
fellowships for study abroad will also be made available 
annually to Ethiopian students of exceptional promise. 
An award of a value not less than 20.000 Eth. dollars 
(£2,850) will be given to individuals of any nationality 
who make outstanding contributions to Ethiopian studies. 
An award of a value not less than 70,000 Eth. dollars 
(£10,000) will be given to an individual or a non-govern- 
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mental organization of any nationality that makes an 
outstanding contribution to the benefit of the African 
peoples; such contributions may lie in research relevant 
to medical, agricultural, veterinary, scientific, industrial, 
social, economical or cultural problems within the African 
continent. The Prize Trust will be supported financially 
by the income from property now being transferred by 
H.LM. Haile Selassie I, Emperor of Ethiopia, from his 
private estates, and the awards, both national and 
African, will be known as the Haile Selassie I Awards. 
A charter is being drafted and administrative arrange- 
ments are being organized. In the first year the acting 
director will be Dr. G. E. W. Wolstenholme, director of 
the Ciba Foundation in London. The first Awards will 
be conferred at a special ceremony in Addis Ababa on 
Meskerem 27, 1957 (October 7, 1964). 


The Wool Industries Research Association 


Tue report of the Director of Research of Wool Indus- 
tries Research Association briefly summarizes some of 
the research during the year in scouring and combing, 
woollen carding and spinning, worsted drawing and spin- 
ning and weaving (Publication No. 221. Pp. 44. Leeds: 
Wool Industries Research Association, 1963). The report 
also notes the concentration of the Library in a new and 
larger building and includes lists of staff and of pub- 
lications during the year. In technical chemistry further 
work on the scouring of yarn in package form confirmed 
that a combing oil of the castor/sperm oil type becomes 
easier to remove as the yarn gets older, and the work is 
being extended to a woollen oil with a free fatty acid 
content of 30 per cent. An investigation was commenced 
into methods for identifying yarns by means of fugitive 
tints, with special emphasis on their ease of removal in 
scouring, and the influence of scouring efficiency on the 
water-repellency of worsted cloth treated with silicones was 
investigated. The effect of dyes on the development of 
mildew in dyed wool is being examined and work con- 
tinues on the stability of cloth. In mathematics and 
‘statistics, work continues on the deduction of frictional 
properties of a single fibre from measurements of the force 
required to withdraw a tuft of wool fibres from a wad, 
and it was found that the breakage of raw wool during 


worsted carding was best considered in conjunction with - 


the Testing Department. In biology, the long-term 
experiment with non-pregnant ewes on constant feed and 
experiencing a reversed seasonal light/dark rhythm is now 
almost completed. In chemistry, an improved apparatus 
for high-voltage ionophoresis has been applied to the 
separation of amino-acids and peptide mixtures derived 
from wool keratin, and promising results have been 
obtained by two methods in an attempt to elucidate the 
sequential amino-acid pattern in a-keratin. Extensive 
analysis of wool hydrolysates by standard chromato- 
graphic procedures, by sulphur-35 determinations of the 
cysteine plus cystine content, and by polarographic 
determinations of cysteine and cystine in intact wool, led 
to the conclusion that no sulphur-containing amino-acids 
other than cysteine, cystine and methionine are present 
in virgin wool. Work on detergency was limited to 
investigations on pure fatty acids, and in physics the 
effect of swelling agents on crystallinity was examined 
for keratin, silk and nylon. 


U.S. Universities Council on Hydrology 


TWENTY-THREE universities in the United States 
interested in teaching and research in hydrology have 
recently established the Universities Council on Hydrology 
(UCOH) for the purpose of encouraging education and 
research in hydrology. The organization, founded late in 
1962, represents universities interested in hydrology and 
is intended to be a unifying influence for encouraging 
graduate education and research in the science. The 
Council is an outgrowth of an inter-university conference 
on “Hydrology” held at Lake Arrowhead, California, in 
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August 1962, under the sponsorship of the Water Resour- 
ces Center of the University of California. It consists of a 
delegate and an alternate from each member university, 
and an Executive Board of nine elected delegates guides 
the Council's activities, including handling funds, appoint- 
ing administrative officers, calling meetings of the Council 
and carrying out programmes approved by the Council. 
The initial activities of the Council will centre on encour- 
aging a rapid expansion of competent manpower in 
hydrology. Plans are being made to summarize university 
programmes in the field and to direct attention to the 
challenging opportunities for careers in water resources 
by organizing a visiting scientist programme. To facilitate 
the exchange of information a UCOH Newsletter will begin 
publication this spring. Further information concerning 
the Council can be obtained from the executive secretary, 
Prof. Warren A. Hall, Water Resources Center, University 
of California, Los Angeles 24, California. 
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Sediments of the Bahama Banks 


THE shoal-water region known as the Bahama Banks 
which lies south-east of the Straits of Florida is well 
known to geologists, since its sediments present the most 
widely developed modern counterpart of the aphanitic, 
oolitic and pelletal limestones found in the stratigraphical 
successions of many lands. A special interest, therefore, 
attaches to a comprehensive study of the marine deposits 
covering some 5,000 square miles of the Banks, recently 
completed by Dr. Preston E. Cloud, jun., and other 
officers of the United States Geological Survey (Hnwviron- 
ment of Calcium Carbonate Deposition West of Andros 
Island, Bahamas. U.S. Geological Survey Professional 
Paper 350. Pp. vit 138 + 10 plates. Government Printing 
Office, Washington, D.C., 1962. 1.50 dollars). It is shown 
that the calcareous muds and pelletal sands accumulate 
under less than 10 fathoms of sub-tropical water, the 
high salinity of which facilitates a high degree of calcium 
carbonate precipitation and which is renewed by local 
currents at a rate that permits continuous (though season- 
ally accelerated) deposition. More than 95 per cent of 
the clays and half the silts consist of needles and laths of 
aragonite a few microns long, only from 6 to 12 per cent 
of the total sediment being calcite. No dolomite was 
found, and averaged overall there is less than 1 per cent 
silica. Radiocarbon determinations indicate an average 
rate of deposition of 0:8 mm annually. Dr. Cloud’s 
monograph includes a full description of the biotas of the 
Banks, special attention being given to the microbiology 
and biochemistry of the sediments and to the equilibrium 
relations of the calcium carbonate. It forms an out- 
standing contribution to sedimentology. 


U.K. Courses in Nuclear Energy 1963-65 


Tue Science Department of the British Council has 
compiled List No. 6 (May 1963) of Nuclear Studies. The 
catalogue is primarily a guide for overseas students 
wishing to undertake specialized formal training in 
nuclear science in the United Kingdom. Only full-time 
courses, generally of one week or more in duration, are 
listed. Information provided includes notes on each of 
the courses and the institution at which it is held and also 
the fee and qualifications required for participation. 
While most of the postgraduate courses listed deal solely 
with nuclear science, there are a few more general courses 
with a substantial content of advanced nuclear science. 
A science or engineering degree is usually necessary for 
admission, and courses for non-graduates deal solely 
with nuclear science. The list has unavoidably appeared 
too late for application to be made for any of the courses 
for the academic year 1963-64. It serves, however, to 
direct enquiries about future courses to appropriate 
institutions in sufficient time for 1964-65. Further 
information can be obtained from the Science Depart- 
ment, the British Council, 59 New Oxford Street, London, 
W.C.1. 
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Course in Electromagnetic Measurements and Stan- 
dards 


AN intensive three-week course in “Electromagnetic 
Measurements and Standards”, arranged by the Graduate 
School of the National Bureau of Standards in association 
with the University of Colorado, will be held at the Radio 
Standards Laboratory of the National Bureau of Stan- 
dards, Boulder, Colorado, during July 22-August 9. 
Applicants should possess a degree in electrical engineering 
or physics, or have other suitable academic or practical 
experience. The course will include: a brief review of 
basic electromagnetic and circuit theory; principles of 
the measurement system of science; measurement of 
essential quantities in the special areas of low, high and 
microwave frequencies; frequency standards (for ex- 
ample, atomic beams), power, noise, attenuation, electro- 
magnetic properties of materials, and foreseeable needs in 
frontier areas such as millimetre waves, plasmas and 
quantum electronics. The fee for the course will be 
approximately 350 dollars. Further information and 
forms of application ean be obtained from Edmund H. 
Brown, Boulder Laboratories, National Bureau of Stan- 
dards, Boulder, Colorado. 


Problem of Birds on Airports 


THE presence of birds on airfields constitutes a serious 
hazard to the safety of aircraft during take-off and 
landing. Gulls are particularly troublesome, but any 
species of bird that is fairly large and/or present in large 
numbers is a danger. Engine failure due to the ingestion 
of birds is one of the most frequent, and serious, kinds of 
bird strike to which several major air disasters have been 
attributed. The ultimate answer to this problem must lie 

in making aircraft that can withstand bird collisions, and 

manufacturers are experimenting with this aim in view. 
Meanwhile, biologists are attempting to find ways of 
reducing the bird population on airfields, and an inter- 
national symposium under the title “Tho Problem of 
Birds on Airports” is to be held in Nice during November 
25-27. Persons directly engaged in research in this field 
are invited to contact the joint organizers, Prof. R. G. 
Busnel and Prof. J. Giban, of the Centre National de 
Recherches Zootechnique, Jouy-en Josas (S and 0O), 
France, for further details and enrolment. Early applica- 
tion is advised as the number attending the conference 
will be limited to fifty. 


University News : Belfast 


Tue following appointments to lectureships have been 
announced: Dr. W. D. Davison (applied mathematics) ; 
A. Q. Chapleo (aeronautical engineering). 

Birmingham 

Tue following appointments have been announced: 
Lectureships, Dr. A. J. Edwards (chemistry); Dr. K. R. 
Gray, Dr. R. Schurmann and Mr. E. A. Staton (chemical 
engineering). Research Fellowships, Mr. L. A. Adorjan 
(mining and minerals engineering); Dr. K. W. Buck 
(chemistry); Mr. D. J. Creasey (electrical engineering); 
Mr. I. L. Dillamore (industrial metallurgy); Dr. C. L. 
Dobson (chemistry); Mr. B. C. Lam (electrical engineer- 
ing). 

East Anglia 

Tue following have been appointed lecturers in the 


School of Biological Science: Dr. P. C. Croghan, Dr. J. 
Noble-Nesbitt, Dr. G. Shelton and Dr. M. B. Wilkins. 


Edinburgh 


Tue following appointments to lectureships have been 
announced: Dr. J. C. J. Thynne (chemistry); N. B. Price 
(geology); Dr. Mary K. MacDonald (senior lecturer in 
pathology). 
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Liverpool 


Dr. R. J. FITZPATRICK, at present senicr lecturer in 
veterinary pharmacology at the University of Bristol. has 
been appointed to the chair of veterinary clinical studies 
in succession to Prof. J. G. Wright. Appointments to 
readerships are as follows: Dr. T. M. Flett (pure mathe- 
matics); Dr. V. H. Heywood (botany); Dr. A. K. 
Holliday (inorganic, physical and industrial chemistry); 
Dr. J. ©. Willmott (physics). Dr. S. Walker has been 
appointed senior lecturer in genetics. 


St. Andrews 


Tue following appointments to lectureships have been 
announced: St. Salvater’s College, Mr. A. Maitland and 
Mr. C. J. S. Chapman (physics), Mr. A. D. D. Craik 
(mathematics). Queen’s College, Mr. C. Dixon and Mr. 
E. R. Dawson (mathematics), Mr. G. Tennant and Mr. 
J. C. Barnes (chemistry). 


Sussex 


Pror. B. Forp, at present professor of education in 
the University of Sheffield, has been appointed professor 
of education and dean of the School of Educational 
Studies. The following appointments to lectureships have 
also been announced: Dr. P. H. Nidditch (senior lecturer 
in philosophy); Dr. C. B. P. Finn and Mr. P. J. Unsworth 
(experimental physics); Dr. G. Barton, Dr. P. G. Dawber 
and Dr. B. R. Easlea (theoretical physics); Dr. M. H. 
Ford-Smith, Dr. R. D. Guthrie, Dr. J. G. Stamper. Dr. 
R. Taylor and Dr. R. M. Topping (chemistry); Dr. A. J. 
Knight, Dr. C. B. Rayner and Dr. P. D. Robinson 
(mathematics). 


Announcements 


LORD SHACKLETON of Burley has been elected president 
of Aslib (Association of Special Libraries and Information 
Bureaux) in succession to Sir Lindor Brown, whose term 
of office has expired. Sir John Wolfenden has been elected a 
vice-president in succession to Sir Wavell Wakeficld. 

Pror. Sranistaw Leszozycxi, director of the Geo- 
graphical Institute of the Polish Academy of Sciences, 
has been made an honorary foreign member of the Royal 


: Geographical Society in recognition of his distinguished 


services to geography and especially of the part he has 
played in the planning and reconstruction of Poland since 
the Second World War. 


Tue fifteenth British Electrical Power Convention on, 
“Research and Design in the Electricity Industry” will 
be held in Torquay during June 17—20. Further informa- 
tion can be obtained from the Press Officer, Electrical 
Development Association, 2 Savoy Hill, London, W.C.2. 


AN international conference on “Global Impacts of 
Applied Microbiology—a Projection of the Research of 
Today to the Needs of Tomorrow”, organized under the 
auspices of the Section for Economic and Applied Micro- 
biology of the International Association of Microbiological 
Societies and the Royal Swedish Academy of Engineering 
Sciences, will be held in Stockholm during July 29- 
August 3. Further information can be obtained from the 
secretary-general, Dr. M. Tveit, Swedish Sugar Corpora- 
tion, Arlöv. 


AN exhibition of laboratory apparatus, sponsored by 
the Glasgow and District Section of the Royal Institute 
of Chemistry, will be held in the Royal College of Science 
and Technology, Glasgow, during June 25-27. The 
exhibition will include lectures on: balances; steady- 
state distribution machine; an aspect of gas chromato- 
graphy; an approach to structural inorganic chemistry 
via the simple symmetry elements; X-ray spectrographic 
analysis and its applications in the chemical industry, 
Further information can be obtained from Dr. W. D. 
Williams, Royal College of Science and Technology, 
George Street, Glasgow, C.1. 
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THE NOONA DAN EXPEDITION i 
By Dr. TORBEN WOLFF 


Zoological Museum, University of Copenhagen 


N the autumn of 1960, staff members of the Zoological 
Museum, the Institute for Systematic Botany, and 
the Geographical Institute, all parts of the University 
of Copenhagen. asked the shipowners Knud and Ivar 
Lauritzen of the J. Lauritzen Line to place the 100 tons 
schooner, the Noona Dan, at the disposal of the University 
for a two years’ scientific expedition to Indo-Australian 
island groups. The Lauritzen Line responded with 
willingness and not only offered to defray the expenses 
of the running of the ship and to pay the wages of the 
crew of six men, but also agreed to contribute substan- 
tially to the conversion of the Neona Dan and to her 
equipment. The remaining expenses were secured 
through many contributions from private sources and 
from State funds. 

Drs. Borge Petersen, Mogens Koie, Finn Salomonsen 
and I acted as successive leaders for periods of up to five 
months. A total of 19 persons participated in the expedi- 
tion, namely, two ornithologists, one herpetologist, two 
entomologists, one freshwater biologist, three botanists, 
one geographer, two anthropologists, three preparators, 
one film photographer and three guest members: Mr. R. 
Alagar and Mr. T. Oane of the National Museum, Manila 
(zoologists), and Prof. Samuel Elbert of the University of 
Hawaii (anthropologist). The skilful and experienced 
ornithologist and preparator Mr. Erik Petersen lost his 
lifo on Tawitawi Island in the Philippines because 
of unusual susceptibility to the bite of a poisonous 
insect. 

Utilizing modern (preferably quantitative) collecting 
methods, the main purpose of the expedition was to collect 
animals and plants, along with as many ecological data as 
possible, in both terrestrial and freshwater habitats on 
selected and preferably remote islands. Other objectives 
are mentioned briefly here. 

As major working areas were chosen islands bordering 
the Sulu and Celebes Seas in South-East Asia and the 
Bismarck Archipelago, where much remains to be done in 
the investigation of the island effect on the distribution 
and evolution of animals and plants. 

The Noona Dan left Copenhagen in April 1961, arriving 
in Mindanao in the Philippines on August 1, where the 
first five members joined the ship. Two months were spent 
in the lowland near Brookes Point and especially in the 
Mantalingajan Mountains of Palawan. After a short visit 
to Ursula Island and two weeks on Balabac Island another 
month’s work was carried out on Tawitawi. For political 
reasons, & planned visit to small Indonesian islands east 
of Celebes had to be abandoned, and the last weeks of the 
year were devoted to work in the vicinity of Zamboanga, 
Mindanao. 

With Rabaul serving as a base, the expedition spent 
the first six months of 1962 in the Bismarck Archipelago. 
First Mussau Island was visited for five weeks, then New 
Hanover and Dyaul for two weeks each, and Tingwon for 
a shorter time. Afterwards, work was done both in the 
highlands and lowlands of New Ireland in the vicinity of 
Kalili Bay on the west coast. While the ship and two of 
the scientists went to the atolls east of New Ireland 
(Kilinailau, Nuguria, Taku and Nukumanu) the rest of 
the party spent three weeks in the mountains of the 
Gazelle Peninsula on New Britain. After another rather 
short visit to Mussau Island the expedition worked for 
two weeks on Manus Island close to Lorengau and on the 
remote Hermit Island. Another two weeks were spent at 
Cape Hoskins on the north coast of New Britain. During 


the final refreshing of the ship in Rabaul, shorter visits 
were paid to Duke of York and Credner Islands. 

After some delay, work was resumed in the middle of 
August on Rennell Island, British Solomon Islands 
Protectorate. This was a continuation of the investiga- 
tions made by the Danish Rennell Expedition in 1951 
and the British Museum (Natural History) Expedition 
in 19531. At the same time two of the anthropologists 
worked on the neighbouring Bellona Island. A planned 
zoological—-botanical investigation of Bellona had to be 
abandoned because of a serious attack of epidemic 
hepatitis. In September the Noona Dan returned, arriving 
in Copenhagen in December, while the expedition members 
left the research area in September-—October. 

Zoology. All kinds of land vertebrates were collected 
throughout the expedition. Special attention was directed 
to birds, of which about 2,600 skins were secured. A new 
species and several new sub-species have already been 
described?-4, The food of pigeons and doves and the 
breeding places of sea birds were investigated. Many 
small birds and mammals were captured in almost invisible 
Japanese bird nets. Other mammals were hunted with 
shotgun or traps. A considerable collection of reptiles 
and amphibians was secured from many different habitats. 
Freshwater fishes were intensively collected during the 
last third of the expedition, especially by ‘Gammalin’ 
poisoning. A surprisingly large number of the species 
now occurring in pure freshwater proved to be of marine 
origin (for example, Syngnathidae and Muraenidae). 

The freshwater investigations also included the collec- 
ting of invertebrates of which prawns, gastropods and 
insect larvæ were especially abundant. A total of a 
hundred freshwater stations were taken on the majority 
of the islands visited in the Bismarck Archipelago and on 
Rennell Island. 

A large collection of land snails, including many live 
specimens, in particular a great number of small forms 
from the soil and leaves in the primary forest, resulted from 
the last third of the expedition. 

Insects and other land arthropods were intensively 
collected throughout the expedition. In addition to 
ordinary types of collecting, malaise traps and mercury 
lamps were used continuously, the current for the latter 
being provided by a portable generator. These methods 
proved highly profitable; often the malaise traps were 
superior to ordinary sweeping by two entomologists. 
In some places 80-90 per cent of the species collected were 
trapped in the malaise tents with the exception of moths, 
ete., caught by light. 

Botany. About 5,000 herbarium specimens of plants 
were collected. The quick-drying procedure was per- 
formed in an enclosure with the heat provided by electrical 
lamps (on board the ship) or by gas lamps (in the field). 
Several thousand colour photographs of flowers, habitats, 
etc., were also taken. A, large number of soil samples 
were collected in a great variety of habitats both in the 
mountains and the lowlands for comparison with soil 
investigations in other parts of the world (including 
Denmark, Greenland, Afghanistan and the Andes). 
Particular attention was directed to the collection of fungi, 
especially during the last part of the expedition. 

Geography. In the Bismarck Archipelago and on 
Rennell Island the height and extent of marine terraces on 
coralline islands were measured by modern instruments. 
Observations on the occurrence of heach-rock formation 
were also made. 
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Social anthropology. As a continuation of previous 
studies on Rennell Island’ the culture of the Polynesian 
population on Bellona Island and the introduction of 
Christianity in 1939 were investigated during a two 
months’ stay. At the same time tho social structure of the 
community of about 500 persons on Bellona was investi- 
gated. Prof. Elbert continued his previous linguistic and 
cultural investigations both on Ronnell and Bellona 
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Islands. In the Bismarck Archipelago more scattered 

ethnological observations and collection of artefacts 

were carried out in suitable places. 

1 Wolff, T. (ed.), The Natural History of Rennell Island, British Solomon 
Islands, 1-4 (Copenhagen, 1958, 1959, 1960, 1962). 

3 Salomonsen, F., Dansk orn. Foren. Tidsskr., 55 (1961). 

3 Salomonsen, F., Dansk orn, Foren. Tidsskr., 56 (1962). 

4Salomonsen, F., Vidensk. Medd. dansk naturh. Foren. Kbh., 125 (1962). 

5 Monberg, T., Folk, 2 (1960). 


JURASSIC STAGES 
By Dr. D. V. AGER 


` (Secretary to the British Mesozoic Committee), Department of Geology, Imperial College of Science and Technology, 
i London, S.W.7 


A the International Geological Congress in Copen- 
hagen in 1960, the Stratigraphical Commission of 
that Congress authorized the holding of a colloquium on 
“The Jurassic System” at Luxemburg in 1962, as part 
of the programme of the Commission’s Mediterranean 
Mesozoic Committee. In this connexion it should be 


noted that “Mediterranean” is used here in a wide sense ` 


to cover all the countries of Europe, North Africa and the 
Middle East. 

The colloquium was organized by Dr. P. L. Maubeuge 
and its Proceedings will eventually be published by the 
Luxemburg Academy. In the interests of nomenclatural 
uniformity and stability, however, it wds agreed that the 
following recommendations, which were agreed at the 
colloquium, should be given the widest possible inter- 
national publicity. 

The colloquium recommends the placing of the Rhaetian 
in the Trias. 

Of those which concern the Jurassic, the participants 
recommend the adoption and usage of the following 
stages and sub-stages: 








LIAS 
Stages: : 
Hettangian : base: zone of Psiloceras planorbis 
: top: zone of Schlotheimia angulata 
Sinemurian : base: zone of Arietites bucklandi 








: top: zone of Echioceras raricostatum 
The Sinemurian may be divided in two: 
LOWER SINEMURIAN: 
base: zone of Arietites bucklandt 
top: zone of Arnioceras semicostatum 
UPPER SINEMURIAN (Lotharingian sub-stage): 
base: zone of Caenisites turneri 
top: zone of Hchioceras raricostatum 


: base: zone of Uptonia jamesoni 


Pliensbachian 
a : top: zone of Pleuroceras spinatum 





The Pliensbachian may be divided in two: 
LOWER PLIENSBACHIAN (Carixian sub-stage): 
base: zone of Uptonia jamesoni 
, top: zone of Prodactylioceras davoer 
UPPER PLIENSBACHIAN (Domerian sub-stage): 
base: zone of Amaliheus margaritatus 
top: zone of Pleuroceras spinatum 


Tearcian : base: zone of Dactylioceras tenuicostatum. 
— : top: zone of Pleydeilia aalensis. 





DOGGER 


In view of the differences established between partici- 
pants of different nationalities on the problem of the 
Lias/Dogger boundary, and consequently the definition 
of the Toarcian and Bajocian stages and a possible 
Aalenian stage, the only solution permitting a unification 
of the nomenclature while agreeing as well as possible 
with the type sections was the following, on which the 
various specialists present were united: 


Aalenian : base: zone of Leiocerds opalinum 

: top: zone of Graphoceras concavum 
LOWER JURASSIC 
MIDDLE JURASSIC 

: base: zone of Sonninia sowerbyi 

: top: zone of Parkinsonia parkinsoni 

: base: zone of Zigzagiceras zigzag 

: top: zone of Clydoniceras discus 

: base: zone of Macrocephalites macrocepha- 

lus 
: top: zone of Quenstedioceras lamberti 


“m UPPER JURASSIC 
: base: zone of Quenstedtoceras mariae 
: top: zone of Ringsteadia pseudocordata 
(= zone of Idoceras planula) 
(= zone of Lpipeltoceras bimammatum) 


In view of the considerable variation recorded in the 
usage of this term in the various countries of Europe, it 
seemed necessary to return to the original sense of this 
stage as defined by A. d’Orbigny and given precision by 
W. J. Arkell. , 

The Argovian, Rauracian and Sequanian stages or sub- 
stages, having equally given rise to divergent interpreta- 
tions, and most often corresponding to facies. it is recom- 
mended that the use of these terms in the chronostrati- 
graphical scale be avoided. 

As the Lusitanian broadly overlaps into the Kim- 
meridgian in its type-region it cannot be used in the 
sense of E. Haug and must equally disappear from the 
scale of world-wide stages. 

Kimmeridgian: base: zone of Pictonia baylet 
— (= zone of Sutneria platynota) 


It is recommended that Kimmeridgian be spelt with 
two ‘m’s. 
With regard to the top of the stage, see later. 








Batocian 
Bathonian 9 


Callovian 


Oxfordian 


Kimmeridgian, Portlandian, Purbeckian and Tithonian 

By general accord the Purbeckian was considered to be 
not a stage but a facies, predominantly fresh-water and 
continental, at the top of the Jurassic, of which a part 
might overlap into the Cretaceous. . 

Disagreement is recorded among certain participants 
concerning: on one hand, the vertical extensions of the 
Kimmeridgian and Portlandian stages, and on the other. 
the possibility of establishing correlation between the 
Portlandian, as defined in the type-area, and the Tithonian. 

For some the Kimmeridgian and Portlandian stages 
must be defined strictly in accordance with their type- 
sections. This would result in the Kimmeridgian stretch- 
ing from the zone of Pictonia baylei to the zone of Pavlovia 
pallasioides, and the Portlandian from the zone of Zarazs- 
kites albani to the zone of Titanites giganteus, the latter 
thus not reaching the top of the Jurassic. 

For others a Portlandian so defined is not susceptible 
to usage in correlation on a world-wide scale as its base 
and top can only be traced over a small part of the globe. 
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These participants, confirming the world-wide extension of 
the Gravesia zones, believe themselves faithful to the spirit 
of d’Orbigny when he created the stage in considering 
these zones as the base of the Portlandian. Four solutions 
have been proposed by R. Enay in his report on “The 
Tithonian Stage”. In the course of the discussion a fifth, 
compromise proposition was formulated. The partici- 
pants were inclined to agree either with Enay’s fourth 
solution, or with the fifth. 

Fourth Solution (R. Enay, 1962, “L’Etage Tithonique”. 
Pre-print for the Colloquium on the Jurassic, Luxemburg, 
p. 29). “A last solution is to re-define the Portlandian in 
such a way that it begins with the Gravesia zones, a usage 
that has persisted for a very long time and still remains in 
use in numerous countries. Thus the Tithonian becomes 
the exact equivalent of the Portlandian, and at the same 
time its lower boundary coincides with that of the Russian 
Volgian. This is the solution that had already been 
adopted by E. Haug in 1898.” 

Fifth Solution: provisional solution agreed between and 
proposed by: K. W. Barthel, J. H. Callomon, R. Enay, 
A. J. Lloyd, A. Zeiss and B. Ziegler, August 3, 1962: 

















North-west Europe Tethys Russia 
Stage Cretaceous 
[z] 
& Berriasella 
3 chaperi 
£ Tithonian | Volgian 
ke Setar ery mei? š 
& Sub-stages albani 
m Upper pallasioides | Gravesia , 
Š (Dorsetian) Gravesia (hybonotum), Gravesia 
nd ee ee 
El Lower autissio- beckeri 
a (Crussolian) dorensis Crussolian | Crussolian 
¥ : sub-stage | sub-stage 
baylet platynota 








In view of the impossibility of proposing a unanimous 
resolution, it was decided to refer the question back, for 
consultation among interested specialists. 

(Luxemburg, August 4, 1962.) 
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In 1961, at the request of the International Mediter- 
ranean Mesozoic Committee, a British Mesozoic Commit- 
tee was set up for the purposes of liaison with the inter- 
national organizations, and to attempt to obtain a con- 
sensus of opinion among British Mesozoic specialists on 
matters of international significance. This Committee 
was recognized and approved -by the British National 
Committee on Geology. 

The British Mesozoic Committee met in February 1963 
to consider the foregoing recommendations, which it 
approved but for the following points: 

(1) The Lower/Middle Jurassic junction. The British 
Committee maintains that on both logical and historical 
grounds the Lower/Middle Jurassic junction should 
coincide with the Lias/Dogger junction, and should not 
come above the Aalenian as recommended at Luxemburg. 

(2) The Portlandian. The British Committee approved 
the first of the two alternatives recommended by the 
Luxemburg Colloquium, namely, that the Portlandian 
should begin at the bottom of the Gravesia zones, follow- 
ing the first strict application of the term (by Salfeld) and 
making it the equivalent of the Volgian and the Tithonian. 
The Purbeckian is accepted as a facies term which should 
be dropped and the Portlandian should be regarded as 
ending at the top of the Jurassic. 

(3) Sub-stages. The British Committee did not recom- 
mend the definition of named sub-stages. 

(4) Definition of stages. The British Committee recom- 
mended, as a general principle, that the base of each stage 
should be regarded as fixed for all time (preferably by 
reference to a specified point in a type section). This 
would still allow for future adjustments, if needed, for 
example, to accommodate newly recognized strata, at 
the top of each stage. This principle would aid greatly 
the stability of stratigraphical nomenclature. 

The Committee considered that other Mesozoic workers 
should be given this opportunity of considering these 
recommendations, and of communicating their views 
to the Secretary, before the Committee’s views are passed 
on to a meeting of the International Committee in Septem- 
ber 1963. It is hoped to have the Jurassic stages finally 
agreed before the next International Geological Congress 
in 1964. 
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DATA OF GEOCHEMISTRY 


IXTY-FIVE years ago F. W. Clarke, chief geochemist 
of the United States Geological Survey, prepared a 
critical summary of what was then known on the chem- 
istry of the Earth’s crust, the oceans, and the atmosphere. 
This monograph on The Data of Geochemistry rapidly 
‘became a widely used reference book and teaching text, 
and between 1908 and 1924 it was revised and enlarged 
four times. Since then, to meet continuing demand, the 
1924 edition has been reprinted again and again, both.in 
English and Russian translation; and as recently as 
1960 it was referred to, in a widely used text-book of 
geochemistry, as “‘still the finest and most readily available 
collection of analytical data on geological material” 
Clarke retired in 1925 after 41 years’ service, and died 
in 1931. His name has been commemorated by the 
Russians in the term used to denote the average content 
of an element in the Earth’s crust. 

Recognizing the need for an up-to-date revision of 
“Clarke”, the United States Geological Survey some 
years ago invited:geochemists in the United States and 
abroad to produce a collaborative sixth edition, each 
author preparing a chapter in his own field. The tech- 
nical editor of this commendable enterprise is Dr. Michael 
Fleischer. It was recently announced that the new 
Data of Geochemistry, Sixth Edition, would comprise 36 
chapters, each to be issued separately as a section of 
the United States Geological Survey Professional Paper 


No. 440 (published by U.S. Government Printing Office, 
Washington, D.C.). Six of these have just been published 
and it looks as if the full work, to appear over several 
years, will amount to about 1,500 quarto pages. 

The six chapters published comprise contributions on: 
the chemical composition of sub-surface waters, by 
D. E. White, J. D. Hem and G. A. Waring (Chapter F); 
chemical composition of rivers and lakes, by D. A. Living- 
stone (Chapter G); volcanic emanations, by D. E. White . 
and G. A. Waring (Chapter K); chemical composition of 
sandstones, by F. J. Pettijohn (Chapter S); non-detrital 
siliceous sediments, by E. R. Cressman. (Chapter T}; 
and marine evaporites, by F. H. Stewart (Chapter F). 
Each consists of text, lengthy tables of analyses, extensive 
references, and index; and to encourage further research 
the authors in each case take pains to emphasize the 
principal gaps in our knowledge. Each is, in effect, a 
text-book in itself, drawing on the literature in all lan- 
guages. Prof. F. H. Stewart of the University of Edin- 
burgh, who has produced an outstanding summary of 
what is known about marine evaporites, is as yet the only 
non-American contributor. 

The review copies do not state the price. With all 
publications of the United States Geological Survey 
this is nominal, being based on the cost of printing an over- 
run for publie sale after producing the edition required 
for approved repository libraries. C. F. DAVIDSON 
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PROBLEMS OF PARTICLE SIZE ANALYSIS 


A MEETING under this title was held at Hatfield 
College of Technology on April 23 in conjunction 
with an exhibition of particle size measuring equipment. 
Although the meeting, organized by the Whiting and 
Industrial Powders Research Council, had been. intended 
as an informal regional gathering, it attracted an atten- 
dance of about 200 people. 

The chairman of the meeting, Mr. D. C. Soul, director 
of the Research Council, introduced Dr. H. Heywood, 
principal of Woolwich Polytechnic. After defining a 
powder as a collection of particulate matter the particles 
of which were small in relation to the space in which they 
moved—which allows a shoal of herrings or the solar 
system to be regarded under the same aspect as a powder 
—the speaker dealt with the fundamentals of particle 
size analysis. It was, he pointed out, important to 
examine the powder under the conditions in which it 
would be used in practice, and a distinction must be made 
between methods suitable for routine control and research. 
It was greatly to be desired that all or many of these 
methods should be standardized, preferably under the 
auspices of the British Standards Institution. Attention 
was directed to the classification of methods of particle 
size analysis which had been prepared by a committee 
of the Society for Analytical Chemistry and published 
in the March 1963 issue of The Analyst. 

The second speaker was Dr. V. T. Crowl of the Paint 
Research Station. He explained that he was mainly 
concerned with pigments the particles of which were 
largely in the sub-micron range. He compared the various 
methods used most frequently for the purpose, for example, 
surface area determinations by Brunauer-Emmett—Teller 
gas adsorption, the Perkin/Elmer method, and gas perm- 
eability, the latter recording only about 70 per cent 
of the surface area of the first. Direct electron micro- 
scope measurement, the apparently most foolproof 
method, seems to involve an operator error by which 
oversize particles tend to be neglected. Flying-spot 
counting measured aggregates optically separable as 
single particles. Each of the other methods mentioned, 
like sedimentation, centrifugal methods, Coulter counter, 
etc., had its own advantages and pitfalls. A brief discus- 
sion before the tea interval pointed to the problems 
experienced by the individual speakers, such as the 
erratic effects of moisture, the difficulties and uncer- 
tainties of dispersion, the unusual aggregating tendencies 
of magnetic particles like iron oxide pigments, etc. 

After tea, Mr. J. F. Hinsley, of Edgar Allen and Com- 
pany, Ltd., pointed to the importance of particle size 
analysis for controlling the efficiency of industrial opera- 
tions such as grinding and classifying. After enlarging 
on the problems to be solved, the speaker discussed 
the evolution of an equation for relating the fineness 
of the feed and product of a ballmill to the time 
of grinding. 

Dr. B. H. Kaye, of the Research Council, emphasized 
the need for not unduly multiplying the analyst’s effort. 
The accuracy of bulk sampling, sample reduction, analysis 
and data handling must be seen as a whole so that the 
work at the later stages should not be more complex 
than is warranted by the results of the earlier stages. He 
mentioned a number of time-saving devices for routine 
calculations which he had developed. One problem he had 
successfully overcome was the mixing effect experienced 
in centrifugal analysis every time the centrifuge was 
stopped and started. The solution consisted in introduc- 


ing the sample while the centrifuge was running steadily. 
The method was demonstrated with an actual model. 
The fact that it gave reproducible results sufficiently 
accurate for routine analysis was confirmed by a number of 
speakers from the floor during the later discussion. 

The remainder of the meeting was devoted to further 
discussion of problems raised both in the speeches and by 
visitors. Once again the need for standardizing analytical 
operations and training operators was emphasized. More 
effort was required to correlate results obtained by differ- 
ent methods. Several speakers stressed the fact that no 
method measured actual sizes of irregularly shaped lumps 
of matter called particles, but rather some property 
or another which could be more or less closely related to 
the idealized sizes of such lumps, thus explaining why 
no two or more methods necessarily gave concordant 
results. One member of the audience complained about 
the manufacturer’s difficulties when he found that his 
careful sieving tests, even though reproducible when 
carried out by himself at the customer’s works, was 
not reproduced by the customer’s staff, who therefore 
suspected the manufacturer’s methods. The solution 
of this problem would seem to require frequent recali- 
bration and scrapping of even the best quality test sieves 
when worn. 

Another speaker mentioned that supposedly standard- 
ized glass beads contained an erratic number of tiny air 
bubbles, so that they were not of uniform specific gravity 
as required. Once the operator suspects their existence. 
the bubbles can easily be detected by immersing the 
beads in a liquid of similar refractive index like nitro- 
benzene. On the brighter side a reasonable explanation 
was put forward why, by a compensation of errors, valid 
results could often be obtained from theoretically objec- 
tionable methods. These points are only a selection from 
among those which were raised. 

The three-hour meeting was closed by the chairman 
of the Research Council, Mr. A. H. Thorneloe, who 
thanked the speakers and the audience for their contribu- 
tions. He hoped that the Research Council would 
organize similar regional discussion groups and that full 
use would be made of the newly formed Industrial Powders 
Division by firms concerned with any aspect of powder 
technology. 

The exhibition of equipment for particle size analy sis. 
which had been specially arranged for the meeting, was 
quite as popular as the meeting itself. It comprised 22 
stands showing British and overseas equipment for 
analysis of particle size, with all main and many subsidiary 
methods of analysis being represented. Included were 
sedimentation, optical, and turbidimetric instruments 
as well as those deriving particle size from specific surface. 
such as adsorption and permeability apparatus. Test 
sieves complying with the recently amended British 
Standard Specification 410 were shown. One of the 
highlights of the exhibition was the ‘research’ model of 
the disk centrifuge earlier demonstrated by Dr. Kaye. 
which had been lent by the Atomic Energy Authority. 

This meeting was only the first of a series which the 
Research Council intends to organize in various parts of 
the United Kingdom, not only on the subject of particle 
size analysis but also on a number of other aspects of 
powder technology. Arrangements are in hand for a 
meeting expected to be held in Sheffield on October 2, 
when the subject will again be some aspect of powder 
technology. 
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THE SOIL STERILANT AND NEMATICIDE GROUP 


HE first meeting of this Group was held at Rotham- 

sted Experimental Station, Harpenden, on Tuesday, 
April 2. The twenty-six people who attended from all 
parts of the British Isles included nematologists, plant 
pathologists and chemists. 

Dr. Peachey opened the meeting with a short introduc- 
tion to the problems of using general soil biocides, especi- 
ally in situations where the biological significance of 
factors affecting crop growth have not been fully assessed. 
He also reviewed the specific problems tackled by 
workers interested in soil sterilization in the British 
Isles. : 

In the informal discussion that followed, it was em- 
phasized that crop responses could rarely be ascribed to 
the control of a specific pathogen. The analysis of re- 
sponses to partial sterilization may be helped in future 
experiments by using biocides that are more specific than 
those in use at present. Improved growth after treatment 
has sometimes brought a hitherto unknown pathogen to 
notice, for example, Xiphinema diversicaudatum, a virus- 
carrying nematode. It was agreed that estimating control 
of pathogenic fungi was usually more difficult than meas- 
uring eelworm kill. 


Most workers agreed that it was necessary to decrease 
the porosity of the surface layers of the soil after treat- 
ment by rolling, watering or sealing with polythene 
sheeting, to retain the fumigant gas: long enough to kill 
pathogens. Little was known of the mode of action of 
these chemicals. Chemical soil sterilization was unlikely 
to be used much in arable farming unless it killed a whole 
range of pathogens able to damage crops grown in rotation 
in the years following treatment. Some existing compounds, 
for example methyl bromide, could be developed further. 

Although chemicals acting specifically against nema- 
todes or fungi may be produced, the Group predicted that 
the behaviour of some soil sterilants in controlling weeds 
and many different kinds of pests and pathogens may be 
too valuable to be discarded. 

The Group decided that future meetings will be held to 
consider specific problems in the use of soil sterilants and 
that the next meeting, to be held at the Imperial College 
Field Station, Silwood Park, would be concerned with 
methods of application. 

Further information concerning the Group can be 
obtained from Dr. J. E. Peachey, Rothamsted Experi- 
mental Station, Harpenden, Herts. 


PHOTOBIOLOGY IN BRITAIN 
By Pror. NORMAN MILLOTT 


Bedford College, University of London 


HE importance of light in relation to life needs no 

emphasis. That the ultimate source of life energy is 
the Sun forms a trite slogan of the most elementary 
biology; other aspects of its importance as a sensory 
modality, and in the movements, colours and periodicities 
of plants and animals, have all received attention in the 
past. 

Unfortunately, however, the study of light and of life 
belongs to different traditional disciplines in science, so 
that only a fortunate few can handle both adequately. 
Others, realizing their one-sided competence, have turned 
aside from tempting and rewarding problems in frustration 
and despair, possibly with serious consequences to 
scientific progress. The labours of pioneers have attracted 
a following that is too small in proportion to their worth. 

In recent years we have witnessed a remarkable revival 
of interest in photobiology in Britain and throughout the 
world. Though the scientist cynic might attribute the 
change to the fashion for ‘fringes’, it is perhaps no accident 
that the resurgence is contemporaneous with the rise to 
prominence of molecular biology and the renaissance of 
cytology. ‘ 

The concept of excited electronic states, the realization 
that living matter traps excited electrons, putting their 
excess energy to good use, and the revelation of some 
critical stages in photosynthetic and visual systems have 
given impetus to those who would lay bare the route by 
which energy is transferred in living systems. Their 
hope would be that, by this means, a glimpse may be 
obtained of the way in which living matter is pieced 
together at the molecular level. 

The elaborate light optics at the disposal of the modern 
cytologist have given added importance to the study of 
light for biologists, and further, biologists now have at 
their disposal means of using, selectively, controlled 
radiation on structures within living cells. 


This is an exciting scene to contemplate, but it is beset 
with pitfalls, so that progress will be surer if advances are 
co-operative and if biologists, : chemists and physicists 
can clasp hands firmly on the journey. 

With such things in prospect, the British Photobiology 
Group was founded in 1955 on the initiative of Prof. 
J. A.V. Butler. Its first chairman was Dr. M. H. Pirenne 
and the secretary was Dr. E. M. F. Roe. f 

The Group’s object is to advance the study of photo- 
biology and its applications by bringing together biologists, 
chemists and physicists to co-operate or to thrash out 
their problems, viewed from a variety of angles. Informal- 
ity is the key-note, in the hope that in the free discussion 
and interchange of ideas, adherents of traditional dis- 
ciplines will not only find at their disposal a pool of ideas 
and techniques, but also a means whereby traditional 
barriers may be lowered or even abolished. 

The Group casts its net widely; membership is open to 
all those with a serious interest in the effects of non- 
ionizing radiation on living matter. Membership is not 
confined to those with purely fundamental or academic 
approaches, but includes members from institutions with 
interests as diverse as aviation, woo] or soil research, 
dairying, fisheries, agricultural engineering, water pollu- 
tion and scientific instrument design, as well as those 
engaged in phototherapy. Individuals with interests 
apparently so far apart as reaction kinetics, the culture 
of glass-house crops, the engineering aspects of light 
sources and the vitamins in milk, find in the Group a 
common forum. 

The officers of the Group and the organizing committee 
are constituted to represent as many as possible of these 
aspects of photobiology. The present secretary is Dr. 
L. R. Fisher of the Fisheries Biochemical Unit at the 
National Institute for Research in Dairying, Shinfield, 
Berkshire, from whom further information can be ob- 
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tained. Through the Comité International de Photo- 
biologie, with which the Group is affiliated, contact is 
maintained with similar groups in Austria, Canada, 
Finland, France, Germany, Holland, Israel, Italy, Japan, 
Sweden, Switzerland and the United States. 

Meetings are held twice yearly, one meeting usually 
being in or near London. Papers and demonstrations are 
presented, the topics being as diverse as contributors 
allow. Frequently meetings are arranged at appropriate 
research institutions and members have much appreciated 
the opportunities to see researchers at work, and to discuss 
the merits of the methods and apparatus used. 

On the invitation of the Comité, the Group has under- 
taken to organize the fourth International Congress of 
Photobiology to be held in Oxford in July 1964. The 
president of the Congress is Dr. E. J. Bowen, and its joint 
secretaries are Dr. H. J. A. Dartnall and Dr. Daphne Vince. 

Plans are not yet complete, but the projected programme 
will cover the interests of those concerned with ultra- 
violet as well as visible radiation. As provisionally 
planned, the formal meetings of the Congress will consist 
of both plenary and parallel sessions. Each plenary session 
will begin with an introductory lecture, aimed at surveying 
the relevant field of inquiry, projecting ideas, etc. ‘This 
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will be followed by a session in which some half-dozen 
important up-to-date contributions, bearing on the same 
topics and therefore linked by some common theme, will 
be presented by a rapporteur. Following the presentation. 
there will be opportunity for discussion between the con- 
tributors inter alia, the rapporteur and the audience. 
Arrangements will be made for a simultaneous translation 
service in French, German, Russian and English for these 
sessions. 

The topics at present projected relate to basic photo- 
chemistry, the photochemistry of nucleic acids and its 
biological implications, human colour vision, photo- 
reception, photo-environment and its measurement, 
energy conversion in the photosynthetic unit, and the 
micro-irradiation of cells. In addition there will be a 
symposium, of particular interest to medical men con- 
cerned with the effects of chemicals and light on the skin, 
and the organization of a symposium on photochemistry 
and photobiology in space research is being considered. 

Enquiries concerning the Congress should be ad- 
dressed to either of the joint secretaries, Dr. H. J. A. 
Dartnall, Institute of Ophthalmology, Judd Strect. 
London, W.C.1, or Dr. Daphne Vince, University of 
Reading. 


GEOMAGNETIC POLARITY EPOCHS AND PLEISTOCENE GEOCHRONOMETRY 


By ALLAN COX and RICHARD R. DOELL 
U.S. Geological Survey, Menlo Park 
AND 


G. BRENT DALRYMPLE 


University of California, Berkeley, California 


HE magnetic properties of six radiometrically dated 
volcanic flows and plugs of Pleistocene and late 
Pliocene age from California have been investigated as a 
step toward determining the radiometric ages of recent 
geomagnetic polarity epochs in western North America. 
Three of these flows have normal remanent magnetiza- 
tions, which by definition are north-trending and, in the 
northern hemisphere, dip below the horizontal. Three of the 
flows are reversed, that is, the direction of their remanent 
magnetization trends southward and is inclined upward. 
The theory that the magnetic field of the Earth reversed 
its polarity at least once during the Pleistocene and many 
times during the Tertiary was originally advanced! to 
explain occurrences of reversed remanent magnetization 
similar to those described in this article. The abundance 
and distribution of reversely magnetized rocks preclude 
their being dismissed as rare, unexplained accidents: 
these rocks exist on all continents; they occur among 
many petrological rock types, and they constitute about 
half of all Tertiary and Pleistocene rocks. Moreover, their 
stratigraphic distribution is not random. Normal and 
reversed rocks usually occur in stratigraphic groups of 
like polarity, and in areas of late Pleistocene volcanism 
the youngest group is invariably normal. 

Because the geomagnetic field is a global phenomenon, 
the field reversal theory requires that transitions from one 
magnetic polarity to another must occur at exactly the 
same time over the entire Earth. However, most paleo- 
magnetic studies of Pleistocene rocks have been made on 
volcanics which cannot be correlated reliably over long 
distances. Therefore it has proved difficult to put the 
field reversal theory to a definitive stratigraphic test. As 
pointed out by Rutten’, physical dating techniques may 
provide the key to this crucial question, and in the present 
work we have collected paleomagnetie data from rocks 
for which potassium—argon ages have also been calculated. 

Paleomagnetie investigations of reversals would be 
relatively simple were it not for the phenomenon of 


mineralogically controlled self-reversal, whereby lava 
flows containing certain minerals may acquire a reversed 
remanent magnetization when they cool in a normal field. 
One case of a self-reversing pyrrhotite’ and perhaps a 
dozen examples of self-reversing hæmo-ilmenite®? have 
been reported. Self-reversals due to these minerals can 
be recognized in the laboratory by thermomagnetic 
experiments, although the dependence of these self- 
reversals on a specific cooling history sometimes makes it 
difficult to reproduce the self-reversal. Self-reversal is at 
least theoretically possible for some other minerals and 
might not always be reproducible because of mineralogical 
changes which have occurred since the rock originally 
cooled®®, 

Several approaches were used in the present work to 
test the reliability of the polarity determinations. The 
sampling of each flow was designed to include a variety of 
ferromagnetic minerals and initial cooling rates. For one 
flow (S1, Table 1) we were able to include a study of 
xenolithic inclusions and in others we found more than 
one ferromagnetic mineral present. In all cases, con- 
cordant polarities were found between all the different 
ferromagnetic minerals within each flow, indicating 
that self-reversal has probably not occurred. In addition, 
the following laboratory , investigations were made. 
(1) The absence of hemo-ilmenite and pyrrhotite was 
established by microscopic examination of polished sections 
and confirmed by thermomagnetic experiments. (2) 
Representative specimens from each flow were partially 
demagnetized in alternating magnetic fields up to 800 
cersteds. In all cases the magnetic polarity remained 
unchanged, which eliminated the possibility that the 
natural thermo-remanent magnetization might be masked 
by soft magnetization acquired subsequent to the initial 
cooling of the flow. (3) The mode of thermal decay of the 
natural remanent magnetization was found by heating at 
50° C increments and cooling in field-free space. The 
change of polarity on heating which has been found to be 
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Table 1. PETROGRAPHIC DESORIPTIONS, MAGNETIO PROPERTIES, AND RADIOMETRIC AGES 
Aget Reference Palwxomagnetic Petrographic description Curie 
No. Locality * (108 y.) for age Polarity sampling extent of magnetic samples Ferromagnetic minerals temp. 
S1 Owens Gorge 0-98 10 Normal | 30 miles laterally, | Ignimbrite, marked increase | Magnetite or titanomagnetite, | 570° C 
(sanidine) 800 ft. vertically, | in degree of welding with grain diameter 2-500z, 
90 oriented depth; abundant lithic Minor alteration to hematite 
ae samples fragments and inclusions 
S2 Big Pinet 0:99 + 0:04 Reversed | 1 mile laterally, Pumiceous to dense and Magnetite or titanomagnetite, | 530° O 
(obsidian) 400 ft. vertically, | banded rhyolite flow with rain diameter 1-40. 
17 orientod yaryiog degrees of perlit- paque grains rare 
samples on 
S3 Sutter Buttes | 1-57 + 024 ll Reversed | 35 ft. 5 Vesicular hornblende Isotropic grains 2-45y in 575° © 
(biotite) 10 ft. vertically, andesite flow with large diameter, pinkish brown to 675° C 
4 oriented _poikilitic phenocrysts of grey in colour, probably 
samples plagioclase titonomagnetite... Minori 
enteric hæmatii otite 
S4 Sutter Buttes | 1-69 + 0-10 u Reversed | 110 ft. laterally, Slightly vesicular dacite Earthy red hæmatite dust, 560° © 
(biotite) 25 ft. vertically, intruded at shallow depth; | rare grains of magnetite 
7 samples phenocrysts of biotite, 3-104 diameter 
. plagioclase, and quartz 
S6 McGee Mtn. 2-6 + OL 12 Normal | 430 ft. laterally, Fine-grained holocrystalline | Magnetite grains 1-60 in 520° C 
(whole rock) 90 ft. vertically, olivine and biotite-bearing | diameter with occasional 675° C 
20 samples basalt flow rims and veinlets of hama- 
tite; both poinerals nee g 
appear as rims around olivine 
S6 Owens Gorge 3-2 +01 12 Normal | 100 ft. laterally, Vesicular porphyritic holo- | Magnetite or titanomagnetite, | 575° C 
(whole rock) 80 ft. vertically, crystalline olivine basalt grain diameter 1-35u; 675° © 
8 samples flow extensively replaced by 
soma! 











* These localities (allin California) serve to identify the lava flows in the references cited, which give complete geographic and stratigraphic descriptions. 
+ This age, not previously published, is based on obsidian sample K.A1069 from a rhyolite flow (ref. 18) in the N.W. 3 Sec. 80, T. 10 S., R. 34 E. Big 


Pine 1 : 62,500 quadrangle. Sample weight 11°38 g, % K = 3-74, % ann = 67, Art [Kyo = 0:578 x 10“. Absence of perlitization is indicated by low 
weight loss on heating to 900° O (< 0:25%) and by refractive index (1:486 before heating, 1-483 after heating). 


+ (4) figures are standard deviations for the precision of the analyses. 


typical of known self-reversed rocks** did not occur in 
any of these flows. (4) In specimens from flows $3, S5 
and S6 (Table 1) which were observed under the microscope 
to have both the usual magnetite or titanomagnetite and, 
in addition, minor amounts of hematite, remanent mag- 
netization could still be measured after heating above 
600° C. This component of magnetization, undoubtedly 
due to the hematite, invariably had the same direction 
as the component due to the magnetite, making self-rever- 
sal unlikely. (5) Specimens from all flows, on being 
heated above their Curie temperatures and cooled in a 
normal field in the laboratory, always acquired normal 
magnetization. We conclude from these experiments 
that self-reversals are unlikely in any of these flows. 

While the geomagnetic field is changing polarity, its 
direction is intermediate between normal and reversed, 
and on the basis of several paleomagnetic studies in other 
parts of the world the time required for the transition has 
been estimated at about 10,000 years (ref. 15). Although 
the opposing polarities and similar radiometric ages of flows 
S1 and S2 suggest that they lie close to a polarity transi- 
tion, neither flow shows any tendency to have an inter- 
mediate direction of magnetization. However, this is 
not surprising when the 4 per cent standard deviation of 
the analytical methods used in dating is considered. 
This corresponds to an age uncertainty of 40,000 years 
for each flow, so S2 may actually be the younger flow, 
and both may easily lie more than 5,000 years away from 
the mid-point of the polarity transition. 

These data, although obviously insufficient to define a 
time-scale for magnetic polarity epochs, establish some 
limits for the possible ranges of past polarity alternations. 
The first question to be answered is whether the more 
recent polarity epochs are all the same length. 
Khramov’s studies! suggest that they are, since in several 
sediment well-cores the stratigraphic thicknesses of the 
upper three magnetic zones, including the present normal 
epoch, are equal or nearly so; periodic polarity epochs 
are implied unless, as seems unlikely, irregular rates 
of sedimentation compensate for irregular polarity 
epochs. If the more recent polarity epochs are equal 
or nearly equal in length, the data of the present 
study indicate that these epochs must be either $ or 1 
million years long. Three previously published determina- 
tions from Europe? (asterisk in Fig. 1) are consistent with 
either of these two periods, whereas the combined data 
are inconsistent with periods less than 4 million years in 


length, greater than I million years in length, or between 
4 and 1 million years in length. At present, we favour 
scale B (Fig. 1) because we have been unable to discover 
any reversals in flows younger than S1 with the possible 
exception of S2 as previously noted. (Note added in proof. 
Additional work on several flows from California also 
strongly favours scale B.) 
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Fig. 1. Magnetic polarity epochs consistent with paleomagnetic and 
radiometric observations. (Asterisk, data from European rocks, ref. 4) 


Magnetic epochs of unequal length are also consistent 
with these results—for example, N2 (scale B) may be 
considerably longer than R1. Additional measurements 
are being made to clarify the important problem of 
periodicity and also to aid in evaluating the accuracy of 
the techniques used for dating young rocks. 

We thank Prof. J. F. Evernden, D. E. Savage, G. H. 
Curtis and G. T. James for providing us with a preprint 
of their article*®, Mr. W. LeMasurier for the petrographic 
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descriptions, and Mr. E. Roth for many of the magnetic 
measurements. Publication is authorized by the Director 
of the U.S. Geological Survey. 
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HEAT LIBERATION IN ALLOY-JUNCTION SILICON DIODES 
By Pror. M. A. MELEHY and E. A. JARMOC 


University of Connecticut, Storrs, Connecticut 


HE purpose of this article is to report on a relatively 

simple but interesting experiment, which made it 
possible to observe junction thermal activity in some 
diodes when forward biased. The observation was made 
on numerous pt-n- (aluminium) alloy-junction silicon 
diodes. Each diode was carefully lapped down in a 
plane along the samples axes of symmetry, perpendicular 
to the junction. The samples were further polished and 
etched. 

To detect the junction thermal activity when a diode 
was forward biased, two independent methods were used. 
In the first method thermal profiles! were determined 
across the samples by micromanipulated sharp-pointed 
thermocouples. The apparatus used permitted resolu- 
tions of 0-01° ©. At a junction current density of 31 
amp/cm?, the temperature difference between one side 
of the junction and the other, with the samples in air, 
was about 0-72° C. Results of this method, as will become 
apparent here, were invariably consistent with those 
of the second method, which is the main topic of this paper. 
Detection of the thermal activity here was done by sub- 
merging the diodes in methanol (resistivity 0:7 megohm- 
em). The liquid vaporizing at the points of higher temp- 
erature would reveal where the heat was liberated. This 
permitted taking photomicrographs of the observations. 









metal contdct 
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Fig. 1. Metallurgical cross-section of alloy-junction silicon diode. 
Dimensions (#) are: 1, 600; a, 80; b, 190 





Fig. 2. Photomicrograph of a lapped pt ~ n- alloy-junction silicon diode 

when submerged in methanol, and forward biased with a junction current 

density of 1,370 mang fee (meth. temp., 25°C). The picture was taken 
in subdued light with a photoflash, Exposure time less than 1 msec 

The carrier life-time under forward-biasing conditions 
was measured by a terminal method? for all the samples 
before and after preparation. It was found to be between 
10 and 12 usec in the sample. No appreciable difference 
was found for the carrier life-time in the lapped samples, 
even after they were submerged in methanol. The 
measured life-times would correspond to diffusion lengths 
in the order of 80x. 

To calculate the majority carrier concentration nn 
in the n-region, an avalanche breakdown test was per- 
formed. It was found that the samples would break 
down when the reverse voltage exceeded 620-800 V, 
end even higher in some samples. According to the re- 
sults of Pearson and Sawyer?, the resistivity in the 
n-region would be 16 ohm-cm or higher and na would 
be about 3 x 104/cm® or less. Therefore, according 
to the formule‘ for abrupt junctions, this concentration 
would correspond to a junction width of 3-36p at zero 
biasing and less under forward biasing. Since the june- 
tion width would be 4:2 per cent of the diffusion length 
for holes, or less, it is reasonable to assume that under 
forward biasing conditions no appreciable recombination 
occurred at the junction. 

To verify that the junction was nearly a perfect hole 
emitter, at least under relatively low current densities, the 
density of majority carriers in the pt regions was found 
from the data of Trumbore® on the solubility of aluminium 
in silicon. According to these results the concentration 
of the acceptor atoms would be 7-5 x 10'/ern’. Thus, 
the junction internal voltage at 64° C, the boiling point 
of methanol, would be about 0:86 V. By experiment, 
it was found that the applied voltage would equal the 
built-in voltage when the junction current density reached 
230 amp/em?. At this point the junction ‘interval 
potential’ would be zero. 


Junction current densities between 10 and 1,600 amp/ 
em? were used. The observed activity due to heat libera- 
tion kept rising quite steadily with the increase in current 
density. We shall discuss first the observations for large 
current densities. 

When the samples were submerged in methanol (at 
room temperature of 25° C), and forward biased suffi- 
ciently, vapour activity began first to form on electrode 
B near the junction (Fig. 1), when a junction current 
density of 622 amp/cm? was reached. As the junction 
current density was increased to about 1,370 amp/cm?, 
the part of electrode B on which the bubbles formed had 
expanded farther away from the junction. In the mean- 
time, vapour bubbles could be observed right at the 
junction and on electrode B as seen in Fig. 2. When the 
current was increased further, the bubbling activity 
at the junction and electrode B increased appreciably. 
Yet no bubbles were observed anywhere in the n-region. 
This was an indication that the n-region was always at a 
lower temperature than the junction or electrode B 
(this was confirmed by delicate thermocouple measure- 
ments). Hence, it could not be responsible for the 
observed heating at the junction and electrode B. 

The observations described here, therefore, suggest 
the following possibilities: (1) Heat was liberated at the 
junction; (2) in electrode B; or (3) both. The possi- 
bility that the observed heating was caused by the 
n-region. was ruled out on the basis that the temperature 
of the n-region appeared to be always less than that 
of the junction. Conceivably, the Joule heating in the 
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p- and n-regions is extremely negligible. 


VoL, 198 


This can be 


- shown by a simple calculation. 


To preclude further some of the foregoing possibilities, 
current was passed through electrode B, just by-passing 
the junction. Even when this current was increased 
to 5 amp, that is, 2-7 times the previous value, no bubbles 
formed on electrode B. This suggests that electrode 
B did not contribute to any appreciable Joule heating. 
Hence, possibilities (2) and (3) were ruled out. 

The experiment was repeated for many values of 
current densities ranging from 10 to 1,600 amp/cm?. At 
low current densities such as 20 amp/cm?, the technique 
was to raise the methanol temperature to 50° C (14° C 
below its boiling point). The results were substantially 
the same as described earlier, except that the bubbles 
were appreciably smaller in size and their formation 
was much less frequent. This made it difficult to take 
meaningful photographs. 

The foregoing observations do not appear to be fully 
explained on the basis of the energy ‘band diagrams. 

We thank many persons, in particular Dr. J. M. Early, 
Dr. E. N. Clarke and Dr. R. R. Raue, for discussions; 
Dr. E. L. Bartholomew for suggestions; and K. W. 
Fitts, R. R. Biederman, J. J. Dlubac, and R. M. Glorioso 
for assistance. 
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TWINS IN GALLIUM 
By C. G. WILSON and F. J. SPOONER 


Physics Branch, Royal Military College of Science, Shrivenham, Swindon 


‘WINS have been observed in single crystals of gallium 

under compression over a wide range of temperature. 
The gallium used had a purity of 99-99 per cent and single 
erystals were grown by slow cooling from the melt. The 
specimens in which twins were observed had a rectangular 
cross-section of 0:25 cm? (approx.) and length 2 cm 
-(approx.). They were grown with the a, b and c axes 
approximately parallel to the edges of the crystals, the 
orientations being determined using the back reflexion 
X-ray technique. The specimens were compressed normal 
„to the face containing the b and ¢ axes in a, small vice 
actuated by a Hounsfield tensometer. The vice and 
specimen could be cooled by liquid refrigerant contained 
in a simple copper cell surrounding the specimens, the 
connecting rods passing loosely through holes in opposite 
sides of the cell. Temperatures were measured with a 
calibrated copper-constantan thermocouple. This 
relatively crude arrangement worked extremely well, and 
losses of refrigerant during the time required for each 
experiment were slight. 

Many single crystals of gallium have been extended and 
compressed at various temperatures below its melting 
point (29-8° C), but twins have only been observed in 
compressed crystals having a similar orientation to that 
already mentioned. At room temperature gallium deforms 
by one of the slip mechanisms: 001[010], 102[010] and 
011[011] (ref. 1), twins not normally being observed. At 
lower temperatures slip is more difficult, the gallium 
becoming increasingly brittle, and fracture precedes plastic 
deformation unless the crystal is favourably oriented for 
slip. The orientation corresponding to twin formation 
does not allow any of the room temperature slip systems to 
operate. 

The observed twins often have an irregular shape and 
are easily mistaken for large grains of different orientation 
to the matrix (Fig. 1). The fairly straight edges of some 


finer twins produced at low temperature permitted a 
two-surface observation from which the twin boundary 
plane was identified as 110. Back reflexion photographs 
taken with the X-ray beam falling on the twin-matrix 
boundary and matrix only are reproduced in Figs. 2a 
and b. The stereographic representation of this film 
shows that the twin orientation can be obtained from that 
of the matrix by reflexion in 110 or rotation about [110]. 
All the twins so far observed conform to this mode of 
production. 

Although there was no indication of the yield point 
being surpassed during compression it was initially 
assumed that the twins observed were produced by 
mechanical deformation. The crystal structure of gallium 





Fig. 1. 


Gallium twins (x e. 50, polarized light) 
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suggested that the shear direction for twinning on 110 
was [110]. The operation of this twin law results in the 
atomie configuration of twin and matrix illustrated in 
Fig. 3. It is assumed that the quasi-covalent bond which 
exists between pairs of atoms (molecules)! is not broken 
in the shear process. If the gallium unit cell were truly 
tetragonal the twin of Fig. 3 could be produced without 
any shear being required, but merely by rotation of the 
molecules about an axis passing through their centres of 
gravity in the [001] direction. In this case the actual 
shear strain s would be zero and the twins could not be 
regarded as being formed by the normal process of 
mechanical deformation. Owing to the orthorhombic 
nature of the gallium unit cell and the small difference 
between a- and b-axes (a = 4517, b = 4511 Å), s = 
0-0028. The ‘shuffles’ required to put the atoms in the 
correct twin configuration after this shear consist of 
rotations of the gallium molecules about [001] axes 
through an angle of approximately 90°. In Fig. 3, which 
is a projection of the gallium structure on 001, the centres 
of gravity of the molecules lie in successive 110 planes and 
the effective molecular rotation required is the same in 
any plane but in opposite directions in successive planes. 
An attempt was made to deduce a mechanical twin law 
by measuring the angles made by the twinned part of the 
erystal with the matrix in two adjacent faces of the 
specimen. The optical device used for these measure- 
ments could have detected an angular difference of less 
than one degree between twin and matrix but no change in 
surface structure could be detected. These measurements 
support the fact that the shear strain involved in the twin 
formation is extremely small. Prof. R. W. Cahn? has 
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Fig. 2. a, Gallium twin and matrix (X-ray beam i| to [001] of matrix); 
. gallium matrix only 


NATURE 


MATRIX 





770-15 Z"0-35 
C) S Directlon 
of 
Z=0-65 Z=0:85 Rotation 
ww 


® 2 


Fig. 3. Gallium structure (projection on 001) 


suggested that the twins are piezocrescent twins sixnilar 
to the Dauphiné twins of «-quartz’. According to 
Thomas and Wooster’, the Dauphiné twins in a-quartz 
are formed by the rotation of silica tetrahedra without. 
any silicon-oxygen bonds being broken, the development 
of the twin being energetically possible only if the strain 
energy per unit volume of the twin is greater than that. 
of the matrix. Piezocrescent twins in «-quartz are thus 
formed under stress by virtue of the anistropic elasticity 
of quartz. There is no microscopic shear involved in 
piezocrescence and the twin-matrix interface may taku 
any shape dependent on the stress system operating. 

Gallium is known to be elastically anisotropic®, and the 
foregoing experiments seem to support the piezocrescent 
nature of the twins. Further experiments have shown 
that during low-temperature compression with a more 
uniform application of the stress, twins are suddenly 
created with a characteristic ‘ping’ in a fairly lamellar 
form but that these twins rapidly grow and coalesce to 
form a large twin ‘grain’ of irregular shape. So far. 
however, attempts to produce the twins by tension in 
crystals of similar orientation have failed. According 
to the Thomas and Wooster theory, the criterion for 
twinning in gallium on 110 for the orientation given here 
is that the difference in elastic moduli s,,~s,, shall be rela- 
tively large and positive. Furthermore, the difference in 
elastic energies expressed in this criterion is independent. 
of the stress. From the room temperature results of 
Erny®, 89-8, = 0°18 x 10-4 mm? kgm~, which conforms 
to the requirement of the theory. The fact that twins 
have only been produced so far under compression requires 
further investigation. which is being pursued. 

We thank Prof. R. W. Cahn for his advice. 


1 Wilson, C. G., J. Less Common Metals (in the press), 

? Cahn, R. W. (private communication). 

3 Cahn, R. W., Adv. Phys., 3, 433 (1954). 

* Thomas, L. A., and Wooster, W. A., Proc. Roy. Soc., A, 208, 43 (1951). 
2 Erny, M., C.R. Acad. Sci. Paris, 242, 2698 (1956). 
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ORDER OF REACTION IN THE THERMAL DECOMPOSITION OF 
` AMMONIUM NITRATE - 


By Dr. K. S. BARCLAY, J. M. CREWE and Dr. E. J. SMITH 


Levington Research Station, Fisons Fertilizers, Ltd.; 


HE thermal decomposition of ammonium nitrate is a 

reaction of considerable technical interest and impor- 
tance because of the need to minimize decomposition 
hazards in its bulk transportation and storage as a nitro- 
genous fertilizer and an ingredient of high-explosive 
mixtures. Following an earlier investigation of the 
stoichiometry of the decomposition!, there have recently 
been several kinetic investigations which provide rate 
data; both on the behaviour of the pure salt?-> and on the 
influence of various other ions on the decomposition***. 
Despite the volume of published work, no mechanism 
has yet been clearly established for the decomposition of 
the pure salt though recently an attempt! has been made 
to derive a detailed mechanism for the chloride-catalysed 
reaction which differs radically from the former in dis- 
playing an induction period, and in giving different 
reaction products. 

Pure ammonium nitrate decomposes smoothly above its 
melting point when it exists as a highly ionized liquid. 
The reaction produces mainly nitrous oxide and water 
vapour (NENO, -> N:O + 2H,O) in the range 170°- 
260° C and increasing amounts of NO,, NO and N, at 
higher temperatures; on the other hand, the chloride 
catalysed decomposition yields major proportions of N, 
and Ol, depending on the chloride-level added. Certain 
other anions markedly influence the decomposition rate*:®, 
while acidity of the melt is a necessary factor for reaction 
in all cases. 

The decomposition reaction in both pure ammonium 
nitrate?’ and ammonium nitrate-chloride mixtures? is 
reported to be first order on the basis of an observed pro- 
portionality between the rate of the decomposition 
‘(expressed either by total rate of gas production or by 
~ «differential total mass change) and the mass of ammonium 
-nitrate present. Furthermore, the rate is not influenced 
by factors such as the free surface area since the rate of 
. decomposition. of a fixed mass has been shown to be inde- 
‘i pendent of geometrical factors‘. In considering such rate 
7 expressions it should be noted that the decomposition 
products are volatile and that an equivalent contraction 
of the system occurs during the reaction, thereby main- 
taining a constant melt composition. Since in no case 
_ has there been a variation in ammonium nitrate concentra- 
tion during decomposition, what appears to have been 

demonstrated is merely a general relationship between the 
overall rate and the mass of the system at a fixed con- 
centration. In order to establish first-order chemical 
-kinetics, however, it is necessary to show both that the 
. Yate of the process is proportional to the total number of 
reactant species present and that it is independent of their 
specific collision frequency, being thereby distinguished 
from higher order reactions. The latter requirement 

. entails variation of reactant concentration as in any 
of the established procedures for determining order of 
reaction’. 

The matter may be clarified in the present instance by 
defining an instantaneous decomposition rate with refer- 
ence to unit mass rather than total mass as has been done 
previously. If pọ denotes this specific rate, M the total 
mass, k the true kinetic rate constant and c the reactant 
concentration in the melt, we have at any time ¢ the 
relationship : 





pe = Af(eye 


Ipswich 
I 


where f(c) is an unspecified function of concentration for 
the NH,* and NO,- ions constituting the molten system. 


Since: 
(%5, = pM: 


-(= = kf(c)sMe 


For constant melt Suea throughout the reaction 
as in ammonium nitrate decomposition f(c) is a constant 
and the equation for total rate becomes: 


where k’ is a pseudo-first-order constant equal to kf(c). 
This expression is identical with the differential rate 
equation found by previous workers®:** for ammonium 
nitrate decomposition, but the foregoing analysis shows 
that the constant k’ is not a simple rate constant, while the 
order of reaction with respect to the reactant ions involved 
in the term f(c) is indeterminate. 

In an attempt to clarify this matter we have recently 
carried out an examination of the decomposition of 
ammonium nitrate in molten alkali nitrates. In view of 
the interference by most anions in the decomposition it 
has so far proved impossible to choose a ‘neutral’ melt 
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Fig. 2. Rate-dependence on ammonium ion concentration 


solvent for ammonium nitrate whereby its concentration 
could be varied. Hence it was decided initially to determ- 
ine the reaction order with respect to NH,* ions by varying 
the proportion of these in admixture with similar-sized 
alkali metal cations such that the NO,~ concentration was 
approximately constant. 

Mixtures of ammonium nitrate and equimolar sodium/ 
potassium nitrate were prepared from the dry finely- 
ground ‘AnalaR’ materials, covering a range of NH,*+/NO,- 
ionic ratios between 1-0 and 0-33 and samples were placed 
in test-tubes lightly plugged with glass wool. These were 
then heated in an oil bath maintained at 240 + 1° O, a 
series of samples of a given mixture being rapidly quenched 
after heating for varying time intervals spanning a range 
of decomposition up to about 25 per cent of that possible. 
The procedure was repeated for each mixture and the 
samples were finally analysed for their nitrogen contents. 
The results are plotted in Fig. 1. It is apparent on inte- 
gration of the final rate equation given here that a plot 
of the logarithm of the remaining mass against time for a 
given mixture yields a straight line of slope —k’. While 
the assumption of constant NH,* concentration is not 
strictly true for the mixed nitrates, the relationship holds 
with sufficient accuracy over the limited range of decom- 
position studied for the plots to be linear and values of the 
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pseudo-first-order constant at various NH,* concentration 
were derived in this way. At constant NO,- and variable 
NH, concentrations we may write an expression 
k’ = k’[NH,*}, where x is the order of reaction with 
respect to NH,* ions and k” involves the true rate con- 
stant k and an undetermined function of NO,- concentra- 
tion. Fig. 2 shows a plot of k’ against [NH,*] expressed. 
in conventional units; the linearity clearly indicates that 
the decomposition reaction is first order with respect to 
NH,* concentration. , 

In considering the kinetics of reactions in ionic melts it is 
clearly incorrect to regard such systems as a random 
assemblage of ions to which simple collision theory can be 
applied. Their quasi-lattice structure, involving nearest 
neighbour co-ordination similar to that of the corre- 
sponding solid lattice, suggests that concepts currently 
utilized in the treatment of solid-state reactions may 
find some reflexion in chemical processes in ionic melts. 
Thus, intermediate species may perhaps be regarded as 
a type of structural defect the formation and furthor 
reaction of which depends on the presence of suitable holes 
in the quasi-lattice structure. On this point of view holes 
would be regarded, as sites in which chemical rearrange- 
ment of reactant species could occur and between which 
their migration takes place. 

For mixtures of salts which have similar molar 
volumes}! and give small heats!? and volume changes?® 
on mixing (attributable to differences in coulombic inter- 
action between next-nearest neighbour cations), we have 
assumed both that ion activities are sensibly constant 
(as has been shown by cryoscopie studies on similar 
systems*‘), and that ion environmental factors are littlo 
affected by altering the NH,*/(Nat + Kt) ratio so that 
an ionic molar concentration remains kinetically meaning- 
ful. In support of the latter assumption a straight line 
plot is also given if the NH,* ion concentration in Fig. 2 
is plotted as a molar fraction rather than a volume con- 
centration. 

While the fundamental rate law for the decomposition 
of ammonium nitrate has thus been shown to involve 
first-power dependence on ammonium ion concentration, 
its complete elucidation requires knowledge of the de- 
pendence on nitrate ion concentration. A more detailed 
consideration of’ the mechanism should then be possible 
than hitherto. 

1 Saunders, H. L., J. Chem. Soc., 121 (1922). 

3? Wood, B. J., and Wise, H., J. Chem. Phys., 28, 693 (1955). 

> Cook, M. A., and Abegg, M. T., Indust. Eng. Chem., 48, 1090 (1956). 
t Robertson, A. J. B., J. Soc. Chem. Indust., 87, 221 (1960). 
* Keenan, A. G., and Dimitriades, B., Trans. Farad. Soc., 57, 1019 (1961). 

* Guiochon, G., Ann. de Chim., 5, 295 (1960). f 
7 Guiochon, Q., and Jacque, L., O.R. Acad. Sci. Paris, 245, 163 (1957). 
$ Keenan, A. G., and Dimitriades, B., J. Chem. Phys., 37, 1583 (1962). 


i Moelwyn-Hughes, E. A., Kinetics of Reaction in Solution, 47 (Oxf. Univ. 
Press, 1947). 


10 Shimoji, M., Far. Soc. Disc., No. 82, 128 (1961). 


u Shirai, T., and Ishibashi, T., Sci. Papers, Coll. Gen. Ed., Univ. Tokyo, 1, 
53 (1957). 


22 Kleppa, O. J., and Hersh, L. S., Far. Soc. Disc., No. 32, 99 (1961). 
8 Katz, J. L., and Kleppa, O. J., J. Phys. Chem., 66, 103 (1962). 
4 Van Artsdalen, E. R., et al., J. Phys. Chem., 61, 515 (1956). 


AGEING OF CALCIUM SULPHATE HEMIHYDRATE 


By F. H. SMITH 
Gyproc Ltd., Gypsum Mines Branch, Mountfield, Robertsbridge, Sussex 


N unusual physical reaction has been identified, 
occurring between calcium sulphate hemihydrate 
(plaster of Paris) and water. The energies of hemihydrate 
specimens are known to depend on their method of prepar- 
ation!, and I have found that when high-energy specimens 
are mixed with cold water their particles disintegrate 
at once into a finely-divided state. 


High-energy hemihydrates are prepared by dissociation 
of the dihydrate in the absence of liquid water, and in- 
clude most forms of plaster of Paris supplied to the build- 
ing industry. It is well known that when such plasters 
are mixed to a slurry with water, the rheological proper- 
ties of the slurry are remarkably independent of the 
particle size distribution in the original dry state. This 
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independence has not hitherto received a valid explana- 
tion, but is now clearly attributable to the disintegration 
phenomenon. 

Exposure of a high-energy hemihydrate to moist air 
causes it to ‘age’. The rheological properties of its aqueous 
slurry are then dependent on the particle size distribution 
in the dry state, whereas before ageing they were inde- 
pendent. Aged plasters I find do not disintegrate, and 
ageing of hemihydrate is therefore the loss of that property 
of spontaneous disintegration in water possessed before 
exposure to moist air. Although ageing is brought about 
by the reversible sorption of water, the disintegration 
property is lost irreversibly. 

Disintegration may be observed with the naked eye 
when high-energy hemihydrate particles, 1 mm or more in 
diameter, are sprinkled into cold water. It may also be 
detected indirectly by comparing the Rigden specific 
surfaces of the dried specimen before and after brief 
immersion in water. Such a comparison for a commercial 
plaster is shown in Table 1. The brief immersion com- 
prised ‘mixing with water for 30 sec, and diluting four- 
fold with ethanol before quickly filtering, washing with 
ethanol, and drying at 40° C. 


Table 1. SPECIFIO SURFACE apen) OF A COMMERCIAL PLASTER OF PARIS 
AMPLE 


Before immersion in water After immersion in water 
and drying (cm°/g) and drying (cm?/g) 
Sample from sealed. 


container 2,610 9,500 
Sample exposed 5 days 
to the atmosphere 2,610 2,690 


Both ageing and disintegration are accompanied by 
energy changes ; but by no significant chemical change 
other than the reversible sorption of water. Energies of 
three samples are given in Table 2, expressed in terms of 
heats of solution in 2 N hydrochloric acid at 800 molar 
dilution. These samples were prepared by heating 
calcium sulphate dihydrate in air for 2 h at 150° C followed 
by 24h at 40°C. Heats of solution before and after brief 
immersion in water are given for samples II and III. 
Sample I was aged for one period of 9 days and one of 
19 days, and heats of solution were measured before 
and after ageing. Ageing was at room temperature 
and 76 per cent relative humidity. In all cases sorbed 
„water was removed by drying at 40° © before any measure- 

x hent was made. 
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Table 2. HEATS OF SOLUTION AND WATER CONTENTS OF HEMIHYDRATES: 
BEFORE AND AFTER BRIEF IMMERSION IN WATER; BEFORE AND AFTER 
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AGEING 
Sample I Sample II Sample IIT 
Heat of solution 1,240 1,230 1,200 
Sample as pre- (caljgmol.) 1,260 1,230 1,220 
pared Water content (%) 6-3 6-2 6-5 
Heat of solution 1,460 1,400 
After immersion (cal/gmol.) 1,460 
Water content (%) 6-5 65 
Aged 9 days at Heat of solution 1,460 
76% relative (cal/gmol.) 1,440 
humidity Water content (%) 6-2 
Aged 19 days at Heat of solution 1,460 
76% relative 510 


humidity Water Zontent (2%) 63 

Both ageing and disintegration caused a loss of energy, 
revealed by the rise in heats of solution from about 1,200 
cal/gmol. to about 1,450 cal/gmol. Southard found a 
similar value for aged hemihydrate: 1,470 cal/gmol. 
Water contents found by drying each sample at 300° C 
are also given in Table 2, and show the absence of any 
significant chemical change during ageing or disintegra- 
tion. 

Southard accounted for observed energy variations in — 
hemihydrate by proposing the existence of two mono- 
tropic forms, «- and ß-, having respectively the highest 
and lowest known heats of solution, 1,600 and 1,100 cal/ 
gmol. in 2 N hydrochloric acid. But phase characteristics, 
such as crystal structure and equilibrium dissociation 
vapour pressures, are the same for hemihydrates of 
different energies; the hypothesis of dimorphism seems 
untenable. Instead, the observed energy differences 
might be a mere surface energy function, for there is a 
relation between ageing and surface area. Moisture 
sorption, now shown to cause an irreversible energy loss, 
was found by Gregg and Willing? to cause an irreversible 
decrease in surface area of high-energy hemihydrates. 
Unlike low-energy hemihydrates, which are macro- 
crystalline, high-energy forms are aggregates of fine 
crystals the surface areas of which determined by Ridge? 
are of the order of 105 em?/g. Therefore, a postulated 
surface energy of about 3 x 10-° cal/em? can account 
for all Southard’s observed energy variations in calcium 
sulphate hemihydrate. 


i Kelley, K. K., Southard, J. C., and Anderson, C. T., U.S. Bur. Mines 
Lech. Paper 625 (1941). 

2 Gregg, S. J., and Willing, E. G. J., J. Chem. Soc., Part 3, 2916 (1951). 

3 Ridge, M, J., J. App. Chem., 11, 287 (1961). 


TOXIC METABOLITES OF ASPERGILLUS FLAVUS 
By R. D. HARTLEY, BRENDA F. NESBITT and J. O’KELLY 


Tropical Products Institute, London A 


HE isolation and some of the properties of two con- 
stituents of aflatoxin, the mixture of toxic meta- 
bolites produced by certain strains of Aspergillus flavus, 
were ‘described in a previous communication’. These 
two fractions were referred to as aflatoxins B and G. A 
total of four closely related toxins have now been isolated 
and characterized and their inter-relationships studied. 
These compounds are listed in Table 1 in order of decreas- 
ing Rr value on silica gel ‘G’ (Merck) chromatoplates with 
chloroform containing 2 per cent of methanol as solvent. 
Aflatoxin G, is identical with the compound previously 
described as aflatoxin G. The material originally called 
aflatoxin B is now known to have been aflatoxin B, 
‘contaminated with B,. Aflatoxin B, would appear to be 
identical with the substance described by de Iongh 
et al as FB, Aflatoxins B, and G, have not been 
described previously. 
The four toxic compounds were obtained from crude 
crystalline aflatoxin supplied by the Director, Micro- 


biological Research Establishment, Porton. This toxin 
was isolated, as described previously, from sterilized 
groundnuts which had been inoculated with toxin-produc- 
ing strains of A. flavus!. Only minute traces of fluorescent 
compounds: other than aflatoxins B,, B} G, and G, were 
present in the crude crystalline toxin. However, toxin 
isolated from various liquid synthetic media which had 
been inoculated with A. flavus showed a much more com- 
plex chromatographic pattern with as many as twenty 
fluorescent spots*. This is in agreement with the findings 


Table 1 








Colour of fluorescence In 





Aflatoxin ultra-violet light M.p. (°C) 
(principal wave-length, 365 my) i 
Bı Blue 265-270 (d) 
B, Blue 305-309 
Gi Green 247-250 
Gs Green-blue 237-240 
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Fig. 1. Ultra-violet absorption spectra of the aflatoxins (methanol) 
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Fig. 2. Infra-red absorption spectra of the aflatoxins (chloroform) 


of Smith and McKernan‘. Naturally occurring aflatoxin 
usually contains mainly B, with some B, (ref. 5). 

The crude aflatoxin from groundnuts was fractionated 
by column chromatography using the same adsorbent as 
that used for chromatoplates, and purified chloroform 
containing 0-25 per cent methanol as solvent. After 
removal of solvent, B, was recrystallized from trichloro- 
ethylene/chloroform, B, and G, from methanol and G, 
from ethanol. The crude mixtures contained aflatoxins 
B,, B,, G,, G, in the approximate ratio 40: 1:50: 1. 

Preliminary biological tests of the aflatoxins on day-old 
ducklings indicate the following approximate LD,, 
values (single doses, 48 h observation): B,, 30 ug; G4, 


60 ug. Aflatoxins B, and G, were found to be far less toxic ` 


than B, or G,; when day-old ducklings were dosed with 
B, or G, over four days it was found that the lethal dose 
was greater than 200 ug. All four aflatoxins produced 
the same type of liver lesions‘. 

The molecular formule of aflatoxins B,, Ba G, and G 
have been established from elementary analyses and mass 
spectrometric determinations (Table 2). 

The infra-red and ultra-violet absorption spectra of the 
four aflatoxins are very similar and indicate that all four 
compounds are closely related (Figs. 1 and 2). In each 
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case the band between 5-65p and 5-69y in the infra-red 
suggests that a lactone grouping is present. The gradual 
disappearance of this band accompanied by the gradual 
appearance of bands at 2:774 (—OH) and 6-274 (—COO~) 
on treatment of G, with cold morpholine supports this 
assignment. 

The nuclear magnetic resonance spectra of all four 
toxins have been measured in deuterochloroform (Table 3) 
and indicate that each compound contains one methoxy] 
group (singlet at 6-047 in B,, 6-027 in G,, 6-047 in Ba 
6-057 in G). The bands at 5-547 and 6-527 in G, aro 
mirror images of one another and suggest the presence 
of a dimethylene group attached to an oxygen atom 
and an unsaturated function. The shift of the band 
at 5-547 in G to 7-47 in B, is consistent with the loss of 
an oxygen atom from a lactone ring adjacent to the 
dimethylene group: 

O 0 
| = I 


—CH,--CH,—O-—C CH,—CH,—C 


Other physical data for the aflatoxins are recorded in 





-Table 4. 


Aflatoxin B, has been converted to B, by hydrogenation 
for 15 min in ethanol using platinum oxide catalyst at 
room temperature and atmospheric pressure. The 
elementary analysis, physical characteristics and biological 
activity of the reduction product were identical with those 
of aflatoxin B,. Similarly, aflatoxin G, was obtained 
by hydrogenation of G, using 10 per cent palladium on 
charcoal as catalyst. 

There is evidence to suggest that the double bond 
present in B, and G,, which is saturated in B, and Gy 
is adjacent to an ether oxygen. The presence of such a 
vinyl ether system in B, and G, is suggested, first, by the 
rapid uptake in each case of 1 mole of monoperphthalic 
acid at 0° C and, secondly, by the diminution in intensity 
of an infra-red band at 6-12-6-14u on hydrogenation of 
B, and G, to yield B, and G, respectively. The fact that 


Table 2 


Elementary analyses 
Found (%) 











Molecular | Molecular Calculated (%) 
formula weight R SS, 
Cc H (dir); C H | 0 
Cy7H 204 312 65-3 | 3-6 | 31-2 | 65-4 | 3-9 | 30-7 
C17Hi,O¢ 314 64:6 | 43 | 30:9 | 65:0 | 4-5 | 30:6 
Ci:H320; 328 82:3 | 3-9 | 387 | 622 | 37 | 34-1 
Cy,Hy,0; 330 61-7 | 45 | 387 | 61-8 | 4:3 | 33-9 








Table 3. NUCLEAR MAGNETIC RESONANCE SPECTRA OF THE AFLATOXINS 


Chemica) shift (r, TMS} = 10) 





Band multiplicity 




















Bı a, 
Distorted triplet 7-4 
Distorted triplet 6°57 6:52 
Singlet 6-04 6-02 
Distorted triplet 554 
Double-triplet §-25 5-20 
sips 4-55 4:50 
Multiplet* 3-59 349 
Doublet 3°20 311 

Chemical shift (r, TMS = 10) 

Band multiplicity à 

Bat Gs 
Distorted triplet aes 775 

vi 
Distorted triplet 6-64 6:53 
Singlet 6-04 6-05 
Broad 5-76 5-80 
Distorted triplet 5:56 
Singlet 3°66 3°85 
Doublet 3-54 3:52 











* Assumed to be a singlet superimposed on a triplet. 
+ All bands were broad except for the one at 604r. 
$ Tetramethy! silane. 
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Table 4 
Specifice rotation . Molar extinction coefficients Fluorescence spectrum 
Aflatoxin i a2 t2 
D c {in chloroform) Em5 mf €363 mz Excitation wave-length (my) | Emission wave-length (mz) 
B, — 559 0-101 12,000 22,000 365 425 
B, — 492 0-100 11,700 23,400 365 425 
G — 533 0-133 10,500 . 18,700 365 450 
Gy —473 0-084 9,700 21,000 365 450 





the ultra-violet spectra of B, and G, and their correspond- 
ing hydrogenation products are very similar indicates that 
this system is non-conjugated. Furthermore, the nuclear 
magnetic resonance spectra are consistent with there 
being a dihydrofuran ring (with an oxygen substituent 
in the 2 position) in both B, and G, which is hydrogenated 
in B, and Q, (peaks at 3-20t, 3-597, 4-557 and 5-257 in 
B, are shifted to 3-547, 5-767, 7-747 and 5-767 respectively 
in B,; a similar relationship exists between the corre- 
sponding peaks in the spectra of G, and G). 

We thank Miss H. Brown for assistance, Mr. R. G. Foster 
of the Imperial College of Science and Technology for 
nuclear magnetic resonance measurements and interpreta- 


tion, Mr. R. B. A. Carnaghan of the Central Veterinary 

Laboratory for biological testing, Dr. C. Djerassi of 

Stanford University, U.S.A., Mr. A. R. West of the British 

Petroleum Research Centre and Dr. R. I. Reed of the 

University of Glasgow for mass spectrometric examina- 

tions, and Dr. V. Thaller of the University of Oxford for 

the measurement of optical rotations. 
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PARATHYROID HORMONE AND MAGNESIUM HOMOEOSTASIS 


By Dr. I. MacINTYRE, S. BOSS and V. A. TROUGHTON 
Postgraduate Medical School, London, W.12 


EVERAL groups of workersi-? have claimed that 
parathyroid hormone reduces calcium excretion in the 
urine, although Gordan‘ has shown that this is difficult 
to demonstrate in parathyroid disorders. The situation 
has been further complicated by the recent report of 
Widrow and Levinsky® that, while parathyroid extract 
reduces calcium clearance in dogs, no such effect is 
demonstrable with pure bovine parathyroid hormone. 

Dr. Howard Rasmussen was kind enough to supply us 
with some of his pure parathyroid hormone of potency 
2,000 units/mg and we have used this to study the effect 
of the hormone on the urinary excretion of the divalent 
cations, magnesium and calcium. 

Male 150-gm parathyroidectomized rats were used. 
The techniques for immobilization and urine collection 
were those described by Cotlove*. A needle was inserted 
into the tail vein and an infusion at 3 ml./h given using 
an Auto-Analyser pump and micro-tubing. The infusion 
solution contained: glucose 44 g/l.; sodium chloride 
19 m.equiv./l.; calcium lactate 10 m.equiv./l.; magnesium 
chloride 10 m.equiv./l.; sodium heparin 0-1 g/l. Calcium 
and magnesium were estimated flame-spectrophoto- 
metrically with the Zeiss spectrophotometer PM M12. The 
infusions were started at 5 p.m. and continued overnight 
and throughout the following day, during which stable 
excretion values for calcium, magnesium, creatinine and 
phosphate were obtained (Fig. 1). In preliminary experi- 
ments, addition of 20 units of parathyroid extract (Lilly) 
to the infusion over a period of 1 h produced a profound 
fall in magnesium and calcium excretion with no effect on 
creatinine excretion (Table 1 and Fig. 2). 


Table 1. EFFECT OF PARATHYROID EXTRAOT ON EXOREYION RATES 


Before After 
Mg (nequiv./min) 0-57 (0-61 0-25 (0-59) 
Ge E jai) 0-16 et 0-02 (0-17) 
Creatinine (ug/min) 5-4 5'1 


The figures in brackets are excretion rates of the control group of rats at 
corresponding times to the experimental group, Analysis of variance shows 
that the falls in magnesium and calcium are highly significant (P < 0-01). 


More detailed studies were now carried out using the 
pure hormone. The same striking effects were obtained. 
Fig. 3 shows the effect of infusing 10 ug of pure hormone. 
Three points should be noticed: there is a marked fall in 


magnesium and calcium excretion; the creatinine excretion 
is unchanged; the greatest effects on calcium and mag- 
nesium excretion are synchronous with that on phosphate 
excretion. 

An effect was observed on magnesium with as little as 
l ug. Fig. 4 shows the results of 10 infusions and suggests 
that there is a relationship between dose and effect. 
These experiments show conclusively that parathyroid 


0-6 
0-4 
0-2 


No. 56 No. 5a 


No. 18 





tinary Mg (uequiv./min) 


U. 
° 
Š 


Q Ki 
w% 
No. 20 


: TT 
o . - + . 


1 


No. 


0 100 200 300. 400 
Time (min) 


Fig. 1. Urine magnesium excretion of control rats 
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magnesium will inhibit secretion of parathyroid hormone 

producing an increased excretion of magnesium in the 
= urine and a return of the plasma level towards normal. 
a A fall in plasma magnesium will stimulate production of 
g parathyroid hormone, leading to increased renal conserva- 
tion. The hypothesis also implies that calcium and 
magnesium homeostasis are interdependent and that 
calcium homeostasis will not be maintained in the face 
of marked abnormalities in plasma magnesium. 

However, there is a substantial amount of evidence in 
favour of this view. First, experimental magnesium 
deficiency in the rat produces hypercalcemia, hypo- 
Phosphatemia and increased phosphate clearance’:’, 
suggesting over-secretion of parathyroid hormone. 
Secondly, magnesium, administered by stomach tube, can 
prevent the marked increase in osteoclasts usually found 
in the femur of nephrectomized rats’. This suggests that 
elevation of plasma magnesium inhibits secretion of 
parathyroid hormone. Thirdly, total parathyroidectomy 
in the rat is followed by a fall in plasma magnesium, 
although the fall is not as marked as that seen in calcium’. 

The effect of parathyroid hormone on urine calcium 
must also be of homeostatic importance, although over- 
shadowed by the effect of the hormone on bone. In the 
case of magnesium, however, the renal effect may be more 
important, since the calcium : magnesium ratio in bone 
is 50: 1, while the renal conserving effect of parathyroid 
hormone results in similar retentions of calcium and 
magnesium. f 
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Fig. 2. Urine magnesium excretion d infusion of 20 units of para- 
thyroid extract (Lilly) 
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hormone causes marked conservation of urine magnesium S14 
and calcium. It seems likely that this is a direct renal 34.2 
effect and that it is due to a change in the tubular handling Sio 
of these cations. Fos 
Plasma magnesium is maintained by the body within 
very narrow limits by some unknown homeostatic 
mechanism. We suggest that this mechanism is the varia- O4 
tion in secretion of parathyroid hormone in response to 02 
changes of plasma magnesium. This hypothesis is illus- 
trated in Fig. 5. This implies that & riso in- plasma Fig. 5. Magnesium homeostasis: a hypothesis 
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ANTIHISTAMINE AND ANTIBRADYKININ EFFECTS OF NORMAL 
URINE EXTRACTS 


By Dr. B. A. KOVACS and Pror. K. I. MELVILLE 


Department of Pharmacology, McGill University, Montreal 


HE presence of a histamine-antagonizing substance 

(or substances) in human and animal tissues has 
previously been reported}-5. It has also been shown! that 
ether—chioroform extracts of normal human urine show a 
wide range of activity in antagonizing the in vitro effects 
of histamine, serotonin and acetylcholine on the guinea 
pig ileum or rat uterus. This article demonstrates that 
similarly active extracts can be obtained from urine of 
other species——dog, rabbit and horse. These extracts are 
also able to antagonize both the bradykinin-induced con- 
tractions on isolated guinea pig ileum preparation and the 
Schultz—Dale reaction. Furthermore, oral or intraperiton- 
eal administration of the extracts into guinea pigs pro- 
tects against the lethal effect of a 0-2 per cent histamine 
aerosol, and can abolish or strongly reduce the increased 
capillary permeability brought about by an intradermal 
injection of histamine or bradykinin. i 

Tho extracts of urine used in the present experiments 
were prepared by the method described previously®. 
Synthetic bradykinin was added to the guinea pig ileum 
preparation (16 ml. bath) at 3-min intervals and kept in 
contact for 40 sec. Schultz—Dale experiments were carried 
out on isolated ileum strips which were obtained from 
sensitized animals (sensitization with 0-5 ml. of a 10 per 
cent egg-white solution given intraperitoneally 21 days 
previously). Urine extracts were dissolved in 0-2-1-0 ml. 
Tyrode and left in contact with the ileum for 3 min in the 
case of bradykinin, and for 6 min in the case of Schultz- 
Dale reaction. 7 

Histamine aerosol experiments were performed accord- 
ing to the method described previously (for details seo 
ref. 7). 

Guinea pigs depilated 24 h previously were injected 
intracardially with pontamine sky blue (60 mg/kg). 
A few minutes after the injection of the dye, the histamine 
and bradykinin in 0-1 ml. saline were injected intraderm- 
ally into the abdominal skin. 

Fig. 1 illustrates comparatively the antagonizing 
effects of 200 ug/ml. and 100 ug/ml. (bath concentrations) 
urine extracts against bradykinin-induced contractions. 
Fig. 2 shows the protective effect of a urine extract against 
the Schultz—Dale reaction which was elicited by the 
administration of Q-1 ml. of a 10 per cent egg-white solu- 
tion. Fig. 2A illustrates the typical contraction recorded, 
while Fig. 2B shows effects observed in a similar strip 
obtained from the same animal, when the urine extract 
(200 ug/ml. concentration) was added (#) to the bath 
6 min prior to the egg-white solution. 

Urine extracts administered to guinea pigs either intra- 
peritoneally (300-400 mg/kg) or orally (600-700 mg/kg) 
protected the animals against the lethal effect of a 0-2 
per cent histamine aerosol when tested 1-3 h after the 
administration of the extracts. Fig. 3 summarizes the 
results obtained in 18 experiments. As can be seen, in 
17 experiments the pre-treated animal survived longer 
than its control and only in one experiment was the 
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Fig. 1. Responses of guinea pig ileum preperation to bradykinin (Br.) 
before and after the administration of urine extracts, as marked at 
arrows (X), in two different concentrations (200 {simi and 100 ppjml.). 
An interval of 3 min elapsed between each administration of Br, as 





marked by the white dots. In cach instance the drum was temporarily 
stopped after marking, and restored 20 sec before the next test. After 
the a (2). nig record was taken continuously 

or 3 min 


each administration 0 
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Fig. 2. Effect of urine extract on the Schultz—Dale reaction. Fig. 24 
shows the response of a sensitized guinea pig ileum preparation to the 
administration of the challenging agent bh ml. 10 per cent egg-white 
solution). Fig. 2B shows the response of a similar strip obtained from 


the same animal. In this experiment the extract to give a concentra- 

tion of 200 ug/ml. in the bath was added (£) 6 min prior to the ad- 

the challenging gone ml. 10 per cent egg-white 
solution: 
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Fig. 3. Protection produced by oral or intraperitoneal administration of / 

urine extracts in guinea pigs exposed to a 0-2 per cent histamine aerosol. 

The abscissa gives in minutes the differences in survival time between 

pretreated animals and their controls, on the right of 0 if the injected, 

and on the left if the control survived longer, and as 0 if the difference 

was legs than 80 sec. The shaded squares represent those experiments 
in which the urine extract was administered orally 
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Fig. 4. Areas of blueing on the internal surface of the skin of the guinea 
pigs which had received pontamine sky blue 60 mg/kg intracardially, 
followed by intradermal injections of 0-1-ml, solutions containing 
histamine (Hist.) and bradykinin (Br.) 10 yg/ml. solutions. Responses 
in a normal guinea pig at A and in a guinea pig treated with urine 
extract (600 uzikg) orally, 70 min before intradermal injections at B 


difference in survival time less than 30 sec. Ten of the 
injected animals survived the 20-min period of aerosol; 
the average survival time of their control was 6-50 min. 
Those injected animals which survived the 20-min period 
were re-exposed to the histamine aerosol 24-28 h later and 
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it was found that the protection lasted to somo degrco 
for at least 24 h. 

Oral (600-700 mg/kg) or intraperitoneal (300-400 mg/kg) 
administration of urine extracts to guinea pigs also pro- 
vented or strongly reduced the capillary permeability 
effect of both histamine and bradykinin. When the 
permeability of the capillaries is increased after intra- 
derma] injection of 1 pg histamine or bradykinin, tho 
intravenously injected pontamine sky blue seeps into the 
extravascular space and the affected area becomes blue. 
Fig. 4 shows the areas of blueing in the skin of a normal 
guinea pig (Fig. 44) brought about by | ug histamino 
(Hist.) and 1 ug bradykinin (B.), in comparison with tho 
skin of another guinea pig (Fig. 4B), treated with 600 
mg/kg urine extract orally 70 min before tho intradermal 
injection of 1 pg histamine and 1 ug bradykinin. 

In conclusion it is shown that extracts of mammalian 
urine contain a substance (or substances) which is ablo to 
antagonize both in vitro and in vivo tho effects of histamine 
and bradykinin, and the in vitro anaphylactic responso. 

It is suggested that the unknown activo principle 
involved might be of physiological significance. In lino 
with present terminology it might be designatod a ‘phylac- 
tin’. The chemical nature and other aspects of its actions 
are being studied. 

We thank Sandoz (Canada), Ltd., Dorval, Quebec; 
Dr. H. O. J. Collier, Parke Davis and Co., Hounslow. 
Middlesex; and Dr. G. P. Lewis, National Institute for 
Medical Research, Mill Hill, for the synthetio bradykinin. 
This work was aided by a grant from Ayerst, McKenna 
and Harrison, Ltd., whom we thank. 
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ORGANISMIC SPATIAL ORIENTATION IN VERY WEAK MAGNETIC FIELDS 
By Pror. J. D. PALMER 


University of Illinois, Chicago 


HEN the migratory tendency in birds was dis- 
covored, questions concerning their means of 
navigation arose. The long-established use of the compass 
in human navigation naturally led to the speculation 
that birds might similarly rely on geomagnetism. For 
more than 80 years investigators tried, unsuccessfully, 
to verify such speculation. The first positive evidence 
was provided by Yeagley!, who was able to disrupt the 
homing behaviour of pigeons by attaching small magnots 
to their wings. However, Gordon? and Van Riper and 
Kalmbach? were unsuccessful in repeating these experi- 
ments. Yeagley* was also unable to repeat his own earlier 
work. 

In 1959, a group of investigators led by F. A. Brown 
presented, for the first time, conclusive proof that at least 
some organisms do respond to the Earth’s magnetic 
field5.®. 

In the light of Brown’s findings, similar investigations 
were extended to the green alga, Volvox aureus. This 
flagellate is presumed to be a direct descendant of the 
earliest flagellates, and if it could be shown to respond to 
magnetism it would suggest that such a response was a 
primitive and deeply seated one. 

A simple apparatus was constructed to measure and 
quantify the most basic type of spatial orientation, that 
is, the initial ‘choice’ of a particular direction (Fig. 1). 


This device measured the amount of clockwise and counter- 
clockwise turning of Volvox ccenobia over a distance of 
2 mm from an initially directed southward course. In 
essence, the apparatus consisted of a small aluminium 
corral cemented in a Petri dish and a small polar co-ordin- 
ate grid. The polar grid was made by first accurately 
drawing a large model and then reducing it, photographic- 
ally, to a radius of 2 mm. The grid consisted of seventcen 
10-degree sectors numbered from —8 to +8 from left to 
right. 

The grid was placed on the stago of a binocular dissecting 
microscope and the Petri dish placed over it with tho 
corral exit over the centre of the grid. A wiiform field 
of illumination of 40 lux was provided from bolow the 
microscope stage. Exactly 9 em bolow the exit of the 
corral was placed an 18-em ‘Alnico’ bar magnet. This 
provided a 6-gauss horizontal field at the corral exit. 
A small compass was used to check the immediate aren 
around the corral to make sure that the few steol parts 
located in the microscope arm had caused no significant 
distortions in the magnetic field between the magnet 
and the corral exit. 

At the onset of each experimental period the Petri dish 
was filled with water to a depth of 2 mm and a supply 
of Volvos placed into the corral. The corral exit faced 
magnetic south. Approximately 90 ccenobia wero observed 
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Fig. 1. Corral and polar gridfas viewed from above 
emerging from the corral during each experimental period, 
30 under each of the following three conditions: (1) in 
the Harth’s magnetic field, the horizontal intensity of 
which is approximately 0-17 gauss in Evanston; (2) in 
an experimental field with the horizontal component 
oriented as that of the Earth’s magnetic field but aug- 
mented to 5 gauss by a bar magnet (north-seeking pole 
directed south); (3) in a 5-gauss field with the north- 
seeking pole directed west. The order of the three condi- 
tions was randomly chosen each day. For simplification 
of: reference, these three conditions will be referred to 
as 1, 2 and 3 respectively, in the following account. 
Condition 1 will be considered as the control. 

The degree of turning was established by recording 
which sector of the polar grid each ccenobium was in when 
it crossed the 2-mm arc. This method, therefore, measured 
only the initial deviations in the path of the organism 
from a course directly forward. 

Volvos is positively phototactic or can be made so by a 
short conditioning period in darkness. ‘Therefore, to 
initiate and expedite the movement of coenobia toward 
the corral exit, a pinhole light source was focused directly 
on the exit and turned on as needed. The light was 
extinguished before the exit was reached and the ccenobia 
tended to continue on out through the exit. 

Data analysis consisted mainly of establishing the degree 
of similarity or dissimilarity between different combina- 
tions of the foregoing observations. Any significant differ- 
ences between responses could then be attributed to the 
effect of the magnet, as its presence, absence and direction 
were the only variables. 

The results were gathered daily between the hours of 
l p.m. and 2 p.m. ¢.s.r. during May 23-August 18, 1962. 
The paths of 6,916 coencbia were observed and recorded. 

All the daily observations in condition 1 were combined 
and reduced to a mean turning value. The same was done 
for conditions 2 and 3. In terms of sectors of the polar 
grid the means were: 1 = 0-461 + 0-055 ; 2 = 0-659 + 
0-057; 3 = 1-15 + 0-060. The 43 per cent increase in 
clockwise turning caused by the 5-gauss magnetic field 
parallel to that of the Earth’s field (condition 2) was 
significantly greater (P < 0-01) than the control. The 
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effect of the magnetic field oriented at right angles to the 
initial path of the cœnobia (condition 3) produced a pro- 
found increase in the amount of clockwise turning relative. 
to the coenobia in both ] and 2. The 75 per cent increase 
in turning relative to the ccenobia in condition 2 could 
have resulted by chance alone only once in 400 billion 
times {t = 5:99; N = 4611) and the odds were well 
over twice as great (¢ = 11:27; N = 4649) that the 
150 per cent increase in the mean turning response of 
3 relative to 1 could have occurred by chance. Probabili- 
ties of this order leave no reasonable doubt that the effect 
is real. 

In order to obtain an idea of the overall effect of the 
augmented magnetic fields, the variability of each response 
was also studied. The daily standard deviations for each 
of the conditions were combined, with respect to condition, 
and reduced to mean values. The average standard 
deviation for each condition was: 1 = 2-634 + 0-039; 
2 = 2-682 + 0-040; 3 = 2-935 + 0-043. The 1 per cent 
increase in dispersion displayed by the ccenobia in condi- 
tion 2 relative to the ccenobia in 1 was not significantly 
different. The 10-8 per cent increase in scatter around 
the mean displayed in condition 3 relative to condition 2 
is highly significant (P < 10-5) and the 11-1 per cent 
increase in 3 relative to 1 is even greater (P < 10-5). 

In examining the offect of magnetism on organisms the 
obvious experiment to perform would be to compare the 
behaviour of an organism in a magnetic field and in an 
area void of any appreciable magnetic field. With proper 
apparatus the Earth’s magnetostatic field can be reduced 
by several orders of magnitude, but, for several practical 
reasons, this was impossible. An alternative attack was 
thus chosen, that is, the Earth’s magnetic field was aug- 
mented slightly and the differential organismic responses 
obtained between this field and the Earth’s field used to 
assay the effect of magnetism. The augmented turning 
response (43 per cent) found in condition 2 relative to 1 
therefore demonstrates that Volvos can perceive mag- 
netism and distinguish between different intensities. 

For orientation involving magnetism (a vector quantity), 
an organism must not only be able to perceive this force, 
it must be able to distinguish between different directions 
of magnetic lines of force; for example, a bird using 
terrestrial magnetism in its northward migration would 
have to orient its body parallel to geomagnetic lines of 
force. The experiments comparing the response of Volvoa 
to magnetic fields of essentially the same intensities but 
oriented at right angles to each other showed the acute 
ability of this organism to make such a distinction. 
The capacity was apparent in several of the parameters 
studied, for example, the 75 per cent increase in clockwise 
turning and the 11 per cent increase in standard deviation 
of the ccenobia in condition 3 relative to the ones in 
condition 2. The statistical significance of these responses 
is of such a magnitude that there can be no reasonable 
doubt that the effects are real. Volos therefore has the 
capacity to use magnetic fields in spatial orientation. 

Because Volvoz is an evolutionarily less-complex organ- 
ism and a direct descendant of one of the earliest forms 
of life, this discovery emphasizes the deep-seated nature 
of responsiveness to magnetism. It indicates that early 
in evolutionary history such a response may have been 
present, and, since early flagellates are reputed to be the 
progenitors of all higher forms of life, it suggests that the 
ability to respond to magnetism may be quite widespread 
in Nature. Possibly the appropriate type of experiment 
has not yet been designed to isolate such a response from 
the myriad of other responses displayed by birds. 

I thank W. Doyle for facilities for this work, and F. A. 
Brown for advice. 
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SURVIVAL OF MAMMALIAN CELLS IRRADIATED IN DIFFERENT PHASES 
OF THE LIFE-CYCLE AS EXAMINED BY AUTORADIOGRAPHY 


© By Dr. W. C. DEWEY and Dr. R. M. HUMPHREY 


Department of Physics, University of Texas, M. D. Anderson Hospital and Tumor Institute, Houston 


T was reported that L cells grown in vitro and irradiated 
with 250 rads sustain more chromosomal damage 
during the deoxyribonucleic acid (DNA) synthesis phase 
(S) than during both the DNA presynthetic phase (G) 
and the DNA postsynthetic phase (@,) (ref. 1). In these 
experiments, it also was found that descendants of the 
cells irradiated in S phase were preferentially eliminated 
from the population after 3-5 cell divisions. However, 
in the Chinese hamster cell it was reported that cells in 
G, sustain about three times more chromosomal damage 
than cells in both S and G, (ref. 2). Since these observa- 
tions were made following a single dose of 250 rads, it 
was considered desirable to extend these investigations 
to survival following a complete range of doses. In the 
work reported here, mouse E cells and Chinese hamster 
cells were pulse-labelled with tritiated thymidine immedi- 
ately before irradiation to differentiate labelled cells in S 
phase from unlabelled cells in G, and G.. By use of 
autoradiography, the surviving colonies were identified as 
labelled or unlabelled. 

L-P59 cells were grown at 37° C in McCoy’s’ 5a medium 
supplemented with 10 per cent calf serum and were 
maintained at a pH of 7:0-7:2 with 6 per cent carbon 
dioxide. Each of four 7-60 flasks was seeded with 4-0 x 
10° cells, and two days later the cells were pulse-labelled 
for 10 min with 1-0 ye./ml. of tritiated thymidine (specific 
activity 1-9 c./mM). After the cells were labelled, they 
were washed twice with medium containing 10 y/ml. of 
unlabelled thymidine. In experiment A, the cells were 
` removed from the surface of two of the flasks immediately 
after labelling and were irradiated. In experiment B 
the conditioned medium, which had been poured from the 
flasks before labelling, was added to the two remaining 
T-60 flasks, which were then returned to the incubator 
for 13 h before the cells were irradiated. 

The cells were removed from the glass with medium 
containing 0-2 per cent trypsin, were suspended in Hanks’s 
balanced salt solution at a concentration of 1(10)* cells/ml., 
and were transferred to ‘Teflon’ irradiation vessels*. The 
cells were irradiated immediately afterwards with X-rays 
(half-wave 220 kVp at a half-value layer of 1-4 mm 
copper) at a dose-rate of 288 rads/min, and were diluted 
into 140-mm Petri dishes. Cells were irradiated at room 
temperature, and the number of cells required for about 
900 colonies was added to each dish. Van Slyke oxygen 
measurements’ indicated that the oxygen tension remained 
in equilibrium with the oxygen tension in air during 
irradiation, namely, 260 uM oxygen/l. In one experiment 
L cells were irradiated under nitrogen as described else- 
where®. Each Petri dish contained five microscope slides, 
and one day before the experimental cells were added a 
feeder layer was established by adding 1:2 x 10° L cells 
which had been irradiated with 4,000 rads of cwsium-137 
y-rays. (In subsequent experiments it was discovered 
that adding 10 y/ml. of unlabelled thymidine to the 
medium in the Petri dishes reduces the background in 
unlabelled cells. This procedure is especially important 
for low survival values in which large numbers of labelled 
cells are added to the Petri dishes. The background 
apparently is caused by re-utilization of the label from 
the heavily irradiated cells.) For doses up to 750 rads, 
the colonies were fixed after seven days of incubation, 
and for 1,000 and 1,500 rads the colonies were fixed after 


nine days of incubation. This short incubation time was 
used to keep the average colony size small (less than 100- 
200 cells) in order to reduce the dilution of the tritiated 
thymidine label per cell which occurs at cell division. 
Colonies on the slides were fixed by dipping the slides first 
into Hanks’s balanced salt solution, secondly into distilled 
water and thirdly into 95 per cent alcohol. After the slides 
were dry, ‘AR-10’ stripping film was applied, and the 
film was exposed for 35 days. Details of labelling and 
autoradiography have already been reported’. The 
colonies were stained after the film was developed by 
placing the slides in 0-5 per cent crystal violet stain in 
95 per cent ethyl alcohol for 1-2 min, rinsing in water. 
and allowing them to dry. The colonies on the plates and 
slides were counted, and the autoradiographic slides were 
analysed with a 40 x phase contrast microscope to 
determine the percentage of the colonies labelled in each 
dish ; 40-200 colonies were analysed for each dose, and 
to eliminate bias the slides were coded. The labelled 
colonies could be recognized by tight clumps of grains 
lying over the nucleus in some of the cells in the colony 
(Fig. 1). . 

To determino an accurate survival curve, eight Petri 
dishes were set up for each dose without labelling., and 
the Petri dishes were fixed in duplicate at 10, 12, 15 and 
20 days after irradiation. 
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Fig. 1. Photomicrograph showing a colony which developed from an L 

cell labelled with tritiated thymidine. Note the clumps of grains over 

many of the cells. In a few of the labelled colonies (not shown) only 
four or five cells were labelled 
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Fig. 2. Fraction of L-P59 cells fo colonies in relation to the phase 
in the life-cycle at the time of X-irradiation. The composite curve is 
for the whole population of cells. The cells were pulse-labelled with 
tritiated thymidine and irradiated either immediately thereafter (experi- 
ment A) or 13 h later (experiment B). As indicated by the designations 
on the curves, in experiment A the labelled cells were in S at the time 
of irradiation and the unlabelled cells were in G, and G3; in experiment 
B most of the unlabelled cells were in S with a few in G; and most of 
the labelled cells were in G, with a few in S (see Fig. 3). The upper 
curve shows the survival of G, cells primarily, and the lower curve 
shows the survival of. S-phase cells 


1,500 2,000 


A similar experiment was performed with Chinese 
hamster cells, B14FAF28, described previously’. The 
only variation in the experimental procedure was as 
follows : the cells were labelled with 2-0 uc./ml. of 
tritiated thymidine, and the Petri dishes in which the 
colonies grew contained 5 y/ml. of unlabelled thymidine. 

The survival curve for L cells irradiated in air and 
obtained by counting all the colonies without distin- 
guishing between labelled and unlabelled colonies is 
shown in Fig. 2 and is designated ‘composite’. There was 
no significant difference in survival between plates which 
were seeded with labelled cells and those which were 
seeded with unlabelled cells. Also, there was no significant 
difference between survival curves obtained by scoring 
the colonies after the different periods of incubation, 
which varied from 7 to 20 days (to be published else- 
where). This curve has an extrapolation number of 100 
and a mean lethal dose of 116 rads. Similar curves which 
have a large shoulder were reported by Barendsen’. 

Results of the analysis of the autoradiographic slides 
for labelled and unlabelled Z-P59 colonies is shown in 
Table 1. In experiment A the cells were irradiated immedi- 
ately after pulge-labelling for 10 min ; therefore, the labelled 
cells were confined to the S period and the unlabelled 
cells were in the G, and G, periods (Fig. 3). In experiment 
B, the cells were incubated for 13 h after pulse-labelling, 
during which the labelled cells moved into the G, period. 
The average generation time of the L-P59 cells is 22 h, 
that is, 9-1 h for G,, 99 h for S, and 3-0 h for G, and M 
(cells in mitosis)!. Therefore, in experiment B the labelled 
cells at the time of irradiation were confined primarily 
to the G period with a few cells in S, and the unlabelled 
cells existed largely in ‘the S and G, periods (Fig. 3). 
For experiment A, as the dose of irradiation increased, 
the percentage of the colonies labelled decreased, that is, 
46 per cent for the control and only 5 per cent for cells 
irradiated with 1,500 rads. In experiment B, the opposite 
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is seen, in which the percentage of the colonies labelled 
increased as the dose increased, that is, 52:5 per cent for 
the control and 89 per cent for cells irradiated with 1,500 
rads. (Note that the percentage of the colonies labelled 
is higher for the control in experiment B than for the 
control in experiment A. This result is caused by division 
of labelled S cells which occurred in experiment B during 
the 13-h interval between the time of labelling and the 
time of plating.) The differences in survival between 
labelled and unlabelled cells cannot be attributed to 
B-radiation from the tritiated thymidine incorporated 
into the DNA, because in experiment B the labelled cells 
were more radioresistant than the unlabelled cells. 
(The amount of tritium in L cells labelled with 1-0 ue./ml. 
for 10 min, and fixed 13 h later produced approximately 
76 grains after a three-day film exposure, which is equiva- 
lent to approximately six disintegrations/h/cell. This 
amount of tritium in hamster cells produced over. an 
incubation period of 11:5 h only 0-2 chromosomal breaks 
per cell compared with 0-1 chromosomal breaks per cell 
in the controls.) Thus, these data clearly indicate that, 
for L cells, the cells in S phase at the time of irradiation 
(the labelled cells in experiment A and most of the un- 
labelled cells in experiment B) were more radiosensitive 
than the rest of the population, which included cells in 
G and Go 
Table 1. PERCENTAGE OF E CELL COLONIES LABELLED 


(Cells were pulse-labelled with tritiated thymidine immediately before 
irradiation in experiment A and 18 h before in experiment B) 


A B 
Labelled sena Pate at time of Labelled cells primarily in Gy 


Dose (rads) irradiation at time of irradiation 
No. scored Labelled No. scored Labelled. 
(per cent) (per cent) 
0 179 46-3 171 52-5 
250 128 37-5 102 55:0 
500 66 30:3 59 66-0 
750 60 30-0 105 7204 
1,000 84 12-0 71 82-0 
1,500 37 54 47 89-4 


The survival values for the labelled and unlabelled D 
cells in the two experiments are shown in Fig. 2. The 
survival values were obtained by multiplying the survival 
values for the composite curve in Fig. 2 by the fraction 
of the colonies which were labelled or unlabelled for each 
dose (Table 1). The survival values were then normalized 
to 100 for the zero-dose point. The lower curve was drawn 
through the labelled points of experiment A, and the 
upper curve was drawn through the unlabelled points of 
experiment A. The labelled and unlabelled points of 
experiment B were also plotted. i 

It should be noted that the unlabelled points of experi- 
ment A which indicate the survival of G, and G, cells are 
almost identical to the labelled points of experiment B 
which indicate the survival of G, along with a few S cells. 
The cells in the radiosensitive group which consists of 
the cells in S phase at the time of irradiation have a D, 
of 99 rads and an extrapolation number of 100; whereas, 
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Fig. 3. Position of labelled L-P59 celis in the life-cycle at the time of 
irradiation. The cells were pulse-labelled with tritiated thymidine for 
10 min. The average time (h) required for a cell to pass through the 
various phases is indicated, and the proportion of cells in each phase is 
represented approximately by the length of the bars. In experiment A 
the cells were irradiated immediately after labelling; the labelled cells 
(solid bar) were in S, and the unlabelled cells (stippled and open bars) 
were in G; and Gy, respectively. In experiment B the cells were irradiated 
18 h after labelling; the labelled cells moved Into G, with a few in S, and 
the unlabelled cells moved into S and Ga. Because of variations in the 
life-cycle for individual cells, the phases were not sharply separated in 
experiment B; a few labelled cells were probably in G, and a few 
unlabelled cells were probably in G, 
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the cells in the radioresistant group, which consists of cells 
in G and G, at the time of irradiation, have a D, of about 
116 rads and an extrapolation number of about 200. 
Since the composite curve indicates the radiosensitivity 
of the entire population of cells existing in all three phases, 
it must lie between the upper and lower curves. It has a 
D, of 116 rads (the same as for the more radioresistant 
fraction) and an extrapolation number (n) of 100. These 
relationships have been described mathematically on the 
basis of theoretical survival curves®. 

Further information can be obtained concerning differ- 
ences in radiosensitivity between G,, S and G, cells by 
comparing the labelled and unlabelled points in the two 
experiments. ‘Since the labelled A curve (S cells) lies 
below the labelled B curve (G, and a few S cells), it is 
obvious that the S cells are more radiosensitive than the 
G cells ; in fact, at 1,000 rads the survival of the S cells 
is about 1/10 that of the G, cells. Therefore, below the 
first decade of survival the labelled B curve actually 
indicates the survival of the G, cells after the more sensi- 
tive S cells have been eliminated. Since the labelled B 
curve (G, survival) and the unlabelled A curve, which 
includes survival of G, and G, cells, are identical below the 
first decade, the G, cells must be at least as radiosensitive 
as the G, cells. Since the unlabelled B curve which indi- 
cates survival of S and G, cells lies slightly above the 
labelled A curve (S cells), the G, cells must be less radio- 
sensitive than the S cells. Therefore, it can be concluded 
that for L cells the S phase is the most radiosensitive. 
The ratio of radiosensitivity of S cells to G, cells can be 
given as the ratios of the mean lethal doses, and doses to 
reduce survival to 10 per cent, | per cent or 0-1 per cent; 
these ratios are 1:17, 1-24, 1-24 and 1-23 respectively. 

Similar results were obtained for L cells irradiated under 
anoxia immediately after the cells were pulse-labelled 
(Table 2). In the controls 43 per cent of the colonies were 
labelled. As the dose of irradiation increased, the per- 
centage of colonies labelled decreased; that is, to 18 per 
cent for 1,500 rads, and only 3-7 per cent for 3,000 rads. 
The survival curve without distinguishing between labelled 
and unlabelled colonies (not shown) had a D, of 380 rads 
- with n = 5; the curve for the labelled cells had a D, of 
290 rads with n = 9, and. the curve for the unlabelled 
cells had a D, of about 380 rads with n = 11. The ratio of 
D, for unlabelled cells (G, and G, cells) to the D, for 
labelled cells (S cells) was 1-31. 


Table 2. PERCENTAGE OF L CELL COLONIES LABELLED 


(Cells were pulse-labelled with tritiated thymidine immediately before 
irradiation under nitrogen) 


Dose (rads) Survival No. scored Labelled 
(per cent) (per cent) 
100 72 43 
500 53 27 35 
1,000 26 45 24 
1,500 10 60 18 
2,000 28 101 11 
2,500 0-80 58 9-5 
3,000 0-22 82 i 3-7 
3,500 0-06 — = 


The results of a similar experiment w:viı Chinese hamster 
cells is shown in Table 3. The survival curve (not shown) 
had a D, of 135 rads and an extrapolation number of 9. 
Tho cells were pulse-labelled immediately before irradia- 
tion ; thus, the labelled cells were in S phase at the time 
of irradiation, and the unlabelled cells were in the G, and 
G, phases. As described previously, this near diploid 
cell line (22 + chromosomes) has an average generation 
time of 11 h, with 2-5 h for G, and M, 5-8 h for S, and 
2-7 h for Gy (ref. 2). (Because the G, phase was half as 
long as the S phase, it was not possible to allow the 
labelled cells to move into the G, phase before irradiation, 
as was done with the L cells.) In the control, 53 per cent 
of the colonies were labelled, and for 1,000 and 1,250 rads 
the percentage remained the same. In the dose-range of 
250-750 rads, the percentage apparently increased slightly 
to 60-65. 
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Table 3. PEROENTAGE OF CHINESE HAMSTER COLONIES LABELLED 
(Cells were pulse-labelled with tritiated thymidine immediately before 


irradiation) 

Dose (rads) Survival No. scored Labelled 
(per cent) (per cent) 

0 100 53 5L 

250 60 69 61 

500 21 56 66 

750 3-8 49 57 

1,000 0-61 57 51 

1,250 0-095 47 53 


from those for the L cells in that the S phase cells are not 
more radiosensitive than the remainder of the population. 

These experiments have measured the reproductive 
integrity of cells in different phases of the life-cycle at the 
time of irradiation. . By comparing the doses required to 
produce a given survival, it has been shown for L cells 
irradiated in air that cells in S phase are about 1-24 times 
more radiosensitive than cells which are primarily in the 
G, phase (Fig. 2). Irradiated under nitrogen, S cells are 
about 1-31 times more radiosensitive than G, and G, cells. 
This difference between air and nitrogen (1-24~1-31) is not 
significant. The difference between the survival of cells 
irradiated in S compared with cells irradiated in G, is 
dramatic at a dose of 1,500 rads (3,000 rads under nitrogen), 
for example, for which there is more than a ten-fold differ- 
ence in survival (Fig. 2, Tables 1, 2). Cells in G, also appear 
to be more radioresistant than cells in S, and aro at least 
as radiosensitive as cells in G,. This differonce in radio- 
sensitivity is reflected both in the mean lethal dose and 
in the dose required to reduce survival to either 10, 1 or 
0-1 per cent. The extrapolation number of the G, cells 
was twice that for the S cells when irradiated under air, 
but with the extrapolation numbers in the range of 100 
this difference probably has little significance. When the 
cells were irradiated under nitrogen, the extrapolation 
number appeared to be the same for G, and S cells (n = 
9-11). 

Essentially the same results were obtained by Terasima 
and Tolmach®, who measured the reproductive survival of 
synchronized cultures of HeLa cells irradiated with 200- 
500 rads. In their experiment the ratio of radiosensitivity 
of £ cells to G; cells, given as the ratio of the doses to reduce 
survival to either 10 or 4 per cent (their lowest value 
obtained), was the-same as in our experiment in which the 
cells were irradiated in air. In addition, they found that 
G, colls were slightly more radiosensitive than G, cells. 
However, their results were somewhat puzzling in that a 
random population of cells, which has cells distributed 
in G, S and G,, was more radiosensitive than cells in the 
three individual phases of the life-cycle. Nevertheless, 
both our results and those of Terasima and Tomach are 
significant in indicating that a random population of 
mammalian cells cannot be regarded as homogeneous in 
terms of the effects of irradiation. When the character- 
istics of survival curves are used for ascertaining models of 
radiation action, including applications to radiation 
therapy and recovery from radiation damage, these 
considerations are important. 

It is important to note that the results obtained with 
the Chinese hamster cell differ from those obtained both 
with the mouse L cell and the human HeLa cell. As 
shown in Table 3, the hamster cells synthesizing DNA at 
the time of irradiation were not more radiosensitive than 
cells in G, and G,. In fact, in the dose-range of 250-750 
rads, the S cells appeared to be slightly more radioresist- 
ant. This result is consistent with tho study of variation 
in radiosensitivity during the life-cycle as measured by 
chromosomal damage’, in which it was reported that G, 
cells were about three times more radiosensitive than S 
cells with little difference between G, and S. The reason 
for the difference between these cell lines is not known 
at this time, but it may be related to either the shorter 
generation time or the lower number of chromosomes in 
the B-14 hamster cell line. 

Tt is interesting’to compare for the L cell the relation- 
ship between chromosomal damage and cell survival. 
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For these cells the S phase is more radiosensitive than 
the G, phase based on both reproductive integrity of the 
cells and chromosomal damage. Following 250 rads of 
y-radiation it was found that S-phase cells sustained 
about 1-8-2-0 times the chromosomal damage to G, 
cells', and based on reproductive integrity following a 
dose of 250 rads, the ratio was 1-5 (Fig. 2). Thus, this is 
further evidence of the positive correlation between 
chromosomal damage and the loss of the cells’ reproductive 
integrity following irradiation. Of course, it is possible 
that chromosomal damage is not entirely responsible for 


death of cells but related to it through another sensitive, 


site which may be responsible for cell death, and possibly 
chromosomal damage as well. As for the observed radio- 
sensitivity of chromosomes, the radiosensitivity of this 
Site would have to be the greatest during S phase. How- 
ever, further support for the hypothesis that death of 
cells results from chromosomal damage is evident in 
recent works‘11 in which treatment of cells with 
5-bromodeoxyuridine, which is incorporated directly 
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into the DNA, increases in a similar manner the radio- 
sensitivity as measured by cell survival and either chromo- 
somal or DNA damage. 
This work was supported in part by grant C-4484 from 
the National Cancer Institute, U.S. Public Health Service. 
We thank Miss Ann Cork and Miss Beverly Ann Jones 
for assistance and Mr. John Carnes for making the photo- 
micrograph. 
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MOLECULAR WEIGHTS OF INTERFERONS FROM DIFFERENT 
ANIMAL SPECIES l 


By Z. ROTEM* and P. A. CHARLWOOD 


National Institute for Medical Research, London, N.W.7 


NTERFERONS have been produced by the interactions 
of various viruses with a wide range of cells from 
several animal species'. The products differ slightly 
from one another by being more effective in protecting 
cells from the same species than in protecting those from 
unrelated species?. However, the species specificity is not 
absolute, and interferon prepared in monkey cells is also 
active when tested with human cells*. Interferon is not 
specific in its antiviral action. It is produced by and is 
active against a wide range of viruses!. Chick interferon 
‘is non-dialysable, stable throughout the pH range 2-11, 
stable on heating at 60° for 30 min, but destroyed by 
heating to 100° for 5 min. It is a protein which is biologi- 
cally inactivated by incubation with trypsin or pepsin, 
and is not affected by incubation with ribonuclease or 
deoxyribonuclease. Other interferons when tested show 
the same properties, although mouse and human inter- 
ferons are found to be more heat labile‘. 

The first estimate of the molecular weight of an inter- 
feron was obtained by measuring the rate of diffusion 
of chick interferon through agar, as assessed by the size 
of zone of virus inhibition on a layer of chick fibroblast 
cells’. It was concluded that the molecular weight. was 
less than 80,000. When twenty-fold purified chick inter- 
feron, prepared by Burke*, was examined in the analytical 
ultracentrifuge, it revealed. a single component with a 
molecular weight of 63,000 and a sedimentation coefficient 
of 4-77 S. 

Wagner and Levy’, however, produced evidence that 
the sedimentation coefficient of chick interferon is perhaps 
as low as 2 S. Recently, when our own work was 
complete, Lampson et al.* reported purification of chick 

- interferon by a factor of 4,500 and an estimation of its 
molecular weight as 20,000-34,000. We now report esti- 
mates of the molecular weights of chick, mouse and monkey 
interferons based on sedimentation in density gradients 
in the preparative ultracentrifuge. This method makes it 
possible to correlate biological activity with rate of 
sedimentation, and does not, therefore, require purified 
preparations. The sedimentation rate is conveniently 
measured by using radioactively-labelled marker proteins, 
either in the same tubes or in others run in parallel’. 

* Permanent address: Israel Institute for Biological Research, Ness Ziona. 


_ pH 7:0) and 0-1 mg/ml. tetracycline. 


Interferon samples (0-5-0-8 ml.), with or without 
added marker, were layered on gradients of 100-200 g/l. 
sucrose, containing phosphate buffer (ionic strength 0-1, 
They were centri- 
fuged overnight (about 15 h) at room temperature at 
40,000 ¢.p.m. (Spinco model L, rotor 40), after which the 
contents of each tube were run out in about a dozen. 
fractions. It was essential to sterilize the equipment used 
for all the foregoing operations, to add tetracycline to the 
gradients, and to conduct all manipulations so far as 
possible under sterile conditions, or otherwise contamina- 
tion was liable to interfere with, or make it impossible 
to carry out, the interferon assays. Apart from this the 
technique was exactly as described by Charlwood’. 

In preliminary experiments bovine albumin and human 
transferrin were tried as markers because of the sedimenta- 
tion coefficient of Burke’s material’. Bovine albumin 
partly inhibited the anti-viral action of interferon, but 
transferrin was acceptable at all concentrations tested 
Table 1. EFFECT OF PROTEIN MARKERS ON VIRUS GROWTH AND INTERFERON 


ACTIVITY 


1 Mean plaque Inhibition 
Material tested 


Concentration count (per cent) 
Contro ee 77 — 
Interferon 1/40 dilution 16 80 
Bovine albumin ı 100 y/ml. 77 0 
50 y/ml. 78 0 
Interferon 1/40 + bovine 
albumin 100 y/ml. 39 50 
” 50 yjml. 31 60 
Control — 60 — 
Interferon 1/40 dilution 28 54 
Human transferrin 100 y/ml. 59 2 
10 y/ml. 70 0 
Interferon 1/40 + human trans- 
ferrin 100 y/ml. 30 50 
10 y/ml. 31 49 
Control = 53 — 
Interferon 1/40 dilution 17 68 
Ovalbumin 1,000 yjml. 18 66 
100 yjml. 37 30 
10 yjml. 48 10 
Interferon 1/40 + ovalbumin 1,000 y/ml. 4 93 
100 y/ml. 16 70 
10 y/ml. 17 88 
Control — 107 — 
Interferon ( nite) 1 herria 1e RH - 
Lysozyme (egg white yjmi. 2 
ee ce 10 yjml. 26 TI 
Interferon 1/50 + lysozyme * 160 y/ml 3 92 
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because it influenced neither activity of interferon nor 
formation of virus plaques (Table 1). Later ovalbumin and 
lysozyme (egg white) were adopted as comparison sub- 
stances. The iodinated proteins were either mixed with 
the interferon samples prior to ultracentrifugation, in 
concentrations demonstrated to be too low to inhibit 
virus growth or affect interferon activity, or run in 
parallel tubes when these conditions could not be met 
(Table 1). Where markers were used their distribution 
among the fractions was determined by radioactive 
counting before the fractions were assayed for level of 
interferon activity. : 

The chick interferon used was produced by infecting 
monolayers of about 2 x 10? chick embryo fibroblasts 
with approximately 10° plaque-forming units of Chikun- 
gunya virus, an arborvirus. The cells were incubated at 
42° for 18 h. The fluid, after collecting, was dialysed 
first at pH 2 for 24h, then to pH 7-4 against Gey’s buffered 
salt solution’’. The interferon preparation was concen- 
trated 50-fold by osmosis with ‘Carbowax’ (‘PHG-20 M’, 
Union Carbide, Ltd., London)! and was then dialysed 
again at pH 7:4. Assays were carried out by the tech- 
nique in which vaccinia virus induces plaques in cell 
monolayers kept without agar overlay!%13. Ultracentri- 
fuge fractions were dialysed against pH 7:4 Earle’s 
buffered saline! before testing their biological activity, 
which is expressed as ability to inhibit virus plaque 
formation: 

_ The mouse interferon was produced by two methods: 
(a) in vitro preparation by infecting monolayers of mouse 
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Fig. 1. 

proteins in density gradients after ultracentrifugation. Three tubes 

run simultaneously: (æ) interferon only; (b) interferon (@), with I- 

ovalbumin (A); (e) ***I-lysozyme (CJ) with '*4I-ovalbumin (A). F 
denotes number of fraction from tube concerned 
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Fig. 2. Distribution of mouse and chick interferons and radioactive 


marker proteins in density gradients after ultracentrifugation. Three 

tubes run simultaneously: (a) mouse interferon (@), with 3*J-oval- 

bumin (A); (b) chick interferon (@), with 'J-ovalbumin (A); 
(c) #*5E-lysozyme (0), with JI-ovalbumin (A) 


embryo fibroblasts with Newcastle disease virus, and 
incubating for 18 h at 37° in an atmosphere containing 
3 per cent carbon dioxide. The rest of the procedure was 
as already described here for chick interferon; (b) in vivo 
preparation by infecting mice intranasally with PR8 
strain of influenza virus A as described by Isaacs and 
Hitchcock'®. Mouse interferon fractions were assayed 
by the technique referred to here! using mouse embryo 
fibroblast monolayers. 

The monkey interferon (preparation $1/2/G), which 
was kindly supplied by Dr. R. D. Andrews, Glaxo Labora- 
tories, was produced by infecting cynomolgus monkey- 
kidney monolayer tissue cultures with influenza A, 
Kunz strain!®. The assay was carried out in rhesus- 
monkey kidney cultures. The dialysed monkey interferon 
fractions were put on the cells for an overnight incubation 
at 35° in an atmosphere containing 3 per cent carbon 
dioxide. The interferon fractions were removed and the 
cells infected with 50 plaque-forming units of the M¢ 
strain of bovine enterovirus and overlaid with 1-5 per cent 
nutrient agar containing 40 per cent Eagle’s medium, 
10 per cent skimmed milk, and 1/50,000 neutral red?*. 

Results of a typical experiment with monkey inter- 
feron are shown in Fig. 1, from which it is clear that the 
peak of interferon activity moved practically the same 
distance as lysozyme. This movement was unaffected 
by inclusion of the internal marker ovalbumin (Fig. 16). 
It must be concluded that the sedimentation coefficient 
of monkey interferon is very close to that of lysozyme 
(1-9 S). Similarly, the mouse (Fig. 2a) and chick (Fig. 2b) 
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interferons sedimented at virtually the same rate as 
lysozyme. Thus all three interferons, though produced 
by different viruses on different cell systems, were in- 
distinguishable in sedimentation coefficient within the 
limits of the present method. The same applied to 
pours interferons produced in tissue culture or in mouse 
ung. 

It was confirmed in the case of mouse and chick inter- 
ferons that the material in the fraction which exhibited 
the highest biological activity (Fig. 2a, b) possessed all 
the other known properties of these interferons‘. 

Unless the presence of about 15 per cent of sucrose can 
in any way substantially alter the sedimentation properties 
of the interferons tested, and existing evidence on proteins 
in general is entirely against this suggestion, it must be 
inferred that these interferons all have about the same 
sedimentation coefficient (1:9 S), which corresponds with 
a minimum molecular weight of approximately 13,000 
and a probable maximum of 20,000-—25,000, depending 
on the shape, etc., of the molecule. These figures are 
somewhat lower than those of Lampson et al.® (2:6 S 
and 20,000-34,000 respectively), but should be more 
reliable because of the use of markers, and of a zone 
rather than a boundary technique. The agreement 
between the two estimates is fairly good in spite of the 
fact that Lampson et al. used highly purified material 
whereas we worked with crude preparations. It is not, 
however, surprising as both were based on measurements 
of biological activity of the interferon, and are consistent 
with the observations of Wagner and Levy’. 

These findings are in contrast with those published by 
Burke*, where there was no unequivocal proof that the 
interferon activity in his purest preparation was due to 
the material which produced the schlieren peak in the 
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analytical ultracentrifuge rather than to a minute propor- 
tion of protein which was not detectable by this optical 
method. The maximum for the molecular weight esti- 
mated by Porterfield et al.5, as they pointed out, ignores 
factors such as possible adsorption on the agar. Since 
Lampson et al.’ have now demonstrated such adsorption, 
the diffusion-based figure of 80,000 is probably high on 
this account alone. 

The knowledge that the molecular weights of inter- 
ferons of both mammalian and avian origin are fairly 
low and very similar may be useful in selecting or improv- 
ing procedures for their purification. It is also encouraging 
from the point of view of possible determination of the 
chemical structures and exploration of the relationships 
between interferons which differ in specificity. This is 
specially interesting in regard to the monkey interferon 
which was found to be active with human cells'. 

We thank Miss L. Martin, Miss B. Mantle, Mr. S. 
Gresswell and Mr. C. Gilchrist for technical assistance. 
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ABNORMAL GROWTH OF SPORELINGS OF A MARINE RED 
ALGA INDUCED BY THALIDOMIDE 


By Dr. A. D. BONEY 
Department of Chemistry and Biology, College of Technology, Plymouth 


T; recent years the filamentous mode of early develop- 
ment characteristic of certain marine red algae has 
been used as a means of measuring the viability and 
growth of sporeling populations under the action of toxic 
agents!:*, environmental factors®-* and biologically active 
compounds’. This mode of development is one in which 
increase in length of the primary filament results from the 
activity of a single apical meristematic cell. With suitably 
large sporeling populations (200-300) a measure can be 
made of the stimulatory or inhibitory effects of various 
compounds on these meristematic cells by estimating the 
total cells produced in each individual filament. In recent 
work this measure has been placed on a comparative basis 
by estimating the total cells produced per 100 sporelings 
per day*-°. Experiments are in progress using a wide 
range of compounds exhibiting various types of biological 
activity. In some recent work the effect of thalidomide 
was examined, and the results of these experiments form 
the basis of this preliminary report. 

Sporelings grown from tetraspores of Callithamnion 
tetricum Ag. were used. Spore settlements were made with 
freshly collected material taken from landward crevices 
and ledges just above the sub-littoral fringe on Church Reef, 
Wembury, South Devon. Spores were settled on rectangu- 
lar pieces of glass (2 cmx1 cm) cut from microscope 
slides, and the culture vessels were 3 in. x 1 in. specimen 
tubes with plastic caps. The culture medium was auto- 
claved sea water enriched with NaNO,, Na,HPO,.12H,.0, 
EDTA and trace elements as described elsewhere’; 20 ml. 


of culture medium was used in each vessel. Solutions of 
thalidomide in concentrations up to 2 mg/ml. were pre- 
pared in methyl ‘Cellosolve’, and quantities of this stock 
solution up to 0-3 ml./l. were added to the culture medium. 
In numerous experiments it has been found that this 
quantity of solvent has no effect on the sporelings. 
Experiments were carried out in a constant-temperature 
room (16° C) with continuous lateral illumination from a 
vertically situated Mazda ‘Daylight’ fluorescent tube, and 
with a light intensity of 10 ergs/sec/mm* in the wave- 
band 380-720 mu (ref. 6). 

It was found that with thalidomide concentrations 
between 0-01-06 mg/l. measurable growth inhibitions 
were obtained (Fig. la), and this was paralleled by the 
number of sporelings which failed to develop during the 
period of experiment (Fig. 1b). Of the sporelings which 
had developed, an increasing number showed recognizable 
growth abnormalities with concentrations up to 0-4 mg./l. 
(Fig. le). The reason for the smaller number of abnormal 
sporelings at the highest concentration of thalidomide 
used (0-6 mg/l.) is apparent when an analysis is made of 
the pattern of development obtained with each concen- 
tration (Fig. 2). Growth abnormalities are more clearly 
recognized in the 3-5 cell stages (Fig. 3), so that with a 
greater number of sporelings remaining at the 2-cell stage 
in 0-6 mg/l. thalidomide, the proportion of recognizably 
abnormal sporelings would be smaller. However, at this 
concentration and at 0-4 mg/l. some abnormalities were 
visible in the 2-cell stage (Fig. 30). With the lower con- 


June 15, 1963 


centrations abnormal growth was recognizable in later 
developmental stages (Wig. 2; Fig. 3f, g, B) 

In assessing the degree of abnormality of the growth 
pattern it is essential that the whole of the sporeling 
population be analysed. Sporelings exhibiting some form 
of abnormal growth can be recognized in normal culture 
medium, but these were very small in number (3-5 per 
cent in.840 sporelings), and restricted to the 3-, 4-, and 
5-cell stages. Here they took the form of young plants 
with premature formation of short lateral branches 
(Fig. 3e). Similar abnormal forms of sporeling growth 
were observed in greater numbers in lower concentrations 
of thalidomide (0-01-0-03 mg/l.). At higher concentrations 
more marked abnormalities were observed in the earlier. 
developmental stages, and some of these are illustrated in 
Fig. 3. These included forms in which there was a marked 
bipolarity at right angles to the direction of rhizoid 
growth and recognizable in the 2-, 3- and 4-celled stages 
(Fig. 3j, k, l, n). In addition, lateral cell formation on 
2- to 3-celled filaments was of frequent occurrence 
(Fig. 3h, m). 
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Fig. 3. Outline diagrams of sporelings seen in experiments 
a-d, Normal development stages; e-o, various abnormal growth forms. 
(in all instances the attaching thizoles are directed towards the lower 
order, 


The results indicate that thalidomide has two marked 
effects on sporeling development; the first is a general 
inhibition of growth, in which an increasing number of 
sporelings fail completely to develop with greater concen- 
trations of thalidomide; the second is to induce a signifi- 
cant number of abnormal growth forms in sporelings which 
succeed in developing beyond the I-celled stage. It is 
thus of interest to note that a compound which appears to 
influence the growth of mammalian embryos seems also 
to have a marked effect on the growth of algal sporelings 
in which development is governed by the activity of a 
single apical meristematic cell. To what extent these forms 
of abnormal growth are specifically due to the action of 
thalidomide remains open to question and can only be 
answered by tests with many more compounds. How- 
ever, in work carried out on sporelings in recent years 
with a number of compounds capable of varying types of 
biological activity such growth abnormalities have not 
been observed. Further points of interest remain to be 
investigated. Thus some alteration in the mitotic pattern 
seems to result from contact with thalidomide; and 
although in the lower concentrations tho abnormal 
sporelings appeared healthy, the affected sporelings in tho 
higher concentrations tended to show a more swollen cell 
condition. The likely metabolic changes which accompany 
abnormal modes of development require investigation. 
A study of the metabolic changes in sporelings which may 
result from the effects of carcinogenic agents is at present 
in progress, and further work of this nature is planned 
with thalidomide. 

I thank The Distillers Co. (Biochemicals) Ltd. for supply- 
ing the sample of thalidomide. The experimental work 
was carried out at the Plymouth Laboratory of the 
Marine Biological Association of the United Kingdom with 
financial assistance from the Governing Body of the 
Plymouth College of Technology. I gratefully acknow- 
ledge this assistance, and the help given by the Director 
and staff of the Plymouth Laboratory. This work forms 
part of a research programme supported by the Medical 


. Research Council with a grant-in-aid of technical assis- 
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CHEMICAL COMPOSITION OF CHLOROPLAST LAMELLA: FROM 
SPINACH 


By HARTMUT K. LICHTENTHALER* and RODERIC B. PARK 


Bio-organic Chemistry Group, Lawrence Radiation Laboratory, and Department of Botany, University of California, Berkeley 


Te photosynthetic capacity of higher plant cells is 
localized within the chloroplast!*. When viewed in 
thin section by electron microscopy, the chloroplast is 
seen to consist of a lamellar phase (grana and stroma 
lamella) embedded in a matrix (the stroma). These two 
phases are surrounded by a membrane. The lamellar 
structures can be separated from the stroma matrix’. 
Tho separated lamelle contain the chlorophyll and about 
50 per cent of the protein nitrogen in the chloroplast. 
They perform the light reactions and associated electron 
transport reactions of photosynthesis which lead to 
oxygen production, photosynthetic pyridine nucleotide 
reductase (ferredoxin) reduction and photosynthetic 
phosphorylation‘. 

The separated stroma material, on the other hand, 
contains the enzymes involved in the carbon dioxide 
fixation reactions of photosynthesis*. The lamelle appear 
to be made from sub-units (quantasomes). Intact 
lamelle are not necessary to perform the light and electron 
transport reactions. Aggregates of 5 or 6 quantasomes 
are fully active in quantum conversion end electron 
transport as assayed by the Hill reaction‘. Quantasome 
is the name given to the lamellar sub-units which were 
initially observed by Frey-Wyssling and Steinmann’. 
Further work on the quantasome density and chemical 
composition has suggested that the quantasome may be 
a morphological expression of the physiological photosyn- 
thetic unit. 

Since quantasomes may represent the smallest func- 
tional photosynthetic unit able to carry out quantum 
conversion and electron transport, it is desirable to obtain 
as complete a chemical and physical picture of these 
particles as possible. The available experimental data on 
quantasomes can be summarized as follows. Quantasomes 
appear in the electron microscope as oblate spheres 100 x 
200 A. . These particles are readily observed in shadowed 
preparations. They do not stain and are not readily 
observed in sectioned material. However, they ere 
closely associated with the unit membrane structure of a 
chloroplast lamella. 

The quantasome aggregates are composed of 50 per 
cent lipid and 50 per cent protein’. Associated with the 
protein are the transition elements, iron, copper and 
manganese. The lipid portion includes the photosynthetic 
pigments, several quinones and tocopherols’. The pig- 
ments constitute about 23 per cent of the lipid material. 
The remaining lipid is accounted for by various other 
lipids reported associated with photosynthetic tissue. 
These reports are widespread in the literature and often 
presented without recognizing the important role of these 
lipids in the structure of chloroplast lamelle. During 
the past 30 years a number of papers have reported the 
total amount of lipids, protein and pigments in leaves and 
chloroplasts of various higher plants. Most chloroplast 
analyses in fact have been performed on spinach, which is 
widely used in work on photosynthesis. In the present paper 
we summarize the information on spinach chloroplast 
lipids and protein in the lamellæ, on the basis of a minimum 
molecular weight of 960,000 per mole of manganese. 

The early results on lipid and protein constituents of 
spinach chloroplasts suffer from uncertainties concerning 
chloroplast purity. However, a brief review of these 
analyses is useful as a background for our present know- 
ledge of spinach chloroplast composition. In an investiga- 

* NATO Fellow on leave from the University of Heidelberg, Germany. 


tion of cell organelles in spinach leaves, Menke separated 
the leaf tissue into 4 fractions’. The cytoplasm made 
up 13-5 per cent and chloroplasts 21-1 per cent of the leaf 
tissue. In this work, the cytoplasmic material contained 
91 per cent protein and only 0-5 per cent lipids, on a dry- 
weight basis. The chloroplasts contained 53 per cent 
protein and 31 per cent lipids. Menke’s observations 
indicated that most of the leaf lipids were located in the 
chloroplasts. The chloroplast and cytoplasmic fractions 
in these experiments were not obtained by centrifugation, 
but were precipitated from leaf homogenates by ammon- 
ium sulphate fractionation. 

In a second paper Menke isolated spinach chloroplasts 
by centrifugation and found that their composition was 
48 per cent protein and 37 per cent lipids’. He pointed 
out that the ‘‘chloroplast substance” isolated in his earlier 
experiment was in fact about 15 per cent cytoplasm. 
Menke specified that the ether-soluble chloroplast lipids 
were a mixture of fetty acids, glycerides, phosphatides 
and pigments. i 

In 1942, Menko and Jacob separated the spinach 
chloroplast lipids into an acetone-soluble and acetone- 
insoluble fraction. The acetone-soluble fraction in which 
80 per cent of the total chloroplast lipids were present 
contained pigments, triglycerides, and sterols. The 
acetone-insoluble fraction consisted of phosphatides and 
waxes. This experiment, in fact, was again carried out 
on precipitated “chloroplast substance” and not on pure 
chloroplasts. Since Menke found that the cytoplasm 
contained only 1 per cent of the leaf lipids, its presence 
in the chloroplast substances was not regarded as a serious 
contamination to the chloroplast lipids. - 

Zill and Harmon, however, found in spinach that “as 
much as one-third of the whole leaf lipids were not present 
in chloroplasts’™. Thus the amounts of chloroplast 
lipids given by Menke and Jacob are uncertain, since it 
cannot be decided to what extent their chloroplasts were 
contaminated by cytoplasm. Moreover, it is not certain 
whether minor constituents such as sterols reported by 
those authors in the chloroplast substance also represent 
cytoplasmic contamination. Zill and Harmon also 
detected sterols in isolated chloroplasts, thus lending 
support to Menke’s earlier observation concerning sterols. 
Since the sterol determination by Zilland Harmon was not 
quantitative, the sterol concentration found by Menke 
and Jacob (approximately 1-5 per cent of the total 
chloroplast lipids) should be redetermined. 

In 1942, Bot investigated the chemical composition 
of spinach ‘grana’!*. The grana were isolated by repeated 
centrifugation of a ground spinach leaf suspension. They 
contained 42-54 per cent protein, 4—6 per cent chlorophyll, 
26-32 per cent lipoids (ether—aleohol-soluble products) 
and a residue of 16-25 per cent. This composition varied 
with the season and with the age of the tissue. Bot’s 
results are similar to those of Menke. But since Bot 
gives no centrifugation data for the isolation of the 
grana, we doubt the purity of the grana fraction. This 
view is supported by the large unidentified residue 
obtained in the analysis. 

Park and Pon found that fragments of spinach chloro- 
plast lamelle washed free from stroma protein had a 
lipid to protein weight ratio of approximately 1 (ref. 6). 
Bot obtained a lipid to protein weight ratio of about 
0-6 (ref. 12). Bot’s protein value may be high, due to the 
inclusion of stroma protein or possibly cytoplasmic pro- 
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tein. On the other hand, incomplete extraction of the 
lipids would also yield a low ratio and may also have 
accounted for the high residue value of 16-25 per cent. 

Weber reported that lipids make up 33~36 per cent of 
the chloroplest dry weight'*. Tho residue efter lipid 
extraction consisted primarily of protoin, 10-20 per cent 
of which was soluble in salt solution, the remeinder 
(38-46 per cent) being termed structural protein. Thus 
the lamellar lipid to protein weight ratio in this work 
was between 0-7 and 1. 

Park and Pon propared highly purified chloroplast 
lamelle which were active in Hill reaction and consistently 
found a lipid to protein weight ratio of about 1 (refs. 4 end 
6). Thus during the pest 20 years analyses of the energy 
conversion apparatus of photosynthesis have yielded 
increasing lipid to protein weight ratios, primarily because 
early preparations contained non-lamellar protein. 

Wintermans has determined the’ amount of chloroplast 
phospholipids as 53 moles of phospholipids per 105 moles 
of chlorophyll. The distribution of compounds among 
the 53 moles was : 6 glycerophosphoryl inositol (GPI), 
24 glycerophosphoryl glycerol (GPG), 3 glycerophos- 
phoryl ethanolamine (GPE), 19 glycerophosphory] choline 
(GPC), and 1 glycerophosphate (GP). He has also 
determined that the digalactosyldiglyceride and mono- 
galactosyldiglyceride concentration in chloroplasts is 66 
and 158 moles per 105 moles of chlorophyll, respectively. 
Benson et al. reported the presence of a sulpbolipid 
1-0-oleoy1-3(8-galactopyranosy!-6-sulphate)-1-glycerol in 
chloroplasts!®, Wintermans has reported its abundance 
as 22 moles of sulpholipid per 105 moles of chlorophyll’*. 
Zill and Harmon separated the lipids of spinach chloro- 
plasts and whole spinach leaves into several fractions 
by chromatography on silicic acid. They found that 
glycolipids, phospholipids and sulpholipids are the 
mejor lipid classes in chloroplasts. Non-polar lipids such 
as waxes, hydrocarbons, cerylalcohol, which make up a 
significant fraction of the lipids of whole leaves, were not 
present. They reported that pigments, phospholipids, 
glycolipids, digalactosylglycolipids and diglyceride make 
up 86 per cent of the total spinach chloroplast lipids. 
The rest consisted of waxes and hydrocarbons (2 per cent), 
probably a contamination from the non-chloroplast por- 
tions of the leaf, and other unidentified lipids. 

The fatty acids for whole spinach leaves were given by 
- Speer, Wise and Hart with linoleic acid 34-7 per cent, 
oleic acid 26-3 per cent, and linolenic acid 12-7 per cent, 
as the main components’. According to this report, 
53 per cent of the fatty acids occurred in the free form and 
47 per cent as glycerides. The total fatty acid content of 
spinach chloroplasts was determined more recently by 
Wolf et al, and Debuch, as linolenic acid 68-9 and 47-8 
per cent, an unidentified C,, acid with 3 double bonds 
10-8 and 19-5 per cent, palmitic acid 11-2 and 15-5 per cent, 
linoleic acid 4-6 and 5-0 per cent, respectively, and trace 
amounts of others!*1*, These values were obtained by 
gas chromatography and are certainly more accurate 
than those obtained by distillation of the saponified lipid 
extract from whole leaves. However, neither Wolf et al. 
nor Debuch made any distinction between free and esteri- 
fied fatty acids and their relative abundance compared 
to other lipids was not indicated. Thus the amount of 
free fatty acids in spinach chloroplasts on a weight basis 
or in relation to other chloroplast lipids is still uncertain. 

The concentrations of quinones in spinach chloroplasts 
were determined more rocently?®21, The distribution of 
quinones and carotenoids in relation to the chlorophylls 
for chloroplasts and quantasomes was determined in this 
laboratory’. 

From all the data now available it is possible to caleulate 
the relative concentrations of lipid components in spinach 
chloroplast lamellae. Since manganese is present in low 
concentration in chloroplast lamelle and is required for 
oxygen evolution in photosynthesis®?, Park and Pon 
calculated a minimum molecular weight of 9-6 x 10° for 
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a photosynthetic unit, based on 1 mole of manganese?, The 

calculation of the quantasome mass, the morphological 
200 x 100 A sub-unit of chloroplast lamelle, frorn.donsity 
and volume measurements yielded a molecular woight 
between 1 and 2 times the minimum molecular weight 
given here. Park and Pon roported that lipids make up 
52 per cent of the chloroplast lamellæ, while the remaining 
48 per cent is protein. Thus lipid and protein contribute 
to the mimimum molecular weight 495,000 and 465,000 
respectively. 

In Table 1, the lipid and protein portions of the lamelle 
are presented.. The lipid portion is broken down to show 
the relative amounts of various lipids based on the 
analyses reviewed hero. It is an interesting fact that the 
quinone-tocopherol fraction contributes more to the lipid 
weight than the total carotenoids. 


Table 1. REPRESENTATIVE DISTRIBUTION OF SUBSTANCES IN SPINACH 
CHLOROPLAST LAMBLL& ON BASIS OF MINIMUM MOLECULAR WEIGHT OF 
` 960,000 PER MOLE OF MANGANESE 


Lipid (composition, moles/mole Mn) 
115 chlorophylls (refs. 6 and. 7} 
80 chl. æ 


35 chl. b 
24 carotenoids (ref. 7) 
7 B-carotene 
11 lutein 
8 violaxanthin 
` 3 neoxanthin 
23 quinone compounds (ref. 7) 
8 plastoquinone A 
4 plastoquinone B 
2 plastoquinone C* 
4,5 a-tocopherol 
2 a-tocopherylquinone : 
2 vitamin K, 
58 phospholipids (ref. 14) 
(phosphatidyiglycerols) 


103,200 


13,700 


15,900 


45,400 


72 digalactosyldiglyceride (ref. 15) 
173 monogalactosyldiglyceride (ref. 15) 
, 24 sulpholipid (ref. 15) 

? sterols (ref. 10) 7; 
Unidentified lipids 


Protein (ref. 6) 
4,690 nitrogen atoms as protein 
1 manganese 
6 iron 
3 copper 





495,000 
464,000 
55 


336 
159 





465,000* 
960,000 





Lipid + protein 
* Rounded off to nearest thousand. 


The known components make up roughly 82 per cont 
of the total lipids in chloroplast lamellae. The unidentified 
portion (about 18 per cent) probably consists mostly of 
minor constituents which are present in chloroplasts. 
These constituents are either not reported quantitatively 
or the values available are inaccurate. To these unidenti- 
fied constituents belong free fatty acids, free phytol, protc- 
chlorophyll, phaeophytin, xanthophyll esters, antheroxan- 
thin, phytoene, phytofluene, tocopherols and tocopheryl- 
quinones other than «-tocopherol and «a-tocophoryl- 
quinone, as well as other not yet identified lipids. The 
lipid composition shown in Table 1 undoubtedly undergoes 
considerable modification from species to species and 
within a plant species depending on the physiological 
conditions. However, such a catalogue of lamellar com- 
position is useful for it provides some of the information 
from which it may be possible to construct models of the 
photosynthetic quantum conversion apparatus. 

Two kinds of information are still needed for con- 
struction of an accurate model for photosynthetic quantum 
conversion and electron. transport. First, we must charac- 
terizo,the various proteins making up one-half of the 
lamellar structure; secondly, we must find the spatial 
arrangement between the lamellar proteins.and the various 
lipids. Investigations utilizing fluorescence, spoctro- 
photometry and electron microscopy, and dichroism 
measurements, are beginning to provide information as 
to the nature of this arrangement. For example, such 
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studies have shown that chlorophyll exists in lamelle in 
several physical forms??:*, One of these forms of chloro- 
phyll (700 my) is oriented with respect to the quantasome 
axis, Sauer and Calvin have suggested this oriented 
chlorophyll may be the site for actual conversion of an 
exciton (electromagnetic energy) into charge separation 
{chemical energy). 

However, the structural relationships on a molecular 
or supramolecular level between the many other lamellar 
lipids and as yet undefined lamellar proteins are unknown. 
Table 1 presents both the basic chemical composition of a 
photosynthetic unit and, in electron microscopic terms, 
the basic chemical composition of the photosynthetically 
specialized unit membrane. It is hoped that it will be- 
come even more useful with future additions and correc- 
tions. When this catalogue is combined with other physi- 
‘cal measurements it will provide some of the boundary 
‘conditions necessary for construction of an accurate 
molecular model for the quantum conversion apparatus 

-in photosynthesis. 

This work was sponsored, in part, by the U.S. Atomic 
Energy Commission, and in part by the Department of 
Botany, University of California, Berkeley 4, California. 
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IDEOGRAMS FOR EXPLORING THE TAXONOMY, EVOLUTION AND 
GENETICS OF PLANTS 


By Dr. GORDON HASKELL and Dr. ANTHONY WILLS 


Genetics Department, Scottish Horticultural Research Institute, Mylnefield, Invergowrie, Dundee 


ABIT is a fundamental characteristic of plants. It 
depends on a combination of different characters, 
including internode patterns of the vegetative shoot and 
inflorescence. Anderson and Schregardus’, following the 
mathematical lead of Prat*, described a graphical method 
providing an objective means of analysing the variation of 
internode patterns, and so giving a partial analysis of 
habit. They observed that related species of higher plants 
differ from each other not only in number and dimensions 
of their interaodes, but also in the relative sizes of succes- 
sive internodes, and in the pattern of change of relative 
size. 

The method of preparing internode pattern diagrams, 
or ideograms (Gk. idea, the appearance of a thing; gramme, 
a line), is by measuring the lengths of consecutive shoot 
internodes when seasonal growth has ceased, and plotting 
the successive values from base to apex as a continuous 
curve. By this means apparently indistinguishable 
plants can be separated graphically. Jdeogram patterns, 
at least in maize, have been found to remain relatively 
stable even when the plants are grown in widely different 
places. Hence this method provides a tool for genetic 
and taxonomic analysis of species differences. It has been 
used effectively to demonstrate differences between related 
species, and to analyse variation and introgression in inter- 
specific hybrids, such as Salvia. We are applying the 
method at Mylnefield to the analysis of horticultural 
species, with particular emphasis on adaptation in these 
crops. 

neem Origins and Adaptation. The northern flint 
corns and the southern dent corns are two major starchy 
maize types, easily distinguished by kerne] and other 
vegetative and flowering characters which have evolved 
more or less in association. They have discrete ideograms®. 
The recessive gene su has given rise to sugary endosperm 
in north American maize, and it had become recognized 
that homozygous recessive su commercial sweetcorn 
could exhibit either of the groups of morphological charac- 
ters associated with the different types of field corn. 


Ideogram studies have confirmed that sweetcorns arose 
a 


separately by independent mutations at the same locus 
from the above two typest. Sweetcorns with typical 
northern, flint ideograms germinate well, and are hardy 
and early in Britain, while those having dent ideograms 
are late maturing, not hardy and have poor germination. 
It is unlikely, therefore, that genes for wide adaptation 
will be found in dent sweetcorn types; but they may 
occur in flint sweetcorns, and this is confirmed in practice. 
This probably has accompanied the evolution of dents 
under the hot and dry specialized environment of south- 
west North America, and flint evolution under the cooler 
and more variable climate of the north-east. It follows 
that for breeding sweetcorn adapted to Scottish conditions, 
the only successful parental stocks will be those with a 
flint-type ideogram. Selection of a new composite syn- 
thetic variety of this origin is now showing promise. 
Cultivated Tomato Varieties and Hybrids. Tomatoos 
are generally self-pollinated in Europe and have been 
highly inbred since their introduction from the New 
World. Most present-day varieties appear to have de- 
scended from a small range of introduced material. There- 
fore it is not surprising that there is only little variation 
between the ideograms of tomato varieties; nor do the 
ideograms of F, hybrids, such as Ware Cross, differ 
basically from those of their parents. However, other 
characters may be incorporated with the basic internode 
pattern. Thus in tomato the inflorescence is adnate 
to the vegetative axis, and so appears to arise at a distance 
from the leaf axil. The relative distance at which it 
arises is a varietal characteristic, and by plotting this on 
the ideograms it is often possible to separate varieties. 
For example, the inflorescences emerge at a high level 
in #.8.1 but are low in Potentate, while in their F, 
hybrid variety Ware Cross there is lack of dominance and 
they occupy intermediate positions, so revealing the 
hybrid’s pedigree". This simple test can be used, there- 
fore, not only for identification of some tomato varieties, 
providing the relative positions of the inflorescences on 
their ideograms are known to be different, but also for 
checking the identity of stocks of suitable hybrid varieties. 
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` Fig. 1. Pairs of ideograms of one indeterminate variety, five dwarf and two bush varieties 
(The method of constructing the ideograms is 


of cultivated tomatoes arranged serially. 
given in the text) 


Evolution of Dwarf and Bushy Tomatoes. Despite close 
similarity between the ideograms of British hot-house 
tomatoes, mutations affecting internode pattern appar- 
ently have been selected in commercial dwarf and bushy ` 
tomatoes of determinate growth suitable for growing in 
the open. The paired ideograms of Ware Cross (Fig. 1) 
illustrate the behaviour of an indeterminate hot-house 
variety; those for the dwarf type Victor show a somewhat 
similar pattern but with determinate growth. Comparison 
of the next row of ideograms shows that there is inde- 
pendent shortening of the internodes in First in the Field 
and reduction in internode numbers in Dwarf Gem. 
These two trends are seen to be combined in Amateur 
and Puck, the latter-showing the extremes of both inter- 
node contraction and reduction. Apical dominance, which 
is shown by these varieties, is suppressed in Atom and 
Dwarf Cloche. Ideograms of the main stems of these two 
bush varieties resemble the early range of the ideograms 
of Puck, but there is prolific formation of side shoots, 
many carrying internodes longer than the main stem. 
These sideshoots also carry inflorescences. Hence the 
yield potential of these small bushy types may be con- 
siderably higher than for restricted varieties: this high 
yield potential could confer biological advantage. 

It is not unlikely that present-day indeterminate 
varieties, like Potentate, differ only little in habit from the 
earliest cultivated types, and that the dwarf and bushy 
types probably arose by mutations from the indetermin-- 
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ates. Therefore we suggest that the figured 
arrangement of the varieties represents 
evolutionary progress from the indeterminate 
form to an advanced bushy habit. It should 
be noted that the ideograms show little 
variation within a variety, and that there is 
little likelihood of confusing ideograms of one 
doterminate variety with those of another. 

Construction of ideograms for woody peren- 
nials. -So far ideograms have been described. 
only for the primary axes of plants grown as 
annuals. Ribes nigrum was chosen as 
suitable for testing the possibility of apply- 
ing the method to woody perennial species®. 
This was prompted by the fact that in 
Scotland the blackcurrant is at the limit of 
its adaptation as a commercial crop, and 
because research and breeding at Mylnefield 
are directed towards production of better 
adapted forms. 

In contrast to sweetcorn and tomatoes, 
three shoot types occur in blackcurrant: 
these are the very vigorous basal shoots 
arising from the stool or from just above 
ground level; the terminal continuation 
growth of established shoots; and the 
axillary growth from terminals of the previ- 
ous season. To smooth the curve, ideograms 
were constructed by summing internode 
lengths in pairs. The vigorous basal shoots 
were found to give inconsistent ideograms 
departing from the much more regular 
forms given by axillaries and terminals, 
~and so basal shoots have been ignored. 
To simplify comparisons between plants a 
method is required for representing on one 
diagram the idsograms from several shoots 
of one plant. This was accomplished by 
plotting axillary and terminal shoots on 
the same diagram, and constructing a 
figure by a method to be described in detail 
elsewhere’. 

Variation within and between blackcurrant 
varieties. Ideograms for three bushes each of 
several varieties were examined. Agreoment 
between bushes within varieties was good. 
There was a disagreement in the ideogram 
from one bush of Goliath: sufficient morphological differ- 
ences were found for this bush to confirm its being non- 
identical to other bushes of the variety, even though it 
had escaped notice for seven years in an experimental 
plot. Several varieties are reputed selections of Goliath, 
although it is not always clear whether these are from 
vegetative or sexual selections. Ideograms of Goddard’s 
Monarch and Invincible Giant Prolific could be distin- 
guished from Goliath only by their slightly increased 
internode lengths; while Victoria and Bang Up showed 
further increases in internode lengths with slight decreases 
in internode numbers, yet still retained the characteristic 
pattern. These changes are compatible with either 
vegetative or sexual selection, and the similarities support 
the possibility of a close relationship. Roodknop is a 
supposed red-bud mutant of Goliath; in our stock it 
shows increase of length of internode and decrease of 
number of internode with a marked change in the ideogram 
pattern. This is net compatible with the supposed origin 
of the variety, which at best must have arisen from an 
outcross of Goliath. 

The ideograms of six cultivated varieties at Mylnefield 
were compared. They were found to form a series ranging 
from those like Seabrook’s Black with fewer but longer 
internodes, to those like Janslunda with shorter but more 
numerous internodes. The former more erect varieties 
are characteristic of those found in Britain, while the lax 
bushy growth of Janslunda characterizes the Scandinavian 








RAirtellum A.divericotum 


2 





Internode length 








R.montigenum ` 


Internode No. (in Order) 
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types. We believe that this series of ideograms reflects 


adaptation on one hand to the fluctuating environ- 
mental conditions encountered in Britain, and on the 


- other hand, to the more extreme conditions, with an 


accompanying winter snow ‘cover, encountered in 


Scandinavia. 
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Variation in Ribes Species. The ideograms of four, 
armed Ribes species are given in Fig. 2; these species 
show common features. The figure reveals that wide 
variations in ideogrem patterns occur between these 
species, which are distinguishable graphically by this 
means. Such a property is of potential value where it is 
necessary to work with species collections.- But the 
ideograms cannot yet be shown to reflect the taxonomic 
relationships, although this is one of our aims (A. B. W.). 

Ideograms of top fruits. Top fruits such as apples and 
pears are subjected to various methods of pruning, and 
ideograms may prove useful in following graphically the 
growth, flowor formation and fruiting responses to the 
different treatments. Ideograms are particularly valu- 
able here as the vegetative buds and fruit buds can be 
separately marked on them. Furthermore, unlike 
natural maize and Ribes species, which are all diploid, 
apples and pears show different ploidy levels which are 
reflected in their patterns. Ideogrem analysis, besides 
being useful for separating some varieties, may be a 
valuable technique for comparing polyploid bud sports 
with the diploid clones from which they have arisen, as in 
Fertility pear. Hence ideograms might possibly be of 
use in revealing the presence of mixoploid tissue in plant 
shoots following treatments to induce polyploidy, and 
then be of help in assorting out visually the polyploid 
shoots: Other uses of ideograms will undoubtodly be 
found for these and other crops. 
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DIFFERENTIAL DISINHIBITION AND REMINISCENCE IN THE SPIRAL 
AFTER-EFFECT ` 


By Dr. H. C. HOLLAND 


Institute of Psychiatry, Maudsley Hospital, London, S.E.5 


jie & previous investigation’, I have shown that the 
progressive attenuation of response (after-effect dura- 
tion) which accompanies massed practice on the rotating 
spiral may be halted or reversed by an ‘extraneous’ 
auditory stimulus. The decrement of response is hypo- 
thesized as being due to the accumulation of inhibitory 
processes which are not permitted to dissipate by the 
continuous reaction demanded by the massing of the 
trials. The extraneous stimulus is seen, in this context, 
as disinhibitory, leading through external inhibition or 
some arousal process to the elimination or reduction of 
inhibitory potentials and a return to full responsiveness 
(see also Rachman*). In the experiment referred to, the 
disinhibiting stimulus was administered at only one level 
of amplitude and specified as ‘an electric bell’. The 
present investigation is an attempt to extend the pre- 
liminary observation in order to ascertain the disinhibitory 
value of the extraneous stimulus when it was varied 
at a number of levels of amplitude above and below the 
threshold of hearing. 

The subjects in this investigation numbered 58 : there 
were 32 men and 26 women whose ages ranged between 
19 and 43. The total group was divided into five sub- 
groups and received different disinhibitory stimuli as 
follows: Group l, N = 12 — 5 db. (re. threshold); 
Group 2, N = 12 + 10 db ; Group 3, N = 12 + 50 db; 
Group 4, N = 12 + 70 db; Group 5, N = 10, no stimulus 
(control). 


Where appropriate the disinhibiting stimulus was a 
1,000 cycle tone generated by a Peters S.P.3 adiometer 
and: delivered to the preferred ear. The non-preferred 
ear; in every case, was continuously stimulated by white 
noise at 30 db. The stimulus values of the tone and noise 
were set above or below a threshold assessed by six ascend- 
ing trials (method of limits, discrete presentation) in the 
preferred ear; this was done for the tone while the non- 
preferred ear was stimulated by continuous white noise. 
Both masking noise and tone were delivered through 
padded earphones. The apparatus and procedure for 
producing the after-effect of apparent movement are 
described elsewhere®. i 

Each subject was first given two demonstrations of the 
spiral after-effect and asked to report when the illusion of 
apparent movement had stopped. Subjects were then 
administered an experimental routine of seven trials, 
followed by 2 min rest, followed in turn by two 
further trials. Each trial had an after-effect’ induction 
period of 30 sec of objective rotation and a subsequent 
trial followed immediately on the verbal report that. the 
after-effect had ceased. Trials 6 and 7 differed from the 
others, designated ‘disinhibitory trials’, in the four 
experimental groups; they had superimposed over the 
masking white noise a tone which varied in amplitude in 
accordance with the experimental design for a period of 
15 sec. The stimulus interval extended from the 10 sec 


‘to the 25 sec points of the inducing period. After-effect 
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Fig. 1. Figure outlines the downward trend due to the massed practice, 
the ordinate adjusted to show a common starting point. The two arrows 
represent the disinhibitory trials 


durations were timed to the nearest half-second by stop- 
watch. 

The graphic outline of the results can be seen in Fig. 1, 
which has been adjusted along the ordinate to show the 
same starting-level for the five groups. A table of actual 
scores is presented in Table 1. 

Both Fig. 1 and Table 1 clearly outline the general 
decrement in performance due to the massed practice 
and the effect of the disinhibitory stimulus in those 
receiving the two loudest tones. The control group and 
the two groups receiving the below threshold and the 
+10 db sound levels show no appreciable improvement 
following trials 6 and 7. Where disinhibition does take 
place it appears to be roughly proportional to the magni- 
tude of the disinhibiting stimulus, a fact which is illus- 
trated by Fig. 2. 


Disinhibition (sec per trial) 





—5 10 50 70 
Stimulus (db) 


Fig. 2. Figure outlines the disinhibiting effect in seconds per trial for 
the different levels of stimulus amplitude 
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Table 1. ACTUAL MEAN VALUES FOR THE FIVE GROUP~ 

Trials 1 2 3 4 5 6 7 3 9 
Group 1 125 125 110 1231 119 115 UT 3116 12-7 
Group 2 15-0 140 44 183 132 127 130 131 13-1 
Group 3 128 128 124 1068 105 109 118 129 127 
Group 4 131 118 105 98 103 123 123 10-7 10-8 
Group 5 150 131 1L1l1 107 100 95 93 105 ibs 


Average increase or decrease of trials 6 and 7 against value of trial 5. Seore= 
in sec/trial. 
Group 1, —0-30; Group 2, --0-35; Group 3, +075; Group 4, +200: 
Group 5, —0-60. 


A second aspect of the investigation lies in the reminis- 
cence phenomenon which manifests itself as a return to a 
higher level of performance after rest, when the preceding 
performance had been degraded by inhibition or one of 
its corollaries. In this work the conditions for reminis- 
cence to appear were made by the 2 min rest period 
introduced between trials 7 and 8, which permitted the 
dissipation of the inhibitory processes generated by the 
earlier trials. 

The usual expectancy concerning reminiscence on the 
spiral after-effect has been modified recently by the demon- 
stration that disinhibition towards the end of a series of 
massed trials reduces, or sometimes negates, reminiscence 
to the extent that performance worsens following rest. 
This ‘negative reminiscence’ is assumed to be due to some 
loss of set which attends the rest interval when inhibition 
has been previously dissipated or some aspect of post- 
excitatory depression. 

The prediction for the present work, on the afore- 
mentioned evidence, is quite clear, namely: reminiscence 
values will be inversely proportional to the degree of 
disinhibition produced by the alien stimulus (external 
inhibition). 

An outline of the results is presented in Table 2. A 
glance indicates immediately that the prediction is not 
fulfilled in its entirety due to a large reminiscence pro- 
duced by Group 3 (50 db), but with this exception there is a 
tendency in the predicted direction. The three groups 
manifesting no disinhibition to the tone all have positive 
reminiscence following the rest interval, whereas the value 
of Group 4 (70 db) which showed the largest disinhibition 
is negative. 


Table 2, REMINISCENCE SCORES FOR THE FIVE GROUPS 


Group 1: —5 db + 1-1 sec per trial 
Group 2: + 10 db + 0°5 sec per trial 
Group 3: + 50 db + 3:1 sec per trial 
Group 4: + 70 db — 4:1 sec per trial 
Group 5: Control + 3-5 sec per trial 


The experiment described has been largely successful 
in achieving its aims. First, it has demonstrated that 
disinhibition is unlikely to’ be found unless the alien 
stimulus is quite strong, having a perceptual rather than 
a sensory impact on the subject. However. the fact that 
disinhibition is greater when the disinhibitory tone is 
increased suggests that sensory aspects may be relevant 
once a perceptual threshold has been reached. Alterna- 
tively, there may be grounds for claiming that once the 
perceptual threshold has been achieved a single continuum 
of increasing active ‘distraction’ could account for the 
results. Clearly similar investigations would be required 
before the disinhibitory parameter delineated could be 
accepted on anything but a tentative basis. 

The aspects of the investigation dealing with reminis- 
cence following disinhibition have only produced a tend- 
ency in the predicted direction. The main discrepancy 
is due to a large reminiscence score achieved by Group 
3 (50 db). An examination of the individual scores in 
Group 3 reveals that a major part of the difference between 
the observed and predicted value is due to one subject 
who may have changed his judgmental criterion during 
the rest interval. It has been demonstrated in other 
experiments that the duration of the after-effect can be 
changed considerably by a change of instructional set. 

1 Holland, H. C., Brit. J. Physicl. (in the press). 
2 Rachman, S., Brit. J. Psychol., 58, 149 (1962). 
° Holland, H. C., Life Sci., No. 8, 405 (1962). 
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LETTERS TO THE 


PHYSICS 


Effects of Nuclear Explosions on Very-low- 
frequency and Low-frequency Propagation 

Two Soviet nuclear explosions appear to have been 
made in Central Asia on October 22 and 28, 1962. Accord- 
ing to different reports the devices were exploded at 
‘greater heights than usual’, but no precise data regard- 
ing heights, bomb sizes and times of explosions are 
available. From magnetic recordings (Dr. Bath, Uppsala, 
and Dr. Selzer, Paris, private communications) it can 
be inferred with reasonable accuracy, however, that 
the explosions occurred at 03.40.45 u.r. and 04.41.20 V.T., 
respectively. Both explosions yielded very pronounced 
disturbances of radio wave propagation in Scandinavia and 
western Europe. 

-It may be noted that no disturbance of the kind des- 
cribed here could be observed at Kiruna and Uppsala 
during earlier Soviet atomic tests, performed both in 
Novaya Zemlya and Central Asia. 


RUGBY- 
16 kc/s 


KIRUNA 





0400 0405 UT 







RUGBY - UPPSALA 
8 16 kc/s 


0330 
55 


0335 0340 , 0345 0350 0355 0400 0405 UT 


50 


DDM (SAMSO , DENMARK) - STOCKHOLM 
85,4 ke/s 






Signal strengths (relative values) 


0355 0400 0405 UT 


DDR ( MOEN , DENMARK )- STOCKHOLM 
113,8 ke/s 


0340 


0330 0335 0345 0350 0355 0400 005 UT 


Fig. 1. Signal strength o GBR Rugby) on 16 ke/s as received in Kiruna 
and Uppsala and DD. Samsö, Denmark) on 85:4 ke/s and DDR 
(Moen, Denmark) on te 8 kejs as received i in Stockholm on October 22, 


NATURE 


June 15, 1963 


VoL. 198 


EDITOR 


20- 


RUGBY - KIRUNA 
16 kc/s 





0430 0500 oss UT 


0435 


RUGBY - UPPSALA 
16 kc/s 






0435 0440 0445 0450 0455 0500 0505 UT 


}  DDM(SAMSO , DENMARK) ~ STOCKHOLM 
85,4 kc/s 


Signal strengths (relative values): 






0435 040445 D450 0455 0500 0505 UT 


DDR( MOEN, DENMARK) - STOCKHOLM 
113,8 ke/s 





0435 0445 0500 0505 UT 


0440 
Fig. 2. Signal strength of of ORR ? (Rugby) on 16 ke/s as received in Kiruna 


0450 0455 


and Uppsala and Denmark) on 85:4 ke/s and DDR 
(Moen, Denmark) on 113:8 aan as received in Stockholm on October 28, 


Amplitude recordings of the 16 ke/s signal transmitted 
by GBR, Rugby, England (52° 22’ N., 01° 11’ W.) are 
made on a routine basis both in Kiruna (67° 50’ N., 
20° 25’ E.) and Uppsala (59° 48’ N., 17° 35’ E.). Further- 
more, the Danish Decca transmitters (DDM and DDR), 
located at Samsö (55° 57’ N., 10° 35’ E.) and Moen (55° 
57 N., 12° 28’ E.) and transmitting at 85-4 ke/s and 113-8 
ke/s, respectively, are continuously received at Lövsätra, 
close to Stockholm (59° 48’ N., 18° 08’ E.). All these 
transmissions encountered sudden changes of propaga- 
tion conditions at the above times, as is illustrated by 
Figs. 1 and 2. 

On both occasions the very-low-frequency signal 
strength underwent a sudden increase at Kiruna and a 
sudden decrease at Uppsala within several seconds after 
the explosions. Since the distance Rugby-—Kiruna is 
2,100 km and the distance Rugby—Uppsala is 1,380 km, 
this behaviour can be accounted for on the basis of mode 
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theory in a first-order approximation!. For the apparent 
reflexion heights in question, the curve of amplitude 
versus distance for 16 ke/s exhibits a negative slope for the 
Kiruna reception and a positive one for that at Uppsala. 
Thus, the discontinuities in amplitude can be visualized 
as being caused by sudden decreases of the apparent 
reflexion heights, which can be estimated to be of the 
order of 10 km, followed by a gradual recovery. 

Following this recovery (which was more rapid on 
October 22) a depression of the signal level can be noticed 
which returned approximately to normal after about 
15 min. 

The explanation of the effects at 85-4 ke/s and 113-8 
ke/s is not so straightforward, but similarly leads to the 
conclusion that a sudden enhancement of ionization 
occurred in the ionosphere. 

In attempting to find the mechanism responsible for 
this enhancement, two possibilities may be visualized. 
The fact must be taken into account that it occurred in 
ull cases within several seconds after the burst. First, 
the model of Crain and Tamarkin® could be applicable. 
This involves additional ionization caused by §-particles 
which stem from the decay of ‘prompt’ neutrons produced 
by the nuclear explosion. The number of free neutrons 
from a megaton bomb is, estimated to be of the order 108 
and the bombs in question were, according to other 
indications, of the order of 200 kilotons. Simple calcu- 
lations show, however, that it is somewhat improbable 
that this mechanism could account for the necessary 
amount of additional ionization, although nothing definite 
can be said in the absence of more detailed bomb data. 
As a second possibility, a lowering of the mirror points of 
trapped particles by the abrupt magnetic disturbance 
produced by the explosion and propagating at approxim- 
ately Alfvén velocity may be envisaged. Afterwards 
the ionization may be transferred to lower heights by 
bremssirahlung. It may be noted that no disturbances 
could be recorded on the riometers operated at Kiruna 
(Z=5). 

The magnetic disturbances recorded at Uppsala and 
Paris may be explained by a fast hydromagnetic wave. 
The disturbance can be thought of, to a good degree of 
approximation, as originating from a point source, and 
therefore no pure Alfvén mode should be involved since 
the relevant group-ray velocity is confined to the field 
lines. 

The reported effects are consistent with observations by 
Prof. Ehmert et al. in Western Germany (private com- 
munication which is gratefully acknowledged). We 
would like to thank Drs. Bath and Selzer for supplying us 
with observational results. 
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Use of Long Cavities for Aqueous Samples in 
an Electron Spin Resonance Spectrometer 


In a recent communication! Cook and Mallard have 
described a cavity 5 wave-lengths long for use with aqueous 
samples in an X-band spectrometer. Feher? has shown 
that the highest sensitivity of such a spectrometer is 
obtained by maximizing the product of the filling factor C 
and the loaded Q of the cavity, this condition being ful- 
filled when the sample thickness is chosen so as to reduce 
the Q to two-thirds of its unloaded value. This value of 
reduction factor follows from three basic assumptions: 
(a) the cavity is of fixed length; (b) the sample is centred 
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at a nodal plane of electric field; (c) itis always electrically 
thin. For a sample of fixed thickness there is no maximum 
in sensitivity as the cavity length is increased, the reduc- 
tion in the proportion of the total electric field with which 
the sample interacts being balanced by a corresponding 
reduction in the interaction with the total magnetic field, 
so that when the increased power loss in the walls is taken 
into account, it is found that the filling factor decreases 
faster than the loaded Q increases. 

A recent investigation? of aqueous samples in an Har 
rectangular cavity has shown that it is possible to caleu- 
late accurately the optimum sample thickness, the 
results being in close agreement with experimentally 
determined values. The method is easily extended to an 
Hom cavity and shows that for an aqueous sample 1 mm 
in thickness YQ falls monotonically from 8-7 at m=2 to 
7-9 at m=10 and 7-0 at m= 20. 

Even when the optimum thickness is chosen for any 
given value of m, the sensitivity still decreases as m 
increases (Fig. 1). It is well recognized‘ that free radical 
investigations of biological materials are hampered by the 
necessity of using thin samples, and the solution would 
seem to lie in the use of lower microwave frequencies, the 
loss of sensitivity so incurred? being less than that pro- 
duced by increasing the length of an X-band cavity. 
Spectrometers using these lower frequencies are under 
development in these laboratories. 

L. G. STOOPLEY 

Royal Military College of Science, 

Shrivenham., Swindon, Wiltshire. 

1 Cook, P., and Mallard, J. R., Nature, 198, 145 (1963). 
2? Feher, G., Bell Syst. Tech. J., 36, 449 (1957). 


3 Stoodley, L. G., J. Electronics and Control (in the press). 


“Sogo, P. B., Carter, L. A., and Calvin, M., Free Radicals in Biological 
Systems (Academic Press, New York and London, 1961). 


GEOPHYSICS 


Tropical Twilight Behaviour of the [01] 
6300 A Air Glow at Townsville 


Aone the effects of upper atmosphere [01] 6300 A 
emission described by Barbier! is a twilight enhancement 
which was afterwards observed in northern tropical 
latitudes at Hawaii by Barbier, Roach and Steiger’. 
Twilight enhancement consisting of at least two com- 
ponents has now been observed in southern tropical 
latitudes at Townsville (geomagnetic latitude 28-4° S.). 
Here an enhanced brightness in the south-south-west 
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persists for a few minutes immediately after 
twilight has diminished sufficiently for 
photometer measurements to be taken. 
This is a summer-time effect which appears 
to be superimposed on a general twilight 
enhancement occurring at all azimuths 
during both winter and summer. 


Fig. 1 shows the development of the Í 


southern phenomenon throughout the 
period June-October 1962. The curves 
represent the intensity in rayleighs meas- 
ured by the photometer as it scans the. 
sky at a fixed zenith distance of 63° 24’. 
The period for one scan is 16 min. Although 
the final stages of twilight were still faintly 
visible to the eye at the times of the 
observations the maximum red air-glow 
does not occur in the direction of sunset. 
Therefore the enhanced values do not arise 
from direct twilight. In Fig. 1 the azimuth 
corresponding to maximum air glow 
appears to move from a northerly to a 
southerly direction as the spring months 


Rayleighs 





E N 


wW S E 
Azimuthal direction 


Fig. 1. Seasonal variation of anomalous twilight airglow enhancement 


Rayleighs 


Rayleighs 





8 


NATURE kaet 1963 asec 


300 
200 
100 Cloud 
0 
N wW S {E N W S E N wW S E N 
Azimuthal direction 
Fig. 2. The enhanced airglow decreases to less than half the maximum twilight value 


during the first half-hour of complete darkness 
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Fig. 8. The twilight anomaly appears to follow a steady decline during the first few 
nights after a maximum is reached. The three nights shown are typical: intermediate 
nights fit into the pattern of behaviour indicated 
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are approached. For the most part northern values vary 
only between 100 and 200 rayleighs, but tend to fall away 
to less than 50 rayleighs after the southern enhancement 
is well established. Southern intensity increases from a 
winter value of about 100 rayleighs to almost 300 rayleighs 
in the summer. 

Winter airglow follows a fairly simple pattern. On a 
typical night the enhanced twilight values fall to some- 
where in the range 0-50 rayleighs during the first two 
hours of observations. This behaviour has been observed 
on each of the eleven occasions when winter measurements 
were made at twilight. 

On the other hand, the summer twilight enhancement 
has several distinctive characteristics. It only occurs 
during the first measurable sweep of the photometer; 
there is then a general decline in values at all azimuths 
(Fig. 2). In this last respect the summer behaviour is 
similar to the winter. The enhancement reappears on 
succeeding nights but with diminished intensity (Fig. 3). 
There also appears to be a qualitative inverse co-relation 
between the twilight anomaly and anomalous summer 
enhancement occurring during the small hours of the 
morning. This is apparent from a comparison between the 
peak twilight values and over-all behaviour throughout 
the night. The night of maximum twilight disturbance 
(October 20/21) was a relatively quiescent night. The 
succeeding nights are characterized by distinctive mid- 
night peaks with a tendency to reach higher values as the 
twilight phenomenon diminishes from night to night. The 
respective maximum zenith values for 23/24 and 26/27 
October, namely, 200 and 250 rayleighs, are typical. This 
behaviour may be compared with Barbier’s ‘la nappe 
occidentale}, which occurs on quiescent summer nights in 
the northern tropics to the north-north-west. Observa- 
tions at zenith distances on either side of 63° 24’ show 
that the southern phenomenon occurs over an altitude 
range of at least’ 20 degrees. 

All brightness values quoted here are approximate 
pending accurate re-calibration of the photometer. This 
work will be reported in detail along with the general 
results for complete nights. 
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Tidal Constants at Hyderabad 


THE vertical component of the variations in the gravity 
field, in milligals, is being continuously recorded in the 
Department of Geology, Osmania University, at Hyder- 
abad (17° 26’ N., 78° 27’ E.), as described in an earlier 
communication’. The experimental curve for December 
1961 has been analysed by the modified Fourier method? 
and the 7 main, diurnal and semidiurnal components have 
been determined. The (Askania gravimeter-GS-11) has 
been calibrated by the ‘tilting’ method, as described in the 
manufacturer’s manual, and this enables us to find the 
actual variation. In this case it is found that 2-3 em on 
the ordinate of the record corresponds to 1 mgal. 

The theoretical values (mgal) for the 7 components 
have been obtained from the tide-predicting apparatus 
located at Dehra Dun. The ratio of the theoretical and 
the experimentally determined values of the amplitudes 
of the curve has been calculated and this will enable us to 
calculate the other characteristic Love numbers (h, k, l), 
the gravimetric factor (@), diminishing factor (D) and 
Lambert’s constant (L). Tho results of the present 

- investigation are given in Table 1. 
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stepfaulted. Where intruded by the dolerite sills shaly 
members of the formation are metamorphosed to dark- 
grey or black mica hornfels with cordierite and andalusite. 
Most of the beds of the formation are horizontal or nearly 
sO. ` : 

No fossils have been found in the Roraima Formation, 
which at different times has been likened to the Torri- 
donian sandstones of Scotland, to Devonian, Permian and 
Triassic formations of Brazil, to the La Quinta formation 
which occurs near the Venezuelan and Colombian Andes 
and to a deposit of Jurassic and Cretaceous age along the 
Venezuelan Coast Range. On the geological map which 
accompanies the Handbook of South American Geology? it is 
shown as ‘Triassic continental’ while on the latest 
geological map of the territory prepared by the Geological 
Survey of British Guiana it is shown as Lower Paleozoic 
or Precambrian’. 

Although the sediments of the formation are unsuitable 
for radiometric age determination, samples of a doleritic 
sill arid its associated mica hornfels from the Kopinang 
Valley were submitted by the Geological Survey of British 
Guiana to the Overseas Geological Surveys in the hope that 
age determinations would set at least a younger limit to the 














Table 1 

Components Experimental Theoretical Phase lag h k l G D | L \ 
amplitude amplitude f 
i 
M2 0-083 0-069 74° 52 0-71 0-340 0-092 1-2 0-63 1-248 | 

| 52 0-038 0:032 70° 6’ 0-64 0-308 0-083 1:18 0-665 1-224 
| N2 0-025 0-013 49° 27 3-28 1-57 0-43 1-92 -0-071 2144 | 
K2 0:017 0-007 70° 20’ 6-18 2-866 0-803 2-43 —2-214 3-163 | 
| K1 0-014 0:023 45° 18” —1:35 ~0°651 — 0178 0:62 1-706 0-525 | 

Q1 0-017 0-015 9° 58 0-46 0-223 0-061 1-13 0-780 1-162 
| Pi 0-049 0-009 18° 45 15°89 7-628 2-067 5-44 7-265 6:561 | 


Although the 7 components have been calculated, M2, 


which contributes the largest amplitude, can be determined 
with reasonable accuracy. It is to be regarded as a most 
significant one and the value obtained for M2 from 
different stations can be compared. In fact the gravi- 
metric factor G (1-:137-~1-152) for the component M2 
calculated for the month of December 1961 at Brussels is 
found to be in fairly good agreement with the similar 
value obtained at Hyderabad (1:20). In the case of K1, 
the negative values for Love numbers (h, k, l) are probably 
because the ratio between theoretical and experimental 
amplitudes (G) is less than unity, and this deserves special 
attention. Similarly, the negative value in the case of 
diminishing factor is presumably because of high values of 
ratios of amplitudes (@). 

We thank Dr. S. Bhagavantham for his advice and 

` help. 
S. BALAKRISHNA 
_ B. R. LAKSHMI 
Department of Geology, Osmania University, 
Hyderabad. 

‘Balakrishna, S., and Johnson, P. V., Curr. Sci., 80, 183 (1961). 
Rear S., and Johnson, P. V., Bull. Nat. Inst. Sei. Ind., No. 22,18 


GEOLOGY 


Age of the Roraima Formation, British Guiana 


Tue Roraima Formation forms part of a series of 
plateaux and mesas known as the Pakaraima Mountains 
which extend east-south-east across British Guiana from 
the boundary with Venezuela and Brazil to the Berbice 
River. These mountains terminate north-eastwards in a 
long, irregular series of escarpments which run roughly 
parallel to and about 140 miles back from the coastline?. 

The formation consists of stratified sandstones, quart- 
zites, Jaspers, shales, conglomerates and boulder beds. It 
attains its highest known level on the summit of Roraima 
Mountain (8,600 ft.) while its base in the Ireng River is at 
1,400 ft. Its true thickness is not clear, as it is intruded by 
dolerite sills of the Younger Basic Intrusives and is possibly | 


age of this formation. The dolerite sample was collected 
about 700 ft. above the base of a 1,200-ft. thick sill in the 
Kopinang Valley and the hornfels, which is metamor- 
phosed Roraima shale, from 5 ft. above the upper contact 
of the same sill. The dolerite consists mainly of plagio- 
clase and clino-pyroxene altering to hornblende. Small 
amounts of biotite are also present. Separation of this 
biotite proved impossible and the age determination 
given in Table 1 was made on the pyroxene-hornblende 
component. The hornfels consists of fine-grained biotite, 
mica, quartz, and plagioclase. Age determinations were 
made on both the muscovite and the biotite. 

Argon was extracted in a bakeable glass vacuum appar- 
atus and determined by isotope dilution with argon-38 
in a Reynolds type glass mass spectrometer. Potassium: 
was determined by direct comparison with standard sol- 
tions using an EEL flame photometer. In the case of the 
pyroxene-hornblende concentrate ‘the dilution—addition: 
method proposed by Grimaldi’, was used. 

The results of the determinations are in good agreement 
and give a weighted mean of 1,710 m.y. for the age of the 
dolerite, which is also the best younger limit of the sedi- 
ments of the Roraima Formation. The sediments may, 
of course, be appreciably older than 1,710 m.y. 
although work at present in progress on rocks which were 


Table 1 
Per Radio- Atmospheric 
Sample cent genic VAr percent Age 
K Ar of total “Ar 
OGS.63.9. Pyroxene-horn- 0-24 0-046 p.p.m. 1 per cent 1,665+ 130 m.y. 
blende mixture from 


middle zone of the Lower 
Kopinang Dolerite Sill. 
‘Three miles true north of 
Velgraad airstrip. British 


Guiana. 
OGS.63.7. Muscovite from 7-97 1:619 p.p.m. 
mica hornfels, specimen 
No. .311, immediately 
above upper contact of the 
Lower Kopinang_ Sill, 
Kopinang River Valley. 
OGS.63.8. Biotite from mica 6-27 1-234 p.p.m. 1 per cent 1,700+ 65 m.y. 
hornfels. .311. 
Decay constants 28 = 4-72 x10-!y-1, 26 =0-584 x 10-My, 
Isotopic abundance of °K = 0-0119 atomic per cent- 


nil 1,735+ 7Omy. 
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probably at one time overlain by the Roraima Formation 
suggests that an older limit may be set at about 2,000 m.y. 
It remains to be seen whether all the rocks classified as 
Younger Basic Intrusives are of the same great age or 
` whether basic rocks of different ages are present. 

I thank Dr. R. B. McConnell, formerly director of the 
Geological Survey of British Guiana and officers of the 
Survey, particularly Mr. C. N. Barron and Mr. D. Hawkes, 
for information relating to the geology of the analysed 
samples which were selected by Mr. Barron. I also thank 
Mr. D. Rex and Miss Elizabeth Dundas for help in the 
determination of argon and potassium. This investigation 
forms part ofa programme of geological age determination 
being carried out in the Department of Geology and Miner- 
alogy, Oxford, under the direction of Prof. L. R. Wager. 

This communication is published by permission of Dr. 
S. H. Shaw, director of Overseas Geological. Surveys. 

N. J. SNELLING 
Age Determination Unit, 
Overseas Geological Surveys at the Department of 
Geology and Mineralogy, 
University Museum, Oxford. 
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METALLURGY 


Crack Propagation in Normally Ductile 
Face-centred Cubic Metals 


OnE of the important characteristics of face-centred 
cubic metals (for certain applications) is their ability to 
retain resistance to low-strain fracture down to tempera- 
tures approaching absolute zero. This resistance disap- 
pears under certain specific conditions of metal, stress and 
chemical environment, when the metal fails by stress- 
corrosion cracking. Two main theories have been put 
forward to explain this phenomenon. One ascribes the 
propagation of the crack to continuous electrochemical 
dissolution while the other postulates a two-stage mechan- 
ism in which the crack grows by a series of short-range 
mechanical failures, each separated by a period of electro- 
chemical activity. The latter raises the question of 
whether a face-centred cubic metal can sustain ‘mechanical 
cracking’, which is unproved and certainly doubted. 

It is generally supposed, and is indeed true for body- 
centred cubic materials, that increasing the strain rate 
increases the probability of brittle fracture. Accordingly, 
experiments were conducted on notched austenitic (that 
is, face-centred cubic) stainless steel polycrystals at 
strain rates up to 104 sec-! at 77° K and room temperature. 
In all cases, considerable extension (10 per cent and over) 
took place before failure occurred by normal necking. No 
cracks were observed. 

Since in the foregoing experiments nucleation of cracks 
may have been the problem, it was of interest to see if a 
crack already propagating could continue. This would 
correspond, in stress corrosion, to the chemical nucleation 


Ferrite 
Crack in 
ferrite 
Crack in Austenite 
austenite 





Fig. 1. Schematic diagram of typical sample used 
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Fig. 2. Appearance of crack which has propagated in austenite. The 
large black cavity is due to the ferrite crack Dropagatin from left to 


right being forced open by the chisel following the crack. (x e. 650) 


of a crack, perhaps by preferential solution or by localized 
embrittlement as envisaged by Forty', followed by propa- 
gation into normally ductile material. 

Appropriately shaped pieces of polycrystalline ferritic 
iron and austenitic steel (20 per cent chromium with 12 
and 20 per cent nickel) were welded together as shown in 
Fig. 1, by shorting a high-current transformer across the 
components for a few seconds. A crack was started in the 
ferrite at 77° K either by tension parallel to the weld or 
by striking the notch with a suitable chisel. The region 
where the crack reached the austenite was examined by 
successively polishing away the surface. 

Fig. 2 shows a section of a 20 per cent chromium 20 per 
cent nickel specimen in which the crack has propagated 
across the interface into the austenite. By most standards 
this would be regarded as a brittle crack. 

This type of experiment seems to offer a fertile field for 
examining energy dissipation, including dislocation genera- 
tion around a crack moving in a ductile material. By 
using single crystals of brittle and ductile materials, the 
effect of various relative orientations, temperature and 
composition on ease of crack propagation can be studied. 
The effective surface energy can also be estimated directly 
by measuring the relaxation of a Polanyi-type tensile 
machine with a beam of suitable stiffness such that the 
crack does not completely penetrate the ductile phase. 

This work was supported by the United States Office of 
Naval Research. 
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Teddington, Middlesex. 


Carnegie Institute of Technology, 
Pittsburgh, 13. 


1 Forty, A. J., Physical Metallurgy of Stress Corrosion Fracture (Inter- 
science, New York, 1959). 
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CRYSTALLOGRAPHY 


Symmetry of Snow Crystais 


ToransKy! has suggested a mechanism to explain the 
growth of complex symmetrical snow crystals. The 
crystal is considered as a vibrating system akin to a 
Chladni plate; the growth is concentrated at the nodes 
and the symmetrical nature of the vibration maintains the 
symmetrical external form of the crystal. 

The observed nature of twelve-branched snow crystals 
provides some support for this theory. It has been sug- 
gested that these crystals are capped columns with a very 
short intervening column? or that some twinning action 
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Fig. 1. 


Representation of a twelve-branched snow crystal 


might be involved’; Fig. 1 shows that these conjectures 
are unnecessary. This demonstrates that hexagonal units 
can be assembled to give a shape with twelve branches 
without deviating at all from a normal arrangement. 

Mary Waller‘ has shown that a hexagonal Chladni plate 
can produce a figure with twelve symmetrically arranged 
nodes. The existence of this vibration pattern and the 
unusual snow crystals appears to bear out Tolansky’s 
theory; there does not seem to be any other reason for the 
formation of such a complicated structure. 

Although the crystal shown in Fig. 1 is twelve-branched 
it has six-fold symmetry. AHN the arms do not have the 
same construction. Examination of photographs of 
twelve branched crystals, particularly those by Bentley’, 
reveals that this difference in adjacent arms does occur and 
that one set of six branches is usually slightly more 
developed than the other set. 

` -I. J. SMALLEY 

Northampton College of Advanced Technology, 
London, E.C.1. 

2? Tolansky, S., Nature, 181, 256 (1958). 

2 Shedd, J. C., Monthly Weather Rev., 47, 691 (1919). 

? Smalley, I. J., Curr. Sei., 81, 417 (1962). 

‘Waller, M., Chladni Figures: A Study in Symmetry, 47 (Bell, 1961). 


t Bentley, W. A., and eninge W. J., Snow Crystals, 197 (McGraw-Hill, 
1931, reprinted Dover, 1962). 


Crystal Structure of an Unstable Monoclinic 
Form of Dinitrogen Tetroxide 


In a recently published work on the crystal structure of 
the addition compound N,0O,-1,4-dioxane? the interatomic 
distances and valency angles of the N,O, molecule closely 
correspond to those of the free molecule as determined by 
electron-diffraction’, but are rather different from those 
reported for the solid oxide* (Table 1). 


Table 1 
N,0,-1,4- 
dioxane Free mole- Solid N,O, Solid N,0, 
(ref. 1) cule (ref. 2} (cubic) (ref. 3) (monoclinic) 
Distance N—-O 118A 1180A 117 + O08 A 121A 
Distance N—N 1:75 A 1:750A 1-64 + 0-03 175 Å 
Angle 0—N—0 135° 133-9° 126° + 1° 185° 


Crystals obtained by cooling the liquid in a capillary 
tube mostly correspond to a new, rather unstable modifi- 
cation. 

The monoclinic unit cell contains two molecules and 
has the following parameters: a=5-93 A, b=4-77 A, 
c= 6-56 A, B=117-2°. 

The space group is P2,/c. 
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Intensity data were collected from Weissenberg 
diagrams with rotation about [010] and [001], and also 
from precession diagrams precessing about [201]. Signs of 
70 per cent of the structure factors of the (201) projection 
were correctly determined by means of Harker-Kasper 
inequalities. The electron density map of this projection 
is shown in Fig. 1. Least squares refinements gave the 
following R values: Rij=12-9 per cent, Riooy=14°6 
per cent, Rioi);=7-0 per cent. 


role 





Fig. 1 


The bond distances and valency angle are given in 
Table 1. 


P. GROTH 


Department of Chemistry, 
University of Oslo. 
> Groth, P., and Hassel, O., Proc. Chem. Soc., 379 (Dec. 1962). 


* Smith, D. W., and Hedberg, K., J. Chem. Phys., 25, 1282 (1956). 
3 Broadley, J. S., and] Robertson, J. M., Nature, 184, 915 (1949). 


Marcasite-type Semiconductors 


Tue marcasite-type of structure can be regarded as a 
deformed hexagonal:close-packing of anions in which half 
the octahedral holes are occupied by the cations. The 
occupied holes are enlarged and the empty ones compressed 
in such a way that two opposite vertices of the empty 
octahedra approach each other to allow the formation of 
an anion-anion bond. It.was to be expected, therefore, 
that at least some of the marcasite phases should be non- 
metallic polycompounds. Resistivity measurements! do 
indeed show that FeP,, FeAs, and FeSb, are semiconduc- 
tors. The ionic formula, for example, of FeP, therefore is 
Fe‘+(P,)*-, that is to say there are four localized d electrons 
on the cation. Magnetic data for FeSb, indicate two non- 
compensated spins per cation which probably are coupled 
antiferromagnetically along the c-axis. 

The semiconducting behaviour of the 3d transition 
element compounds strongly suggests that the correspond- 
ing isomorphous 4d and 5d transition element compounds 
should also be non-metallic. The structural data on RuP,, 


Table 1. LATTICE PARAMETERS oF SOME MARCASITE-TYPE COMPOUNDS 
RuPAs OsPAs Ruåss OSAS; RuAsSb CrFeAs, 
a(A) 526 5-24 5-43 5-41 5-76 5°37 
oh) 6-04 6-02 6-18 6-19 6-48 6-13 
(A 2-92 2-96 2-97 3-01 3-10 2-93 
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Table 2. PRELIMINARY DATA ON ELECTRICAL AND MAGNETIC PROPERTIES OF SOME SEMICONDUOTING MARCASITE-TYPE COMPOUNDS 

RuP, RuPAs RudAs, RuSb, OsP, OsAs: OsSbe 
- AE(eV) ~1 (opt.) ~0°8 (opt.) ~ 0:8 (opt.) > 0-3 (el.) ~ 1-2 (opt.) ~0-9 (opt.) > 0-3 (el.) 
a (uV} °C) ~ 350 (n) ~ 400 (n) ~ 350 (n) ~ 250 (n) ~ 200 (ny 

10°% nol (c.g.8. ) 
295° K — 44 -61 —73 —82 —74 —100 — 04 
8K -33 — 46 ~ 87 | -74 — 50 —78 ~ 92 
i 
OsP, (ref. 3), RuSb, and OsSb, (ref. 4) have been known CHEMISTRY 


before, here we add the lattice parameters of RuPAs, 
RuAs,, RuAaSb, OsPAs and OsAs, (Table 1). 

As expected, all ruthenium and osmium compounds 
turned out to be semiconductors. Our preliminary 
measurements are collected in Table 2. They were per- 
formed on sintered samples, except in the case of RuSb,, 
where fusion at about 1,300° C was possible. The values 
for the energy gaps were derived either from the tempera- 
ture dependence of the electrical resistivity (el.) or from 
the diffuse reflectance spectra (opt.). The sign of the 
Seebeck coefficient indicated that all samples were n-type. 
As is normal for transition element compounds, the non- 
metallic character increases with increasing principal 
quantum number of the d electrons of the cation. It is 
interesting to compare these compounds with the corre- 
sponding rhodium and iridium phases. Rh‘+ and Ir‘+ each 
have one more d electron than Rutt and Os‘+ and this 
extra electron is used for the formation of a metal-metal 
bond. The rhodium and iridium compounds crystallize in 
a monoclinically deformed marcasite structure in which 
cations in adjacent octahedral holes form bonded pairs. 
The cations Rutt and Os‘t, on the other hand, have an 
even number of d electrons so that no metal-metal bonding 
is needed to pair all spins. Magnetic measurements show 
that in fact all Ru and Os compounds are diamagnetic 
(Table 2). Spin-orbit coupling and crystal-field splitting 
therefore seem strong enough to keep the d electrons 
paired. However, the splitting of the de-levels which 
results from the deviation from perfect octahedral sym- 
metry seems to be too small to cause this pairing by itself. 
In fact, the iron compounds, in which the spin-orbit coup- 
ling is much weaker, are paramagnetic and the effective 
magneton number approaches at least at higher tempera- 
tures the value expected for an iron ion in octahedral 
symmetry (FeSb, (ref. 2), own measurements on FeAs,). 
In spite of this, it seems that in CrFeAs, the Fett ion shows 
essentially no free spin. Magnetic measurements on this 
semiconducting compound between liquid nitrogen and 
room temperature led to a Curie-Weiss law with 6,= 
—30° K and Cu=0-9° K cm/mol. To explain this low 
value of Cu I assume Fet to be in a diamagnetic state, 
two spins being located at the Cr‘+ ion. Hach other spin 
configuration would require a different value of the Curie 
constant. In view of the susceptibility of the semiconduct- 
ing CrSb, (ref. 5), from which a magneton number of 
2-83uBoht can be deduced, my assumption with respect to 
the state for Cr+ may well be justified. 

I thank Prof. G. Busch, Zurich, who made available his 
Gouy balance for our measurements and Dr. P. Giesecke 
and Dr. B. G. Roberts, Cyanamid, Stamford Research 
Laboratories, as well as my colleague Dr. J. Brebner for 
the diffuse-reflectance spectra. I also thank Miss E. 
Rittershaus for her assistance in the X-ray work. 
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Determination of Melting Points 


Tue determination of melting points is a simple but 
time-consuming process. Further, accuracy is limited by 
the observer’s reading of a thermometer. The equipment 
described in this communication permits the accurate 
determination of melting and/or freezing points in about 
one-fourth the time required by conventional methods. 
The apparatus (Fig. 1) consists of three sections; a 
recorder which registers directly in degrees, a heating 
chamber taken from a conventional melting-point appa- 
ratus, and a test cell consisting of a sample tube and 
cover-thermowell assembly. 

The heating chamber is a modified Vanderkamp 
melting point apparatus in which the adaptor plug that 
ordinarily supports a thermometer and three capillary 
melting point tubes is removed. The unit is 3 in. in 
diameter and 7 in. high and consists of a hard copper 
block heated by three 100-V, 50-W cartridge-type heaters 
controlled by a powerstat. The ‘Pyrex’ glass test cell is 
16 mm in diameter and 122 mm in length and fits 
snugly into the heating chamber in place of the adaptor 
plug. The top of the cell contains a 19/28 male ground 
glass joint. In actual operation, the sample is placed in 
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Fig..1. Schematic diagram of melting point apparatus 


June 15, 1963 


the cell and the cell is sealed by the cover-thermowell 
which is equipped with a female 19/28 ground glass joint. 
The thermowell is 3 mm in diameter and houses the iron 
constantan thermocouple (No. 30 wire, type J) which is 
attached to the recorder. The recorder is a standard 
Minneapolis Honeywell Unit (model No. 153X62 P12) 
which registers the temperature of the sample as a, function 
of time. When heat is applied at a given voltage the 
temperature rise of the sample is recorded at a constant 
rate. Between the initial and final melting points of the 
sample there is a sharp change in slope, that is, a tempera- 
ture arrest occurs at the melting point. After the sample 
is completely molten the temperature-time plot then 
increases linearly as before. 

We have measured the melting points of a large number 
of materials by the foregoing method and have found it to 
be accurate to within +0-6°. Some typical results are 
shown in Table 1. As can be seen, there is excellent 
agreement between observed and reported melting points 
for the compounds listed. 
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Table 1. MELTING POINTS OF SUBSTANCES DETERMINED WITH THE RECORD- 
ING MELTING POINT APPARATUS 


Compound Observed Reported * 
m.p. m.p. 
Ammonium chloride 336 335 
2,4-DNPH 201 199-200 
Adipie acid 152-153 161-153 
N-Phenylbenzylamine 36 37~88 
Azobenzene 68 68 
a-Naphthol 96 96 
Benzoic acid 123 122 
8-Naphthol 122 122-123 
Sodium acetate 326 325 


“Taken from the Handbook of Chemistry and Physics. 


When the powerstat is set at 90 V, the determination of 
melting points of substances melting in the temperature 
range of 100°-200° requires no more than 5-10 min and the 
above accuracy is maintained. In addition to the obvious 
time advantage, several other benefits exist. Since the 
melting point is recorded graphically the sample does not 
require constant visual attention. The melting point cell 
is easy to fill and seal in comparison with conventional 
capillary melting point tubes. Further, the tubes are easily 
cleaned and can. be re-fused instead of being discarded. 
Finally, the method is most appropriate for substances that 
are sensitive to air or moisture since the melting point 
tube can be conveniently handled and sealed in a dry-box. 
For these reasons, the present method of determining 
melting points should be of general interest. 


THOMAS J. WALLACH 
JoEL I. HABERMAN 


Esso Research and Engineering Co., 
Process Research Division, 
Linden, New Jersey. 


Interchange Reactions of Disulphides 


Evmence for the dissociation of disulphides under 
certain conditions into free thiyl radicals is well established, 
but is mostly of an inferential nature, based on interpre- 
tations of reactions with various hetero-substrates. 
Examples are the polymerization of methyl methacrylate, 
considered to be initiated by radicals produced by photo- 
dissociation, and the chain transfer activity during the 
polymerization of styrene?. The appearance of a yellow 
colour on heating disulphides, previously considered to be 
due to reversible dissociation, is now attributed to thermal 
broadening of the absorption band’. 

Few attempts appear to have been made to demonstrate 
the dissociation more directly, as, for example, by the 
appearance of an unsymmetrical derivative resulting from 
radical interchange in the photolysis of mixtures of sym- 
metrical precursors. 


RSSR2RS SR 7 
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It is now shown that mixtures of aromatic disulphides 
in boiling chloroform and other solvents, and in at least 
diffused light but not without this superimposed effect, 
within 20-30 min give rise to an equilibrium mixture, 
including a derivative the chromatographic behaviour of 
which is the mean of the precursors, and the structure of 
which is therefore interpreted as the unsymmetrical com- 
pound derived from radical combination as indicated. The 
extent of rearrangement is less than that proposed as a 
result of prolonged exposure to bright sunlight‘; but the 
acceleration of interchange in the boiling solvent is signifi- 
cant since no detectable change is observed after far 
longer standing at room temperature in diffused light. 

Whatman No. 1 paper was impregnated by drawing 
through a solution (5 per cent) of liquid paraffin in light 
petroleum (b.p. 40°-60°), allowing the solvent to evaporate 
from the suspended paper. Disulphides were applied in 
chloroform solution and chromatograms developed (down- 
ward displacement) with 90 per cent methyl alcohol. The 
performance of the system was sensitive to temperature 
and. best results were obtained at 20° C with minimum 
loading. Spots, located by the bromine vapour procedure’, 
were blue-violet at first, but later darkened to a brown 
colour, stable for several months. 


Table 1. Rọ VALUES FOR DISULPHIDES 


A-front (28°8 cm) B-front (11:9 em) eons 
(17°83 em) 
Disulphide Distance Ro Distance Rg Distance Ro 
(cm) (cm) (cm) 
Diphenyl 7-2 10 3-7 1-0 4:3 1:0 
Di-p-chlorophenyl 2:8 0:38 — — 17 0-4 
Di-o-methylpheny] 8-4 0'47 1:9 0-5 — _ 
Di-m-methylpheny] 8-4 0°47 1-9 0-5 -— — 
Di-p-methylphenyl 3-4 0°47 1-9 05 20 0-46 
Dibenzyl 9-0 1-25 44 1:2 — — 
Di-p-methoxyphenyl 12:3 1-7 — — TA 1:65 
Table 2. FORMATION OF UNSYMMETRICAL DISULPHIDES 
Calculated 
Original Distance Mixed disulph- Distance Rọ valuo of 
disulphide {cm) ide formed (em) Rọ unsymmetrical 
mixture derivative* 
Diphenyl 4-3 Phenyl-p- 1:0 
Di-p-methoxy- methoxy- 1:33 1:32 
phenyl TL phenyl 57 165 
Di-p-chloro- p-Chlorophenyl- 
phenyl 1-7 p-methoxy- O4 
Di-p-methoxy- . phenyl 3-9 0-9 1-02 
phenyl 1-65 
Di-p-methyl- 
phenyl 2-0 p-Methylphenyl- 0-47 
Di-p-methoxy- p-methoxy- 1:01 1-06 
phenyl PL phenyl 1:65 


* Calculated as average of Ry values of original components. 


Results of typical runs for disulphides separately are 
given in Table 1, where comparisons are made on the 
basis of Rẹ values, that is, with diphenyl disulphide as an 
internal standard. These values are reproducible to 
+0-05 despite variations in Ry values. 

Results shown in Table 2 illustrate the formation of 
unsymmetrical disulphides when di-p-methoxyphenyl 
disulphide (0-5 per cent solution) was treated with other 
aromatic disulphides. 

Similar separations were achieved with other combina- 
tions and in all cases the position of the unsymmetrical 
derivative corresponded closely to that predicted froin the 
Ry values of the precursors. Thus the expectation was 
realized that chromatography for a longer period would 
be required to separate the three final components from 


‘an original mixture of di-p-chlorophenyl- and di-p-methyl- 


phenyl disulphides and of dibenzyl- and di-p-methoxy- 
phenyl disulphides. 

The slight differences in Ry values for di-p-chloropheny]- 
and di-p-methylpheny] disulphides was maintained on all 
chromatograms and extended to the mixture of these two 
materials. 

Finally, it is emphasized again that the intermediate 
spot did not appear when solutions were heated in a 
darkened flask. The results demonstrate that with reac. 
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tions of disulphides in boiling solvents, precautions must 
be taken against the effect of even diffused light causing 


intrusion of radical activity. 
E. R. Core 


Department of Applied Organic Chemistry, 
University of New South Wales, 
Kensington, Sydney. 


Yttrium and Rare Earth Vanadates 


Tue diffraction pattern for yttrium vanadate, YVO,, 
has been reported by Broch! and appears in the A.S.T.M. 
Index to the X-ray Powder Data File (4-0457). The 
patterns for the rare earth vanadates do not appear in the 
A.S.T.M. Index and apparently have not been previously 
reported in the literature. In this work, the vanadates of 
the rare earths from praseodymium to erbium, excepting 
promethium, have been successfully prepared by heating 
equimolar powder mixtures of the rare earth oxides, 99-9 
per cent, and vanadium pentoxide, C.P., at 950°C. These 
compounds all have the same tetragonal structure as 
yttrium vanadate. The reaction product of lanthanum 
oxide and vanadium pentoxide does not have this struc- 
ture and has not been identified. 

The failure of lanthanum to form an isomorphous 
structure can be explained on the basis of ionic radius 
because its radius is about 15 per cent larger than that of 
yttrium, whereas the other rare earth ions investigated all 
fall within about 10 per cent of yttrium in the trivalent 
state. These observations are in general agreement with 
the rules for the formation of isomorphous structures. A 
calcium uranium vanadate having this structure could not 
be formed either. The instability of the calcium uranium 
compound must be attributed to some other cause, 
however, because the radii of divalent calcium, trivalent 
yttrium and tetravalent uranium are all quite close. 

The effect of the lanthanide contraction is apparent in 
the diffraction patterns of these rare earth vanadates. In 
Table 1 the Goldschmidt radii of the trivalent rare earth 
ions and yttrium are shown along with the interplanar 
spacings from the diffraction patterns for the (200) and 
the (400) planes. The interplanar spacings for the (004) 
planes are also given, but this reflexion is quite weak 
and the values should be taken as very tentative. 


Table 1. EFFECT OF LANTHANIDE CONTRACTION ON INTERPLANAR SPACINGS 


Goldschmidt z 
Element radius dago dios doos 
(A) (A) (Ay d) 
39 Y 106 3°55 1-78 1:57 
57 La 1-22 _ — — 
59 Pr m 3°65 1:83 1:64 
60 Nd 115 3°64 1'82 1-60 
82 Sm 1:13 3°62 1-81 1-59 
63 Eu 113 3-61 1-80 1-59 
64 Gd ~ 3:58 1-80 _ 
65 Tb 1-09 3°56 1:79 — 
66 Dy 1-07 3°55 1-78 1-60 
67 Ho 1:05 3-55 1-78 1-59 
68 Er 1-04 3-53 1:77 1:58 


The changes in Anoo Or in doo: respectively reflect changes 
in the ‘@ and ‘e’ dimensions of the unit cell. It appears 
that the ‘a’ dimension shows a regular decrease from the 
largest to the smallest ion in the rare-earth series, but the 
‘e dimension seems to be relatively insensitive to the rare 
earth radius, except for praseodymium. Whatever 
variations do occur in the unit cell dimensions do not seem 
to be great enough to establish a definite trend in the c/a 
ratio as indicated by the ratio doo4/dioo- Final conclusions 
on these points should be based on more precise X-ray 
work. 

All diffraction patterns were obtained using a General 
Electric XRD-3 unit with a goniometer and nickel filtered 
copper radiation. Peak positions were established by 
estimating 20 to the nearest 0-02 degrees on both sides of 
the maximum at a height of 2/3 peak maximum and 
averaging. The yttrium vanadate pattern, run using 
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. Table 2 
dÀ T/T, hk aA IE hk 
471 11 101 1-59 14 42 
3-55 100 200 1-57 303, 004 
2-86 3 211 1-48 19 33 
2-66 57 112 1-43 14 204, 323 
251 19 220 1-39 8 501, 481 
2-35 8 202 1-33 10 224, 413 
2-29 15 301 1-27 13 512 
201 9 103 1-14 8 532 
1-88 9 321 112 6 528 
1-83 59 312 1115 10 
1-78 19 400 


potassium bromide as an internal standard, is shown in 
Table 2. 

This pattern shows a large variation from Broch’s 
intensities and some differences in the interplanar spacing 
values. The large number of intense lines reported by 
Broch suggests the possibility of an over-exposure which 
would have made the line intensities and diffraction angles 
difficult to measure. No compounds other than YVO, 
were found in X-ray and DTA studies of the V,0;-Y,0, 
system. Both yttrium and the rare earth vanadates 
displayed unusual thermal stability for vanadates; heat- 
ing these compounds to 1,600° C did not result in any 
detectable change. The colour of the vanadates corre- 
sponds fairly closely to reported? colours of the trivalent 
ions of the rare earths. PrVO,, NdVO,, and SmVO, are 
intensely coloured yellow-green, blue-violet, and yellow 
respectively. TbVO,, HoVO,, and ErVO, are brownish- 
yellow, and the remainder are colourless or nearly colour- 
less. 

J. R. GAMBINO 
C. J. GUARE 


Advanced Technology Laboratories, 
` General Electric Co., 
Schenectady, New York. 
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Cobalt Complexes of Polyglycines 


THE binding of cobalt to proteins and polypeptides 
has been shown to occur in a number of cases, particularly 
under conditions of high alkalinity, where ligation occurs 
with amide groups in addition to the terminal functions!. 

In the course of our investigations on the chemical 
reactions of the polyglycines I and II’, we noticed a 
difference in the ability of these isomers to form complexes 
with metals, particularly cobalt. The structures of the 
polyglycines® differ in that polyglycine I (prepared from 
piperazine-2,5-dione and water at 180° for 6 h) is an 
almost fully extended B-polypeptide, whereas polyglycine 
It (prepared by precipitating polyglycine I from a solution 
in a strong electrolyte) is a folded structure having a 
3-fold screw axis, the chains being packed in a hexagonal 
array. In both structures a. large proportion of the 
terminal groups would be available for co-ordination with 
a cobalt ion. 

The uptake of cobalt from solution in excess of con- 
centrated ammonium hydroxide was followed using a 
radioactive tracer ‘technique using cobalt-60. Poly- 
glycine I (degree of polymerization (DP) about 12) 
absorbed 3-2 moles cobalt per mole polymer, whereas poly- 
glycine IT (DP about 12) only absorbed 1-1 moles cobalt 
per mole polymer. From the shape of the absorption 
isotherms, the accessibility of cobalt into the polyglycine IT 
lattice appears to be limited by electrical or diffusion 
phenomena characteristic of the uptake of dye by a 
natural or synthetic polypeptide. No irregularities were 
found in the case of polyglycine I. 

These results suggest that a cobalt (ITT) ion, possibly 
also co-ordinated by ammonia molecules, cannot be 
readily accommodated by the three-fold screw axis, but 
can be fitted into the more extended polyglycine I struc- 
ture. X-ray diffraction photographs of the polymers 
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and their respective complexes show a small lengthening 
of the unit spacing only for the conversion of polyglycine 
I into the cobalt complex. 

Meggy and Sims‘ showed that polyglycine I absorbed 
orange IT equivalent to only 42 per cent of the total 
terminal amino-groups, whereas polyglycine II absorbed 
the theoretical amount of dye on the terminal residues. 
Yn neither case was the X-ray diffraction pattern dis- 
turbed on absorption of dye. Earlier, Bamford and his 
co-workers’ had commented on the ready absorption 
of certain dyes on the amide groups of a 8-polypeptide 
(DP about 100), although there was hindered access 
to a proportion of the terminal amino groups. 

The observed uptake of cobalt by polyglycine I sug- 
gests a binding of 1 cobalt to 4 amide groups, comparing 
well with a ratio of 1 cobalt to 3-4 amide groups in a 
complex with diglycylglycine’. From model structures 
it would appear probable that the inter-chain cobalt 
ion is co-ordinated to 2 amide groups and 2 ammonia 
molecules. 
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R. A. WOLIAMS 


Plymouth College of Technology, 
Piymouth, Devon. 
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Copolymerization by Vapour Phase 
Chromatography 


ALTHOUGH the polymerization of organic compounds 
has been known for more than 100 years, the simultaneous 
polymerization of two or more monomers was not investi- 
gated until about 1911, when copolymers of olefines and 
diolefines were examined and found to have rubber-like 
properties. For some time the investigation of the 
mechanisms of the reactions of copolymerization lagged 
behind that of the properties of copolymers. 

During the 1930's it was observed that different mono- 
mers could differ markedly in their tendencies to enter 
copolymers, and that often the composition of the 
copolymer was very different from the composition of the 
monomer mixture used in its production. 

Dostal and Mark? attacked the theoretical aspects of 
copolymerization in 1936 and assumed that the rate of 
addition of monomer to a growing free radical depended 
only on the nature of the end-group on the radical chain. 
Norrish and Brookman? considered the copolymerization 
of styrene and methylmethacrylate on the basis of the 
four chain growth steps but apparently erred in their 
assumptions concerning the concentration of the free 
radical species. In 1944 Lewis and Mayo’, Alfrey* and 
Wall’ independently derived the equation now known as 
the copolymerization equation. This equation may be 
represented as: 


até) _ al 7 [M4j+(M, ) a) 
[M] [M]NMM] + ra [Me] 

where [M] and [M,] are monomer concentrations and 

r, and 7, are the monomer reactivity ratios defined as the 

ratios of pairs of rate constants for the propagation 

reaction (for details the reader is referred to Mayo and 

Walling’s review of the subject*). 

Equation (1) deseribes the composition of the copolymer 
being formed at any instant from a polymerizing mixture 
of the two monomers M, and M, and as such finds wide 
application in the predetermination of monomer concen- 
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trations necessary to producé.a copolymer of particular 
composition. 

Before making use of the copolymerization equation 
for systems involving novel catalysts it is generally 
necessary to determine the values of 7, and a, the monomer 
reactivity ratios. This can be accomplished using a variety 
of analytical techniques fully described in the literature’. 
In general, one performs experiments using a variety of 
known monomer mixtures, allows the reaction to proceed 
until the monomers have partially polymerized, then 
isolates the polymer from the unreacted monomer and 
determines the composition by elemental analysis. 
Generally the total separation of polymer from unreacted 
monomer is difficult and the elemental analyses tedious 
and fraught with error. Some attempts have been made 
to use physical techniques in the copolymer analyses. 
Among these the use of index of refraction measurements 
has permitted the determination of the monomer reactivity 
ratios for the system styrene—butadiene® and Marvel and 
co-workers® have made use of ultra-violet absorption 
spectroscopy. 

This communication describes the use of gas chromato- 
graphy to follow the copolymerization of two gaseous 
olefinic monomers at a catalytic surface. 

Using an automatic gas chromatograph previously 
described by us!? it was possible to sample, at regular 
predetermined intervals, from the polymerizing system, 
which was at sub-atmospheric pressure. 

Mixtures of ethylene and propylene or ethylene and 
butene-1 at pressures of the order of 10 cm mercury were 
contacted with a catalytic surface prepared by the reaction 
of «TiCl, deposited on a surface and CH,TiCl;. The TiCl, 
produced in the reaction was removed by pumping prior 
to the addition of the monomer mixture. The details of 
the formation of the catalyst are in the course of publica- 
tion. Immediately on contacting the olefinic mixture 
with the catalytically active surface a small sample, 0-5 c.c. 
in volume, was taken from the reacting mixture, which 
had a volume of 400 c.c., that is, less than 0:15 per cent of 
the mixture is removed during each sampling. Subsequent 
samples were removed at intervals of 0-5 h and at the end 
of the experiment a record of the time variation of each of 
the polymerizing monomers was obtained. The chromato- 
graph was calibrated for each of the reacting species and 
graphs representing the change in concentration of each 
of the monomers were obtained. 

Selecting a time interval from the initiation of the 
reaction and noting the monomer concentrations at the 
beginning and end of the interval it was possible, using 
the methods of Lewis and Mayo’, to calculate the monomer 
reactivity ratios for the system. For the ethylene buteno 
copolymerization, using the aforementioned catalyst 
system, the monomer reactivity ratios were determined to 
be 7,=3-6 and r= 0-16. 

In order to ascertain in a conclusive manner that the 
choice of the time interval did not affect the values of 
the monomer reactivity ratios, that is, that the degree of 
conversion did not affect the reactivity ratios if the 
composition of the polymerizing mixture was known over 
the time interval, the r, and 7, values were calculated at 
a variety of time-intervals. Since the Lewis and Mayo 
procedure is extremely time-consuming and mechanically 
laborious the calculations were programmed for an I.B.M. 
1620 computer and carried out using it. The computation 
of r, and r, was performed for time-intervals of a duration 
increasing in steps of one hour from one hour up until 
the cessation of the reaction after approximately nineteen 
hours. Variation of +, and r, over the increasing interval 
was slight and well within the precision of the experimental 
measurements. 

The method described here is at present under analyt- 
ical examination with the aim of being able to calculate 
mathematically the monomer reactivity ratios from one 
experimental polymerization. It is hoped that in the very 
near future we shall be able to discuss the catalyst system 
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described here and several others which we have exam- 
ined in more detail and to report the results of the 
mathematical analysis of the system which we are 
at present carrying out. 

F. H. C. EDGECOMBE 


Research and Development Department, 
Du Pont of Canada, Ltd., 
Kingston, Ontario. 
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Mode of Formation of 3,4-Benzopyrene at 
High Temperatures 


3,4-BENZOPYRENE (III) and other polycyclic aromatic 
‘hydrocarbons have been identified in coal tar, in soot, in 
the atmospheric dust of cities, in the exhausts of petrol 
and Diesel engines, in shale oil, in carbon black, in pro- 
cessed rubber, in coffee soots, in human hair wax, in 
smoked food, in snuff, in tobacco, and in cigarette and 
tobacco smoke. As 3,4-benzopyrene is a potent cancer- 
producing hydrocarbon, its mode of formation is clearly of 
importance. In 1958? it was suggested that 3,4-benzo- 
pyrene is formed by high-temperature reactions (incom- 
plete combustion and the like) from simpler hydrocarbons, 
and that a C-C, compound (such as butylbenzene or 
tetralin) may be the critical intermediate. Two such 
molecules would be expected to give (IL) which would 
suffer ready cyclodehydrogenation to 3,4-benzopyrene 
(TTT). 


I II 


Subsequent work has tended to confirm this view. 
Pyrolyses of butylbenzene?, of tetralint, or of n-decane at 
700°, for example, have given tars which have been shown 
to contain significant quantities of 3,4-benzopyrene. The 
relative yields of the various hydrocarbons in these tars 
and in tars produced by the pyrolysis of simple related 
hydrocarbons are consistent with the suggested mode of 
formation of 3,4-benzopyrene (as I—ITT). 

More recently, the pyrolyses of [1-14C]tetralin® and of 
‘[8-14O]butylbenzene (our unpublished results) have been 
undertaken; if the foregoing mode of formation is 
correct then the 3,4-benzopyrene formed should have 
activity corresponding to 2-0 labelled carbon atoms, 
«distributed as in (IV). 


05 


fey 
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Pyrolysis of [1-C]tetralin has given a tar from which 
twenty-one compounds (or their derivatives) have been 
isolated in sufficient quantity and purity for radiochemical 
„analysis. The 3,4-benzopyrene isolated from this tar was 
found to have an activity corresponding to 1-96 labelled 
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carbon atoms, in good agreement with the proposed 
mechanism. 

In the same way the pyrolysis of [8-!¢C]butylbenzene 
has given a tar from which eighteen compounds have been 
isolated for radiochemical assay. The 3,4-benzopyrene 
was found to have activity corresponding to 1-92 labelled 
carbon atoms, and its distribution has been determined by 
degradation as follows. Oxidation of the 3,4-benzopyrene 
gave 3,4-benzopyrene-6,7-quinone (V), which had 1-92 
labelled carbon atoms. This was then further oxidized to 
crude chrysene-6,7-dicarboxylic acid which was decarboxy- 
lated. The resulting carbon dioxide had activity corre- 
sponding to 0-87 labelled atoms in reasonable agreement 
with the expected value (1:0). Moreover the chrysene (VI) 
obtained by the decarboxylation had 1-12 labelled atoms, 
again in reasonable agreement with the expected value 
(1-0). 
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It must be concluded therefore that the mode of forma- 
tion represented by (I—III) is an important route for the 
formation of 3,4-benzopyrene at high temperatures. 

We thank the Damon Runyon Memorial Fund for 
Cancer Research, Inc., for supporting this work. 
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Composition of Spermaceti 


SPERMACETI is the solid wax obtained mainly from the 
head of the sperm whale, Physeter macrocephalus L. 
(P. catodon L.). Sperm oil is present in a large head- 
cavity in a liquid state. On standing after removal from 
the whale a crystalline deposit forms in the oil. The 
deposit is separated by filtration, pressed, melted, puri- 
fied from traces of oil with dilute alkali and finally freed 
from the soaps thus produced and from excess of alkali. 
Spermaceti is said chiefly to consist of cetyl palmitate 
together with a small proportion of esters of other fatty 
acids, including lauric, myristic and stearic!-*. 

As pure spermaceti has a very low iodine number and 
contains no free acids and alcohols, the saponification 
value which normally lies between 125 and 136 does not 
correspond well with the saponification value of cetyl 
palmitate, which is 116-7. 

A very fine sample of spermaceti (iodine number 2-8, 
acid number 0-1 and saponification value 125-4) was 
saponified and the alcohol- and acid-fractions isolated. 
By gas chromatography the alcohol-fraction was shown 
to consist of 80 per cent cetyl alcohol, 12 per cent stearyl 
alcohol, 6 per cent myristyl alcohol and of 2 per cent 
hydrocarbons. 

The acid-fraction was converted through the acid 
chlorides to methyl esters. By gas chromatography the 
percentage composition of the ester mixture was calcu- 
lated by comparison with the pure methyl esters: 
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Caprinic acid methyl ester 1 
Laurie 15 
Myristic 37 
Palmitic 38 
Stearic 8 


This composition is in rather good accordance with the 
saponification value. Hilditch? has already suggested 
that major parts of the wax were the cetyl esters of lauric 
and myristic acid. 

Spermaceti is thus a much more complex mixture than 
originally suggested and accepted in numerous text- 
books and pharmacopoeias. 


M. WELLENDORF 
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Relationships between Vitamin B; and By 


RELATIONSHIPS between vitamin B, and B,, were 
demonstrated first of all by Hsu and Chow', who have 
shown a partial impairment in the absorption of vitamin 
B,, of adult rats deficient in pyridoxine. This fact might 
be caused, at least in part, by a decrease in the secretion 
of gastric juice and intrinsic factor, as Yeh et al.? had 
directed to our notice in B, deficiency. 

Afterwards, Ranke et al.” showed a decrease in the 
serum and hepatic vitamin B,,-levels in pyridoxine- 
deficient rats; this is not corrected but further empha- 
sized by supply of vitamin B,, perhaps due to an 
increased metabolic requirement of vitamin. 

More recently, Ranke et al. have demonstrated that 
some biochemical aberrations of vitamin B,, deficiency 
appear in rats fed on the pyridoxine-deficient diet for 
several months. Measuring the amount of N,-methyl- 
nicotinamide found in the urine after oral administration 
of vitamin PP, it was possible to demonstrate that B,- 
deficiency can change an important metabolic process of 
vitamin B, such as methylation. This would be a conse- 
quence of the reduced vitamin B,, reserve due to the 
impairment of intestinal vitamin absorption. 

On the basis of these results, we have examined during 
these experiments the effect, of vitamin B,,-deficiency on 
the pyridoxalphosphate-level and on the glutamic- 
oxalacetic acid and glutamic-pyruvic acid transaminase 
activity, where pyridoxalphosphate occurs as co-factor, 
on the livers of five weeks old chicks. 

We used New Hampshire x White Leghorn chicks 
divided in two lots, fed for five weeks from hatching one 
group on a B,,-deficient dietë and the other on the same 
diet plus 10y vitamin B,, per 100 g respectively. 

At the end of the experiment the animals were killed 
by decapitation and the livers were used for assaying 
pyvidoxalphosphate, vitamin B,, and _ glutamic-oxal- 
acetic acid and glutamic-pyruvic acid transaminase 
activity. 

Pyridoxalphosphate was tested by enzymatic procedure 
of Wada et al.* modified by McCormick et al.? Livers 
were homogenized with metaphosphoric acid, heated 
at 80° C for 15 min and centrifuged at 1,200 r.p.m. 
-for 15 min. Volumes of supernatant fluid were preincu- 
bated with adequate quantities of M potassium phosphate 
buffer pH 8-3, 0-1 M reduced glutathione, apotrypto- 
phanase of E. coli, and toluene in a Dubnoff apparatus at 
37°C for 10 min. Then 0-05 M l-tryptophan was added 
and the mixture was incubated for 10 min. 

The reaction was stopped by adding trichloroacetic acid, 
and indole formed in the toluene phase was assayed by 
Erlich’s reaction in a Beckman spectrophotometer at 
540 mu. 
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The vitamin B,. was assayed microbiologically. In 
order to detach B,» samples of liver homogenate were 
incubated with papain at 60°C for 1 h8. After heating 
and neutralization they were suitably diluted and filtered. 
On the filtrate the total B,, activity and the alkali stable 
activity? were estimated by the method of the U.S.P. 
XV (ref. 10) using L. leichmannii ATCC 7830 and B,, 
assay medium U.S.P. Difco. The values of pyridoxal- 
phosphate and vitamin B,, contents of the liver are 
presented in Table 1. 


Table 1. LIVER VITAMIN By ae PYRIDOXALPHOSPHATE CONTENT 1I) 
HICKS 
Body-weight Pyridoxal- 
Group Animals after 5 weeks Vitamin B,, phosphate 
No. (e) (my/g liver) (rg liver) 
1 Bis-deficient (6) 271+ 85* 8it 5-75 9-17 + 1-06 
2 Bis-treated (6) 405+ 11-7 612 + 40-20 TTO = 148 


* Values give the mean result + S.E.M. of the number of animals 
indicated in parenthesis. 


Transaminase activities were estimated by the spectro- 
photometric method of Karmen et al. for glutamic. 
oxalacetic acid transaminase (GOT) and of Wroblewski 
et al. for glutamic-pyruvic acid transaminase (GPT). 
Samples of liver were therefore homogenized at 0’ C with 
water and brought up to a final concentration of 0-05 per 
cent of tissue. Volumes of homogenates (0-025 0-05 mg 
fresh tissue) were ‘incubated at 25°C with suitable 
quantities of reduced diphosphopyridine nucleotide, 
lacto dehydrogenase for GPT or malato dehydrogenase 
for GOT, J-alanine for GPT or l-aspartic acid for GOT. 

After 10 min, 0-2 M «-ketoglutarate was added anid the 
optical density was determined in a Beckman DU speetro- 
photometer at 340 my every 2 min for a total time of 
10 min. The values expressed as Amelung-Horn units!? 
are shown in Table 2. 


Table 2 LIVER GLUTAMIO-OXATACETIO AOID AND GLUTAMIC-PY RUVIC 
ACID TRANSAMINASH ACTIVITY IN CHIOKS 
GOT GPT 
Group No. Animals U. Amelung-Horn *] uy. Amelung-lorn; 
$ S : mg live: mg liver 
1 Bis-deficient (6) 4-58 + 0- fei 0-384 O-Gu 
2° Bistreated (6) ? 417 + 0°24 050+ 0-13 


*1 Amelung-Horn unit, the amount of enzyme which will transform 
1 umole of substrate in 1 h at 25° C. 


+ Values give the mean result + S.E.M, of the number of animals indicated 
in parenthesis. 


Data presented in Table 1 demonstrate no significant 
difference between the pyridoxalphosphate hepatic level 
of the two groups of chicks (P<0-1) while the hepatic 
vitamin B,, content is markedly higher (P < 0-001) in the 
vitamin B,,-treated animals than in the controls. 

Therefore B,,-deficiency does not result in those abnor- 
malities of liver pyridoxalphosphate seen in other 
coenzymes“ of which contents change according to 
whether vitamin B,, is present in the diet or not. 

The values of hepatic glutamic-oxalacetic acid and 
glutamic-pyruvic acid transaminase activity (Table 2) do 
not differ in the two groups of the animals. This shows 
that B,.-deficiency is not capable of influencing these 
enzymatic activities in the liver, while on the other hand 
this occurs especially for serum glutamic-oxalacotic acid 
transaminase. 

Ranke et al.? have, in fact, observed that B,.-deficient 
rats displayed considerably higher serum glutamic- 
oxalacetic acid transaminase activity which is not 
normalized by a supply of vitamin. 

We are of the opinion that this increase is duc to a 
release of the hepatic transaminase enzyme in plasina 
following a morphological damage to the hepatic tissue 
associated with vitamin deficiency. The fact that GOT 
and GPT are not markedly modified in the liver of animals 
deficient in B,, would indicate that the increase of these 
serum enzymatic activities is not due, or at least only in 
part, to the release of the liver enzymes, but probably to 
a disturbance, associated with the deficiency, of the 
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mechanisms which regulate the processes of biosynthesis, 

release and destruction of these two enzymes. 

M. MARCHETTI 

S. TESTONI 

Istituto di Chimica Biologica, : 
Universita di Bologna. 
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Fate of Injected Deoxyribonucleic Acid in Mice 


In recent years, immunochemical investigations’ on 
deoxyribonucleic acid (DNA) have suggested the presence 
of a specific anti-DNA antibody’in sensitized animals 
and also in patient sera, of systemic lupus erythematosus. 
However, the sensitization of an animal has not always 
met success, and most of ‘the published results about 
experimental animals are still open to discussion'. It is 
needed at present to elucidate the fate of the oxter- 
nally introduced DNA. In this communication, tritiated 
DNA, was used as a tracer. 

The chemical nature and radioactivities of the tritiated 
DNA of chick embryo used throughout the experiment 
were reported previously?. Tho specific radioactivity per 
ug of DNA was 1:5 x 10° c.p.m. Solutions of the DNA, 
400 y and 100 y in 0-1 ml. saline were injected intrave- 
nously into adult mice. A bydrolysate of the DNA was 
prepared by the incubation at 37° overnight of the tri- 
tiated DNA (1 mg) and crystalline deoxyribonuclease 
(10 y) in 0-5 ml. of 0-1 M (pH 7-5) wis buffer containing 
0-005 M magnesium and ethylmercurithiosalicylate (0-001 
per cent), and an aliquot (0-1 ml.) was injected in the 
same way. At various times after the injection, a drop of 
blood was taken in a glass capillary by cutting the distal 
end of the tail, and was poured into 1 ml. of water in a 
planchet for counting. To standardize the count effi- 
ciency, an amount of blood used was in the range of 
3 + 1 mg. Specific radioactivities after the injection 
are shown in Fig. 1. 

After the injection of the tritiated DNA, the radioactivity 
of blood disappeared in two phases, they are, the first 
logarithmic decrease within 30 min and the second 
stationary phase with gradual slow decrease. It was 
expected that curves would start at 0 time at an order of 
104 c.p.m./mg, provided that the total count dose injected 
was diluted only in the blood circulation. Therefore, more 
than 99 per cent of the total radioactivity injected intra- 
venously was removed from the circulation within the 
first 30 min. Similar results were found with regard to the 
DNase hydrolysate. 

As for the chemical nature of the radioactive material 
in the circulation, an aliquot of blood was subjected for 
fractionation according to the Schneider procedure? 
with 10 per cent trichloroacetic acid (TCA) at 0° and 90° 
for 15 min, successively. After removing TCA in both 
extracts by the treatment with ether, radioactivities were 
measured. The ratios of radioactivities of the cold 
TCA-soluble fraction to that of the hot TCA-soluble or 
nucleic acid fraction were 0-3 at 10 min and 1-46 at 1 h after 
the injection. It was therefore evident that in the first 
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Fig. 1. Disappearance of the tritiated DNA from the blood circulation 
of mouse. 


Doses for intravenous Injections were 4007 (®)/mouze and 
100y (~—O—)/mouse, and 200» (-- O~-)/mouse of the DNase 
hydrolysate 


phase the tritiated DNA as a highly polymerized material 
predominated over the depolymerized product in the 
circulation, but in the second phase the relation was the 
reverse. It was also found that urine so far collected 
within 3 h after the injection of 400y was heavily radio- 
active and the total activities found were 8-8 x 10° ¢.p.m. 
the highest and 1-7 x 10° c.p.m. the lowest. 

It has already been reported that mouse serum contains 
weak DNase activity. In fact, when the tritiated DNA 
(100y) was incubated with 0-5 ml. of mouse serum in the 
presence of ethylmercurithiosalicylate in 0-005 per cent, 
only less than 5 per cent of the total radioactivity was 
found in the TCA-soluble fraction in 4:5 h. Therefore, 
it was not conceivable that the DNase in the serum 
took part for the depolymerization of the injected DNA 
at least within 3 h after the injection. 

In order to elucidate intracellular fate of the injected 
DNA, the distribution of the radioactivity in various 
organs was examined both on the TCA-soluble and on the 
nucleic acid fractions by successive extraction of the 
homogenate with 10 per cent TCA. At 10 min, 1 h and 
3 h after the intravenous injection of 400y of the DNA, 
mice were killed by decapitation. Spleen, kidney and 
heart as well as 100-300 mg wet tissues of liver and lung 
were homogenized in the TCA solution, followed by the 
extraction as described before. The specific radioactivity 
was expressed as mean count.per min per mg wet tissue 
from duplicate experiments and the results are shown 
in Fig. 2. 

In the case of kidney, radioactivity of the TCA-soluble 
fraction was higher than that of the nucleic acid fraction 
even at 10 min and the relation was kept until 3h. It 
seemed to be coincident with the fact that the excretion of 
highly radioactive material took place through the kidney. 
However, in the cases of liver and spleen the reverse 
relation was found. It should be taken into consideration 
that there remained some volume of blood which would 
affect the specific radioactivity of individual tissue, 
particularly at the first stage, due to the high count- 
level of blood. 

However, the radioactivity of the nucleic acid fraction 
of liver was persistent throughout the experiment. It 
was likely due either to the incorporation of the injected 
DNA into cells or to the incorporation of fragments into 
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Fig. 2. Distribution of radfoactivities in organs after the injection 
of the tritiated DNA (400y) 


newly formed nucleic acid. The persistent radioactivity 
of liver was not more than 1 per cent of the total count 
dose given to the animal. On the other hand, in heart 
and lung the radioactivities found at 10 min after the 
injection decreased rapidly and it seemed to be due to 
residual blood in organs. 

The results presented here shows that the externally 
introduced DNA into animal disappeared rapidly from the 
blood circulation and was excreted through the kidney. 
It is of interest that a very small amount of DNA was 
trapped in liver tissue, the biological significance of which 
is not yet certain. 

Toru Tsumrra 
Micurxo IWANAGA 
Department of Chemistry, 
Institute for Infectious Diseases, 
University of Tokyo. 
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Photodecomposition of N-alkyl-N- 
nitroso-urethanes 


In the course of investigations of the carcinogenic 
action of N-methyl-N-nitroso-urethane (NMU)! it was 
observed that dilute solutions of this compound in 
aqueous ethanol, when left in direct sunshine, became 
decolorized and deposited colourless crystals. Solutions 
kept in the dark remained yellowish and free from crystal- 
line deposit. This observation was confirmed by exposing 
l per cent solutions of NMU in 10 per cent aqueous 
ethanol to direct sunshine, or to the light from a mercury- 
vapour lamp. The solutions became decolorized in the 
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course of several hours or days with deposition of colour- 
less crystals. Red, green, yellow or orange filters, but not 
blue ones, protected the NMU solutions from this type of 
decomposition, indicating that the effect is due to the 
light near the ultra-violet range. 

The collected crystals represented about 10 per cent of 
the decomposed NMU. Recrystallized from aqueous 
ethanol they formed rhombic needles, m.p. 129°-130° C. 
subliming about 180° C, without decomposition under 
atmospheric pressure. Found: C, 41-6, 41-4; H, 7-1, 6-9; 
N, 24:1 per cent; calculated for C,H,,.N,0,: C, 41:3; H, 
7-1; N, 24-1 per cent. 

A product of the same composition and properties has 
been obtained on reduction of NMU with zinc and acetic 
atid by Klobbie?, who ascribed to it the structure of diethyl 
ester of dimethyltetrazodicarboxylic acid: CH,;— 
N(COOC,H,;)—N=N—N(COOC.H;)—CH;. The photo- 
decomposition of ethanolic solutions of NMU leads 
evidently to its partial reduction to the foregoing tetra- 
zene-compound and in part to the formation of strongly 
acidic products, which have not yet been identified. 

N-Ethyl-N-nitroso-urethane, which proved to exert 
similar carcinogenic action as NMU?, undergoes analogous 
photodecomposition. Its 1 per cent solutions in 30 per cent 
aqueous ethanol become decolorized in direct sunshine 
or in ultra-violet light and depose fine colourless crystals. 
Recrystallized from aqueous ethanol, the product, pre- 
sumably diethyl ester of diethyltetrazodicarboxylic acid: 
C,H,—N(COOC,H,;)—N=N—N(COOC.H;)—C.H,, had 
m.p. 57°-58° C (found, C, 45-8; H, 7-6; N, 21-6 per cent; 
CioHapN,0,4 requires: C, 46-1; H, 7-7; N, 21-5 per cent). 

These observations on the ready photodecomposition of 
N-alkyl-N-nitroso-urethanes are reported at this stage as a 
warning to workers interested in the biological action of 
these alkylating agents. 

I thank Mrs. G. Ostler for the microanalyses. 
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Oxidative Products of Hexoses in 
Thermally Treated Tobacco 


Shmuk!, Frankenburg’, and Dixon? have reported that 
the content of various acidic substances in tobacco 
increases during the fermentation and ageing processes. 
During fermentation of cigar tobaccos substantial amounts 
of formic acid are being formed in the leaf}. It was 
observed? that a small amount of formic acid is also 
formed during the natural ageing of flue-cured tobacco. 

Our investigation established that similar changes take 
place during the exposure of flue-cured, bright tobacco, to 
heat. It is probable that, in flue-cured tobacco, the con- 
versions which result in the formation of formic acid are 
purely chemical. The increase in the formic acid content is 
proportional to the temperature of the treatment. 
Evidence indicates that the acid is being formed as the 
partial oxidation and degradation product of glucose and 
fructose. 

0-78X and GHD bright, flue-cured, unaged tobaccos 
sprayed with glucose uniformly labelled with carbon-14 
(0-66 pe./g tobacco) and fructose uniformly labelled with 
carbon-14 (0:98 uc./g tobacco), and identical untreated 
samples were used in the investigation. The samplos 
were subjected to a 9-day thermal treatment at 38°. 49° 
and 60° © as deseribed previously’: The presence of 
formic acid in the individual samples was established 
by isolating the p-bromphenacy] ester of the acidi. 
The p-bromphenacyl *4C-formate isolated from the 
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radioactive samples was examined for total radioactivity 
on the ESC-10B liquid scintillation counter. The low 
yield and low reproducibility did not permit quantitative 
correlations. The ester of the formic acid isolated from 
tobacco showed no depression in melting point when 
mixed with the p-bromphenacyl formate (m.p. 99° C) 
synthesized by the method of Neish e¢ al.*). A similar 
melting point for this compound was observed by Heil- 
bron’, Neish®, and Crosbie’, but other investigators re- 
ported its melting temperature at 140° C89, 

Analyses on the Model 500 Linear Programmed Tem- 
perature Gas Chromatograph (F. and M. Scientific Co.) 
proved unsatisfactory for the quantitative study of 
formic acid because the differences were masked by the 
large amount of acetic acid present in tobacco. The 
method of Finke modified by Shmuk! was applied success- 
fully for the quantitative study. A precipitate of radio- 
active barium formate obtained from samples which had 
been enriched with radioactive glucose and fructose was 
suspended in ‘Cab-O-Sil? (Cabot Corp.) and examined 
quantitatively on the DSC-10B liquid scintillation 
counter. 

Arabonic (tetrahydroxyvaleric) acid, another degrada- 
tion product of the hexoses, was isolated from tobacco as 
its benzimidazol derivative!*. The procedure involved the 
pre-extraction of tobacco with ether and the removal of 
carbohydrates from water extracts. Formation of a 
lactone from dried water extracts, and extraction of the 
compound with absolute ethanol followed#?. From the 
tobacco sample enriched with radioactive glucose and 
treated at 60° C, it was possible to isolate radioactive 
tetrahydroxyvaleric benzimidazol which melted at 233° C. 
The elementary analysis; theoretical: C, 55-46 per cent; 
N, 11-77 per cent; H, 5-88 per cent; found: O, 54:87 per 
cent; N, 11-39 per cent; H, 5-83 per cent. 

Quantitative examination showed that the formic acid 
content in tobacco increased with the temperature of the 
treatment (Table 1). Below 49° C, the extent of formic 
acid formation was small, but it increased rapidly at 
higher temperatures. 


Table 1. FORMIO ACID CONTENT OF THE THERMALLY TREATED TOBACCO 


Material Formic acid content (per cent) 


and Trapezond 
treatment GHD 0-78X Trapezond medium 
temperature top grade grade 
Starting 
material 0:083, 0-029 0-029, 0-086 0-060-0:072 0:030-0-034 
0-034 
38° C 0-032, 0-037 — — — 
0:036, 0-032 
49°C 0-087, 0'056 — — — 
0-038 
60° C 0-063, 0-091 0-058, 0-077 — — 
0-092, 0:076 0-071 
Fermented 
cigar 
tobacco 
(Shmuk) kaa = 0-074-0:109 0-042-0-083 


The presence of radioactive formic and arabonic acid in 
the thermally treated hexose labelled tobacco indicated 
that these compounds were formed as the degradation and 
oxidation products of both glucose and fructose. Accord- 
ing to Nef’s theory, formic and arabonic acid can be formed 
by the cleavage and oxidation of glucose 3 : 4 enediol 
through a cleavage at a single bond between C and C, 
(Schmidt’s theory). Other pathways or further conver- 
sions of the preliminary products like the oxidation of 
~ pentose 1 : 2 enediol (derived from glucose 1 : 2 enediol) 

to erythronic and formic acid might also be involved. 

Disregarding such secondary mechanisms of formic acid 
production from pentoses, the conversion of 1 mol hexose 
should produce 1 mol of formic acid. Quantitative study 
of the radioactive formate indicated that only 0-954 per 
cent of the entire carbon from glucose and 0-927 per cent 
of the carbon. from fructose was converted into formic acid 
(Table 2). If the carbohydrates originally present in 
tobacco react to the same extent as the labelled hexoses 
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Table 2. CONVERSION OF HEXOSES INTO FoRMIC AOD IN GHD BRIGHT 
TOBACCO 
Hexa converted to formic acid/kg, rolarco 
ucose 
ratent EET 
Si C. Of % mmol S % m. 
FET H i% o ue Ct % m.mol 
EEEE 18 3-0 7-0 OT 20 
° *14-1-29 0-186 3-96 0-37-0-49 0-076 2-06 
40°C 2:86-3:13 0:452 10-22 1-49-1°78 Q-269 727 
60°C 5:86-6:59 0-954 21-56 5:12-5:93 0-927 24:93 


* In the calculations, glucose to fructose ratio in @HD bright tobacco 
was taken as 1:11 


hE Percentage of total carbon of glucose or fructose converted to formic 
acid. 


added to the leaf, it is possible to calculate that, even 
during drastic treatment at 60° C, only up to 5-80 per cent 
of the glucose and 5:14 per cent of fructose in tobacco 
underwent conversion to formic and arabonic acid. The 
predominant types of carbohydrate ‘conversions during 
thermal treatment of tobacco are described in other 
reports*:?, The relative reactivity of glucose and fructose 
at various temperatures deserves further attention 
(Table 2). 
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A Pseudocholinesterase Variant in Human 
Tissues 


PSEUDOCHOLINESTERASE activity has been found in 
human serum and in many other tissues!, and while it 
is accepted that the serum enzyme is manufactured 
in the liver, the question arises whether the pseudo- 
cholinesterases found in other organs are identical with 
that of the liver and serum. Differences in the bio- 
chemical behaviour between the pseudocholinesterases of 
different species have been demonstrated, but there is no 
conclusive evidence to show whether the pseudocholines- 
terases found in various tissues of the same species are 
different protein molecules*. Such differences have been 
found with some other enzymes, for example, the lactic 
dehydrogenases, and the acid and alkaline phospha- 
tases. 

Several genetically determined variants of serum 
pseudocholinesterase have been describeds-§. That 
most commonly seen is an ‘atypical’ enzyme which differs 
from the normal in having a lower hydrolytic activity 
with a wide range of substrates, and a greater resistance 
to the majority of cholinesterase inhibitors’. The 
demonstration of this variant in the tissues as well as in 
the sera of affected individuals would indicate that the 
same gene determined the production of both enzyme 
molecules. We have been able to obtein post-mortem 
tissue specimens both from a homozygote with the 
atypical serum enzyme, and from a heterozygote with 
both the normal and the atypical variants. The geno- 
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types of these individuals were confirmed by family 
investigations. 

The local anesthetic ‘Dibucaine’ (‘Cinchocaine’, ‘Nu- 
percaine’) is a differential inhibitor frequently used to 
identify sera from the three genotypes*. In this technique 
the hydrolysis of a 5 x 10-5 M concentration of benzoyl- 
choline is measured spectrophotometrically, both with 
and without the addition of a 10-5 M final concentration of 
‘Dibucaine’. The pseudocholinesterase of normal serum is 
inhibited by about 80 per cent and that from an atypical 
homozygote by only about 20 per cent, while the activities 
of sera from heterozygotes are inhibited by between 50 
and 70 per cent. Fractionation of sera by both chromato- 
graphic and electrophoretic techniques has shown that the 
heterozygote possesses a mixture of both serum enzymes’. 
Another inhibitor giving even better differentiation of 
the three genotypes is the dimethyl carbamate of (2 
hydroxy-5 phenyl benzy])-trimethyl-ammonium bromide, 
usually known by the manufacturers (Hoffman—La 
Roche) code name, R02-0683. A 10-8 M concentration 
of this substance inhibits the normal enzyme by more 
than 90 per cent, the atypical enzyme by less than 10 
per cent, and sera from heterozygotes by about 70 per 
cent. 

The tissue was passed through a Fisher-type mincer, 
and a weighed aliquot was blended in 0-067 M phosphate 
buffer, pH 7-4. The homogenate was subjected to 
ultra-sonic vibrations for 10 min and centrifuged at 40,000g 
for 30 min. The protein concentration of the super- 
natant was measured spectrophotometrically’® and the 
hemoglobin concentration by the method of Keilin and 
Hartree. The Fisher mincer was ineffective with skin, 
and this tissue was therefore cut into slices 200u thick 
in a cryostat before homogenizing The pseudocholines- 
terase activity of the extracts and the sensitivity to 
‘Dibucaine’ were estimated by the spectrophotometric 
technique of Kalow and Genest® with benzoylcholine 
as the substrate. Inhibition by 202-0683 was measured 
in the presence of a 10-8 M concentration of this sub- 
stance. 

From the amount of hemoglobin in the tissue extract 
and the serum enzyme concentration, the percentage of 
the tissue activity due to contamination with blood was 
calculated. This contamination varied between 5 and 
25 per cent in liver, 17 and 40 per cent in kidney, 1 and 
19 per cent in brain, 2 and 18 per cent in ileum, while 
the value for skin was always less than 5 per cent. An 
estimate of the efficiency of the extraction procedure 
was made by comparing the activity of the whole homo- 
genate with that of the supernatant obtained after centri- 
fugation. The activities were measured in a micromano- 
matric apparatus with 6 x 10-3 M benzoylcholine as 
substrate by the technique of Ammon”. The activity 
of the supernatant compared with that of the whole 
homogenate was 73 per cent with liver, 35 per cent with 
ileum, and 85 per cent with brain. There is no evidence 
that the particulate fraction of the enzyme activity was 
identical with that found in the supernatant, and it is 
possible that the proportion of the activity lost on centri- 
fugation was due to a different enzyme. The manometric 
technique could not be used for determining the sensi- 
tivity of tho enzyme to inhibitors, as their differential 
properties are not evident when the high substrate con- 
centrations necessary in manometry are used. 

The results obtained on tissue extracts from 5 normal 
homozygotes, the atypical homozygote and the hetero- 
zygote are shown in Tables I and 2. In each tissue the 
enzyme had a sensitivity to ‘Dibucaine’ and R02-0683 
similar to that found in the serum and the differences 
between the genotypes was equally apparent in all 
tissues. Tho relatively small variations in the values 
between different tissues of the same individual were 
within experimental error. The differences between 
the tissues of the various genotypes are greater than can 
be explained by contamination with serum. 
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fable 1. Percentage inhibition produced by ‘Dibucaine’ on the pseudo- 
cholinesterases found in sera and tissues of flve normal homozygotes com- 
pared with those of an atypical homozygote and a heterozygote 


Subject Serum Liver Kidney Brain Jleum Skin 
Atypical homozygote 20 16 —_ 23 19 15 
Heterozygote 66 62 64 62 - G4 
Normal x 

homozygote (1) 82 84 82 80 TY 55 
(2) 78 78 80 77 T3 Y 
(3) 83 79 81 86 bo 79 
(4) 78 78 79 78 79 80 
(5) 81 81 79 78 79 ne 
Table 2. Percentage inhibition produced by R02-0683 on the pseudu- 


cholinesterases found in sera and tissues of five normal homozygotes com 
pared with those of an atypical homozygote and a heterozygote 


Subject Serum Liver Kidney Brain Ileum Skin 
Atypical homozygote 7 5 — 10 35 ` 
Heterozygote 71 70 72 68 -> p2 
Normal 

homozygote (1 95 96 97 94 96 ol 
2 98 93 95 95 91 95 

{3) 95 92 91 93 86 OT 

(4) 94 94 95 96 96 ug 

(5) 97 97 95 93 93 94 


The majority of the family investigations published. 
although not conclusive, support the theory that 
several of the serum pseudocholinesterase variants, 
including that just described, occur at tho sumo 
genetic locus. It seems probable that this locus ıs the 
structural gene for the enzyme, and not a modifying 
gene. If this is correct, then one can conclude from the 
present work that the pseudocholinesterases found in 
serum and such tissues as liver, brain, skin, ileum and 
kidney are determined by the same structural gone. 
The amino-acid sequence of the enzymes found in these 
various tissues is therefore probably identical. 
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A Phospholipase in Staphylococcal Toxin 
which hydrolyses Sphingomyelin 

Ir was previously reported! that toxin from an af 
strain (B.S.M. 24) of Staphylococcus pyogenes contained n 
phospholipase which hydrolysed phosphatidyl inositol 
and lysophosphatidyl inositol. 

Further investigations of the curtain electrophoresis 
fractions of this toxin have demonstrated that fractions, 
other than those which contained the above phospholi- 
pase, hydrolysed sphingomyelin. Thus the relouso of 
at least two different phospholipases by this «8 strain 
(B.S.M. 24) has been demonstrated, one acting oxchisivoly 
on phosphatidyl inositol and lysophosphatidy!] inositol. 
the other acting only on sphingomyelin. The distribution 
of curtain electrophoresis fractions showing action on 
sphingomyelin corresponded very closely with that of 
the f-hemolysin (hot-cold sheep hemolysin). Toxins 
from a number of strains were examined for phospholipase 
activity and it was observed that action on sphingomvalin 
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was found only in toxins obtained from $-hemolysin- 
producing strains. Toxins from each of the ten af 
strains that were tested acted on sphingomyelin, whereas 
no such activity was detected in toxins from eight « 
strains or from two strains of Staphylococcus albus. 
Therefore, a close correlation has been demonstrated 
between §-hamolysin and action on sphingomyelin. 

The action on sphingomyelin was first observed when 
toxin from the «f strain, B.S.M. 24, was incubated at 
37° and pH 7-3 with suspensions of red cell stroma of 
rabbit or sheep as substrate. Afterwards, smooth 
muscle of both ox and rat, human plasma, and sphingo- 
myelin prepared from ox brain, were used as substrates. 
Phospholipid extracts of the reaction mixtures were 
oxamined by paper chromatography as described pre- 
viously, and loss of sphingomyelin was demonstrated in 
all cases. 

The action of staphylococcal toxin on sphingomyelin 
prepared from ox brain was examined quantitatively 
in the following manner. An emulsion of sphingomyelin 
(0-5 per cent) in 0-28 M ammonium acetate at pH 7-5 
was incubated with toxin, or curtain electrophoresis 
fraction, at 37° for 2-5 h, then precipitated with trichloro- 
acetic acid. A portion of the supernatant was analysed 
for phosphorus and a typical enzyme relationship was 
found between the concentration of toxin and the phos- 
phorus released. Another portion of the supernatant 
was extracted with diethyl ether to remove trichloroacetic 
acid and then examined, by paper electrophoresis at pH 6-5 
in pyridine/acetic acid/water (25 : 1 : 225) for 20 h. A 
phosphorus staining zone which migrated to the position 


of a control zone of phosphoryl choline was obtained. - 


In subsequent experiments no release of free fatty acid 
could be detected in the reaction products. 
These results suggest the following reaction: 


enzyme 
sphingomyelin + water ————> N-acyl sphingosine + phosphoryl choline 


The conditions for optimum reaction were found to be 
pH 7-2 and a temperature of 40°. 

From these and previous experiments, it is apparent 
that the mode of action of the phospholipase enzymes 
found in toxin from strain B.S.M. 24 resembles that of 
phospholipase C, These activities might well have been 
attributed to a single enzyme had separation not been 
effected by fractionation procedures. 

When the toxin was incubated with commercial anti- 
toxin, containing both anti-« and anti-B-hemolysins, the 
action on sphingomyelin was inhibited. A lmear relation 
was found to exist between water-soluble phosphorus 
liberated, and the concentration of antitoxin. Normal 
horse serum tested under similar conditions failed to 
inhibit the enzyme. 

Although ®-hemolysin lyses sheep and not rabbit 
red cells, sphingomyelin in the stroma of both sheep and 
rabbit cells was hydrolysed by the toxin. The greater 
accessibility of sphingomyelin in sheep red cells may 
explain the selective hemolytic action of the 6-hemolysin. 
To examine the possible correlation between the B- 
hemolysin and, hydrolysis of sphingomyelin, the effect of 
activators and inhibitors, on both activities of the toxin, 
is being studied. 
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Copper in Plasma Amine Oxidase 


CRYSTALLINE beef plasma amine oxidase has been 
characterized as a cupric-pyridoxal phosphate enzyme!‘, 
However, Gorkin has reported that the enzyme is a zinc 
protein and that there is a direct proportionality between 
zine content and specific activity’. Furthermore, it was 
reported that zinc can be removed by ethylenediamine 
tetraacetic acid and that the enzyme can be reactivated by 
zine. 

We present here additional evidence that cupric copper 
is at the active centre of the enzyme; the zinc require- 
ment cannot be confirmed. As reported previously, 
examination for metals in the enzyme revealed that cupric 
copper was the only such component, and that its content 
was approximately 14 mymoles per mg of enzyme. 
Preparation of copper-free enzyme by the sodium diethyl- 
dithiocarbamate method? resulted in an almost completely 
inactivated enzyme. Cupric copper was the only metallic 
ion which was able to reactivate the enzyme. Fet?, Fets, 
Co**, Ni+?, and Zn+? were not capable of reactivating the 
enzyme to any appreciable extent (Table 1). 

Table 1. EFFECT OF METALLIC IONS (CONCENTRATION, 5 x 10-5 M) ON THE 
REACTIVATION OF COPPER-FREE PLASMA AMINE OXIDASE 


Metallic ion Specific activity &% recovery 
(units/mg protein) 


Cutt 341 70 
Cuni 12 br 
Fett 13 1 
Cot+ 11 0 
Nit* 7 0 
Mn++ 0 
Znt++ 17 2 
None 9 _ 


Copper-free plasma amine oxidase was prepared, and the experimental 
conditions used were the same as described in ref, 2. 


As mentioned in an earlier report, the reaction catalysed 
by plasma amine oxidase can be separated into two 
stages‘: an ‘anaerobic’ which involves the bleaching of _ 
the visible absorption spectrum of the enzyme by anaero- 
bie substrate, and an ‘aerobic’ which occurs after the 
addition of oxygen to the anaerobic system. Determina- 
tions of the valency state of the copper during the 
anaerobic phase have revealed that the cupric copper 
does not change’. This observation has now been con- 
firmed using electron spin resonance spectroscopy. Fig. 1 
depicts the derivative of the electron spin resonance 
signal of amine oxidase, obtained with a Varian V-4,500 
electron spin resonance spectrometer, using 100-ke/s field 


e ——A ae 
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Fig. 1. Electron spin resonance spectrum of plasma amine oxidase, 

30 mymoles in 0-2 ml. of 0-06 M poiassnm phosphate buffer, pH 7-2, 

temperature, —165° Curve 4, Plasma amine oxidase only; curve B, 

plasma amine oxidase plus 2 ymoles benzylamine under anaerobic 

conditions; curve C, plasma amine oxidase plus approximately 60 
myumoles sodium dithionite 
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modulation, at — 165°. The value of gmax was 2:053, and 
the hyperfine separation was akout 155 gauss. This type 
of spectrum has been previously associated with cupric 
chelates of amino-acids and proteins of a non-catalytic 
type‘, the hyperfine interval in blue cupric proteins such 
as laccase and ceruloplasmin being about half as great. 

The concentration of cupric copper in amine oxidase 
was determined by comparing the double integral of 
spectrum of the enzyme with that of cupric-EDTA of 
known concentration as a standard, all other conditions 
such as temperature and sample geometry being identical. 
By this method, 2-7 g atoms of cupric copper was found 
per g molecule of enzyme, compared with 3-7 g atoms per g 
molecule estimated chemically. The reason for this 
discrepancy is unknown. When reducing agents such as 
sodium dithionite were added to the anaerobic enzyme, 
the cupric signal disappeared, indicating that the copper 
was entirely reduced. However, when substrate was added 
in large excess under the same conditions, signal magni- 
tude was unaffected (Fig. 1); that is, copper valance was 
unaffected. 

This work was supported by grants from the U.S. Public 
Health Service, 4-971, 17-2891 and from the American 
Cancer Society, to whom we are indebted. 
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Reversal of Chlorination Inhibitors in 
Streptomyces aureofaciens 


A NUMBER of compounds related to antithyroid agents 
have been used as chlorination inhibitors to cause Strepto- 
myces aureofaciens to produce tetracycline rather than the 
normally predominant chlortetracycline-*. The action of 
‘these inhibitors is reversed to some extent by Cut? 
and Agt» (ref. 3). Sekizawa has reported‘ that chloro- 
‘propanediols also reverse the effect of these chlorination 
inhibitors and suggested that this reversal is due to the 
incorporation of the 3-C chlorinated unit into the bio- 
synthetic pathway at some point prior to the chlorination 
step. Such an explanation is not consistent with recent 
‘evidence that the tetracyclines are built up by the head- 
to-tail linkage of polyacetate or polymalonate units*’. 
In the present communication we wish to offer an alter- 
native explanation for the action of chloropropanediol in 
reversing the offect of chlorination inhibitors. 

The S. aureofaciens system previously described? was 
used for these experiments except that the starch-level 
in the medium was reduced to 30 g/l. Except where 
otherwise indicated, all ingredients were added to the 
medium prior to sterilization by autoclaving. The chlori- 
nation inhibitor used for most of the experiments was 
2-(2-furyl)-5 mercapto oxadiazole and the reversing 
agent was 3-chloro-1,2-propanediol. After an incubation 
period of 164 h the fermentation mashes were analysed 
for chlortetracycline by the method of Feldman, Cavagnol 
and Kelsey? and for tetracycline by a modified Hiscox? 
procedure. In most cases the results were confirmed by ~ 
paper chromatographic analysis. 
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Chloropropanediol added to the medium containing furyl 
mercapto oxadiazole reverses the effect of the latter and 
results in the formation of chlortetracycline rather than 
tetracycline as the major product. If added at the time 
of inoculation or after the fermentation has proceeded 
for 24 or 48 h chloropropanediol does not reverse the effect 
of the chlorination inhibitor. This is illustrated in Table 
1 for 5 g/l. chloropropanediol and 5 p.p.m. chlorination 
inhibitor. Lower amounts of chloropropanediol have an 
intermediate effect. 


Table 1. EFFECT OF CHLOROPROPANEDIOL AND FURYL MERCAPTO OXADIAZOLD 
ON BIOSYNTHESIS OF TETRACYOLINE 























i 
FMOD* 
None 5 p.p.m, 
CPD* 
Total Total 
potency | % TC* | potency % TC 
{ug/ml (ug/ml.) 
None 4,445 8-8 4,683 913 
5 g/l, before sterilization 3,065 46 2,960 8-3 
5 g/l. added at inoculation 2,500 4:0 1,345 88-0 
5 g/l. bern . h after in- 
2,475 4-0 1.380 866 | 
5 g/l. oati 98 h after in- | 
oculation 2,970 40 1,835 894 
1 








*CPD, 3-chloro-1,2-propanediol; FMOD, 2-(2 furyl)-5-mercapto oxadiazole; 


TC, tetracycline. 


Chloropropanediol, if it enters intact into the chlor- 
tetracycline molecule at a point prior to chloriation, 
should also reverse the effect of bromide, a competitive 
inhibitor of chloride utilization!® 1. This was tested using 
both the halide scavenging strain BC-41 and the non-halide 
scavenging strain S-1055 (ref. 11). The data in Table 
2 show that the effect of bromide is also reversed by 
chloropropanediol. 


Table 2, EFFECT OF CHLOROPROPANEDIOL AND BROMIDE ON BIOSYNTHESIS 
OF TETRACYCLINE 

















cae | 
BC-41 
PY 0 Br 400 p.p.m.Br- (as KBr) 
g es ne ee a e 
Total potency % TC* | Total potency ! % TC 
(ugimt.) (ug/ml.) 
0 6,215 7'9 6,085 18-6 
5 3,165 5:2 2,615 Try 
S-1055 
0 2,460 13-0 3,180 88-9 
5 1,700 49 1,245 30-9 




















* Footnotes as in Table 1. 


However, an alternative explanation for the reversal 
of bromide can be advanced since it was shown (Table 3) 
that chloropropanediol is as efficient a chloride source as 
ammonium chloride when added to a medium which was 
freed of halides". 








Table 3. EFFEOT OF CHLOROPROPANEDIOL AS A CHLORIDE SOURCE FOR 
S. aureofaciens BC-41 
Total potency i 
Chloride added (ug/ml) A TC 
None 2,000 | 88-7 ! 
1,000 p.p.m. as NH,Ci 1,655 : 5-5 
1,000 p.p.m. as CPD* 2,185 | 74 i 





* Footnotes as in Fig. 1, 


Since furyl mercapto oxadiazole is not reversed by 
chloride? we believed it possible that chloropropanediol 
might be inactivating the chlorination inhibitor by 
alkylation. Some support is lent to this hypothesis by the 
need to sterilize both materials together (Table 1). Addi- 
tion of either compound alone or sterilizing both together 
in the absence of the medium did not result in reversal 
of the chlorination inhibitor by the chloropropanediol. 
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Further experiments showed calcium carbonate to be the 
critical medium ingredient. Separate sterilization of a 
mixture of the calcium carbonate, chloropropanédiol and 
chlorination inhibitor resulted in the inactivation of 
the latter when the mixture was added to the other 
sterilized medium ingredients. This suggested that 
chloropropanediol is converted during sterilization in the 
presence of calcium carbonate to the epoxide, glycidol, 
which in turn acted as the alkylating agent. It was 
indeed found that glycidol added separately to sterile 
medium did effectively reverse furyl mercapto oxadiozole. 
This is illustrated in Table 4. 

















Table 4. EFFECT OF GLYOIDOL AND FURYL MEROAPTO OXADIOZOLE ON 
BIOSYNTHESIS OF TETRACYCLINE 
FMOD* 
None 5 p.p.m. 

Total potency % TC* Total potency % TC 
Glycidol (ugimal,) i (ug/ml) É 
None 3,705 55 8,360 94-0 
1 m./1. 13560 77 1,595 8-7 





* Footnotes as in Table 1. 


In a similar manner, two other alkylating agents, 6- 
propiolactane and dimethyl sulphate, greatly reduced tho 
effectiveness of fury] mercapto oxadiazole as a chlorination 
inhibitor. Finally, in support of the postulate it was 
found that 2,5-dibromothiadiazole, an effective inhibitor 
lacking a free-SH group,.was not affected by chloro- 
propanediol. This is shown in Table 5. 


Table 5. EFFECT OF CHLOROPROPANEDIOL AND 2,5-DIBROMOTHIADIAZOLE ON 
BIOSYNTHESIS OF TETRAOYOLINE 


2,5-Dibromothiadiazole 
None | 10 p.p.m. 
% TC* Total poyeney % TC 
(ug/ml) 


Tota a potonoy 





* Footnotes as in Table 1. 


Since furyl mercapto oxadiazole appears to act as a 
chlorination inhibitor in S. aureofaciens by interference 
with a copper oxidase system’? and bromide ion acts 
through competitive inhibition’, the suggestion that 
chloropropanediol reverses these inhibitors by incorpora- 
tion into chlortetracycline prior to chlorination’ is an 
attractive one. Our evidence, however, points to two 
separate reversal mechanisms. The first is an alkylation 
of a free-SH group in furyl mercapto oxadiazole and the 
second is a reversal of the effect of bromide through the 
release of chloride ion. 
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Interaction of Purine with the Prosthetic 
Group of Succinic Dehydrogenase 


No data are to be found in the literature comparing on a 
molar basis the fluorescence, at dinucleotide and mono- 
nucleotide level, of the flavin peptide released from succinic 
dehydrogenase (SD) by tryptic digestion, neither has it 
been ascertained whether an internal quenching due to the 
purine moiety of the molecule exists in the peptide bound 
flavin-dinucleotide, as it does in flavin-adenine dinucleo- 
tide. 

In an investigation of the bonding of the isoalloxazine 
nucleus to the peptide chain by fluorimetric means, 
these points were examined. 

SD was isolated from bovine heart mitochondria to 50 
per cent purity+, precipitated in 5 per cent trichloroacetic 
acid (TCA), washed with 1 per cent TCA and the peptide- 
bound flavin prosthetic group was obtained submitting the 
enzyme to tryptic digestion?. The flavin peptide was 
further purified by filtration on a dextran gel (‘Sephadex’ 
G25, 150-200 mesh, Pharmacia, Uppsala)’. The peptide 
mononucleotide was prepared by hydrolysis for 15 min of 
the dinucleotide in 0:1 N hydrochloric acid at 100° C. 


100 


s0 





3 60 
8 
g ti peptide 
Q mononucleotide 
2 

40 i H peptide à ft peptide 

mononucteatde’ dinucleotide 
998M adenosine \ 
20 
0 
Fig. 1. pH-emission curves of flavin p peptido dinucleotide, flavin 
peptide mononucleotide, the same in 0:05 adenosine, and of FMN. 


All compounds 0-6 pM in 0-1 N potassium chloride and 0-02 M phos- 
phates. Dotted lines give the puoreagence of each compound relative 


As shown in Fig. 1, at pH 3-1 the molar fluorescence of 
the flavin peptide-dinucleotide is 90 per cent as compared 
with that of the mononucleotide; the emission of the 
mononucleotide is reduced by 20 per cent by 0:05 M 
adenosine. At this concentration and pH. the nucleoside 
quenches by 50 per cent the fluorescence of riboflavin and 
flavin mononucleotide (FMN)*. 

The amino-acid quenching of emission in the flavin 
peptide mononucleotide can be described? as being due 
to a group with apparent pK =4-3. As shown in Fig. 1 in 
the presence of adenosine the value is changed to 3-7, in 
fair agreement with that (3-5-3-7)4)* of the group, probably 
the 6 amino group of adenine, responsible for the quenching 
of riboflavin fluorescence in the presence of adenine 
derivatives. 

These results show that an interaction is possible 
between purines and the isoalloxazine nucleus, regardless 
of its binding to the amino-acids. Since it is thought that 
in free flavins the interaction with adenosine involves? 
the imino group in position 3, this would imply that the 
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group does not take part in the binding to the amino- 
acids. A similar conclusion is suggested by the results of 
Wang et al.’, who obtained urea by alkaline hydrolysis of 
the flavin peptide. 

* The quenching due to the peptide chain, which in flavin 
peptides partly overlaps that of purines, may account for 
the smaller difference of molar fluorescence between 
dinucleotide and mononucleotide and for the weaker 
effects of adenosine. 
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PHYSIOLOGY 


Interaction of Slow Rhythmic Changes in the 
Nervous System 


Ir is fairly well known that there are slow rhythmic 
changes in the nervous system with frequencies less than 
l hertz which are supposed to be due to the irradiation 
of excitation from the respiratory centre during inspiration 
and/or expiration!®. Some of these changes manifest 
themselves as rhythmic movements of the extremities. 

We were able to show in chronic experiments with 44 
unanesthetized and trained dogs, that there are rhythmic 
changes in shivering in slightly cooled animals, which are 
definitely related to respiration. It is possible to observe 
bursts of shivering connected with each inspiratory 
movement. By slight warming of the mentioned animals 
(29-4° — 35:5° C up to 33-0°—38-9° C), in most cases the 
synchronism with respiration of the shivering movements 





Fig. 1. A, Dog. Rectal temperature, 36° C. Synchronism of the move- 

ments of the limbs with respiration in relation, 1:2. Registration 

(from above): EMG left hind limb, respiratory movement of the chest 

(inspiration up), EMG ri ht hind Time, 1 sec, 15 nn B. Dog. 

Rectal temperature, 36-1 ene isa in relation, 2 f Inhibitory 

action during expiration. epee ation: EMG right hind limb respira- 
tion, EMG left hindlimb. Time: 1 sec, 15 mm 
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Fig. 2. A, Dog. Rectal temperature, 335°C. Burst of shiver inde- 
pendent from the respiratory movements. Registration: EMG left 
hind limb, respiration, EMG right hind limb. Time: 1 sec, 15 mm. 
B, Dog. "Rectal temperature, 37-1°C. Independent rhythm of the 
shivering movements, synchronizing later the inspirations. Registra- 
tion: Respiration, EMG right hindlimb. Time: 1 sec, 15 mm 


is changed, remaining in relation of the whole nuinbers 
(Fig. 1A). At last the movements were fully abolished in 
all experiments. Occasionally we observed synchronisms 
in other relations, 1:3, etc., or even 2:1 (Fig. 18). Rarely 
an independent rhythm of bursts of shiver could be 
recorded fully asynchronous with the respiratory 
frequency (Fig. 24) or functioning as a pace-maker of 
respiration (Fig. 2B). 

In most cases it is the inspiration which plays a 
facilitatory part in producing changes in the muscular 
tonus; we never observed such facilitation in conjunction 
with the expiration. On the other hand, it was possible to 
observe an inhibitory action during the expiration (Fig. 
1B). 

Evidently the observed rhythmic changes of the 
muscular tonus are due to interaction of two slow rhythmic 
events in the nervous system, one connected with thermo- 
regulation, the other with respiration. 
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Conjugation of Plasma Aldosterone and 
Tetrahydroaldosterone after Administration 
of 1,2-Tritiated-d-Aldosterone 


ALDOSTERONE (118,21-dihydroxypregn-4-ene-3,20-dion- 
18-al), its acid-labile conjugate?* and tetrahydrouldo- 
sterone (3a,118,21 -trihydroxy - 58 - pregnan-20-on-18-al*t-5 
have been found in human urine. Only aldosterone has 
been found in the peripheral blood of man*. Wo now 
wish to report the isolation of tetrahydroaldosterone from 
human plasma. 

Three normal subjects received 10 pe. of 1,2-tritiated-d- 
aldosterone (specific activity 100 uc./ug) by injection into 
the antecubital vein and 50 min later 200 ml. of blood 
were drawn into heparin. Radioactivity was measured 
in an automatic liquid scintillator (Tri-carb model 314 EX, 
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FREE AND CONJUGATED PLASMA ALDOSTERONE AND TETRAHYDROALDOSTERONE OF THREE NORMAL SUBJECTS 50 MIN AFTER ADMINISTRATION 
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OF 10 uc. OF 1,2-TRITIATED-d-ALDOSTERONE 








Free fraction 





. Conjugated fractions 











Method At Method Bt 
Normal subjects I II III Iv Vv 
Ald THAld Ald THAld Ald THAld Ald THAId Ald THAI 

PJ ¢.p.m.* x 10° 11:00 1:3 0-6 2-8 3-0 50°00 5:00 55-00 — ~ 

=e per cent 0-30 0-037 0-016 0-075 0-081 1:37 O14 1-48 — — 
T.R, J cpm. x 10° 12-6 1-51 0-9 3-0 3-4 54:00 40 56-00 1-0 3-00 

~ “Uper cent 0-34 0-041 0-024 0-081 0-092 1:48 0-11 1-51 0:027 0-081 
m.o, J &-P-m. x 10° 11:5 1-2 0:8 36 3-2 46-00 42 50-00 0-6 14 
MO. 9 ner cent 0-31 0-032 0-022 OL 0-088 1:24 O11 1-4 0-016 0-088 











* Counts per minute (c.p.m.) x 1,000 and per cent of the administered dose (both by litre of plasma). 
+ Method A means that the conjugated steroids were hydrolysed first at pH 1 then by succus intericus of Helix pomatia. 
Method B means that the conjugated steroids were hydrolysed first by succus intericus of Heliz pomatia and then at pH. 1. 


ld: aldosterone; THAld: tetrahydroaldosterone. 


Table 2. 


ALDOSTERONE AND TETRAHYDROALDOSTERONE IN THE PLASMA OF THREE NORMAL SUBJECTS 50 MIN AFTER INJECTION oF 1,2-TRITIATED-d- 
ALDOSTERONE i 





Free fraction I {12-14 per cent) | 





Conjugated fraction (86-88 per cent) 














| Method A iş Method B 
Ald THAld Ald THAId Ald THAld Ald | THAld Ald THAI 
8-10 1-0-1-2 0-5-0:7 2-3-3-0 25-29 38-45 3-3-4-1 | 41-47 0-5-0-8 1-2-25 




















* Total radioactivity is the sum of the radioactivity of all material extracted from plasma before and after hydrolysis, 


Packard Instrument Co.). Plasma was freed from protein 
by precipitation with ethanol. The supernatant was 
evaporated to dryness, the residue dissolved in 50 ml. of 
80 per cent ethanol, left at —10° C for three days and 
centrifuged. The supernatant was evaporated to dryness, 
the dry residue dissolved in 50 ml. of 80 per cent methanol, 
left for three days at — 10° C and centrifuged. The super- 
natant was evaporated to dryness, the dry residue was 
dissolved in 50 ml. of water and extracted three times with 
1 vol. of dichloromethane (fraction I). 

One part of the aqueous fraction was first hydrolysed 
at pH 1 and after extraction of the liberated steroid 
(fraction II), the aqueous phase was hydrolysed at pH 4:8 
by the mixed enzyme preparation (fraction III). Another 
part was hydrolysed by the enzymes of succus intericus 
of Helix pomatia and, after extraction of the freed steroids 
(fraction IV), the aqueous phase was hydrolysed at pH 1 
and extracted (fraction V). All extracts were chromato- 
graphed on paper in the chloroform/formamide system. 
The zone corresponding in mobility to aldosterone was 
eluted and rechromatographed in the system ethyl/ 
acetate—toluene/methanol—water (1:9/5:5)'°. The tetra- 
hydroaldosterone zone was eluted and rechromatographed 
in the system butyl acetate/formamide—water (5/1: 1) and 
then in di-isopropyl oxide/methanol—-water (2/1:1)". 

Acetylation of the plasma aldosterone gave a product 
which in the toluene—iso-octane/methanol—water (1 :4/3:2) 
system had the mobility of aldosterone diacetate. The 
identity of the plasma tetrahydroaldosterone was con- 
firmed by acetylation and comparison of the Rr value of 
the product with that of authentic tetrahydroaldosterone- 
triacetate. 

Table 1 shows the radioactivity in c.p.m. and in per- 


centage of the 1,2-tritiated-aldosterone and 1,2-tritiated- | 


tetrahydroaldosterone in the free and conjugated plasma 
fractions, 50 min after the injection of the labelled 
aldosterone. The combined radioactivity of all extracts 
(I+11 +I orI+IV+V) corresponding to 1 1. of plasma, 
accounted for 3-10—-3-30 per cent of the administered dose, 
and aldosterone plus tetrahydroaldosterone in fractions 
I+II -+III or I+IV +V were 1-8-2-1 per cent. 

The distribution of radioactivity among the fractions 
and that corresponding to aldosterone and tetrahydro- 
aldosterone is shown in Table 2. 

The following points should be stressed: (1) tetrahydro- 
aldosterone is the principal metabolite of aldosterone in 
blood; (2) the major portion of conjugated aldosterone is 
hydrolysed by Helix pomatia and only a minor portion by 
acid at pH 1. This is in contrast to the properties of the 
aldosterone conjugate of the urine. 


We thank Dr. J. K. Norymberski for advice concerning 
this communication. 
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Induction of Glucokinase by Glucose in Rat 
Liver 


EVIDENCE that the nature and amount of carbohydrates 
in the diet significantly influence the activity of several 
enzymes related to carbohydrate metabolism is now 
accumulating. Among other enzymes, glucokinase de- 
creases in rat liver after fasting or after feeding a high-fat 
diet!-4. The activity of this enzyme is restored to normal 
levels by feeding a protein—carbohydrate diet’, a balanced 
diett or carbohydrates alone‘ after fasting. Since gluco- 
kinase activity recovers rapidly under the influence of 
carbohydrates’, it was considered of interest to define 
more precisely some aspects of the kinetics of glucokinase 
induction under various dietary conditions. In this com- 
munication results obtained by supplying carbohydrates 
after feeding rats a high-fat diet will be presented. A more 
detailed report will be published elsewhere. 

Male albino rats of approximately 2 months old and 
weighing about 200 g were used. After being submitted 
to different experimental conditions the animals were 
killed by decapitation, the livers rapidly removed, 
placed in cracked ice and 10 per cent (w/v) homogenates 
were prepared in the appropriate mediat. Glucokinase 
was assayed by following the reduction of NADP in the 
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ü 4 8 12 
Hours 


Fig; 1... Kinetics of the recovery of liver glucokinase activity obtained 

by administration of glucose-dextria (stomach tube) after 6 days of 
feeding a high-fat diet. Animals that received one single dose (@): 
SHM xt received multiple doses (©); controls without carbohydrates 
‘The vertical lines indicate two standard errors over and below 
‘mean. ‘The arrows show the time at which the multiple doses were 
- given, | Figures give the number of animals in each group 


















~ presence of an excess of glucose-6-phosphate dehydro- 
nd: 6-phosphogluconic dehydrogenase in a 
U spectrophotometer. One unit of enzyme 
he phosphorylation of 1 umole of glucose 
- The results are expressed as liver total 
body-weight. 
. fed a high-fat. diet? for 6 days and 
gated into several groups which received 
nts, Some rats were allowed to eat an 
rbohydrate diet’ for 12 or 24 h ad libitum 
“killing for glucokinase assay. Other groups of 
animals received 3 ml. of a 20 per cent glucose-30 per cent 
dextrin solution by stomach tube and were killed after 
various periods of time; Finally, other animals received 
several doses of carbohydrate by stomach tube and were 
killed at different intervals. Rats fed a synthetic balanced 
diet® and rats fed a high-fat diet, for 6 days in each case, 
acted as controls. 

Table 1 shows that glucokinase activity was restored to 
normal levels when rats fed the high-fat diet were afterwards 
fed with carbohydrates as the sole source of calories for as 
short as 12h. Data obtained from the foree-feeding experi- 
ments gave a better information about the kineties of the 
recovery of glucokinase (Fig. 1). The liver response was 
initiated almost immediately after the supply of carbo- 
hydrates, with an initial lower rate of increase in activity 
which probably reflects the influence of intestinal absorp- 
tion. When one single dose of sugar was given, the 
normal level of glucokinase was attained between 9 and 
12h. However, when multiple doses were supplied, nor- 
mal values were already obtained 6 h after starting the 








Table 1, Liver GLUCOKINASE ACTIVITY IN RATS SUBMITTED TO DIFFERENT 
DIETARY CONDITIONS 


Experimental conditions No. of rats Giucokinase 
(units/100 g body-wt.)* 
Balanced diet 8 5-16 + 0494 
High-fat- diet 15 TIA O1L 
Re-fed with carbohydrates alone, 
Wht. 10 485 + 0-21 
Re-fed with carbohydrates alone, 
24ht 4 492 + 0:37 
* Body-weight at the end of the six-day period fed with balanced or 


high-fat diet. 
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administration of carbohydrates; at 9 h these values were 
surpassed and returned to normal at 12 h. Tiss “over 
shooting’ in the response of liver after enzyme deple 
has been observed, but much more pronounced, 
ease of glucose-6-phosphate dehydrogenase, an s 
quence of feeding after a fasting period*:**; however. the 
‘overshooting’ was not noticed during the recevery of 
phosphorylase*:’. 

When fasted rats were force-fed with a glucose-de 
solution a rapid recovery of glucokinase activity was 
observed, and the rate of increase durimg the first 
similar to that shown in Fig. 1. 

As the intraperitoneal administratio 
suppresses the recovery of glucokinase pri 
hydrates after fasting’, it seems justified + 


























prevents that effect. 

The rapid response of liver glucokinase to 2 

natural component of the diet would make the ss 

used in this work a good model to study enzyme indi 
in mammals. 

This research was supported by the Faculty of Medicine, 

University of Chile (grant 60-41) and by the Rockefeller 
Foundation (grant 60038) in a joint progratame, 

HERMANN N 

LYLIAN Ci 

ELIANA RABAJ 






Instituto de Quimica Fisiológica, 
y Patológica 
University of Chile, 
Santiago. 
1 Di Pietro, D. L., and Weinhouse, 8., J. Biol, Chemo; 288, 25 
* Vaughan, D. A., Hannon, J. P., and Vaughan, L. Nu Ave 
199, 1041 (1960). a 
* Potter, V, R., and Ono, T., in Cad Spring Harbor Symp. Quant: Bint. 
Cellular Regulatory Mechanisms, 26, 355 (19613, 
* Niemeyer, H., Clark-Turri, L,, Gareés, E, and. Vergara, Pe Bi, dew. 
Biochem. Biophys., 98, 77 (1962). 
* Niemeyer, H., Pérez, N., Radojković, J., and Ureta, Y., Areh. Biochem, 
Biophys., 96, 662 (1962). 
€ Tepperman, H, M., and Tepperman, J., Diabetes, F, 47% (1058). 
* Niemeyer, H., González, C., and Rozzi, R., J, Biol. Che: 286, 610 (1901), 
* Niemeyer, H., Pérez, N,, Garcés, E., and Vergara, P, E, Siccin. Biophye. 
Acta, 62, 411 (1962). 





hel 


is 








A Vascular Permeability Factor of Renal 
Origin 
Tais communication describes a vascular permeabilii 
factor of renal origin. Our attention was direct a 
existence of this factor by the chance observ 
totally nephrectomized rats beeame extre 
after intraperitoneal administration of sali 
the kidney. It was afterwards shown ‘that 
developed concurrently with a fall in plasm 
associated with leakage of plasma proteins from the vi 
lar compartment. ; 
Female rats of the Wistar strain, aged 90-120 d 
weighing 150-210 g, were used. The animals 
an environmental temperature of 21° C and. f 
Thomson rat cubes and tap-water. Bilateral 
was performed under ether anæsthesia. ‘The ki 
cut into thin slices and homogenized in 6 ml 
saline in a No. 2 medium-sized glass tissue grinder { 
by George Farley and Sons, Ltd.). The homogenate was 
centrifuged at 10,0009 for 10 min and 5 mil. of the super 
natant was injected intraperitoneally into the neplwee- 
tomized rats; autogenous extract (derived from the 
animals’ own kidneys) or homogenous extract 




















fromy rier- 
mates) were used. The controls consisted of new OH 
ized rats which received 5 ml. of normal saline 
peritoneally. The fluid intake and weighte of + 
were measured daily, and post mortem 
creas and adrenal glands were examined h 
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extract/saline 













Experimental 1 60 
2 46 66 

(5 ml. kidney 3 47 60 
extract i.p.) 4 45 62 
5 41 | 55 

6 42 | 39 

7 44 40 

8 46 43 

9 45 43 

10 48 46 


During the first 24 h following the administration of 
autogenous or homogenous kidney extract to nephrectom- 
ized animals, the fluid intake was approximately five times 
greater than that of the controls. Over the remaining 
period of observation (3 days) the fluid intake of the 
experimental and control animals did not differ signifi- 
cantly (Fig. 1). This excessive fluid intake was accom- 
panied by the development of generalized oedema, ascites 
and pleural effusions, and the animals gained an average of 
30 g in weight during the first 24 h after the injection of 
renal extract. 








BILATERAL NEPHRECTOMY 
6 RATS - Smi. KIDNEY EXTRACT LP =f] (Experimental Group) 
6 RATS -Smi. N.SALINE LP =[] (Control Group) 





300 

= 
= 
a 
= 200 
£ 
kd 
~ 
= 
4 100 
& 
2 

0 

Control period 1 2 3 4 
Days 
Fig. 1. Fluid intake following intraperitoneal administration of kidney 
extract to nephrectomized rats 


Histologically, extensive vascular damage was noted as 
early as 18 h after the injection of the renal extract. The 
media of the small arteries of the heart, pancreas and 

“adrenal glands showed focal areas of necrosis. These 
areas were eosinophilic, stained positively with the 
periodic acid—Schiff stain (Fig. 2) and also gave a positive 
reaction for fibrinoid with phosphotungstic acid hema- 
toxylin. The nuclei of the muscle cells in these areas were 
either lost completely or showed severe pyknosis. The 
internal elastic lamina of the damaged arteries invariably 
lacked its normal crenation. Some arteries showed sub- 
intimal as well as medial hemorrhages, and perivascular 
hemorrhages were occasionally noted in the myocardium 
and adrenal glands; these organs also showed interstitial 
cedema. No vascular lesions were found in the saline- 
injected nephrectomized controls. 

Administration of the kidney extract to normal animals 
did not produce any of these effects. Liver extract, 
prepared and administered in identical manner to the 
kidney extract, failed to produce increased fluid intake in 
nephrectomized rats. The thirst-producing activity of the 
renal extract was destroyed by boiling the extract for 
10 min. Renal medullary extracts were inactive, but 
extracts prepared from the cortex showed similar activity 
to the whole kidney extract. 


Hematocrit (%) | Hematocrit (%) 
3 h after 18 h after 
extract/saline 
















Plasma vol. 
(ml./100 g Serum sodium | Plasma protein Pleural fluid 
body-weight) (m.equiv./1.) (g/100 ml.) | protein (g/100 ml.) | 
2-2 160 | 53 3-3 
20 160 63 6-0 
24 156 58 4+9 
2-3 152 64 35 
32 154 7-2 | 38 
41 160 | 56 — 
47 160 | 5-6 — 
48 156 63 — 
42 160 5-4 — 
40 152 1 -= 








| 





The mechanism of the thirst production was next 
investigated. In these experiments, a constant fluid 
intake was maintained after the administration of renal 
extract to the experimental animals or of saline to the 
controls. Hematocrit measurements were made before 
and at intervals of 3 and 18 h after the injection of extract 
or saline. At 18 h the serum sodium, plasma protein con- 
centration and plasma volume were measured. It will be 
noted (Table 1) that kidney extract produced a rise in 
hematocrit and a fall in plasma volume, whereas the 
plasma protein and serum sodium concentrations were 
not significantly different from those of the controls. 
These results indicate that kidney extract produces con- 
traction of the plasma volume owing to leakage of plasma 
from the vascular compartment. This was confirmed by 
the high protein content of the pleural effusions, which 
occasionally approximated that of the plasma (Table 1). 
The electrophoretic pattern of the pleural fluid (Fig. 3) 





Fig. 2. Small arteries around adrenal 
18 h after bilateral nephrectomy and 


PLASMA PLEURAL FLUID 
A G A G 


bL 7 


Fig. 3. Electrophoretic patterns of plasma and pleural effusion obtained 
18 h after Intraperitoneal administration of kidney extract to a 
nephreetomized rat 
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closely resembled that of plasma although its A/G ratio 
was greater than that of plasma, indicating a preferential 
albumin leak. 

Administration of renal extract to normal rats failed 
to produce changes in hematocrit or plasma volume. 
When kidney extract was administered to rats made 
hypertensive by constricting one renal artery with a 
silver clip!, the response was identical to that of nephrec- 
tomized rats even though the ‘opposite’ kidney was 
untouched. Three days after the administration ‘of the 
renal extract, these animals showed extensive arterial 
necroses in the ‘clipped’ as well as the ‘opposite’ kidneys 
(Fig. 4). 
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n 4. Medial necrosis of arcuate artery in ‘clipped’ kidney 3 days 
ae of xtract to xe renal hypertensive rat 


(b.p. 160 mm mercury Prig Bes Similar lesions were present in 
the ‘opposite’ kidney (periodic acid Sel Schiff 


and light green, x e. 200) 


Acute vascular lesions due to saline extract of the kidney 
were first noted by Winternitz et al.*. These authors 
found that the administration of renal extract to nephree- 
tomized dogs caused generalized œdema, ascites, pleural 
effusions and vascular whereas no lesions resulted 
from the administration of extract to normal dogs. A 
few years later, Leiter and Eichelberger? observed that 
renal extract produced arterial necroses in dogs in which 
the renal blood flow had been impaired by constriction 
of the renal arteries or ureters. Both groups of workers 
stressed the eer * of these vascular lesions to those 


found in malignant hypertension. Nairn et al.‘ also 
observed that serous effusions resulted from repeated 
administration of renal extract to nephrectomized rabbits, 


guinea pigs and rats and found that the electrophoretic 
of the proteins in the serous effusions closely 
resembled that of the plasma proteins. 

The present observations establish that the renal 
cortex of rats contains a heat-labile substance (or substan- 
ces) which increase(s) vascular permeability to plasma 
proteins in nephrectomized and renal hypertensive rats. 
This increased vascular permeability is associated with the 
development of arterial necroses which resemble the 
lesions of malignant hypertension. The present results, 
therefore, may lend support to the view of Schiirmann 
and MacMahon’ that alterations of vascular permeability 
(‘dysoria’) play an important part in the pathogenesis of 
hypertensive vascular lesions. 

A. W. ASSCHER 
S. G. ANSON 
Medical Unit, 
The London Hospital, E.1. 
} Wilson, C., and Byrom, F. B., Lancet. i, 136 (1939). 
2 Winternitz, M. C., Mylon, E., Waters, L. L., and Katzenstein, R., Yale 
J. Biol. and Med., 12, 623 (1940). 
* Leiter, L., and Eichelberger, L.. J. Mount Sinai Hosp., 8, 744 (1942). 
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Radiochromium-labelled Hemoglobin Survival 
in Normal and Pyridoxine-deficient Rats 


FAVOURABLE results from treatment of hypochromic 
anemias with pyridoxine demonstrated clinically'~* and in 
experimental animals*-* suggest that pyridoxine deficiency 
might influence hemoglobin survival times in rats. Com- 
parison of the amounts of intravenously injected chro- 
mium-51 associated with hemoglobin over several weeks 
indicates that the apparent survival times of the rat 
hemoglobin may vary inversely with the extent of 
labelling with chromium-51. 

Twenty-eight adult female rats of the McCollum strain 
were utilized. Control group; Fifteen animals were main- 
tained ad libitum on a standard synthetic diet which 
contained 27 per cent vitamin-free casein, 59 per cent 
sucrose, 10 per cent corn oil, 4 per cent salt mixture. and 
vitamins’, including pyridoxine. Pyridoxine deficient 
group: Thirteen animals were maintained ad libitum on 
the synthetic high protein diet, but without the pyridoxine 
supplement, for a period of eight weeks. Hematocrit and 
hemoglobin values found did not suggest anw@mia in this 
group. The two criteria used as evidence of pyridoxine 
deficiency state were decreased growth rate and depressed 
serum glutamic-oxaloacetic-transaminase as dotermined 
by a standard method'*. The experimental status of the 
two groups is summarized in Table 1. 


Table 1. EXPERIMENTAL STATUS OF ANIMALS* 


Average weight (g) 












No. of Transaminnse | 
(units) 


Animal group 
animals 


Controls 
(pyridoxine 
ror be yaaa 15 75-00 || 
Deficie } 
(no pyridoxine) 13 30-45 
* Values obtained at end of 8-week deficiency induction period. 


Control and deficient animals were each injected intra- 
venously with 2-4 uc. of radioactive Na,"OrO, in 0:25 mil. 
of isotonic saline, pH 4-5. The indicated specific activity 
of the injected material was about 100 uc./mg. Following 
injection of the radioisotope, the animal groups continued 
to receive their prepared diets. At intervals of | day, and 
1, 2, 3, and 4 weeks following the injections tail blood 
samples of about 1/4 ml. were taken. Following separa- 
tion from plasma red cell hæmoglobin was evaluated 
spectrophotometrically and its associated radioactivity 
was measured in a well counter by y-spectrometry. All 
samples were compared with a standard prepared from the 
original injection solution. 

The results of the hemoglobin and chromium-51 assays 
for each of the 28 rats expressed in terms of counts 100 mg 
hemoglobin were compared with the corresponding time 
intervals on a semilogarithmic plot. From the equations 
calculated by least squares treatment of each of these sets 
of data the extrapolated values of chromium-5! radio- 
activity associated with hemoglobin at the time of injec- 
tion were obtained. The average zero time values and 
calculated slopes for both animal groups are shown in 
Table 2. The average value and range of initial chromium- 
51 label with hemoglobin in the pyridoxine-deficient. 
animals was greater than in the controls. This difference 
was statistically significant. To some extent this difference 
may be related to the smaller pool of hemoglobin available 
for uptake of the chromium-51 label in the smaller 
deficient animals. 

The average rates of chromium-51 disappearance from 
hæmoglobin were similar, and both were in the upper 
range of those found previously for rats*'-"* where the 
half-times were 17-20 days. 
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Table 20 AVERAGE INITIAL CHRomiva-51 RADIOACTIVITIES AND RATES 
OF Loss FROM Rat HÆMOGLOBIN 

















| | Initial “Cr* ! Slope, k i 
ETR | (e.p.-m./100 mg Hb) | Fractional loss/day f 
| Animal group ———- rn an | 
| | Average | i Average i 
| | 28D. | Range i t SD. Range 
| Controls H i | | 
(pyridoxine | | | | 

supplement) | 1,947 + 132 i 1,297-3,072 | 0-047 +0002] 0-034-0-063 
| Deficient (no i 
i pyridoxine) | 3,292 + 350} | Spee tee + 0-005 i 0°035-0-085 
| | 


i 
H 





_ * Extrapolated values from curves fitted to data for 28-day interval. 
Nominal injected chromium-51 specific activity about 100 uc./zg non-radio- 
active chromium. 

+ Significant difference from control group value, P < 0-01. 


When the 28 half-time values for chromium-51 loss are 
individually plotted semilogarithmically against their 
calculated initial chromium-51 label as in Fig. 1 the data 
indicate that the amount of chromium-51 associated with 
hæmoglobin decreased in inverse proportion to the initial 
chromium-51 label. Comparison of the data shows that 
for both groups the initial intercepts, which indicate the 
half value time where chromium-51 label is zero. are 
essentially identical. These zero-label half-time survival 
values are about 20 days, corresponding to a fractional 
ehromium-51 loss of 0-035/day. This agrees with the 
estimated slope value of about 0-030/day obtained for rats 
where carbon-14 labelled hemoglobin was measured", and 
suggests that the extrapolated haemoglobin half-time inter- 
cepts may measure the half-time survival of unlabelled 
hemoglobin itself. The similarity of these intercepts also 
suggests that labelling with chromium-51 may not 
measure hemoglobin differences, if any, which may have 
been induced by pyridoxine deficiency. This would agree 
also with previous findings’, which indicated that pyri- 
doxine deficiency may influence formation rather than 
destruction of hemoglobin. At the low levels of chromium 
utilized these results offer no evidence for biochemical 
‘toxicity’ or altered hæmoglobin characteristics, pre- 
viously reported for chromium-51 where overall chromium- 
levels may have been greater. 

` The close similarity of the inverse relationship between 
magnitude of initial chromium-51 label and apparent 
hemoglobin survival in both animal groupssuggests, apart 
from ‘metabolic’ interactions, a non-specific physico- 
chemical effect such as elution of chromium-51, proposed 
in-early investigations to account for its loss from red cells. 
On the basis of the instability of combination of chromium- 
51 with hemoglobin indicated by the concept of elution, 
mass law considerations suggest the possibility that in- 
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PYRIDOXINE CONTROLS (X) 
T; = 19.88" 00013 (Crio 
%2 


PYRIDOXINE DEFICIENT (0) 
Ti, = 20,.0¢-000I3(GrIo 
%2 


Apparent 7; of Hb survival (days) 


“40 





1,000 2,000 3,000 4,000 5.000 
(Cr)o : Initial counts “Cr/i00 mg Hb 


Apparent half-times of hemoglobin survival as ati 
initial chromium-51 abel 2 funehón at 


6.000 


Fig. 1. 
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creased rate of elution of chromium-51 could result from 
increased initial chromium-5l label. Whether this is the 
common effect which is reflected in the reduced survival 
times of hemoglobin observed would require additional 
study. 
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Hæmoglobin-binding Serum Globulins 


Two main hemoglobin-binding serum globulin fractions 
have been demonstrated by using the technique of 
immuno-electrophoresis. One precipitation line corre- 
sponds to the «, region and is sometimes doubled’; the 
other to the 8 region’. On the other hand, starch-gel 
electrophoresis shows numerous hemoglobin-binding 
globulins which are now well known as the haptoglobins ` 
1 and 2 of Smithies*.. The relation between the immuno- 
electrophoretic and. starch-gel haptoglobins is not. yet 
quite clear. Allison’st hypothesis of polymerization of the > 
a, haptoglobins is yet to be confirmed. aves 

The apparatus and technique of electrophoresis on 
cellulose acetate membranes, developed by one of- us? 
for the separation of A, haemoglobin, was adapted for the 
separation of haptoglobins. A veronal buffer of pH 8-4, 
ionice strength 0-05, was used and migration was carried 
for 40 min, at 110 V. Schleicher and Schiill acetate 
membranes (quality 61/84/1/41) were used... The. fresh 
sera were saturated with normal 
methemoglobin or hemoglobin-methemoglobin mixtures, 
Saturation with foetal and Dipanjap) hemoglobins was 
also investigated. In order to examine details of ‘the 
changes of mobility of the haptoglobins after transforma- 
tion into haptoglobin—hemoglobin complexes, a sample of 
plain serum was run on the same strip, side-by-side with 
the same serum saturated with hemoglobin. The: strip 
was cut length-wise to obtain a narrow section. which was 
stained by the benzidine-peroxide method, with nitro- 
prusside as stabilizer® (Fig. 14). The remaining portion 
of the strip was stained by bromphenol blue for proteins - 


thus showing the distribution of proteins after binding. — 


(Fig. 1B) and before (Fig. 1C). In this way an accurate 
observation: of the changes occurring was possible and 
full advantage could be taken of the sharp serum protein. ~ 
separation obtainable on cellulose acetate membranes. 
Gur findings are summarized here: 

Hemoglobin is bound by «, and §, globulins. The same 
binding. is. observed with normal, feetal or Depaniany 
heernoglobins. 


hemoglobin or. 
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Methwemoglobin is bound by methemalbumin, 2,-, Bı- 
and §,-globulins. 
Solutions of hemoglobin kept for a long time in the 
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refrigerator show an extra binding place in the u region 


(Fig. 2), besides those due to methwmoglobin formation. 

There are three types of sera: (1) The fast xs, in which 
the haptoglobin-hemoglobin complex is just a bit slower 
than the «, band (Fig. 1, sera Nos. 1, 2 and 5); (2) the 


jh Be , Serum saturated with mixture of a and methemo- 
in, benzidine peroxide stain. B, Same, e blue stain, 
!, Plain serum, bromphenol has si 


Ti 
P: A, 


. A, Serum saturated with ‘aged’ hæmoglobin, benzidine peroxide 


, Same, l blue stain. Arrow indicates »-hapto- 


globin -hæmoglobin complex 
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slower æ, in which the fastest complex seems to derive 
from a haptoglobin of intermediate «,-$, mobility (Fig. 1, 


serum No. 3); (3) the B, type, in which there are no 


complexes faster than ß, (Fig. 1, No. 4). 

Haptoglobin 8, and methæmoglobin- -binding 8, fraction 
are not type-specific and are present in all sera. The 8, 
haptoglobin—hamoglobin complex has the same mobility 
as $, and is slower than free hemoglobin, although not 
easily separated from it. 

From the foregoing findings it may be concluded that 
all the type-specificity characteristics are not restricted to 
the «, haptoglobins, because the foregoing type (3) serum 
shows no «, haptoglobins, and the scans of pherograms 
B and C of sera of this type showed that there was no 
increase of albumin/«, globulin ratio, and therefore no 
transfer of a, to the slower, 8, or B, mobilities, and 
consequently no polymerization of the a, haptoglobins. 
This particular type seems to nd to the Smithies 
2,2 haptoglobins and therefore these starch-gel hapto- 
globins are not of the a, group. The foregoing types (1) 
and (2) sera correspond, probably, to Smithies types 1,1 
and 2,1 respectively. 


E. Aronso 
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Glucose-6- ha ee ee 
e of Sate 


Muca evidence indicates that the mT Eeri concentra- 
tion in human red cells is dependent on glucose metabolism, 
as recently confirmed by Heimann—Hollaender et al.*. In 
1960 Carson? mentioned in passing that the erythrocytes 
of 5 sheep were found to be ‘primaquine sensitive’ which 
meant that they were deficient in glucose-6-phosphate 
dehydrogenase (G-6-P D) activity. It has long been 
known? that the erythrocyte electrolyte concentration 
differs in different animals, and that sheep may either have 
low (LK) or high (HK) potassium content in their red 
blood cells (R.B.C.). We have explored the possibility of 
a relationship between the G-6-P D activity and the 
electrolyte concentration in red cells of different species. 

The enzyme activity was estimated by 3 methods: 
Kidson’s* modification of the Motulsky and Campbell 
system depending on decolorization of brilliant cresyl 
blue; Ténz and Betke’s* more refined method using 
methylene blue as indicator; and the quantitative 
spectrophotometrie system of Ells and Kirkman“, 

The results are shown in Table 1. 


Table 1 


Species R.B.C, type G-6-P D activity* 


10 
12 


12 


+++ 


10 
10 Not determined 


— indicates absence of G-6-P D activity by all three methods used; 
+ indicates enzyme activity closely similar to that of human controls, 


Kidson and Gorman’ found that the genetically determ- 
ined G-6-P D deficiency in man may either be due to 
lack of an activator of the enzyme, normally present in the 
red cell stroma, or due to lack of the enzyme itself. We 
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added stroma activator from normal human blood, 
prepared according to the method of Ramot et al.*, to 
14 sheep’s hzemolysate. In no case did the stroma bring 
about G-6-P D activity. 

Nucleated, dividing cells are more likely to contain 
G-6-P D. Sternal puncture was therefore attempted on 
6 sheep. In the two cases where microscopic examination 
indicated that proper bone marrow had been obtained, 
the samples had G-6-P D activity comparable to that of 
human peripheral blood. Fresh liver homogenate from 
10 sheep also showed G-6-P D activity. The lack of the 
enzyme therefore seems confined to the mature red cells 
of the sheep. 

The erythrocytes of sheep and goats are smaller and 
more spherical than those of the other animals tested here. 
Turner et al.” found that, like those of other ruminants, 
they contain no lecithin; but this clearly is not connected 
with their lack of G-6-P D, which is present in cattle 
erythrocytes. Benesch et al.'!° found that sheep hemo- 
globin has very reactive sulphydryl groups. This may 
explain why their life-span is normal, in spite of the lack 
of sulphydryl groups from reduced glutathione which in 
other cells is kept reduced by that first step in the 
pentosephosphate pathway which is determined by 
G-6-P D activity. It is well established" that sulphydry] 
groups are essential for the integrity of red cells. The 
recorded work here indicates that the electrolyte concen- 
tration in the cells of the two types of sheep and in other 
species is not related to their G-6-P D activity. 


O. E. Buptz-OLsen 
BARBARA AXTEN 
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Brisbane. 
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HISTOLOGY 


Scanning Electron Microscopy of the Surface 
of Developing Mammalian Dental Enamel 


Tue surface of the developing dental enamel of the 
manatee (T'richecus latirostris) and the monkey (Rhesus 
macacus) has been examined directly in a scanning electron 
microscope. Molar tooth germs were dissected from the 
jaws of these animals soon after death. Specimens were 
prepared by gently stripping off the enamel organ from 
the surface of the developing tooth, thus exposing the 
developing front of the enamel. The pulp was then 
removed from the centre of the developing tooth, which 
was divided into convenient portions and allowed to dry. 
These portions were fixed with ‘Araldite’ adhesive to 
aluminium specimen stubs leaving the enamel side 
exposed. The specimens were finally covered with a 
300-A thick layer of aluminium to render their surfaces 
conducting. They were examined in a scanning electron 
microscope (a developmental model built by the Cambridge 
Instrument Co., Cambridge, England). The micrographs 
were taken with a 15-kV scanning electron beam and only 
the high-energy reflected electrons were used to form the 
images, 
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Fig. 1. Seanning electron micrograph of developing surface of manatee 
enamel, showing depressions which had been occupied by the Tomes's 
processes of the ameloblasts 





Fig. 2. Scanning electron micrograph of developing surface of rhesus 


monkey enamel 





Fig. 3. Photograph of part of a wax reconstruction of the surface of 


developing rhesus monkey enamel 


The topography of the surface of the developing enamel 
can be seen in Figs. 1-3. The depressions in the surface 
were originally occupied by the Tomes’s processes of the 
ameloblasts. In the manatee (Fig. 1) these depressions 
all face in the same direction. In the monkey (Fig. 2 
there is a more complicated pattern with groups of depres- 
sions facing in different directions. It is known that the 
prisms in the enamel of the manatee are fairly straight 
and parallel with one another. In the monkey (and man) 
groups of prisms cross over each other in their course from 
the enamel-dentine junction to the surface of the enamel. 
In ground-sections examined with the light microscope at 
low magnifications, these groups of prisms can be seen as 
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alternate light and dark “Hunter-Schreger’ bands. It is 
probable that the appearance described is associated with 
the development of this pattern of weaving of the enamel 
prisms: 

The developing surface of the enamel was also observed 
to vary in height over larger intervals corresponding to 
several prism (depression) widths. 
appearances seen in the scanning electron miero- 
gra hs independently confirmed the interpretation of the 
nature of the surface which had been made by one of us 
rom an examination study of wax reconstructions. 
u sections of methacrylate embedded tooth 
were cut using a Porter-Blum ultra-microtome, 
with crystal violet and basic fuchsin and mounted 
‘in D.P.X. The outline of the developing surface of the 

enamel in each section was traced in projection using a 
light miscroscope at a magnification of some 1,500 dia- 
“meters. Wax sheets were cut following the outline of these 
tracings. The surface of such a wax reconstruction (Fig. 3) 
shows a morphology similar to that seen in the scanning 
electron micrographs. 

So far as we are aware, the foregoing features of the 
surface of developing enamel have not been described 
before, and would be difficult to study by other means, 
since newly secreted enamel is too soft to replicate in the 
fresh state and too absorbent to replicate in the dry state. 

We thank the Chairman of the Cambridge Instrument 
Co. for permission to use the instrument and publish the 
micrographs and M. J. Culpin and I. W. Drummond for 
operating the instrument. 
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Æ ffect of ; mtracytline on Crystal Growth 


Ix a previous investigation’, it was shown that when the 
larve of the sand-dollar E. parma were reared in sea-water 
containing low concentrations of tetracycline, the fluoro- 
phore was incorporated into the growing skeleton. At 
higher concentrations, reduction or failure of the formation 
of skeletal elements resulted. Further, the addition of 
calcium to the sea-water—tetracycline mixtures in excess 
of the theoretical amount with which tetracycline could 
combine, failed to prevent inhibition of mineralization. 
Several. additional investigations carried out by my 
colleagues and me have demonstrated that administration 
of tetracycline to organisms producing skeletal elements 
results in hypomineralization of bones? and teeth’. In an 
attempt to elucidate the mechanism of hypomineralization 
in greater detail, we selected as a test object the regener- 
ating shell of the marine molluse Pinna, in which the 
regenerating portion of the shell consists of large calcite 
erystals. 

‘Specimens of Pinna, obtained in Bermuda waters, were 
prepared as previously described* in such a manner as to 
facilitate regeneration of the shell. The specimens were 
afterwards injected with 1 mg of tetracycline in the 
adductor muscle and maintained in aquaria with circu- 
lating sea-water for 1-5 days. The regenerate portions of 
the shell consisting of layers of calcite crystals were 
removed at various intervals and examined with visible, 
polarized, and ultra-violet light. 

Control. Regeneration of the prismatic portion of the 
shell of Pivina occurs at a rapid rate resulting in the 
formation of approximately 0-5 em shell in 24 h. In these 
specimens, the newly formed crystals are fairly uniform 
in size and shape and measure approximately 40u along 
the greatest axis. Viewed with ultra-violet light the 
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crystals exhibit a faint, bluish fluorescence amd the 
membrane surrounding the crystal is nen-fluo fa 
Experimental. Examination of the regener 
the injected specimens show, with ultra- vio 
fluorescent band in which the fluorophore 
mentally caused to be located. Examimation o 
crystals in this area of the shell reveals that the e 
smaller (about 0-5) in size than those observed in con 
specimens. Viewed under ultra-violet light the chars 
istic golden-yellow fluorophore occurs in. both ti 
portion of the crystal and also in the fibrous perilos 
enclosing each crystal. 
The use of the regenerate portion of the shell of i 





















opportunity of exploring the behaviour of 
crystals subjected to a tetracycline environment 
physiological conditions. Of particular interest in rel 
to hypomineralization, which this drug produces} 
skeletal elements, is how it produces the observ 

on the mineralizing structure. It was observed that t 
fluorophore combines with the protein mem 
surrounding each crystal as well as the caleite í 
itself. In addition, the amount of shell regenovatou 
reduced, and there is also a corresponding d 
size of the crystals. We have accordingly demonstrated a 
causal relationship between the administration of tetra: 
cycline and a decrease in the size of the crystals formed 
during the experimental period. 

The assumption that this effect is a simple sequestering 
phenomenon, whereby the mineral available for crystal 
formation is withdrawn from the available pool, ia open 
to question. It appears that before this explanation ean, 
be fully accepted it will be necessary to ascertain wh 
binding of tetracycline on the fibrous membrane ey 
ing the crystal may be responsible, in part 
reduction in erystal growth under these cirearmstines 

This work was supported in part by grant No. D 
U.S. Public Health Service. The tetracycline t 
supplied by the Lederle Division, American Cyanamid Co. 
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Erythrocyte Osmotic Fragility in AKR Mice 
with Lymphoid Leukemia 


INVESTIGATIONS to characterize the anzemia ovcurring 
in mouse lymphoid leukaemia have recently involve 
comparison of the erythrocyte osmotic fragility i in mice of 
the low-leukeemia strain Cy H, and the oe b 
strain AKR, using the technique of Creed’. Mik 
bled under ether anwsthesia by cutting the axille 
vessels and gently aspirating the blood with a wide-bore 
Pasteur pipette. The blood was immediately transferred 
to a heparinized test-tube, and the oamotic fragi 
cells tested within 5 min of collection of 

Fig. 1 shows the mean osmotie fragility curves “for 
forty 2-3-months-old C,H mice, and sixty 2~ keok 
non-leukemie AKR mice. The mean saline conet 
at which 50 per cent hemolysis occurred with Caf blood 
(0-40 + 0-02 (S_D.) g per cent) was significantly 
the concentration for 50 per cent hemolysis 
blood (0-45 + 0-02 g per cent). However, an initial eure 
of other low-leukæmia mouse strains sty : 
erythrocyte fragility in non-leukemic AKR 
within the upper limits of normal variation for m 
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Fig. 1 


ig. Erythrocyte osmotic fragility in forty 2-montha-old C,H, 
sixty 


Q-months-old non-leukemic AKR and. thirty AKR mice with 
advanced spontaneous lymphoid leukemia 


Osmotic fragility tests were performed on the red cells 
of thirty AKR mice with advanced thymic and generalized 
lymphoid leukemia (Fig. 1). The 50 per cent hemolysis 
saline concentration (0-5340-03 g per cent) was signifi- 
cantly higher than that for young non-leukemic AKR 
mice. An examination of old non-leukemic AKR mice 
showed that this was not an age-conditioned effect but 
was associated with the leukwemie state. Moreover, there 
was a. close correlation between the degree of increased 
osmotic fragility and the extent of the disease (as assessed 
from the total mass of lymphoma tissue in the animal). 

To test further the association between the presence of 
leukemia and increased erythrocyte osmotic fragility, 
lymphoma. cell suspensions from typical spontaneous 
cases were transplanted intraperitoneally into 2-months- 
old non-leukzemic AKR mice, and the osmotic fragility of 
the blood of. these mice determined when they were 

clinically ill with transplanted leukemia. As may be seen 
in Fig. 2, the mean red cell osmotic fragility of thirty such 
transplanted mice was almost identical with that of AKR 
mice with the spontaneous disease. Continued passage of 
the AKR lymphoma cells reduced the latent interval to 
death in recipient mice from 16-7 days, without any 
decrease in the effect on osmotic fragility. A serial survey 
showed that there was a progressive shift in the osmotic 
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Fig. 2. Erythrocyte osmotic fragility in sixty non-leukemic and 


thirty transplanted leuakamie 2-months-old AKR mice 
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 feogility. curve a the development of the trans- 
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planted disease, with fragility becoming maximal when 


the mice were moribund. 

Determinations of red cell levels, hæmoglobin concen- 
tration, packed cell. volumes, and red cell diameters were 
madeon AKR mice with advanced spontaneous leukemia, 
These investigations have shown that in leukemic AKR 
mice the mean packed. cell volume was 32+ 8 per cent and 
that the red cells were normochromic and slightly micro- 
cytic. Specifically, spherocytosis was not present, the 
red cells of leukemic AKR mice being bi-concave, with 
the same mean thickness (1-1) as normal C,H red cells. 

In contrast to the situation in human lymphoid < 
leukemia*, these results have demonstrated a remarkably 
uniform increase in the saline osmotic fragility of the 
erythrocytes in AKR mice with spontaneous and trans- 
planted lymphoid leukemia, in the absence of detectable 
spherocytosis. The speed of development of this increase 
in mice with transplanted leukemia suggests the occur- 
rence of damage to the circulating cells rather than an 
induced ‘abnormality in erythrocyte production, or. the 
accumulation of effete cells. 

The mechanisms responsible for this increased fragility 
of erythrocytes in leukemic mice are at present under 
investigation. Preliminary results suggest that the spleen 
is implicated in this process. Splenectomy caused an 
increase in erythrocyte fragility in non-leukwmic young 
AKR mice, but not in C,H mice. Splenectomy also 
increased erythrocyte osmotic fragility in (AKR x C,H)F, 
mice, and spleen grafts from AKR but not C,H mice 
corrected this effect. However, additional factors other 
than spleen function appear to be operative in leukemic 
mice. 

If, as is generally accepted, increased osmotic fragility 
reflects the presence of red cell damage, then such damaged 
cells can be expected to be removed by the reticulo- 
endothelial system at an accelerated rate. This would 
contribute to the development of anemia in these AKR 
mice with spontaneous lymphoid leukemia. i 

This work was supported by the Carden Fellowship 
Fund of the Anti-Cancer Council of Victoria. 
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Effect of Some Glycosidase Inhibitors on 
Experimental Tumours in the Mouse 


8-GLUCURONIDASE and §-N-acetylglucosaminidase both 
hydrolyse degradation products from chondroitin. and 
hyaluronic acid! and may be expected to participate in 
connective tissue mucoprotein catabolism in vivo. B- 
glucuronidase is known to show a higher activity. in 
malignant tumours than in most normal tissues of many- 
species and §-N-acetylglucosaminidase has a similar 
pattern of distribution of activity? The activities of 
both these glycosidases in transplantable experimental. 
tumours in mice are much higher in solid, invasive, sub=- 
eutaneous tumours than in non-invading but otherwise 
similar tumour cells growing in the peritoneal cavity*. 

Both these enzymes are powerfully and specifically 
inhibited in vitro by aldonclactones of corresponding 
configuration ab micromolar concentrations* s, 

The effects of. the subcutaneous administration of: 
inhibitors of these enzymes on growing transplantable 
subcutaneous tumours in the mouse is shown in Fig. 1. 
Fifty mice were used in each group. The ‘tumour index’ 
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represents. the cube-root of the product of three measure- 
ments of the tumour in millimetres at right angles to each 
other. Each of the three types of experimental tumours 
; used —8. 37,° Ehrlich tumour and tumour 2146—was 
ted similarly; each lactone alone and both lactones 
multaneously produced a statistically significant 
€ sion of each tumour type (P < 0-01). 

In th donos given (150 mg/kg) the inhibitors were 
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Fig. 2 2, Survival-rate curve of control group of mice, bearing Ehrlich 


tumour, (O) given subcutaneous physiological saline and mice given 
both lactones (A) 


It. is clear that the tumours do not grow when the 
specific enzyme inhibitors are given but the mechanism 
of this effect is not fully understood. It may be that the 
aldonolactones, by their effects on glycosidases, inhibit 
the penetration of intercellular cement substance by the 
tumour cells, 

A. J. Carr 
Department of Pathology, 
University Medical Buildings, 
Aberdeen. 
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Correlation of Chromosome Size and 
Radiosensitivity 


LARGE differences exist between plant species in their 
response to ionizing radiation. The factors involved in 
radiosensitivity are complex and not well und 
There are data indicating that, among diploid speci 
nuclear volume, chromosome number and, f& 
exposures, length of the mitotic cycle are the 
controlling cellular radiosensitivity of different 
Chromosome size may also be of importance. 
shown by Ostergren et al.? on one pair of closely 
plant T in the genus Hyacinthus. H. daima 









two species were treated under identical conditi 
the same X-ray dose, many more abnormal cells ocet 
in H. orientalis, the species with the considerably larg 
chromosomes. 

This communication reports similar studies on throe 











the same number of chromosomes, were conrpared. Thes 

are: (1) Allium cepa (2n= 16) and Allium schoenoprasum 
(2n=16); (2) Tradescantia paludosa (2n=12) and Rice 
discolor (2n= 12); (3) Vicia faba (2n= 12) and Vicia solae 
(2n=12), These species are well known from nunierous 
works by different authors and therefore not deseri bed 
here. The difference in chromosome size between the 
three species pairs compared is easy to observe by ordinary 
microscopic examination of the slides. 

Root tips of each pair were irradiated under as idi 
conditions as possible, then fixed 12, 24, 36, 48, 6 
later. Slides for cytological observations we 
pared in the customary ways, with Fe 
preparations) or gentiana violet (sections) for 6 

Tradescantia paludosa and Rhoeo discolor were i 
with a 174-kVp unfiltered X-ray machine given 
14-4 min; the remaining four species were irradiated wit hi 
a 280- kVp X-ray machine using 3mm beryllitim, Gmm 
graphite, l-mm aluminium and 0-5-mm copper Albers. 
Allium cepa and Allium schoenoprasum received 185 r. in 
2-2 min and Vicia faba and Vicia sativa 200 r. im Bb 
min. 

For nuclear volume investigations the diameter of 50: 
nuclei from root-tips of each species was measured and 
the average nuclear volume calculated. 

For chromosome volume determinations the chromo 
somes were subjected to colchicine treatment, which ¢ 
them to contract greatly. For 10 cells the le 
width of each chromosome were measured ar 
average chromosome volume calculated. ‘These te 
determinations were done on & rather limited: 
should give the information needed: for this 
data on nuclear and chromosome volumes are compar 
to each other but not necessarily with those ji 
studies. In different investigations the material may ha 
been prepared in a different way. 

Anaphases with at least one chromosome bridge or st 
least one acentric fragment were classified as abnormal. 
Because the mitotic cycle of the different species many be of 
different length, the Roe pS were sampled at different, 
intervals from 24 to 72 h after irradiation. The incidence 
of abnormal anaphases decreased with time in all t 
species radiated. The incidence of abnormal ansphaces 
was not studied at 12 hafter exposure because of stickiness, 
which is characteristic for the primary effect and found in 
fixation shortly after the radiation. 

The results in Table 1 show that there is a considerable 
difference in chromosome and nuclear volume i each 
species pair compared. However, the difference in. tae 
volume appears not to be so great as the d 
chromosome volume. This may be due to vari 
which will not be discussed here. : 
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Species pairs 


| Pair 1 
Allium cepa 
Allium schoenoprasum 
! Pair 2 
Tradescantia paludasa 
Rhweo diseolor 
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Vicia faba 
Ficia sativa 
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P-level* Ratio Chromosome | Ratio | 
< OOO 1:62 206 2-51 
832 
<0-00L 1-65 821 6-20 
ah 
< 0-001 3-38 17-50 








A considerably higher incidence of damaged anaphases 
was found after exposure in the species with the larger 
nuclear and larger chromosome volume. These differences 


were statistically significant by ¢ (volumes) and = ? 
(incidences) tests (P<0-001) in each species compared. 
Therefore it can be concluded that the species with the 
larger chromosomes are more radio-sensitive than those 
with the smaller chromosomes. Chromosome size seems 
to be of importance also for the mitotic inhibition. 
In the fixation time after exposure for 12 h, mitotic inhibi- 
tion was observed and found to be more pronounced in 
the species with the larger chromosomes. This difference 
was greatest in pair (3) having the largest difference in 
chromosome size (Table 1). When comparing different 
pairs, the injury ratios seemed to increase more than did 
the ratio of nuclear volumes, but less than the ratios of 
the chromosome volumes. 

Larger chromosomes are obviously a bigger target for 
ionizing radiation and therefore the number of chromo- 
some aberrations per cell would be expected to increase. 
The results presented indicate a clear relationship between 
the incidence of X-ray damages and average nuclear and 
chromosome volumes. The results are thus in accordance 
with the comparison of Ostergren et al.* with one pair of 
plant species having different chromosome sizes and with 
data of Sparrow et al. with 7 plant species having con- 
siderable differences in nuclear volume and DNA content. 
‘The data of Table 1 suggest the feasibility of the approach 
with pairs of closely related species. This approach has 
the advantage of minimizing the disturbing effects of 
vastly different physiologies and number of chromosomes 
in comparison of species not related. By collecting 
further data with other pairs it may be possible to decide 
which of the many factors discussed, for example, by 
Sparrow et al.) are of the greatest importance for the 
radio-sensitivity of plants. 

I thank Dr. D. V. Cormack, Department of Physics, 
University of Saskatchewan, for the radiation treatment. 
This work was partly supported by the National Research 
Council of Canada. 
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Human Sex Ratio and Maternal Immunity 
to Male Antigen 


In two recent publications Renkonen ef al.) have 
investigated data on the human sex ratio to see whether 
there are grounds for the hypothesis that “male preg- 
nancies immunizé a small portion of mothers against male 
(Y) antigens, and this immunization is then. harmful to 
subsequent male fostuses’!, This hypothesis leads, in 
particular, to two expectations: first, that after a male 


birth the next child will have an inflated probability of 
being female, because of the greater chance of a male 
foetus being rejected due to incompatibility; and, 
secondly, that the sex ratio (the proportion of males) will 
decrease with parity because of male fœtus rejection due 
to the progressive increase in maternal immunity. 
Renkonen’s two publications deal with these two points. 

The first! is an abbreviated form of a paper which 


appeared a year earlier’, in which he used his own and | 


Geissler’s datat to conclude, inter alia, that “male preg- 
nancies render couples less likely to obtain further boys’’, 
and hence that the theory was substantiated, It is as well 
to follow the histories of these two sets of data. Renkonen 
first reported his in 1956° (although since then more 
families have been added, which has doubled the amount 
of data), and was, from the outset, interested in immuno- 
logical interpretations. He concluded that “there is a 
highly significant tendency to duplicate the sex of the 
precedent [sic] child”, a conclusion in direct opposition to 
the foregoing immunological hypothesis, and added that 
“the problem of a possible immunization and an incom- 
patibility on that basis could be discussed . . . but the 
size of the figures do not allow definite conclusions”. 

In 1961 Renkonen et al. published an analysis of the 
complete data’. Following the methods of Edwards and 
Fracearo®, he used a contingency table to test for the 
association between the sexes of successive children, and 


found y?= 21-78 on one degree of freedom (a very signifi- | 


cant value), which led him to comment that “the repetition 
tendency of the sex [is] found to be fairly strong in pairs 
of adjacent births”. In my own analyses of these sets of 
data?:*, I concluded that “the deviation from a random 
distribution of the sexes, with slightly more boys than 
girls, is due solely to this association [between the sexes 
of suceessive children]’’?. Indeed, on the full data the 
residual y? was 32-22 on 32 degrees of freedom’. 

These conclusions lend no support to the immunological 
hypothesis, which predicts a negative association rather 
than a positive one, but to pursue the matter further 
Renkonen® calculated the sex ratio among the second, 
third, fourth and fifth children in families, separating the 
families according to the number of boys already born, and 
found that ‘unisexual families tend to obtain further 


children of the same sex’, as was to be expected. But he. - 


then added: “For this reason it seems advisable to exclude 
[them], the only reason being, apparently, that they did 
not support the immunological hypothesis. 
remeining families the only fact “compatible with the 
immunization hypothesis” was that for fourth children 
“the sex ratio is higher if one of the previous children is ë 
boy than if two of them are boys. . . . However, the 
difference . . . is not statistically significant”. x 

Renkonen then treated Geissler’s data by the same 
methods, again omitting the unisexual families, which 


likewise showed a positive association. In the remaining 


families of these data the sex ratio did, in general, decrease 


significantly as the number of boys born previously.” 
increased, and this led him to suggest, inter alia, an: 


immunological interpretation for the two sets of data 
considered together’. However, the trustworthiness of 
Geissler’s data has been questioned by several authorities, 


Among the . 
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and I have recently written, in a review of analyses, “it is 
not possible to draw any conclusions of biological impor- 
tance from them, and this situation must remain until 
the anomalies of the distributions can be satisfactorily 
explained’, i 
Renkonen repeated his conclusions in his recent publi- 
catio ut it will be evident from what has been written 
here that the immunological hypothesis is not supported 
h data at all, and only by a selected section of 
, enigmatic data. It may be added that 
en's data, while differing from Geissler’s, is 
6 with Schiitzenberger’s!, which displayed an 
jon of similar magnitude. 
‘he second publication? Renkonen concluded, from 
werican, data which showed a decreasing live-birth sex 
“ratio, but increasing stillbirth sex ratio, with parity, that 
“there remains little doubt that the decreasing sex ratio of 
liveborns by birth order is due to a simultaneous increase 
in the reaction of mothers”. This outspoken conclusion is 
somewhat of a non sequitur; there are undoubtedly 
several alternative explanations for this phenomenon, and 
as recently as 1961 Renkonen wrote “some studies on this 
line have been done but the results are contradictory”. 
In an attempt to test Renkonen’s immunological hypo- 
thesis, MeLaren™ carried out an experiment with an 
‘inbred strain of mice in which she immunized females with 
_ tissue from males and observed the sex ratio among their 
progeny. In spite of the small numbers (106 females and 
102 males were born) she felt able to comment that “It 
























3 on mice suggest that repeated pregnan- 
ssponsiveness to Y antigen, rather than 
unity”, and ended by giving her own 
1e more detailed data published by 
ot convincingly support an immuno- 
m’. It is to be hoped that a larger 
dertaken, and on the statistical side 
atio data from inbred lines of mice, 
ssibility of an association between 
ars, might prove informative. 
Itis thus difficult to escape the conclusion that, in the 
absence of direct immunological evidence and incontro- 
vertible statistical results, the immunological bypothesis 
should be regarded as extremely tentative. 
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We agree with Edwards that there is a tendency towards 
duplication of the sex of the preceding child, However, 
the sex of the fourth child, for example, is not likely to be 
the same as that of the third one in families of the types 
mf and fmf. Well aware of the exceptions from the 
duplication rule, we had to-go further. The first problem 
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to be considered was that of incompatibility. Heres 
found that had there been only one boy among tibef 
three children, the sex ratio (m/f) of the fourth enilds 
some 5 per cent higher than if there had already been t 
boys. If this observation were correct, it would be a-g 
argument for the assumption thet mothers can oü CASON 
ally become incompatible with their male o nes. 
Edwards's objections are: (1) the Finnish date are 
small to allow significant conclusions; (2) Gelsale 
are enigmatic; (3) we have omitted the unisexual fami 
from the analysis. 

(1) It is true that the Finnish data concernit 


























with her male offspring, she must remain incoripeti 
and react not only against her fourth but also against he 
fifth male offspring. Accordingly, it is reasonable toa 
the fifth child to the fourth and compare the sèx y 





children, the sex ratio was again 5 per cent higher 
if there had been two boys. This difference was significa 
(2) It is neither fair nor wise to reject Geis 
categorically on the ground of “anomulies’ 
which have not yet been “satisfactorily expleine:!””. 
(3) In examining the intricate problem of sog 


dived 







incompatibility it is advisable to select the datasa thot coccio 





they are as uncomplicated as possible and to ave ee 
interfering influence of genetical factors. We had to be 

sure that the parents to be followed up could get children 

of both sexes. Therefore we omitted the iwniisexiel 

families and took all the others into consideration. 

In this connexion I might refer to a paper! af ots 
which has apparently escaped Edwards's attention, If 
the critical difference in the sex ratios is due to en ineom 
patibility, the birth-interval between the third and 
fourth child ought to be lengthened among the i 
patible families. In Table 1 we present an extrs 
data concerning these birth-intervals. The er 
interval does seem to be lengthened and the lengther 
due to intervals terminating with a girl but not to those 
terminating with a boy. If the fourth child is a boy, the 
mother is evidently not incompatible; but if it is a girl, 
she might be incompatible. The lengthening of the birth- 
interval thus occurred within the group of families where 
it should occur, provided the incompatibility hypothesia 
is correct. 





















Table 1, BIRTH INTERVALS BETWEEN THE THIRD AND THE Foren Drv: 





Type of family Size of Mean interval. 
Stem family Fourth child group (rears) 
Om + 3f f 
m 
im+2f Í 
m 
2Zmt+if T 
m 
3m+ Of Í 
m 1,003 
Total 14,136 





Edwards pleads non sequitur when commenting on. the 
divergent trends of the sex ratios in live’ births and sti 
births, visible when they are plotted against the birth 
order. The hypothesis of incompatibility is om one 
hand based on the decrease in the sex ratio. in live-births 
by birth order. This decrease might, on the other hand. 
be assumed to be due to a parallel decrease in the primary 
sex ratio. But then the sex ratio of stillbirths should drop, 
too. It does not. 

It is quite true that there is no experimental evidence 
supporting our conception and that McLaren is not 
inclined to accept it on grounds of her experiments on 
mice. But I have doubts how far conchisions on mix 
pregnancies, with big and perhaps immunologically we 
isolated litters, can be extended to human bomi 
McLaren is further querying why, if two boys are. 
by two girls, the sex ratio among the fifth © 
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lower than when two girls are followed by two boys. . For 
initiating and maintaining a state of immunity, boys born 
recently should prove more effective: than boys born 
longer ago. But what about if there is a selective accumu- 
lation. of incompatible mothers in the group mmff, where 
the third and especially fourth girl might already reflect 
incompatibility of the mother ? 

In conclusion I should like to say that there are several 
more or less obvious data suggesting an occasional incom- 
patibility of the mother with her male offspring. 


K. O. RENKONEN 
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Effects of Maternal Nephrectomy on Feetal 
Kidneys 

Resgarcu on the general phenomenon of compensatory 
organ growth is usually predicated on the assumption 
that humoral growth-regulating factors must exist as a 
logical, though hypothetical, necessity. Yet their un- 
equivocal demonstration is, unhappily, a very rare event 
indeed, If our knowledge of the control mechanisms which 
govern the growth and development of various tissues and 
organs is to parallel that which has followed the discovery 
of erythropoietin, for example, and its role in stimulating 
erythropoiesis, then it is imperative that the existence of 
tissue-specific stimulators or inhibitors be experimentally 
demonstrated. Until this is achieved, the validity of many 
theoretical interpretations must remain in question. 

With reference to the kidney, it has been abundantly 
shown that compensatory renal hyperplasia occurs 
following contralateral nephrectomy'-*. Whether this is 
explained as a response to a reduction in total renal mass 
per se* or to functional overload of the remaining kidney, 
it is difficult: to avoid the conclusion that the offects of the 
loss of one kidney are communicated to the other via the 
circulatory system. The nature of the message is not 
known, but its detection depends on utilizing a system at 
least as sensitive as that possessed by the compensating 
kidney. Should a blood-borne chemical substance be 
involved, however. something of its modus operandi might 
be learned by determining if foetal kidneys respond by 
compensatory growth to unilateral nephrectomy of the 
mother. If so, the existence of a chemical message in the 
blood would be clearly indicated. Otherwise, the implica- 
tions of negative evidence would be worth considering. 

From 4 female rats the left kidneys were excised on the 
19th day of gestation. Three other pregnant rats were 
sham-operated. After 48 h the animals were killed and 
the maternal kidneys as well as those of the 21-day 
foetuses were fixed and sectioned. Mitotic counts in the 
maternal kidneys, made as previously deseribed?, indi- 
cated 3 times as much proliferative activity (P < 0-02) in 
the remaining kidneys of uninephrectomized mothers as 
in controls (Table 1). The experimental rats yielded 38 
fwtuses, the controls 33. Each pair of foetal kidneys was 
inspected for mitotic activity in 25 randomly selected 
cortical areas comprising 1,007 + 5-79 cells per field. The 
difference between the two groups was negligible (Table 1), 
a result: not altogether unexpected in view of Rollason’s® 
observations of normal mitotic activity in the kidneys of 
“fostuses 2 and 3 days after bilateral nephrectomy of the 
mothers. He also noted, however. a rise in the incidence 
of prenatal renal mitosis one day after operation and an 
apparent acceleration of differentiation im ‘experimental 
kidneys. Since this was unaccompanied by any permanent 
increase in the relative weights. of such foetal kidnoys, it 
is problematical that Rollason’s results refleet a tissue- 
specific foetal response to maternal nephrectomy. 
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Table 1. MITOSES IN MATERNAL AND Farral KIDNEYS AFTER UNILATERAL 
: NEPHRECTOMY OF THE MOTHER 


VOL, 198 


Treatment No. of kidneys No. of mitoses per 
1,000 cells + SLE. 
Maternal kidneys 
Sham-operated 6 0-16 + 0-04 
Uninephrectomy (48 h) 4 0-47 +013 
Fetal kidneys 
Control 33 pair 5-43 40-09 
Experimental 38 pair 4-44 + 0-09 


Several alternative explanations might account for the 
apparent failure of the fatal kidneys to respond to 
unilateral nephrectomy of the mother as do the remaining 
maternal kidneys. The prenatal kidneys may already be 
growing at the maximal rate or may otherwise be incapable 
of responding to whatever constitutes the stimulating 
influence of uninephrectomy. If the growth of maternal 
organs is normally held in abeyance by inhibiting 
substances in the blood, the growth of homologous organs 
in foetuses would be handicapped should such agents 
intrude on the foetal system. Therefore, on both theo- 
retical and experimental grounds, one is led to the 
conclusion that foetal organs must be exempt from. these 
influences. Such is not the case, however, with reference 
to foetal thyroids* and islets of Langerhans’-™,. which 
enlarge under conditions of maternal hypothyroidism and 
diabetes, respectively. When an organ’s function is 
represented by its product, as in endocrine glands, fetal 
compensation for maternal deficiencies is physiologically ~ 
useful. Increased function and/or growth of foetal kidneys, 


however, does not necessarily augment maternal excretion. ` 


If compensatory renal hyperplasia is a consequence of 
physiological overload, the functional competence of 
foetal kidneys should be an important factor with regard 
to their possible enlargement following maternal nephrec- 
tomy. There is no doubt that late footal kidneys’, as 
well as placente'*, perform excretory functions. Indeed, 
Wells'* has shown that foetuses accelerate the production ~ 
of urine following ligation of maternal renal pedicles. 

Yet foetal excretory activity is not a vitally essential 
function, for congenital absence of both kidneys is not 

lethal until after birth'’.1*, Moroover, the hereditary lack 

of one kidney, though associated with hypertrophy of the: 
remaining solitary kidney in adults*.", is not accompanied ` 
by renal enlargement in new-born mice’. Thus, available 

evidence indicates that compensatory renal hyperplasia 

is associated only with some postnatal function. of the 

kidneys. 

The possibility cannot be ignored that the maternal 
stimulus for compensatory renal hypertrophy might. be 
excluded from the foetal system. Many substances? are 
transferred across the placenta, including vitamins, many 
drugs, certain hormones, and some viruses. Most plasma 
proteins probably do not enter the foetal circulation from 
the mother, but antibodies gain access via the yolk sac 
vasculature?’. If the stimulus in question is mediated by 
a molecular messenger, its passage across the placenta 
could only be detected by a foetal response to maternal 
nephrectomy. Though an excretory response has been 
detected, a growth reaction apparently does not occur, 
A final possibility, therefore, is that the stimulus may be 
physical instead of chemical. There is some evidence, 


albeit circumstantial, that compensatory renal hyper-... 


plasia may be an effect of hypertension®. Such an 
influence would not necessarily cross the placenta. 
Furthermore, it is conceivable that renal control of blood 
pressure might commence at birth, a possibility that would: 
explain the absence of prenatal ronal hypertrophy. 
Clearly, the validity of these attempted explanations 
must await further experimental evidence, but the exis- 
tence of the maternal-feetal relationship in mammals. 
represents a convenient system in which to analyse 
the mechanisms by which growth and function are 
regulated, 

This investigation was supported in part by a grant 
(B923) from the U.S. Public Health Service, and by a 
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Pelagic Life of Spirorbis Larvæ 


Durna work on the biology of Spirorbis rupesiris Gee 
and Knight-Jones!, it was noted that the behaviour of 
the larve after hatching was quite different to that 
observed in some species. In S. borealis Daudin, for 
example, the larve swim almost as soon as they have 
hatched. Later they explore various substrata, alter- 
nately swimming with the prototroch and crawling with 
the ventral cilia, before finally settling and metamorphos- 
ing. In S. rupestris, however, the swimming or truly 
pelagic phase seems to be more or less eliminated. Experi- 
ments were therefore conducted with the larve of two 
other closely related forms, S. corallinae de Silva and 
Knight-Jones? and 8S. tridentatus Levinsen, to see how 
the presence or absence of a pelagic phase may be related 
to the type of substratum usually chosen by the species. 

Ripe embryo chains of each species were placed in the 
centre of a ‘Perspex’ box which was covered on three sides 
with black paper and illuminated from the remaining side. 
In one series of experiments the embryo chains were 
placed directly on the ‘Perspex’ (which is unfavourable 
for settlement) in the centre of the box. In another series 
of experiments the embryo chains were placed in the centre 
of the box on a piece of the substratum known to be 
particularly favourable for settlement of the species con- 
cerned. On hatching, the movements of each larva 
were recorded, including particularly whether it remained 
erawling near the embryo chain or on the piece of favour- 
able substratum, or whether it swam away within the first 
10 sec or the next 30 sec after hatching or at any time 
afterwards (Table 1). A hundred larve of each species 
were observed in this way. A larva, emerging head first, 
was regarded as fully hatched as soon as its abdomen had 
left the vitelline membrane. 


Table 1 


Percentages of larve of each species which, hatching in 
contact with an unfavourable substratum (US) or a favourable 
substratum (FS), swam off: 


within next after or metamorphosed 

10 see 30 sec 40 sec without swimming 
Species US FS US FS US FS Us FS 
5. rupestris 3 0 4 0 93 9 0 91 
S. corrallinae 5 0 23 2 72 G7 0 21 
S. tridentatus 80 19 16 13 24 46 0 21 
S, borealis 69 10 20 62 11 27 0 1 


Table 1 compares these results with some given pre- 
viously for S. borealis and S. rupestris', and shows that 
when the substratum is unfavourable (‘Perspex’), all 
individuals of all species have a pelagic life (that is, none 
metamorphoses without swimming). In S. rupestris and 
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S. corallinae, however, comparatively few larve swam 
within the first 40 sec after hatching, whereas in S. 
borealis and S. tridentatus, most larve became pelagic 
within 10 sec. 

When a favourable substratum was present the pelagic 
life was reduced to differing degrees in the four species. 
There was the greatest reduction in S. rupestris, where 91 
per cent of the larvee metamorphosed without becoming 
pelagic, the whole time between hatching and mctamor- 
phosis being spent crawling on the piece of substratum in 
the vicinity of the hatching point. At the other extreme 
was S. borealis, where only 1 per cent did not have a 
pelagic phase, but where the commencement of that phase 
was slightly delayed if the substratum was favourable. 
S. corallinae and S. tridentatus came between these two 
extremes, but under the conditions of the experiment were 
nearer S. borealis, only 21 per cent of these species having 
no pelagic life. Again the commencement of the pelagic 
phase was delayed by the presence of a favourable sub- 
stratum, most noticeably in S. tridentatus. 

All Serpulidae are sedentary polychetes and the 
larval stage is their only means of dispersal. In Poma- 
toceros* and many other forms this is an actively feeding 
stage which lasts for a week or longer. Spirorbis larvi. 
on the other hand, develop from large-yolked eggs. prob- 
ably do not feed and are rarely viable if metamor- 
phosis does not occur within 24 h of hatching. Several 
species of Spirorbis seem ‘to be specific to certain sub- 
strata, which the larve choose. S. rupestris is found 
generally on bedrock encrusted with Jxthothamnion'. 
S. borealis on Fucus serratus, S. corallinae on Corallina 
officinalis* and S. tridentatus on shaded bedrock or the 
under surfaces of stones and boulders. 

It is the varying degrees of permanence of these sub- 
strata which may have caused these differences between 
species in length of pelagic life to be selected. S. rupestris 
has a very safe substratum. The Lithothamnion which it 
seeks covers great areas of bedrock and grows only in 
places protected from severe scouring. The larve never have 
to move far to find a suitable place for metamorphosis. It 
is therefore neither necessary nor advantageous for this 
species to have a wide-ranging pelagic phase and the 
reduction of this has eliminated the danger of the larvæ 
being washed away from the shore, to which the specics 
seems to be confined. With S. borealis however, the reverse 
is true. Fucus serratus is a comparatively ephemeral 
discontinuous substratum. Each frond is able to carry 
only a limited number of Spirorbis, especially since 
S. borealis spaces out so carefully’. ` A free swimming 
larval stage is therefore necessary if new fronds are to be 
colonized before the larger, older plants are torn away by 
storms. Corallina officinalis forms much smaller and 
tougher plants than Fucus serratus. Moreover, it ix 
confined to rock pools and below the Laminaria canopy. 
where it may be more protected from wave action. 
Certainly it is not to be seen cast up on the strand line in 
such quantities as Fucus. Thus this substratum tends to 
be more permanent than Fucus serratus but less so than 
bedrock covered by Lithothamnion, so the species asso- 
ciated with it can well have pelagic tendencies less marked 
than those of S. borealis but more so than those of 
S. rupestris. The larve are slow to start swimming and it 
may well be that the proportion which becomes pelagic. 
in the dim light of their natural habitat, is lower than in 
the conditions of these experiments. 

The habitat of S. tridentatus may be subject to @ great 
deal of abrasion, and often becomes smothered by sedi- 
ment which collects under stones. This species has 
developed a strong, ridged tube which must help to com- 
bat abrasion, but it is not surprising that a high propor- 
tion of the Jarve should become pelagic. The wide distri- 
bution of this species, below as well as between tide marks. 
probably follows from this. 

I thank the Department of Scientific and Industrial 
Research for a research studentship supporting investiga- 
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Stimulation of Hatching of the Potato Root 
Eelworm by Soil Leachings 


LarvÆæ of the potato root eelworm, Heterodera rosto- 
chiensis Wollenweber, are stimulated to hatch by a 
factor given off by the roots of potato plants!, In the 
laboratory, hatching is negligible in distilled or tap water, 
in solutions of the common salts of physiological salines?, 
and in soil water!. In the field, however, substantial 
hatching may occur in the absence of plants which 
produce the hatching factor®4: more recently®, it has 
been shown that this hatching is seasonal and, in the 
Netherlands, is most marked in June. It now appears 
that this so-called ‘spontaneous’ hatching may, in fact, 
be due to the production of hatch stimulating substances 
by soil organisms. 

In autumn of 1960 six plant pots were filled with thor- 
oughly mixed soil, two at each of three sites on an experi- 
mental allotment. One of each pair was autoclaved at 
151b./in.? for 15 min, and then all pots were kept indoors 
through the winter, their tops covered with polythene 
sheeting. After the initial process, no attempt was made 
to maintain sterility. In April of the following year 
they were moved to an unheated greenhouse and the soil 
kept moist by periodic watering. At the beginning of 
May, that is, about six months since the autoclaving, 
and usually at fortnightly intervals until the following 
October, leachings were collected from each of the six 
pots. 

There were 78 samples in all, 13 ‘from each pot, and 
they were stored in polythene bottles in a deep froaze, 
as collected. In February of the following year, all the 
78 samples of leachings were used in a hatching trial, 
each sample being tested on five lots of ten previously 
soaked cysts; in addition, a control series of five lots 
of cysts was stimulated by potato root diffusate, and 
tap-water and distilled water controls of this scale were 
also maintained. For five weeks, larve were removed 
and counted each week, solutions being replaced from 
stocks stored under deep-freeze; but the experiment was 
continued until cessation of hatching with the three 
control series and a representative collection of 18 leach- 
ing samples. 

The results showed the following: (1) hatching was 
greater in the ‘non-sterile’ leachings than in the ‘sterile’ 
leachings obtained at the same time; (2) there was a 
strong suggestion of ‘recovery’ from the effects of steriliza- 
tion, that is, the difference between the ‘sterilized’ and 
‘non-sterilized’ series became less marked with time; 
(3) there was clear evidence of a ‘seasonal’ effect, solutions 
collected in late Spring and early Summer possessing 
greater stimulating power than solutions collected at 
other times; (4) hatching in the more potent leachings 
. was equal to that in potato root diffusate. 

The general features of the results are shown most 
strikingly in Fig. 1, which is based on the hatches at the 
end of the third week of the hatching trial for the thirteen 
pairs of leaching samples obtained throughout the pre- 
vious season from one ‘non-sterile’—‘sterile’ pair of pots; 
each point is based on the total hatch from five lots of 
ten cysts. The seasonal nature of the response is well 
shown, peak activity coinciding with the peak for ‘spon- 
taneous’ hatching reported by den Oudenë. 
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Fig..1. Larval emergence from cysts in soil leachings from a pair of 
pots, one previously sterilized (O), one not (@). The diagram shows 
the position at the end of the third week, each ‘point being based. on 
the total hatch from five lots of 10 cysts in a sample of leachings 
obtained at a particular time the previous season. atchings in root 
diffusate (RD), distilled water (DWV) and tap water (TIF) are also shown 


In the inactive leachings hatchings differed little from 
those previously obtained with ‘soil-water’!. But they 
were low even in the more active leachings and the root 
diffusate, amounting finally to about 15 larve per cyst;. 
almost certainly, this was due to the cysts, for subsequent 
test of the diffusate showed that it was at least of moderate. 
activity. 

Clearly the results strongly suggest that soil organisms. 
are responsible for ‘spontaneous’ hatching. Indeed, 
since’there were no differences of note between the pH 
values for the various solutions, nor, and more particu- 
larly, between those for depression of freezing point, it is 
difficult to envisage an alternative explanation. If the 
hypothesis is finally confirmed, it is unlikely that the 
active agent or agents will be found to be as specific as. 
the potato root eelworm hatching factor; there may 
therefore prove to be other examples of seasonal activity 
which they initiate. 

This work forms part of a programme supported by 
grants from the Agricultural Research Council. 
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Scolex of Cysticercus fasciolaris 


Rerorts on the cysticercus of Hydatigera taeniae-~ 
Jormis have been somewhat contradictory as to the posi- 
tion of the scolex in situ. Lapage’ states “the whole 
larva looks like a small adult tapeworm” and elsewhere? 
“the scolex is not invaginated’’. Wardle and McLeod* 
speak of “an extruded holdfast’’ and further of “a pre- 
mature evagination and segmentation of the larval 
stage, while still in the intermediate host’’. Cameron‘ 
considers also Cysticercus fasciolaris as resembling a small 
tapeworm. However, according to Neveu-Lemaire', 
the scolex should be invaginated. Fiebiger* and Borchert’ 
report more or less the same as Lapage!, that the cysti- 
cereus looks almost like an adult tapeworm, the neck 
of which is already evaginated, but they state that the 
scolex is still invaginated. 
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Reichenow et al.8 are of the opinion that the scolex of 
C. fasciolaris evaginates in the cyst. According to plates 
made by Hutchison’, a 42-days-old cysticercus shows an 
evaginated scolex; however, on his illustration of a 
mature strobilocercus (62 days old) it is difficult to see 
whether the scolex is evaginated or not. 

Recently, Voge!* reported observations on the struc- 
ture of the cysticercus in question; a free-hand drawing 
of a longitudinal section of a formalin-fixed specimen 
shows an invaginated scolex. 

In view of these conflicting results I felt it worth while 
to reinvestigate the problem, using a new technique. 

During a work on Cysticercus fasciolaris, a group of 
male mice was infected orally with eggs of Hydatigera 
taeniaeformis obtained from a, freshly killed cat. After a 
period of about two months the greater part of the mice 
were killed by means of chloroform, and the liver 
cysts were collected. Some scolices were examined on 
their position shortly (3-10 min) after removing the 
cysts, some after 1 h, some after 48 h and the remaining 
ones after 72 h. All the cyst-walls were left intact until 
the scolices were checked. The results are recorded in 
Table 1. 


Table 1. POSITION OF Cysticercus fasciolaris SCOLICES ON OBSERVATION 
AT VARIOUS TIMES AFTER REMOVING THA CYSTS FROM THER Hosts 
Scolices 
Cysts opened after Cysts No, of Scolices completely 
stored at seolices invaginated evaginated* 
3-10 min 22° Q 15 16 0 
1h 22°C 3 1 2 
48h 5° 0 25 7 18 
ma first 48 h BG : 
TS 
72 nf Arst A8 R. 24h 2 e 48 26 22 


* With hooks and suckers protruded. 


The results obtained by controlling the scolices shortly 
(3-10 min) after removing could suggest that the scolex 
in situ would be invaginated. In order to test this 
supposition I undertook the following experiment. 

An infected mouse was killed by decapitation, the body 
was opened very quickly and a part of the liver, bearing 
numerous cysts, was thrown into liquid air. This opera- 
tion took but a few seconds, during which, it is granted, no 
changes could have occurred. On observation of the 
fixed cysticerci, I counted 22 specimens, all of them 
showing the scolex evaginated, but with the rostellum 
and the suckers not yet protruded, as can be seen in Fig. 1. 
I believe that the position of the hooks and the suckers 
is to be considered as natural, since the fixation with 
liquid air is so rapid that it cannot be assumed that the 





Fig. 1. She of a fresh Cysticercus fasciolaris fixed in 


guid air. Note the incomplete evagination 
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smooth muscles could have caused a retraction in such 
a short time. In fact, by means of control I have 
demonstrated that completely evaginated scolices. when 
thrown into liquid air, remained fully evaginated without 
retraction of hooks or suckers. 

Contrary to the aforementioned supposition that the 
scolex in situ would be invaginated, it is believed that the 
head of the fully developed C. fasciolaris is evaginuted in 
the cyst, but with the hooks and the suckers not yet pro- 
truded. This may be called an ‘incomplete evagination’. 
From the results in Table 1—cysts opened after 3 10 
min—it appears that on normal observation, performed 
without exceeding rapidity, general invagination of the 
scolices has been caused, probably by the decrease in 
temperature. However, if the cysts are opened at least 
1h after removing them from their hosts. some of the 
scolices are evaginated again, and now completely with 
protruded hooks and suckers. 

The conflicting results of the various authors might 
thus be explained by envisaging the time after which the 
cysts were opened and the scolices examined. 

Pavr H. De Rycxe* 
Institute of Zoology, 
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Belgium. 
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Inverted Vascular Bundles in the Leaf of the 
Thurniaceae 


In the course of a broad investigation of the compara- 
tive anatomy of the monocotyledons at present in progress 
at the Jodrell Laboratory, Kew, an exceptionally interest- 
ing arrangement of vascular bundles in the leaf of the 
family Thurniaceae has been observed. 

The family Thurniaceae consists of three species of 
sedge-like herbs with elongated leathery leaves occurring 
in British Guiana and certain parts of the Amazon valley. 
The vascular bundles of the leaf, in common with those of 
many other monocotyledons, form a number of parallel 
strands with transverse connexions between them. The 
point of special interest is that each of the large parallel 
longitudinal bundles has a small inverted bundle running 
along its length on the abaxial side, outside the scleren- 
chyma-sheath. The phloem pole of the small subsidiary 
bundle is orientated towards the phloem pole of the 
main bundle (Fig. 14 and B). In all the subsidiary 
bundles, except those adjacent to the smaller main 
bundles, xylem is well developed. The subsidiary inverted 
bundles are joined to neighbouring subsidiary bundles by 
transverse connexions. These make up the majority of 
the transverse bundle connexions of the leaf. Occasional 
junctions between the 2 members of a pair of bundles 
have been observed towards the base of the leaf in T. 
jenmant. The inverted bundle tends to become amphi- 
vasal near the point of fusion. Solereder and MeĘ er! 
observed the inverted bundles but interpreted the struc- 
ture to be a ‘procambial strand’. 





A a B f 
Fig. 1. A, Transverse section of longitudinal vascular bundle in leaf 


of Thurnia sphaerocephala (Rudge) Hook.f. showing an inverted 
vascular bundle on the lower side of the sclerenchyma sheath {x c. 52); 
B, inverted vascular bundle from A, at higher magnification (x c. 262) 


Metcalfe? has recently directed attention to the very 
wide range of leaf structure which occurs in the Cyper- 
aceae and other monocotyledons, but so far the type of 

“vascular organization here described for the Thurniaceae 
has not been seen elsewhere. It should be noted that the 
vascular arrangement in the leaf of Thurnia differs from 
that in the equitant leaf of Iris spp. where the vascular 
bundles of opposite pairs have their xylem poles facing 
towards one another®. It also differs from the type of 
structure found in Lepidosperma (Cyperaceae), which 
recalls that of an equitant leaf of an Iris, and from 
Lagenocarpus (Cyperaceae), where some of the vascular 
bundles are in pairs but with the xylem pole of each 
bundle facing towards the ‘adaxial surface of the leaf 
(Metcalfe, loc. cit., Fig. 11). 

It is difficult to explain in morphological, phylogenetic 
or physiological terms how the type of vascular structure 
found in the leaf of Thurnia has been evolved. This 
problem must be viewed against the broad background of 
the range of structure in the monocotyledons and it is 
hoped that the continuing researches into the anatomy of 
the monocotyledons at this laboratory will throw further 
light on this problem. 

Davip F. CUTLER 
Jodrell Laboratory, 
Royal Botanie Gardens, 
Kew. 
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Morphometry of Wool Fibres 


THE occurrence of irregularities in the shape of the cross- 
section of wool fibres along their length is well known. 
The variations are in the area and ellipticity of the cross- 
section as well as the inclination of the major axis of the 
ellipse. Efforts have been made to take account of these 
irregularities in the interpretation of mechanicel tests on 
fibres both theoretically’ and experimentally’. Dis- 
agreement and high variance of results exist in published 
determinations®-? of fibre breaking stress and its depen- 
dence on average fibre diameter, breed and age of sheep. 
Some recent experiments! basing the breaking stress on 
the minimum instead of the mean cross-sectional area 
within the test length showed a lower variance and 
indicated the importance of examining the area variations 
in greater detail as suggested long ago by Rossouw®. This 
has been done with a newly developed fibre rotator and a 
much finer structure of irregularity has been found than 
might have been expected. 

Apparent diameters of the fibres were measured on a 
fibre rotator of which a detailed description will be given 
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elsewhere designed to fit a projection Lanameter micro- 
scope. The fibres were measured while immersed in 
paraffin oil after conditioning to an atmosphere of 65 per 
cent relative humidity, and 20° ©. The fibre was rotated 
through 180° in increments of 18° (one turn of the rotator 
handwheel) and at each setting the diameter and the angle 
of rotation were recorded. From these readings the lengths 
of the semi-major axis a and of the semi-minor axis b of 
the elliptical fibre cross-section were decided. The cross- 
section. area nab, the ellipticity a/b, and the anguler 
orientation of the major axis 0 were calculated and are 
shown for a typical highly uniform Merino fibre in Fig. 1. 
Readings were taken at axial intervals of 0-5 mm along a 
2-em length of fibre, and at 0-040 mm (40u) for two of the 
0-5-mm intervals selected at random and shown by the 
vertical dotted lines in Fig. 1. It will be seen that there 
are four places where the fibre thickness xab departs by 
more than 10 per cent from its mean value in the very 
short length of 0-5 mm and that a change of 24 per cent in 
thickness occurs in 40, a distance of twice the fibre 
diameter. Some of the fluctuation in cross-sectional arca 
is due to the rise and fall of the scales along the fibre 
surface. However, close examination (of this source of 
fluctuation) showed a contribution of less than 2 per cent 
from this cause. The results of measurements on a few 
Corriedale and Lincoln fibres were similar to those for the 
Merino shown in Fig. 1, except that for coarser fibres the 
axial rate of change of 8 was slower. 
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The rapid changes of cross-sectional area observed are 
contrary to the assumption that the thickness of a fibre 
varies only slowly along the axis postulated by Peirce! and 
Zhurek? and assumed, at least implicitly, in most experi- 
mental work on the mechanical properties of fibres.. 

J. F. P. James 

C.8.I.R.0. Wool Research Laboratories, 

Division of Textile Physics, 
Ryde, Sydney. 
1 Peirce, F. T., J. Peat. Inst., 17, T, 355 (1926). 
sare Ve Tekhnologiya Tezxtil' Noi Promyshlennosti, No. 6 (19), 26 


* Kenny, P., and Chaikin, M., J. Text, Inst., 50, T, 18 (1959). 

i Burgmann, V. D., Text. Res. J., 28, 901 (1959). 

® Thorsen, W. J., Text. Res. J., 28, 185 (1958). 

ê O'Connell, R. A., and Lundgren, H. P., Tezt. Res. J., 24, 677 (1954). 


? Lecomte, J., Mazingue, G.. and Van Overbéke, M., Bull. Inst. Tert. 
(France), No. 69, 8 (1957). 

8 Roberts, N. F., James, J. F. P., and Burgmann, V. D., J. Text, Inst.. 
51, T, 935 (1960). 

? Rossouw, 8. D., J. Tezt. Inst., 24, T, 374 (1931). 
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ENTOMOLOGY 


Mating Behaviour of Normal and Sexual 
Intermediate Forms of a Chironomid 


I HAVE examined the mating behaviour of the chirono- 
mid Allochironomus crassiforceps K. at the Tvärminne 
Zoological Station, South Finland, where it is very 
numerous in early summer. Immediately after emerging, 
the adults fly towards the shore and alight on stones and 
rocks at a short distance from the waterline, where they 
may be found walking in masses. 

The normal pairing behaviour of Allochironomus 
includes two different types of behaviour mechanism, 
both of which give rise to copulation. In the first, the 
males swarm, as usual in chironomids, and a female which 
flies through a swarm is caught by a male. Then copu- 
lation is immediately initiated, and the pair alight on a 
solid base, where it is completed. In the second type, 
accounting for the great majority of copulations, tho 
whole process is performed on a solid base, that is, on 
shore stones, rocks, ete. When a male runs across another 
individual (female or male), and one or more of his legs 
comes into contact with it, he immediately halts and 
attempts to place himself on top of the partner so that the 
tips of their abdomens coincide. If the partner is a 
female, he bends the tip of his abdomen towards the 
genitalia of the female and copulation begins. This 
only succeeds, however, if the male is able to keep the 
female beneath himself with his legs. If the partner is 
another male his behaviour does not differ from that 
described above except that both males try to copulate 
with each other. 

There appear to be sexual intermediate forms in 
Allochironomus population. Up to the present, little is 
known about the nature of these intermediate forms, but 
Wiilker! supposes them to be gynandromorphs or zygotic 
intersexes. Usually they possess a male head (with bushy 
antenne) and thorax, but a female abdomen (with female 
genitalia). However, they are very uncommon, amount- 
ing to about one per 500-1,000 normal specimens. 

Mating behaviour of normal individuals and these 
‘intersexes’ was invostigated in the laboratory by placing 
one pair at a time beneath the lid of a little Potri dish 
(diam. 3 em) laid upside down. The behaviour of each 
pair was observed for 10 min. 


Table 1 
Attempts at 
contact copulation copulation 
May 6-5 184 2-4 


Table 1 shows the behaviour of normal males and 
females. 20 pairs were used in this experiment, and only 
the means (M) are seen. The first column shows how 
many times a male came into contact with a female 
with one or more of his legs without making any attempt 
to copulate. Column 2 shows the number of contacts 
which led to an attempt at copulation, column 3 the num- 
ber of completed acts. Table 2 shows, respectively, the 
behaviour of an ‘intersex’ with a normal female. The 
eight ‘intersexes’ were all of the type described here. 

As seon from column 2 of Table 2, all the ‘intersexes’ 
behave to a certain extent like normal males. However, 
the number of attempts at copulation per pair is con- 
siderably smaller than in normal pairs, and copulation 
naturally cannot occur. 


Table 2 
Attempts at 
contact copulation copulation 
33 9 0 
43 1 0 
28 4 0 
25 7 0 
23 8 0 
27 4 0 
20 15 - 0 
27 9 0 
Ma 28-3 71 0 
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An attempt at copulation between an ‘intersex’ and a 
norma! female does not differ very strikingly from that of 
a normal pair. The ‘intersex’, after coming into contact 
with the female, places himself on top of her just like a 
normal male. At this stage, where the normal male 
bends the tip of his abdomen towards the genitalia of 
the female, the ‘intersex’, on the contrary, only remains 
for a short time on top of the female, and then withdraws. 

Some observations were also made on the behaviour 
of an ‘intersex’ placed with a normal male. The behaviour 
of such @ pair does not differ distinctly from that of two 
males: the two individuals try to copulate wrh cach 
other. However, the normal male scems to b=» more 
active than the ‘intersex’. No copulation was observed, 
but the experimental material was rathor limited. 

So far as I am aware, Wiilker is the only author who 
has examined the sexual behaviour of chironomid intor- 
sexes. However, he has not recorded any case of attempts 
at copulation between normal and intersex chironomids. 

JAAKKO SYRJAMAKI 

Department of Zoology, 

University of Helsinki. 


1 Willker, Wolfgang, Arch. Hydrobiol., Suppl. 25, 127 (1961). 


MICROBIOLOGY 


A Simple Heat-stable Esterase Test for the 
Classification of Mycobacteria 


INVESTIGATIONS of esterase activity of mycobacterial 
spocies were reported earlier by Kendall et al.t and Toda*. 
Recently, Cohen et al.? and Yamamura et al.t havo reported 
more detailed work on this enzymo. Among these, an 
esterase stable at temperatures of 100° C for 10 min was 
found by Kendall et al. to exist in the culture fluid of 
many strains of mycobacteria, while Yamamura et al.45 
found it in a series of saprophytic mycobacteria. 

On the other hand, biochemical properties character- 
istic of the photochromogenic group of unclassified myco- 
bacteria have not been reported oxcept by Andrejew 
et al.®, who suggested that the photochromogons had 
comparatively strong lipase activity. 

In the course of investigation of the enzymatic activities 
of mycobacteria, a strong heat-stable esteraso activit y was 
found by us to exist specifically in M. kansasii. 

The following procedures were used for the routine 
heat-stable esterase test. 10 mg of the substrate (phenol- 
phthalein-dibutyrate) was dissolved in 3 ml. of acotone 
and the solution was brought up to 20 ml. by adding 
distilled water. A mycobacterial cell suspension (5~10 
mg/ml.) was heated in a boiling water bath at 100° C 
for 10-15 min and cooled in running tap water. To 1 ml. 
of the cell suspension in a test tube 1-5 ml. of the sub- 
strate solution was added. After the tube was incubated 
at 37° C for 3-6 h a drop of 1 M sodium carbonate was 
added. The positive heat-stable esterase reaction was 
evidenced by a red colorization. This esterase activity 
was found to be resistant to heating even at 121° G 
for 10 min. The active principle could be extracted from 
the cell suspension by heating, while it could not be 
extracted with organic solvents such as acetone, alcohol 
and ether at room temperature. The extracted active 


Table 1 
No. of 
Strains strains Strongly Weakly Xezat e 
tested positive positive 
Human 13 0 0 13 
Bovine 2 0 0 2 
Murine 2 0 0 2 
Avian 7 0 0 7 
Photochromogens 
M. kansasii (isolated 
from human) 10 10 0 
Strains isolated from 
tropical fish 3 Ce) 0 3 
Non-photochromogens 42 0 0 42 
Scotochromogens 24 0 2 22 
Saprophytes and others 21 0 0 21 
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principle was non-dialysable. The optimal pH of the 
reaction was found to be approximately 8-0-8-5. 

The results of the examination of 124 strains of myco- 
bacteria with this test are summarized in Table 1. The 
presence of the strong heat-stable esterase activity appears 
to be characteristic of M. kansasii, though a weakly 
positive reaction was found in only two strains of scoto- 
chromogens. It is quite interesting that M. kansasii, 
the photochromogen originally isolated from patients, 
could be differentiated from the photochromogenic 
mycobacteria isolated from tropical fish by Sato’ by this 
esterase test. 

Considering these results, the heat-stable esterase test 
should be a useful tool for classifying and differentiating 
mycobacteria. The nature of the heat-stable esterase is 
now under investigation. 

We thank Dr. T. Toda for his advice and encourage- 
ment. 

Yasuko NAKAYAMA 
` Kensı TAKEYA 
Department of Bacteriology, 
School of Medicine, 
Kyushu University, 
Fukuoka, Japan. 


ma O A. „i , Walker, A. W., and Day, A. A., J. Infect Dis., 15, 448, 


2 Toda, T., NO Biseibutugaku Byorigaku Zassi (Japan), 20, 2655 (1926). 
z 3 Cohen, S., Hushnick, J. B., and Purdy, ©. V., J. Bact., 88, 266 (1953). 
$ Yamamura, Y., Ogura, K., and Imazu, S., Kekkaku (Japan), 28, 51 (1953). 


* Ogura . K., Imazu, S., Kato, M., and Yamamura, Ms Kekkaku (Japan), 
m9, "128 (1954). 
s Aamin, a , Gernez-Rieux; Ch., and Tacquet, A., Ann. Inst. Pasteur, 99, 


7? Sato, S., Ann, Meet. Jap. Leprosy Assoc., April 1962. 


Serum Opacity Reaction produced by 
Staphylococci 


THE appearance of zones of opacity surrounding the 
growth of certain Staphylococet when cultured on nu- 
trient agar containing human serum was reported by 
Christie and North’. They observed that: (a) the 
opacity occurred only with B-hemolysin (hot—cold sheep 
hemolysin) producing strains of bovine origin; (b) 
similar opacities occurred when an albumin fraction 
obtained by ammonium sulphate precipitation of the 
serum was substituted for whole serum in the medium. 
They believed that the opacity was produced as a result 
of denaturing of the albumin by the toxin released from 
the growing organism. 

In an investigation of about 100 strains of Staphy- 
lococcus pyogenes isolated from cases of bovine mastitis, 
we too observed that the property of serum-opacity 
production existed only in 6-hemolysin producing strains. 


The reaction was best demonstrated on beef infusion agar | 


containing 20 per cent human serum. 

We failed to detect any opacity on albumin-agar 
plates containing various concentrations of a purified 
albumin obtained by Cohn fractionation of human 
serum. Preliminary experiments to determine the cause 
of the serum opacity indicated that more than one factor 


“may be involved. As certain electrophoretic fractions of 


toxin obtained from one of the foregoing serum opacity 
producing strains (B.S.M. 24) were available, they were 
examined for the distribution of serum opacity produc- 
ing agents as well as other components known to be 
present in the whole toxin. The reactions of fractions 
on agar plates containing substrates other than serum, 
namely, sheep blood, rabbit blood, egg yolk, maize oil, 
casein, gelatin, purified egg lecithin and crude soya bean 
lecithin, were also observed. 

Three serum opacity producing agents were distributed 
among the fractions. The first corresponded to the 
distribution of the 8-hemolysin (hot—cold sheep hemo- 
lysin); these fractions were afterwards found to contain 
a phospholipase which hydrolysed sphingomyelin ex- 
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clusively?. The second factor produced serum opacity 
in a few batches of serum only and it was found in frac- 
tions which also produced opacity on crude soya bean 
lecithin agar plates; these fractions were later shown to 
have a phospholipase acting on phosphatidyl inositol and 
lyso-phosphatidyl inositol present in the soya bean leci- 
thin’. Commercial staphylococcal antitoxin inhibited 
the serum opacity produced by these two factors only. 
The third agent was found in fractions which produced 
opacity on nutrient agar plates containing 1 per cent 
y-globulin (Cohn fraction). These fractions were tested 
on serum agar plates prepared from serum which had 
previously been absorbed with heat-inactivated whole 
organisms of strain B.S.M. 24. No opacities appeared. 
Therefore, it seems likely that serum opacity produced 
by the third agent was due to some kind of antigen— 
antibody flocculation reaction. This is being explored 
further. Opacity on y-globulin agar-plates was also 
obtained with the growing culture and whole toxin of 
several other B-hemolysin producing strains. ` 

The serum opacity produced by the fractions containing 
6-hemolysin was of special interest since it was similar in 
appearance to the opacity produced by Cl. welchii «-toxin, 
which contains phospholipase C. Like the staphylococcal 
fraction, this toxin also produces the hot-cold hemolysis 
of sheep red blood cells. These similarities between the 
two organisms have attracted the attention of many 
workers in the past‘ but have continued to be one of 
those minor mysteries of microbiology. Further, whereas 
the Cl. welchii «-toxin produced opacity on 5 per cent 
egg-yolk agar as well as 1 per cent egg lecithin agar, 
and could lyse rabbit red blood cells, the staphylococcal 
fraction failed to show any of these reactions. 

Cl. welchit phospholipase C acts on both lecithin and 
sphingomyelin’ whereas the staphylococcal phospholipase 
present in the 8-hæmolysin fraction acted only on sphing- 
omyelin. These properties, when considered together 
with the lecithin : sphingomyelin distribution in egg yolk 
and human serum (Table 1), could explain the differences 
in the opacity reactions referred to here. 


Table 1 
uma Sheep red blood Rabbit red blood 


ego cell stroma cell stroma 
cef 6) (%) (ref. De (%) (ref. 8) (%) (ref. 8) (%) 
Lecithin 72-8 60 1 44 
Sphingo- 

myelin 2:5 20 63* 29* 


* Includes minor amounts of lyso-phosphatides. 


It is also conceivable that the exclusive action on 
sphingomyelin by the staphylococcal enzyme could be 
part of the explanation for the differences in haemolytic 
properties between Cl. welchit «-toxin and staphylococcal 
6-hemolysin. 

From the evidence that has been obtained, it is sug- 
gested that the serum opacity reaction produced by 
staphylococci could be due to one or more of several 
factors, namely, phospholipases and antigen-antibody 
flocculation. 

J. GULASEKHARAM 
I. Cunyne 
Hazer M. Dorry 
B. J. MAGNUSSON 
Commonwealth Serum Laboratories, 
Parkville, N.2, 
Victoria, Australia. 
r arae Be and North, E. A., Austral. J. Exp. Biol. Med, Sci.,19, 323 


2Doery, Hazel M., Magnusson, B. J., Cheyne, I., and Gulasekharam, J., 
Nature (in the press). 
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Utilization of Hydrocarbons by 
Micro-organisms 


Ir is well known that many micro-organisms can 
utilize hydrocarbons as a sole carbon source??. We havo 
as yet little information, however, as to what kinds of 
intermediate or end products are produced by the micro- 
bial dissimilation of hydrocarbons. Above all, the forma- 
tion of amino-acids from hydrocarbons has not beon 
reported. 

We have isolated many strains of micro-organisms 
from soil samples by elective culture techniques in a 
medium containing kerosene, mineral salts and 2 per cent 
of agar, in order to examine if the useful products such as 
amino-acids, organic acids, fatty acids, steroids, nucleic 
acids and their derivatives can be produced by those 
micro-organisms. 

Shaking cultures of those micro-organisms were carried 
out in the medium containing 5 per cent of kerosene and 
mineral salts (dipotassium hydrogen phosphate, 0-25 
per cent; magnesium sulphate, 0-1 per cent; ammonium 
nitrate, 0-5 per cent; or urea, 0-3 per cent), and we found 
that 47 strains out of 112 strains of bacteria produced 
amino-acids and 17 strains produced ultra-violet absorbing 
substances in their broths, after 4 days’ cultivation at 
26:5° C. The kinds of amino-acids detected by paper 
chromatography were alanine, aspartic acid, glutamic 
acid, glycine, isoleucine. leucine, serine, tyrosine and valine. 

Results of the determination of the amino-acids and 
morphological studies of those bacteria are shown in 
Table 1. 


Table 1. SOME RESULTS OF THE DETERMINATION OF AMINO-ACIDS 


Morpho- Amino-acids (mg/l) = 
Strains logical i Aspar- Glutamic S0- 

properties Alanine tic acid acid leucine Valine Lysine 
S7B1 Gram nega- 

tive rod. 

Pseudomonas 17:0 23:0 23-0 15-0 38-0 — 
S10B1 Unidentified — 0 485-0 — — 75 
$10B2 Unidentified — 0 200:0 = — 6'2 
S11B1 Unidentified — 0 98-0 — — 12 
S12B2 Unidentified — 10-0 42-0 — — 2-4 
SI7B1 Unidentified — 0 54-0 - — 23-9 
S31B1 Unidentified 50-0 11-0 74:0 — -= 24 
5948B3 Unidentified — 10-5 94-5 — - 17-0 


* Determined by bioassay, using Leuconostoc mesenteroides, 


Furthermore, S7B1 strain, which appears in Table 1, 
grew abundantly in the medium containing 5 per cent of 
kerosene, 0-3 por cent of urea and mineral salts; and the 
yield of dry cell reached 0-8 g/100 ml. after 3 days’ cultiva- 
tion. According to the result of the determination by the 
Schmidt—Thannhauser method, the content of ribonucleic 
acid-of this dry cell was 5 per cent. It seems possible that 
economical sources of nucleic acids and its derivatives 
are supplied by the cell developed in the kerosene—mineral 
salts media. 

Korcar YAMADA 
Jost TAKAHASHI 
Katsu KOBAYASHI 
Department of Agricultural Chemistry, 
Faculty of Agriculture, 
University of Tokyo, 
Bunkyo-ku. 
1 Zobell, C. E., Bact. Revs., 10, 1 (1946). 


2 Beerstecher, jun., E., Petrol. Microbiol. (Elsevier Press, Inc., Houston, 
New York, 1954). 


VETERINARY SCIENCE 


Effect of Air Velocity on the Heat Losses of 
Sheep and Cattle 


EXPERIMENTS in respiration chambers in which the 
ambient air temperature could be accurately controlled 
showed that the air temperature below which heat pro- 
duction increases in response to a fall in air temperature is 
in calves 13° C (ref. 1), in adult cattle 7° C (ref. 2) and in 
sheep with 4-cm fleece 8° C (ref. 3). In these experiments 
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air movement was loess than 0-5 m.p.h., being that indueod 
by the circulating fans in the chambers. Little inforna- 
tion is available about the effect of air movement on the 
heat losses of sheep and cattle. Alexander! hus shown, 
however, very large increases in heat production when 
lambs are oxposed to the blast of a fan and Jarge metabolic 
offects have been noted in infant caribou exposed to cold 
windy conditions’. Many practical observations show 
that the production of cattle and sheep, and indeed their 
very survival, is adversely affected by cold winds. 

Two series of experiments have been performed to 
ascertain the quantitative effect of air movement on the 
heat losses of these animals. Experiments with steers were 
made in a respiration chamber‘ in which air movement was 
increased from 0-4 to 1:6 m.p.h. by means of small fans and 
in which the ambient temperature was controlled at either 
20° C or 0° C. Each of three steers was exposed to cach of 
the four environments on two occasions, once when with 
full coat and once when shorn. Hach exposure was con- 
tinuous for 4 or 5 days. Experiments were also made with 
four sheep which had previously been tracheotomized. 
These sheep were exposed to cold conditions of — 3, 0 and 
+5° C in a climatic room’ in which air velocities of up to 
10 m.p.h. could be obtained by means of a battery of fans. 
Oxygen consumption was measured by a Douglas bag 
technique? and heat production computed from the heat 
equivalent of oxygen determined for each animal in respira- 
tion chambers. Measurements were made at different 
lengths of fleece. With all animals the food given was 
approximately that required to maintain body-weight in 
a thermoneutral environment. Skin temperatures were 
recorded with copper-constantan thermocouples. 

With steers, an air movement of 1-6 m.p.h. had no 
effect on heat production at 20° C whether the animal was 
shorn or not, the mean heat production being 8,673 kcal/ 
24h. Heat production of steers with coats increased to 
8,987 kcal/24 h at 0° C in air at 0-4 m.p.h. and to 9,490 
kcal. at 1-6 m.p.h. Shearing and exposure to 0° resulted 
in a heat production of 13,183 keal/24 h at a wind speed of 
0-4 m.p.h. and of 13,595 keal/24 h at a wind speed of 1-4 
m.p.h. 

The heat production of the sheep in thermoncutral 
surroundings deviated little from 1,850 keal/24 h. Ex- 
posure to a wind of 9-6 m.p.h. at an air temperature of 
5° C increased heat production to 6,469 keali24 h in a 
sheep with 6-mm fleece, to 3,937 kceal/24 h in the same 
sheep with 20-mm fleece and to 2,317 kcal/h in another 
sheep with 50-mm fleece. At air temperatures of --3 Ca 
wind of 4:2 m.p.h. increased heat production to 6,271 
kceal/24 h in a sheep with 10-mm fleece, to 4,699 keal 24 h 
in a sheep with 20-mm fleece and to 2,388 keal,;24 h in 
one with a fleece-length of 50 mm. 

External insulation can be defined as the gradient of 
temperature from the skin surface to the air divided by the 
sensible heat flow (total heat emission less the heat 
required to vaporize moisture) per unit surface area per 
unit time. Table 1 summarizes the results of 65 experi- 
ments in which external insulation has been related ta the 
measured length of the coat. 


Table 1. EXTERNAL INSULATION (I p) OF SHEEP AND CATTLE IN DIFFERENT 
CONVEOTIVE ENVIRONMENTS IN RELATION TO COAT LENGTH (F. 


Wind speed No.of Regression of external insulation 
Animals m.p.b. expts. {I g) on coat-length (F; 
Steers 0-4 13 Ty=5- 0+ 0-37 F 
Steers 1:6 13 T7=3-0+085 F 
Sheep 0-6 10 Tp=48+ 046 F 
Sheep 2-5 7 Ig=40+4 0-40 F 
Sheep 4-2 6 Ig=32 +0:33 F 
Sheep 75 9 Ig=29+033 F 
Sheep 9-6 7 Fea22+028 | 


Fg=°0 x10" keal m? 24h. F=mm 


Table 1 shows that with both sheep and cattle the gain 
of insulation due to an increase in coat-length (the coeffi- 
cient of F) fell as wind velocity increased. This means 
that some destruction of the insulation of the hair and 
wool coats of cattle and sheep occurs in mild winds. The 
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table also suggests, as might be expectéd, that the insula- 
tion of cattle coats is slightly less than that of sheep coats 
of the same thickness. Both sets of experiments suggest 
that cold windy environments considerably augment the 
food requirements of cattle and sheep. In this regard, it 
has been found that the food required to maintain cattle? 
and sheep?* out of doors is higher than that needed indoors. 
This increased energy requirement cannot be explained by 
the expenditure of energy in walking" or grazing" out of 
doors. The considerable effects of small increases in air 
velocity on heat production would, however, account to a 
large extent for such observations. 
K. L. BLAXTER 
J. P. JOYoE 
5 F. W. WAINMAN 
Hannah Dairy Research Institute, = 
Ayr. 
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Neuroleptic Narcosis: an Approach to 
Anesthesia in Large Animals 


THE anesthesia of the large hoofed animals remains 
hazardous. Barbiturates and similar anesthetics have 
to be given carefully on a known weight basis, and the 
mortality due to respiratory arrest is large if compared. 
with that in small-animal practice. The mechanics of 
casting the subject is a problem in many animals and may 
easily lead to injury and death, and which may only 
partially be overcome by preliminary injection of a 
neuromuscular blocking agent, such as succinylcholine 
and gallamine triethiodide. 

The use of neuroleptic drugs to halt or ‘fix’ the animal 
has been developed recently, particularly with the formu- 
lation of “Phencyclidine’ (‘Phencyclidine’ (U.S. ‘Sernyl’), 
Parke Davis and Co., Michigan) (1-(1-phenyleyclohexy]) 
piperidine, monohydrochloride) by Parke Davis Labora- 
tories. Its use has been described on goats’, monkeys?’’, 
apes‘, and with other drugs on various animals®.®, 

“Phencyclidine’ is a psychomotor drug which causes the 
patient to lapse into a catatonic stupor, but with most 
of the reflexes unchanged. When given alone, it seems to 
cause distress to some species, and in particular to animals 
who try to fight the neuroleptic state. The latter be- 
haviour may be prevented by the addition of other 
drugs, without impairing the rapid ‘fixing’ action of 
‘Phencyclidine’. 

Over the past two years we have been using ‘Phencycli- 

‘dine’ mixtures for the capture and handling of large wild 
animals in their natural surroundings. For this purpose 
we mixed the neuroleptic with morphine, or diethyl- 
thiambutene (“Themalon’, Burroughs, Wellcome and Co., 
London) to make use of the synergism between the two, 
but particularly to incorporate a reversible component 
in the mixture. Scopolamine was also added mainly as a 
parasympatholytic, and in some cases chlorpromazine 
hydrochloride (‘Largactil’, May and Baker, Ltd., Dagen- 
_ham, England) as tranquillizer. 

Under light dosage of ‘Phencyclidine’, there appears 
to be little analgesic effect as judged by the animal’s 
reaction to painful stimuli. If morphine or synthetic 
morphine is added there is a reduced reaction to stimuli 
that normally causes distress. 
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The standard stimulus used as a criterion has been the 
puncture of the ear as for affixing an ear-tag. In wild 
animals in particular, the ear appears highly sensitive, 
and puncture of the pinna normally causes pronounced 
reaction. Under the effect of the neuroleptic enhanced 
by tho analgesic action of morphine or diethylthiambutene, 
puncture of the pinna is usually unnoticed. In this way - 
it has been possible to affix ear-tags to unrestrained and. 
standing wild rhinoceroses’. 

The use of the neuroleptic-morphine mixture is attended 
with little hazard, and no deaths have resulted directly 
from its use-over a series of more than eighty large wild 
animals, injected with these drugs to a point where they 
could be easily handled. 

These animals include adult specimens of elephant, 
rhinoceros, hippopotamus, giraffe and buffalo, although 
in the form described here it is more suitable for the 
non-ruminants than for animals such as giraffe and ante- 
lope. Approximately fifty of the rare white (square- 
lipped) rhinoceros have been handled using this mixture. 
In several cases repair of extensive traumatic injuries 
and resultant minor surgery was carried out on the sub- 
ject without recourse to manual restraint. Furthermore, 
in some 70 per cent of these cases, the drug was admin- 
istered by lay personnel after only a month’s course of 
training. 

The safety margin of this mixture is several hundred per 
cent (maximum explored range more than 600 per cent) 
so that the problem of weight estimation is entirely over- 
come. 

It is felt that the restraint of large animals for handling 
for minor surgery using the basic mixture of neuroleptic 
with narcotic, thus producing in effect a neuroleptic- 
narcosis, is a new approach to the problem of performing 
minor surgical interference in certain species of normally 
recalcitrant or unco-operative large animals. The margin 
of safety is very considerably greater than the one atten- 
dant on the use of either paralysing drugs or conventional 
anesthetic procedures. 

A. M. HARTHOORN 
Department of Physiology, f 
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University of East Africa, 
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Thrombocytopenic Bleedings in Young Pigs due 
to Maternal Isoimmunization 


THROMBOCYTOPENIC bleedings have to our knowledge 
not yet been described in pigs. However, purpura in adult 
pigs and piglets has already been described’, but the 
ætiology of these cases remains unknown and platelet 
counts were not performed. 

In man, neonatal thrombocytopenia is well known. 
Mostly, it occurs in infants whose mothers suffer from 
idiopathic thrombocytopenic purpura; but a few cases 
have also been described where the mother had no platelet 
disease*-8, E 

This communication describes thrombocytopenic bleed- 
ings in piglets delivered by a sow without any evidence 
of platelet disease, but with antibodies against the piglets’ 
platelets in her serum. 

In June 1960 a sow gave birth to a litter of 14. The 
young animals were healthy at birth and up to the fifth 
day. At this time the owner observed that the biggest 
ones became unthrifty, and in the course of 1-2 days red 
and bluish-red spots appeared on different parts of the body 
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Table 1. SIMULTANEOUS BLOOD STUDIES IN THE AING YOUNG Pia, A CONTROL YOUNG PIG AND THE Sow ` 
i . | Whole blood | Platelet | Cephalin | Fibrinogen . 
i Hemoglobin coagulation count Clot Thromboplastin time (mg/100 : Fibriucelysi- 
{g/100 ml.) time (min) (1,000/mm*) retraction | time (sec) (see) i nul.) i 
; Ailing young pig, I 55 3-0 | 12 No i 146 83-0 240 | Ne 
Ailing young pig, U 6-2 25 23 No 13-7 60-0 290 No 
Control young pig 118 3-0 580 Normal 10-0 50-8 540 : No 
|. Sow 12-0 ha 350 Normal 11-0 450 | 590 | Se 





surface. One of the young animals also bled at the nose. 
Within the next 7 days 8 of the litter died, and two of these 
were brought to the Veterinary College for examination. 
The autopsy revealed the picture of a bleeding disorder 
with widespread petechial and ecchymotic bleedings. All 
the lymph nodes were hemorrhagic either throughout or 
confined to a margin zone. The carcasses were extremely 
pale, and the most characteristic histological finding was 
a diminished number of megacaryocytes in the bone 
marrow—in some areas they were even absent. 

A clinical investigation of the rest of the litter was then 
performed. The history revealed that this litter was the 
sow’s sixth altogether, and that the last 4 matings were 
with one and the same boar. In the preceding litter, 
that is, the third with the same boar, 6 of 11 young 
died of a disease with the same clinical picture, while 5 
which were artificially raised remained healthy. In the 
earlier litters no disease had been noticed. 

In the actual litter the remaining 6 young animals 
showed petechial bleedings and were excessively anzemic. 
Two were moribund and were killed so that reliable blood 
samples could be obtained from the caudal caval vein. In 
these blood samples, one from a healthy control young pig 
of the same age and one from the mother, hemoglobin 
content, whole-blood coagulation time, platelet count, 
clot retraction, thromboplastin time, cephalin time, 
fibrinogen content and fibrinolytic activity were examined. 
The results are given in Table 1. 

It is clear that the young pigs had a low platelet count 
and no clot retraction. The moderate prolongation in the 
thromboplastin time and cephalin time was probably the 
result of their bad general conditions. It was therefore 
concluded that the cause of the bleedings was thrombo- 
cytopenia. 

The remaining 4 young pigs were brought to the 
Veterinary College. Two died shortly after arrival, while 
the other two, being in a better condition, recovered. 
Over a period of 12 days their platelet count increased 
from 28,000 and 37,000 to 700,000 and 920,000 respec- 
tively, and decreased thereupon to about 500,000. 

Platelet antibodies were examined with serum from 
the sow and platelets from the two piglets which re- 
covered together with platelets from 12 normal pigs 
chosen at random. The work included agglutination tests 
at 20° C and 37° C (ref. 9). The results showed that the 
sow’s serum strongly agglutinated the platelets of her 
offspring and the platelets from 8 of the other pigs, while 
the other 4 and her own platelets were not agglutinated. 
These findings confirmed our view that isoantibodies 
against the platelets of the piglets had been developed 
in the sow. Their platelets, therefore, had antigenic 
properties different from hers. Unfortunately, the boar 
had been slaughtered before the disease appeared, and his 
platelets therefore could not be tested. The fact that the 
whole litter suffered from thrombocytopenia indicates, 
however, that the boar must have been homozygous for 
this special platelet-antigen. 

Some idea as to the frequency of this antigen was 
obtained in a preliminary examination of 300 pigs at an 
abattoir. 87 per cent of the pigs had platelets which were 
agglutinated by the serum from the sow. 

The clinical picture of this disease differs from that 
described in man in that bleedings start 5-7 days after 
delivery, while in man they are present at birth or appear 
during the first hours. It is therefore probable that the 


antibodies in the sow are transferred to tho piglets 
mainly by the milk and not through the placenta as in man. 
This might be a consequence of the difference in the 
arrangement of the foetal membranes between the two 
species. The pig has a placenta epitheliochorialis, which 
implies that the passage of the antibodies from the 
maternal to the foetal circulation is more difficult than in 
man, who has a placenta hemochorialis. With this 
explanation another question arises: In which way is the 
sow stimulated to form antibodies against the foetal 
platelets? 

On the other hand, the size and shape of the antibodies 
might also be of importance for the explanation of this 
species difference. 

Due to the fact that we have recently discovered new 
cases of the disease, these questions, the secrction of anti- 
bodies in the colostrum and the inheritance pattern of 
platelet antigens in pigs, are now under investigation. 
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GENETICS 


Polymorphism in the Serum Post-albumins 
of Cattle 


Turez polymorphic serum protein systems have bren 
described so far in cattle, namely, transferrins!“, thread 
proteins’, and slow-«-globulins®. A fourth polymorphic 
system, involving the post-albumins, has been found and 
is the subject of this communication. 

The polymorphic post-albumins are revealed by starch- 
gel electrophoresis in a modified discontinuous borate 
electrolyte, tris—citric buffer system’, using the horizontal 
technique of Smithies’. With this system the electrolyte 
in the electrode compartments is a solution containing 1-2 g 
of lithium hydroxide and 11-8 g of boric acid per litre. pH 
8-2. The gel is prepared with hydrolysed starch from the 
Connaught Laboratories, Toronto, Canada, using a buffer 
made by adding 90 vols. of a solution containing 1-6 g 
citric acid and 6-2 g tris(hydroxymethy])aminomethany 
per litre, to 10 vols. of electrolyte. During electrophore=is 
the gels are water-cooled to remove the Joule’s heat, and 
with an applied voltage of 14-15 V/erm length of gei tie 
trailing edge of the albumin zone migrates 10 cm in about 
2h. To achieve good resolution of the post-albmunin pro- 
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teins the albumin zone must be compact. Bost results 
have been achieved when the albumin zone is about 5-7 
mm wide with the conditions described. 

The polymorphic proteins appear immediately behind 
the trailing edge of the albumin zone, and according to the 
nomenclature proposed by Smithies’ for human serum can 
be described as ‘post-albumins’. Three phenotypes have 
been seen (Fig. 1). In one, two fast migrating zones are 
present in the post-albumin position (fast type). In the 
second two slower-migrating post-albumin zones are seen 
(slow type). In the third (slow—fast type), both pairs of 
post-albumin zones appear to be present, although the 
faster, fainter zone of each pair is not always easy to seo. 
By analogy with other polymorphic serum protein systems, 
particularly the transferrins*:, it seems likely that this 
post-albumin system in cattle is controlled by two co-dom- 
inant alleles. Each allele would give rise to two zones in 
starch gel, a faster faintly staining zone, and a slower, more 
intensely staining zone. Designating the locus by the 
symbol Pa, the two alleles could be coded Paf (fast) and 
Pas (slow). The three genotypes Pa? Pa¥, PaS;PaS, and 
PaS, Paf would correspond with the three observod pheno- 
types fast, slow and slow—fest. Limited mating data 
support this hypothesis. 
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Fig. 1. Diagram of a stained gel showing mio three post-albumin 

¿phenotypes (left to right), slow, slow-fast, and fast. The corresponding 

transferrin types are AJE, A/F, and DID. The cross-hatched areas 

represent diffuse zones. The diagram is to scale, the distance on the gel 

from the onien to the trailing edge of the albumin zone was 10-05 cm. 

Alb., albumins; pa., polymorphic post-albumins; ¢r., transferrins; 
Sa; slow- -a; 0., point of sample insertion 


The distribution of post-albumin phenotypes in 221 
beef cattle from the herd at the National Cattle Breeding 
Station is shown in Table 1. In the British breeds 
(derived from repetitive crossing of Shorthorn and Here- 
ford cattle) the slow phenotypes predominate. In the 
Afrikaner x British cross-breds (F, generation Afrikaner 
x Shorthorn and Afrikaner x Hereford cattle) the fast 
and slow-fast types are more frequent. These types are 
also frequent in the Brahman cross-breds (F', generation 
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Brimar: es Shorthorn a Brahman x Hereford cattle) 
and in the grade Brahmans (}-{ Brahman) graded up 
from Brahman x Shorthorn crosses. In a sample of 57 
Jersey and Australien Illawarra Shorthorn dairy cattle 
only the slow phenotype was observed. There is clearly 
a marked breed difference in the gene frequencies in this 
polymorphism. 


Table 1. DISTRIBUTION oF POST-ALBUMIN PHENOTYPES IN VARIOUS 
CROSS-BRHEDS OF BEEF CATTLE AT THE NATIONAL CATTLE BREEDING 
STATION 
No. of Phenotype 

_ Breed. Animals slow  slow-fast fast 
British 58 43 8 7 
Afrikaner cross-breds 89 26 32 31 
Brahman cross-breds 57 22 24 11 
Grade Brahmans 17 3 11 3 


In this work there was no indication of linkage between 
the transferrin, thread protein or post-albumin loci. 

A more detailed account of this investigation will 
appear elsewhere. I thenk the Officer-in-Charge, National 
Cattle Breeding Station, ‘Belmont’, Rockhampton, 
Queenslend, for access to the cross-bred beef cattle, Mr. A. 
Packham for tho samples of dairy cattle blood, and Mr. 
M. N. Dennis for assistance. 
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PSYCHIATRY - 


Cholinesterase Activity of Whole Blood from 
Healthy and Schizophrenic Individuals 


Tus results of work presented here were obtained in 
connexion with a programme of Rh determination of 
the employees in the Veterans Administration Hospital 
when a concurrent analysis of their blood cholinesterase 
activity was being made. As a corollary to the examina- 
tion of difference of blood cholinesterase activity between 
normal and schizophrenic individuals, & statistical assess- 
ment of the influence of age, sex, and race on the cholin- 
esterase activity was also performed. This communica- 
tion was prompted partly by the need for additional 
information concerning cholinesteraso activity of whole 
blood in schizophrenics and partly by the controversy 
raised by the data and interpretation obtained from a 
small number of patients by Rubin', suggesting that 

“acetyl cholinesterase inbalance may be a biochemical 
concomitant of the so-called ‘functional psychosis’.” 
This work received immediate criticism? Which was then 
answered, by Rubin? without, however, additional support- 
Recently, Ellman‘ found no difference 
on the basis of erythrocyte acetylcholinesterase levels 
between healthy and mentally ill persons. The available 


Table 1. LEVELS OF WHOLE BLOOD CHOLINESTERASE IN HEALTHY AND 
SOHIZOPHRENIO INDIVIDUALS 


ASCh* BuSCh* AcMeSCh* 
Class x n ox x n ox xX nox 
Healthy 27-3 169 0-48 273 169 0-59 19-6 169 0-45 
Schizo 36-0 76 0-78 35-2 76 0-98 24 = 88 1-09 
P < 0-001 < 0-001 0-001 


* Substrates: acetyl-, butyryl-, acetyl-6-methyl-thiocholine pa cee 

One unit of enzyme activity equals 1/1,000 of change of optical density 
per minute measured by the reduction of indophenol at 600 mu pH 7-4, at 
30°C, The mean enzyme activity is expressed as the change in optical 
density x 10° in 3 min. 
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ASCh 
SS F MS F a Ss 
-Total 15,319-0 244 — — “18,854 
Regression on age 31-7 49 0-65 9-014 131 
Male versus female 1,107-0 1  1,107-00 23 -600* 923 
Control versus exp. 4,950-0 1 4,850-00 105-000* 3,302 
Between races 218-0 I 218-00 4-600 171 
Error 9,012-0 192 47-00 — 14,327 


` Substrates : acetyl-, butyryl-, agetyl-8-methyl-thiocholine respectively. 
*Significant at the 0-01 level of confidence. 


results on serum cholinesterase activity in mental diseases 
are equally at variance with one another®*. Of.interest 
is the extensive work of Kalow et al.’ on a genetic approach 
to the correlation of human serum ¢holinesterase to 
various factors. 

A population consisting of 321 samples has been 
analysed. Of this population, 169 employees of the 
Hospital (clerks, nurses and labourers), 50 per cent of 
them males, were designated on the basis of their available 
medical records as ‘healthy’, and 152 mental patients 
(90 per cent males) made up the schizophrenic group. 
All blood samples were collected 1 h before the mid-day 
meal and in the ease of the patients, at the day of admission, 
only individuals without previous medication were 
considered for analysis. At the time of the assay the 
psychiatric diagnosis was not known to the laboratory. 
However, after the psychiatric record became available 
only 76 mental patients (89 per cent male), all clear-cut 
cases of schizophrenia uncomplicated by epilepsy, early 
meningo-encephalomyelitis, alcoholism, barbiturate addic- 
tion, liver damage, etc., were considered for statistical 
analysis. Samples of 0-01 ml. of blood withdrawn from 
finger-tip puncture were immediately pipetted into 
2 ml. of 1: 1 mixture (kept at 25°C) of 0-1 M potassium 
phosphate buffer pH 7-4 and salt solution containing 
0:04 M magnesium chloride and 0:1. M sodium chloride. 
Samples were also taken for hematocrit. For analysis of 
cholinesterase activity 0-2 ml. of the foregoing solution 
was added to the assay system as described elsewhere’. 
The spectrophotometric method® was used throughout the 
analyses. The substrates in the assays were acetyl 
(ASCh), butyryl (BuSCh), and acetyl-8-methyl(AcMSCh)- 
thiocholine iodides respectively. 

The results given in Table 1 show the levels of cholin- 
esterase activity of whole blood as measured by the 
hydrolysis rate of three substrates, that is, acetyl, butyryl, 
and acetyl-f-methyl-thiocholine iodides respectively. It 
was anticipated that those three substrates would be 
helpful in revealing differences, if any, with respect to the 
presence and function of the different types of cholin- 
esterases in the blood of healthy and schizophrenic 
individuals. In applying Student’s ¢ test to the data 
obtained from cholinesterase activity of the whole blood 
of healthy and schizophrenic individuals, irrespective of 
age, sex, and race, one is led to the conclusion_that there 
is a significant increase of hydrolysis (P < 0-001) of each 
substrate by blood cholinesterase in schizophrenia: Indi- 
cation of this difference is already intimated by the work 
of Early et al.? on serum cholinesterase activity of a small 
number of psychotic patients. 

In Table 2 an analysis of variance is given for a total 
of 245 patients for two substrates (ASCh and BuSCh) and 

' of 207 for acetyl-B-methyl-thiocholine, according to the 
technique indicated by Snedecor?*. The results show that 
the increase of cholinesterase activity of the whole blood 
in schizophrenic individuals is significant, the confidence 
levels being better than 0-01. Furthermore, the differences 
between the sexes are equally significant, with the males 
having higher cholinesterase activity if the groups are 
analysed without regard to the state of health. If, how- 
ever, the effect of sex is considered with the state of health 
in view, then in the schizophrenics, in contrast to the 
healthy population, the females will show high values of 
cholinesterase activity. Other factors according to our 
results, such as age and race (Negro versus Caucasian) 
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Table 2, ANALYSIS OF VARIANCE OF WHOLE BLOOD CHOLINESTERASE AOTIVITY 


y 
BuSCh ASCH > 

DF MS F SS DF MS F 
244 = — 6,7470 206 = E 
49 2-68 0036 190-0 49 3-7 0099 

1 923-00 12-400 279-0 1 279-0 7500" 

1 3,30200 44-300 491-0 1 491-0 18-100" 

1 ‘171-00 2-300 22-4 92-4 0-600 
192 7460  —  5,765-0 154 374 > 


do not show correlation to differences in cholinesteraso 
activity in the whole blood. It is to be noted, however, 
that unfortunately there were no samples available of 
Negro female in the schizophrenic population. Therofore, 
further assays would be desirable to establish whother 
race is another differentiating factor of cholincsierasn 
activity in the whole blood. 

These results, while they are in apparent support of 
earlier observation! on increased blood cholinesterase 
activity in schizophrenics, ought not to be construed as 
proof in assigning a direct responsibility to cholinostorasc 
as a causative factor for the behaviour characteristics of 
schizophrenics. The scope of this communication pre- 
cludes an extensively cogent discussion of the many 
variables contributing to contradictory results in similar 
work on interpretation and technique. Such surveys 
have been presented by others*!»?*, 

I thank all the blood donors and the management of 
the Veterans Administration Hospital for their collabora- 
tion. These statements and conclusions are tho results 
of my own work and do not necessarily reflect the opinion 
or policy of the Veterans Administration. 
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Effects of Lysergic Acid Diethylamide on Urinary 
17-Ketosteroid and 17-OH Corticosteroid Levels 
of Female Rats 


THE marked aberrations in mental functions produced 
by minute doses of lysergic acid diethylamide (LSD-25) 
resemble aspects peculiar to schizophrenia?-?. As a result 
the drug has been suggested to be, and used as, an effective 
tool for the exploration of mechanisms and putho- 
physiology common to schizophrenia and LSD-25 intoxi- 
cation? §, 

Various investigators have explored the offects of 
LSD-25 on the pituitary-adrenal axis via alterations in 
adrenocortical output‘-*. It has been reported that 
LSD-25 appeared to stimulate the pituitary-adrenal 
system as indicated by increased urinary 17-ketosteroid 
levels in man‘. Bliss et al.5 similarly reported elevated 
17-0H corticosteroid levels in the peripheral blood of 
subjects who reacted to the drug with significant emo- 
tional disturbances. Nadel et al., however, investigating 
urinary corticosteroid levels, claimed that LSD-25 did 
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not significantly alter the activity of the pituitary- 
adrenal axis in treated guinea pigs. 

The present investigation sought to determine the effects 
of prolonged and intermittent administration of LSD-25 
on adrenal function by evaluating alterations in urinary 
17-ketosteroid and 17-OH corticosteroid-levols. The 
excretion of urinary 17-ketosteroids’* and 17-OH corti- 
costeroids*:* have been frequently used as indices of 
adrenocortical activity. 

Forty-eight female Wistar rats averaging 100 g in 
body-weight were divided equally into 3 groups. (All 
rats, including controls, were housed singly in metabolism 
cages. The room temperature maintained by an air- 
conditioning system ranged from 22° to 24° C. The average 
level of the laboratory background noise during the 
period of experimentation was 68 decibels during the 
daylight hours?*.2!, The laboratory recognizes, moreover, 
that isolation per se, by its neurotic-inducing tendencies, 
may counteract or minimize the endocrinological effects 
of an experimental situation. Previous investigations of 
isolated versus paired mice indicated significant increases 
in adrenocortical function.) Group A and B rats were 
injected subcutaneously with 50 and 75 yg doses of 
LSD-25 dissolved in normal saline. Group C control 
animals received an equivalent 1 ml. volume of saline. 
To diminish the development of tolerance!®1, six injec- 
tions were administered on alternate days. Urine samples 
were collécted on the twelfth day for the 24-h period 
following the sixth injection. One ml. volumes were 
subjected to 17-ketosteroid analyses by the method of 
Rappaport et al.1*. Similar volumes were used for free 
17-OH corticosteroid analyses'*. Urine volumes measuring 
less than 2 ml. were discarded. 


Table 1. EFFEOT OF LSD-25 ON URINARY 17-KETOSTEROID AND 17-OH 
CORTICOSTEROID PRODUCTION IN FEMALE RATS 
n Dose 17-Keto 17-0H 
Group (ug) (ug/day) (ug/day) 
Group A + S.E. 14 50 55-0 + 6-2 73415 
Group B + S.E. 14 75 584 £74 Ll1t 44 
Group O + S.E. 15 — 45:9 + 53 42 + 06 
% difference betweon A and C + 19-8 + 788 
value 0-28 0-06 
% difference between B and C + 27-2 + 1643 
P value 0-18 0-12 
% difference between A and B + 62 + 52-1 
P value 0-73 0-42 


Table 1 lists the alterations induced by LSD-25. It is 
apparent that although the 50 and 75 ug doses induced 
19-8 per cent and 27:2 per cent increases in 17-ketosteroid 
output, these increases were not statistically significant*4. 
Analyses of the 17-OH corticosteroid data revealed 73-8 
and 164-3 per cent increases in group A and B values 
which approached the 0-06 and 0-12 levels of significance. 
While the differences between group A and B reactions 
were not statistically significant, the results demonstrated 
that the higher dose produced somewhat greater altera- 
tions in the steroid levels. 

It is of interest that Bliss et al.* reported raised 17-OH. 
corticosteroid levels in subjects displaying significant 
emotional disturbances but normal diurnal response 
patterns in, subjects remaining emotionally calm after 
administration of LSD-25. Although the psychological 
response patterns of the various individual rats were not 
observed sufficiently to permit correlation of emotionality 
responses with the corticosteroid levels, the highest 17-OH 
corticosteroid value observed in group C rats was 8-6 ug. 
This value was exceeded by 4 rats in group A and 5 
rats in group B, which attained levels as high as 52 ug. 
This suggosts the importance of comparing graded 
psychological response patterns of emotionality against 
the biochemical parameter being investigated. 

In general, the results presented here agree with claims 
reporting stimulated adrenal activity‘. Additional 
evidence of alterations in eosinophilic!!* and leuko- 
cytic'® frequencies similarly support this premise. Al- 
though Nadel et al.* reported no significant alterations in 
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pituitary-adrenal activity, their data, nevertheless, indi- 
cated that LSD-25 caused a 19-2 per cent increase in 
urinary corticosteroids. The use of pooled guinea pig 
urine volumes in the Nadel et al. investigation would 
tend to neutralize and limit the observation of individual 
variations. . ` 
In conclusion, the work recorded here indicates that 


LSD-25 induced pronounced increases in free 17-OH +» 
in the’ 


corticosteroid levels and moderate increases 
17-ketosteroid levels. This suggests increased pituitary- 
adrenocortical activity effects in the female rat. It is of 
interest that the LSD-25-induced hormonal alterations 
resemble pathophysiological patterns noted in certain 
schizophrenias. This indicates a possible relationship 
of LSD-25 intoxication responses to schizophrenia which 
may go beyond mere hallucinogenic similarities. To 
illustrate, Sackler eż al.1® present evidence indicative of 
elevated adrenocorticoid effects in schizophrenic patients 
and counter evidence of an improvement of psychosis 
following massive sex steroid therapy. These improve- 
ments were likewise associated with increases in eosinophil 
levels. Bliss et al.*.reported increases in 17-OH corti- 
costeroid output of disturbed schizophrenics and Alt- 
schule?” similarly noted increased urinary 17-ketosteroid 
excretion in schizophrenics. Thus, the present findings 
of a stimulatory effect on the pituitary-adrenal system 
parallels conditions observed in schizophrenia. This 
lends support to the Sackler eż al. hypothesis that relative 
and operative hyperadrenocorticalism and related con- 
comitant endocrine deficiencies, such as relative or 
absolute hypothyroidism and/or hypogonadism, may be a 
possible etiological and pathogenetical factor in at least 
one subgroup of schizophrenias!®-1°, 
We thank Sandoz Pharmaceuticals, Hanover, New 

Jersey, for supplying the LSD-25. 

A. M. SACKLER 

A. 8. WELTMAN 

H. OWENS 


Laboratories for Therapeutic Research, 
Research Institute, 
Brooklyn College of Pharmacy, 
Long Island University, 
F Brooklyn, New York. 
SWORO, R., and Goldner, R. D., Arch. Neurol. and Psychiat., 66, 581 


3 Lingjaerde, P., and Skaug, O. E., J. Nerv. and Ment, Dis.,124, 578 (1956). 

3 Sackler, A. M., Sackler, R. R., Marti-Ibanez, F., and Sackler, M. D., 
J. Clin. and Exp. Psychopath., 15, 382 (1954). 

1 Hoagland, H., Rinkel, M., and Hyde, R. W., Arch. Neurol. and Psychiat., 
73, 100 (1955). 

5 Bliss, E. L., Migeon, C. J., Branch, C. H. H., and Samuels, L. T., Psychosom. 
Med., 18, 56 (1956). 

Rai Burstein, S., and Hoagland, H., Amer. J. Physiol., 189, 73 


? Herrmann, W. L., Schindl, I. K., and Bondy, P. K., Proc. Soc. Exp. 
Biol. and Med., 103, 103 (1960). 

2 Munday, K. A., and Blane, G. F., J. Endocrinol., 20, 266 (1960). 

? Glenn, B. M., and Nelson, D. H., J. Clin. Endocrinol., 13, 911 (1953). 

18 Isbell, H., Belloville, R. E., Fraser, H. F., Wikler, A., and Logan, C. R., 
Arch, Neurol. and Psychiat., 76, 468 (1956). 

31 Feld, M., Goodman, J. R., and Giudo, J. A., J. Nerv. and Ment. Dis., 
126, 176 (1958). 

13 Rappaport, F., Fischl, F., and Pinto, N., Clin. Chem., 6, 16 (1960). 

n Tado ye W., Richard, J. E., and Peterson, R. E., Endocrinol., 57, 594 

34 Snedecor, G, W., Statistical Methods, fourth ed. (Iowa State College Press, 
Ames, 1946), 

15 Sackler, A. M., Weltman, A. S., and Sparber, S. B., Effects of Lysergic 
Acid Diethylamide (LDSD-25) on the Total Leukocytes and Eosinophils 
of the Female Rat (in the press). 

18 Sackler, M. D., Sackler, R. R., Sackler, A. M., and van Ophuijsen, J. H. W., 
J. Clin. Psychopath., 11, 15 (1950). 

17 Altschule, M. D., New England J. Med., 257, 919 (1957). 

18 Sackler, A. M., Sackler, R. R., Marti-Ibanez, F., and Sackler, M. D.. 
J. Clin. and Exp. Psychopath., 15, 382 (1954). 

48 Sackler, M. D., Sackler, R. R., Marti-Ibanez, F., and Sackler, A. M., 
Quart. Rev. Psychiat. and Neurol., 17, 297 (1956). 

20 Sackler, A. M., Weltman, A. S., and Jurtshuk, jun., P., Aerospace Medicine. 
31, 749 (1960). 

2 Weltman, A. S., Sackler, A. M., and Gennis, J., J. App. Physiol., 16, 
587 (1961). 

2: Weltman, A. S., Sackler, A. M., Sparber, S. B., and Opert, S., Fed. Proc., 
21, 184 (1962). 


Ai 


, gNo. ases June 15, 1963 


> 


7 FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, June !7 


BRITISH SOOTY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W.C.1), at 
5.380 p.m.—Prof. R. Rudner: “Nothing but the Truth”. 


UNIVERSITY OF LONDON (at St. George’s Hospital Medical School, Hyde 
Park Cerner, London, S.W.1), at 5.30 p.m.—Prof. H. J. Eysenck: ‘The 
Biological Basis of Personality” (Lhomas Young Lecture).* 


Wednesday, June 19 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Dr. D. A. Long: ”The Response 
of the Host to Bacterial Infection”. * 


ROYAL Soorery or ARTS (at John Adam Street, Adelphi, London, W.C.2). 
at 6 p.m.—Prof. Ernst B. Chain, F.R.S.: “Academic and Industrial Con- 


tributions to Drug Research” (Trueman Wood Lecture). 


Thursday, June 20 


Royvat Socrery (at Burlington House, Piccadilly, London, W.1), at 
soo ei Hans Krebs, F.R.S.: “Gluconeogenesis” (The Croonian 
ecture). 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Dr. G. Armstrong 
Smith: “Oxygen in Horizontally and Vertically Cast Refined Tough Pitch 
Copper”; Mr. T. R. A. Davey: “Phase Systems Concerned with the Copper 
Drossing of Lead”, 


LONDON MATHEMATIOAL Soolery (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W,1), at 5 p.m.—Prof, L. J. Mordell: 
a iophantine Equation y? = ax? + bx? +cx +d, or Fifty Years 

rvs 


ROYAL Sooty oF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W.1), at 7.30 p.m.—56th Annual General 
Meeting. 8 p.m,—Sir Eric Pridie: “The Health and Social Services of 
China and Middle East Republics of the U.S.S.R.”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: 

ASSISTANT MASTER TO TEACH MATHEMATICS throughout the school, with 
a considerable amount of sixth form work—The Headmaster, Blackpool 
Grammar School, Blackpool (June 19). 

HEAD (physicist, with high academic qualifications and interested in 
mathematics, industrial and/or research experience, and willing to under- 
take and supervise research) OF THE DEPARTMENT OF PHYSICS AND MATHE- 
MATIOS, City College of Technology—Director of Education, 14 Sir Thomas 
Street, Liverpool 1 (June 20). , 

RESEAROH FELLOW IN PURE MATHEMATICS—The Assistant Registrar 
(Science), The University, Birmingham 15 (June 20). 

LECTURER or ASSISTANT LECTURER IN PuHILosorHy—The Registrar, 
University of York, the King’s Manor, York (June 21), 

LECTURERS ggraduate engineers) IN ELECTRICAL ENGINEERING—Director 
of Education, The Polytechnic, 309 Regent Street, London, W.1 (June 21). 

LECTURER IN INORGANIC CHEMISTRY—The Secretary, The University, 
Aberdeen (June 22). ; 

LECTURER or ASSISTANT LECTURER (with a good degree in chemical or 
mechanical ongineoring) IN THE DEPARTMENT OF POLYMER AND FIBRE 
So1runcE—The Registrar, The Manchester College of Science and Technology, 
Sackville Street, Manchester 1 (June 22) i 

READER (with considerable research experience in physical chemistry 
applied to pharmaceutical problems, and the ability to lead an expanding 
research group at postgraduate and post-doctoral level) IN PHARMACEUTICAL 
CHEMISTRY (Physical Aspects)—The Clerk to the Governors, Chelsea College 
of Science and Technology, Manresa Road, Londen, S.W.3 (June 22). 

ReEsEARCH STUDENT (with an honours degree in chemistry or equivalent, 
for example, G.R.I.C. or Dip.Tech., before October 1963) IN THE DEPART- 
MENT OF CHEMISTRY, to work on the oxidation of aromatic compounds— 
Fi T i Thomson, Department of Chemistry, The University, Aberdeen 

une 22). 

SCIENTIFIC OFFICER (graduate in chemistry) IN THE ANALYTICAL LAB- 
ORATORIES of the River Pollution Prevention Department—Chief Pollution 
and Fisheries Department, Meadow Lane, Nottingham (June 22). 

ASSISTANT LECTURER (Grade III) or DEMONSTRATOR (medically qualified) 
IN THE DEPARTMENT OF PHARMACOLOGY—The Registrar and Secretary, 
The University, Bristol (June 24). 

ASSISTANT (man or woman honours graduate) IN THE DEPARTMENT OF 
BOTANY; and a RESEARCH ASSISTANT (man or woman graduate with a 
special interest in plant physiology or plant biochemistry) IN BoTany— 
The Secretary, Bedford College (University of London), Regent’s Park, 
London, N.W.1 (June 24). 

CHAIR OF ELECTRICAL ENGINEERING-—The Registrar, The University, 
Birmingham 15 (June 24). 

LEOTURER IN CIVIL ENGINEERING; a LECTURER IN ELEOTRICAL SUPPLY; 
a LECTURER IN MECHANICAL ENGINEERING; & LECTURER IN BIOCHEMISTRY; 
a LECTURER IN THERMODYNAMICS; and a LECTURER IN MECHANIOAL 
ENGINEERING APPLIED TO Minina—The Principal, Nottingham and Dis- 
trict Technical College, Burton Street, Nottingham (June 24). 

MUSEUM ASSISTANT (with an honours degree in geology and an interest 
in palwontology) IN THE DEPARTMENT OF GEOLOGY, essentially for work 
as curator of geological collections—TIhe Secretary, University College, 
Gower Street, London, W.C.1 (June 24). ; 

PART-TIME DEMONSTRATORS (with a good honours degree in geology) 
IN GEOLOGY (one in petrology and one in paleontology}—The Secretary, 
University College, Gower Street, London, W.C.1 (June 24). 

RESEARCH ASSISTANT (man or woman, with good degrees in physics 
(preferably postdoctoral) and with interest or experience in the field of 
X-ray spectroscopy, X-ray microanalysis, and X-ray crystallography) in 
THE DEPARTMENT OF GEOLOGY, to operate an X-ray microanalyser and 
evaluate results—The Secretary, University College, Gower Street, London, 
W.C.1 (Tune 24). 
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RESEARCH ASSISTANT (with mathematical qualifications and an interest 
in linguistics) IN COMPUTATIONAL AND STATISTICAL LINGUISTICy—-The 
Secretary, University College, Gower Street, London, W.C.1 (June 24). 

ASSISTANT LECTURER IN BIOCHEMISTRY~The Dean, St. Thomas's 
Hospital Medical School, London, S.E.1 (June 28). 

RESEAROK DEMONSTRATOR (with research interests in paleontology and/ 
or stratigraphy); and an ASSISTANT LECTURER (with a research interert 
in geophysics) IN THE DEPARTMENT OF GEOLOGY—The Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea (June 28). 

CHAIR OF PLANT SCIENCE at Massey University College of Manawatu — 
—The Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1; or The 
Registrar, Massey University College of Manawatu, Palmerston North, New 
Zealand (June 29). s 

EXPERDIENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER (with a 
university degree or broadly equivalent qualification in physics or electrical 
engineering, some knowledge of electronics, and preferably experience in 
electron optics and/or vacuum technique) IN THE DEPARTMENT OF GEOLOGY, 
to be responsible for the routine operation and maintenance of an X-ray 
electron probe microanalyser to be installed in the Department during the 
next six months—The Registrar, The University, Manchester 13 (June 29). 
_ INFORMATION OFFICER (with a degree in science, preferably with chem- 
istry or physics as a major subject, together with experience in library 
research as well as normal library work, professional membership of an 
approved library association or equivalent qualifications, and preferably a 
knowledge of scientific French and German) AT THE RESEARCH ESTABLISH- 
MENT, Australian Atomic Energy Commission, Sydney, New South Wales, 
Australia, for literature searches and preparation of bibliographies, detailed 
subject cataloguing of books, pamphlets and reports—The Scientific Liaison 
Officer, A.A.E.C., Australia House, Strand, London, W.C.2, quoting position 
No. E/2 (June 29). 

LECTURER IN PHysicS—The Registrar, The University, Sheffield (June 29). 

PSYOHOLOGISTS (3) (with a first- or second-class honours degree with 
psychology as the main subject, or equivalent, preferably with suitable 
experience) AT THE ROAD RESEARCH LABORATORY (Traffic and Safety 
Division), Langley Hall, Langley Bucks, as members of a team invertigating 
problems of road-user behavionr—The Director, Road Research Labora- 
tory, o acaba West Drayton, Middlesex, quoting Ref. A7O/R2 

une 29). 

READER or SENIOR LECTURER IN GEOPRYSICS—The Registrar, The 
University, Liverpool, quoting Ref. No. CV/331/N (June 29). 

SENIOR LECTURER (preferably with experience in high-speed aerodynamics) 
IN AERONAUTICAL ENGINEERING—The Secretary, The Queen's University, 
Belfast, Northern Ireland (June 29). . ' 

TEACHING FELLOW (with an appropriate degree in chemistry with at 
least second-class honours, or equivalent qualifications) IN THE SCHOOL OF 
CHEMISTRY, University of New South Wales—The Agent-General for New 
South Wales, 56 Strand, London, W.C.2; and The Appointments Secticn, 
The University of New South Wales, P.O. Box 1, Kensington, New South 
Wales, Australia (June 29). 

TUTORIAL STUDENT IN THE DEPARTMENT OF BOTANY, to assist in demon- 
strating and tutorial work—Prof. P. E. Weatherley, Department of Botany. 
The University, Old Aberdeen (June 29). 

CHAIR OF PHYSIOLOGY IN THE FACULTY OF MEDICINE, University College 
of Rhodesia and Nyasaland, Salisbury—The Registrar, University of Birm- 
ingham, Edgbaston, Birmingham 15 (June 30). R 

RESEARCH FELLOW (with a Ph.D. degree or equivalent, and previcus 
research experience) IN THE DEPARTMENT OF PHYSICAL METALLURGY, for 
the development of research work on the metallurgy and physical properties 
of rare earth metals and their alloys—The Assistant Registrar (Science), 
The University, Birmingham 15 (June 30). 

ASSISTANT LECTURER IN THE DEPARTMENT OF MATHEMATICS-—The Clerk to 
the Governors, Chelsea College of Science and Technology, Manresi Road, 
London, S.W.3 (July 1). 

LECTURER Or ASSISTANT LECTURER IN PATHOLOGY—The Registrar, The 
University, Sheffield (July 1). 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PATHOLOGY—Prof. D. H. 
Collins, Department of Pathology, The University, Sheffield (July 1). 

LECTURER (graduate in science or technology with extensive experience 
of work in scientific or industrial libraries) IN SPECIAL LIBRARIANSHIP 
aera and Industrial Libraries)—The Registrar, The University, Sheffield 

y 6). 

LECTURER or ASSISTANT LECTURER (with qualifications in pure mathe- 
matics) IN THE DEPARTMENT OF MATHEMATICS—~The Registrar, The Univer- 
sity, Manchester 13 (July 6). A | 

TEMPORARY LECTURER (with special qualifications in numerical analysis 
and the use of large computing machines) In MATHEMATICS—-The Registrar, 
The University, Manchester 18 (July 8). 

LECTURER or SENIOR LECTURER IN SOCIOLOGY or SOCIAL ANTHROPOLUGY 
at Makerere University College, East Africa—-The Secretary, Inter-Univer- 
siy, Coppell for Higher Education Overseas, 29 Woburn Square, London, 

.C.1 y 1). 

CHAIR OF RADIOLOGY at the University of Ibadan, Nigeria—The Serre- 
tary, Senate Committee on Colleges Overseas in Special Relation, University 
of London, London, W.C.1 (July 15). 

TEACHING FELLOW (with an honours degree in science or engineering 
or equivalent qualifications) IN THE SCHOOL OF MECHANICAL ENGINEERING, 
University of New South Wales—-The Agent-General for New South Weles, 
56 Strand, London, W.C.2; and The Appointments Section, The University 
e aaa Wales, P. O. Box 1, Kensington, New South Wales, Australia 

uly > 

Orro BEIT CHAIR OF PHYSIOLOGY at the University of the Witwaters- 
rand, Johannesburg, South Africa—The Secretary, Association of Univer- 
sities of the Brit Commonwealth (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (South Africa and London, July 20). g 

LECTURER or SENIOR LECTURER IN PURE MATHEMATICS at the Univer- 
sity of Tasmania—The Secretary Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall. London, 
8.W.1 (Australia and London, July 29). 

LECTURER IN MATHEMATICAL PHystcs—The Registrar, University of 
Adelaide, Adelaide, South Australia (July 31). g 

READER IN MATHEMATIOS (Pure or Applied)}—-The Secretary of Vacultics, 
University Registry, Oxford (July 31). $ 

SENIOR LECTURER/LECTURER (with an honours degree, experienec m 
textile testing, and preferably some research and industrial experience) IN 
TEXTILE TESTING IN THE SOHOOL OF TEXTILE TECHNOLOGY, University 
of New South Wales—The Agent-General for New South Wales, 56 -57 
Strand, London, W.C.2; and The Appointments Section, The University 
of New South Wales, Box 1, Post Office, Kensington, New South Wales, 
Australia (July 31). 

ASSISTANT PROFESSOR (M.D. or Ph.D. graduate) oF BACTERIOLOGY - 
The Professor of Bacteriology, Dalhousie University, Halifax, Nova Sectia, 
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ASSISTANT PROFESSOR (with a Ph.D. degree specializing in the flelds of 
physical metallurgy, metal physics, or FR be of the solid state) IN 
METALLURGICAL ENGINEERING—Prof. L. Pidgeon, Head of the Depart- 
ment of Metallurgical Engineering, University of Toronto, Toronto 5, Canada. 

EXPERIENCED LABORATORY TECHNIOIANS, for research units—The 
Administrator, Department of Biochemistry, South Parks Road, Oxford. 

LECTURER (graduate of a British university, with teaching, Tesearch or 
industrial experince) IN PHYSICAL CHEMISTRY, to teach up to level of 
Grad. R.I. art TI and B.Sc. General Part Il—The Principal, Kingston 
College of Technology, Penrhyn Road, Kingston-upon-Thames. 

LIBRARIAN (not necessarily qualified, but preferably with experience of 
working with scientific staff)}—The Director, Fruit and Vegetable Canning 
and Quick Freezing Research Association, Chipping Campden, Glos. 

MEDICAL LABORATORY TECHNICIAN (preferabl with B.Se. in biology) 
IN THE DEPARTMENT OF MREDIOLNE, Fulham Hospital, for work on hormone 
assay and tissue transplantation—The House Governor (A), Charing Cross 
Hospital, London, W.C.2. 

POSTDOCTORATE PHYSICAL CHEMIST, to study materials produced by 
electrical discharge techniques—-Chairman, Division of Mineral Technology, 
The Pennsylvania State University, University Park, Pennsylvania, U.S.A. 

PRINOIPAL LECTURER IN ORGANIO CHEMISTRY; "and a LECTURER IN 
Puystoan CHEMISTRY—Clerk to the Governing Body, Battersea College 
of Technology, London, $.W,.11. 

RESEARCH ASSISTANT (well qualified physicist, preferably with some 
research or industrial experience) IN THE DEPARTMENT OF PHYSICS, to work 
on the assembly and calibration of a magnetic spectrograph which will 
be used for studies of nuclear struejure—The Registrar, Bradford Institute 
of Technology, Bradford 

SCIENTIFIO INFORMATION OFFICER Abstractor) (with a degree in agri- 
culture, or natural science, and able to translate from the Russian}—The 
Director, Commonwealth Bureau of Pastures and Field Crops, Hurley, 

er a. 

TEACHING AND RESHAROH ASSISTANTSHIPS leading to M.Sc. and Ph.D. 
degrees—Head, Department of Biochemistry, University of Alberta, Ed- 
monton, Alberta, Canada, 

TRCHNIOIAN (age 18-23, preferably with some knowledge of horticulture 
and chemistry) aT THE ORIOOLTURAL RESEARCH CoUNCIL’s UNIT OF 
FLOWER CROP PHystoLocy—Prof. O. V. 8. Smith, F.R.S., University of 
Peading Horticultural Research Laboratories, Shinheld Grange, Shinfield, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The Royal “orioty and Nuffield Foundation Commonwealth Bursaries 
Scheme. Ninth Annual Report. Pp. 8. (London: The Royal Soctety and 
Nuffield Foundation, {65 

The Association of. Public Analysts. Special Report, No.1: The Detec- 
tion and Determination of Antioxidants in Food. Pp. E28. (London: 
The morgage of Public Analysts, 1963.) 10s. 65 

Zenith, No. 1, (Spring 1963), Edited by Stuart Jaggers. (The Science 
Magazine of the Student Body of the University College of North Wales.) 
Pp. 1-73. (Bangor: University College of North Wales, 1963.) [65 

The British Non-Ferrous Metals Research Association. Annual Report 
for 1962. Pp. 46. (London: The British Non-Ferrous Metals ee 


Association, 1963.) 
The Employment of Cambridge Graduates. By Christine Craig. (Univer- 
Pp. xi+102. (Cambridge 


sity of Cambridge Appointments Boards). 
At the University Press, 1963.) 10s. [65 

John Innes Institute. "Fifty-third Sinnual Report, 1962. Pp. 50. (Bay: 
fordbury, Hertford: John Innes Institute, 1963.) {65 

The Biology of Cestode Life-Cycles. By J.D. Smyth. (Technical Com- 
munication No. 34 of the Commonwealth Rureau of Helminthology, St. 
Albans), Pp. 38. (Farnham Royal: Commonwealth Agricultural Bureaux, 

1963.) 10s.; 1.50 dollars. 65 

Lucas Engineering for World-Wide Industry. Pp. 8. 
London: Joseph Lucas (Industries), Ltd., 1963. 

The British Coal Utilisation Research Association. Annual Report, 
1962. Pp. 67. (Leatherhead: The British Coal Utilisation Research ‘Asso- 
ciation, 1963.) 65 

a eee of the British Museum (Natural History). Geology. Vol. 8, 
No. 2: A New Mesozoic Flora from Tico, Santa Cruz Province, ‘Argentina. 
By z ` Archangelsky. Pp. 45-92+12 plates. (London: British Museum 
(Natural History), 1968.) 348. [65 

Staffing African "Universities. By Sir Alexander Corr Saunders, Pp. 28. 
(London: The Overseas Development Institute, 1983.) 2s. {65 

Rubber and Plasties Research Association of Great Zanin. Annual 
Report and Accounts for the year ended 31st December, 1962. Pp. 49. 
(Srawbury, Shrewsbury: Rubber and Plastics Research Association, 


The International Nickel Company Gond), Ltd. Inco-Mond Catalogue 
of Colour Films, Spring Net Pp. 8. (London: The International Nickel 
Company (Mond.), Ltd., [75 

Short Guide to the Dean pei ‘Wye Valley Forest Park, Pp. 8. (London: 
H.M. Stationery Office, 1963.) 9d. net. [75 

Institution of Gas Engineers, Publication No. 638: The Operation 
of the Westfeld Lurgi Plant and the High-Pressure Grid System. By.T. S. 
Ricketts. Pp. 21. Publication No. 634: Let’s Fix It. By W. Hyde and 
Fred Bell. Pp. 15. nae ware To. 837 : Physical and Chemical Aspects 
of Underground Storage- By A. B. Densham and P.A.A. Beale. Pp. 14.. 
Publication No. 638: Appliance Approval in the Gas Industry. By L. W 
Andrew and B. C. Sarkar p.12. Publication No. 639: Official Programme, 
100th Annual General Meeting, London, 14th to 17th May, 1963. Pp. 16. 
(London: The Institution of Gas Engineers, 1968.) (75 

British Medical Bulletin, Vol. 19, No. 2, (May 1963): Peripheral Circula- 
tion in Man. Pp. 97-168, (London : British Council, 1963.) 30s. [75 


Other Countries 


Institutt for Atomenergi, Kjeller. Norway. Kjeller Report No. 37: Polar- 
ized Thermal Neutron Beams Obtained from Magnetized Mirrors and Single 
Crystals of Magnetite and Cobalt-Iron Alloy. By O. Steinsvoll, K. Abrahams 
and T. Riste. Pp. x+81+31 figures., {Kjeller : Institutt for Atomenergh 
Kjeller Research Establishment, 196 [294 

United States Department of the haror: Fish and Wildlife Service, 
Bureau of Commercial Fisheries. Fishery Bulletin No. 211, (Vol. 62): 
Distribution of Tunas in Oceanic Waters of the Northwestern Atlontio. 
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IMPROVING ECONOMIC GROWTH 


ite report of the National Economie Development 
Council, Conditions Favourable to Faster Growth*, 
is based in the main on an examination of the implications 
for seventeen industries of a higher rate of national growth 
and on general studies which together led the Council to 
agree on a growth-rate of 4 per cent as objective. It is 
in eight sections of which three contain much of particular 
interest to the scientist and technologist. One of these, 
dealing with mobility and redundancy, is highly relevant 
to the recomrhendations of the Beeching Report on the 
future shape of Britain’s railway system. Another, the 
1 last section in the Report, discusses the functions and 
responsibilities of Government, management and Trade 
Unions, pointing out that success in achieving a high rate 
of growth will depend, to a large extent, on the way in 
which Government, management and Unions carry out 
their respective functions, and on a new spirit of co- 
operation between them to make a reality of the agreed 
objective. 

Developing this, the Council’s report observes that an 

agreed national policy for growth will give management 
more assurance that plans will not be upset by unexpected 
Government short-term changes of policy—though here 
it might be added that such a national policy would 
have to be outside party political controversy. The 
National Economic Development Council cannot function 
effectively if it is treated or regarded as a party political 
body. The policy, moreover, will place new responsibilities 
on management for taking the decisions which will help 
in promoting growth, and here the quality of manage- 
ment can be a decisive factor. A dynamic economy is 
vitally dependent on dynamic management alert to dis- 
cover new ideas, to develop new markets and to explore 
the possibilities of technological innovation—a point on 
which Lord Hailsham has much to say in his recent book, 
Science and Politics t. 
If the need is for managers able to pay lively and con- 
ant attention to improving their use of the resources 
er their control and to sharpening their own skills and 
iency, that is also an educational question and as 
is considered more fully in the section of Conditions 
urable to Faster Growth dealing with education 
economic growth. In this attention is directed, 
owever, to the important contribution to growth that 
would come from the more efficient use of labour and exist- 
ing capital equipment and of techniques such as work study 
and of shift working, where the gain in efficiency out- 
weighs the social costs involved. Management must 
ensure that it is using the latest techniques in planning 
the deployment of its resources, particularly when new 
investment is involved, and it must also utilize opera- 
tional research and techniques such as electronic data 
processing to provide the fuller and more accurate 
information required. 

Here the co-operation of the Trade Unions is vital, but 
a lasting improvement in the present situation depends 
very much on managerial attitudes. This is no less true 
in regard to relations between management and workers, 


* National Economic Development Council. Conditions Favourable to 
Fater Growth. Pp. v+54. (London: H.M. Stationery Office, 1963.) 
8. net. 
+ Science and Politics. By the Rt. Hon. Viscount Hailsham, Q.C. Pp. 
110. (London: Faber and Faber, Ltd., 1963.) 13s. 6d. net. See also p, 1125 
of this issue of Nature. 




























which have an important bearing on growth. While the 
report recognizes that a co-operative attitude on the part 
of workers and Trade Unions is essential, it rightly insists 
that the maintenance of satisfactory labour relations 
within the individual firm is primarily a responsibility for 
management. Here there are important problems of 
communication, and a working party of the National 
Joint Advisory Council is already studying the problem 
of communications and consultation in industry. 

The section on education and economic growth. while 
accepting the view that Government expenditure on 
education may be considered as an investment yielding a 
return in terms of increased efficiency and economic 
growth, directs attention to the dependence of economic 
growth on a high and advancing level of education 
because of the improvements that education brings m 
human skills and the greater spread of knowledge. How- 
ever, it points out that education is also a major responsi- 
bility. Such evidence as there is strongly suggests that 
increased investment in education’ may make a sub- 
stantial contribution to growth through the social as well 
as the economic benefits it provides. Although there are 
great opportunities here for Britain, the report dovs nov 
deprecate unduly the present level of expenditure on 
formal education, which in 1961-62 represented 4:8 per 
cent of the gross national product, 4-4 per cent coming 
from the public authorities. Although this is somewhat 
lower than in the United States, at least in money terms, 
it is not low compared with that in other European 
countries, and, apart from the steady increase in recent 
years, the Council’s earlier report, The Growth of the 
United Kingdom Economy to 1964, provided for a con- 
siderably more rapid increase in educational expenditure 
than in the economy as a whole. 

Besides some comments and recommendations on 
industrial training which have already been noted in 
Nature (198, 1; 1963) in connexion with the Government’s 
proposals in the White Paper issued last year, this section 
of the report discusses more specifically the bearing of the 
general level of education on the promotion of technical 
change and management education as a factor in economic 
growth. Since the industrial growth of newly developing 
countries is likely eventually to limit the demand for 
traditional products it is important that Britain should 
be in the van of scientific and technical advance in relation 
both to new products and the application of new processes 
to existing products. In the shorter term measures to 
encourage a speedier development of the results of research 
in industry and commerce and a quicker introduction of 
new techniques, processes and , materials would yield 
benefits, but in the longer term more students in the 
applied fields, both at the universities and at the colleges 
of technology, are needed to supply the scientists and. 
technologists required. This applies particularly to those 
with qualifications in engineering and mathematics. 

Once again we find the importance of closer contacts 
between university and industrial scientists emphasized. 
and the recent report on the discussion on the relations 
between industry and the universities at the Conference 
of the Universities of the United Kingdom deserves 
careful study in this connexion. Moreover. in the same 
connexion, the contribution of the social sciences to better 
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design of factories and machines, and in lighting, heating, 
ventilation and sound-absorption is duly noted. The 
significance of management education and the quality of 
managers lies partly at least in the need for a positive 
and imaginative approach to such possibilities. 

The report anticipates a shortage of technicians, but it 
refers to the scale of research and development effort 
without expressing any view as to whether or not this is 
adequate and merely points out that it is difficult to 
measure the contribution to growth of expenditure on 
research and development. This, it claims, is so because 
the effects of such expenditure cannot be easily distin- 
guished from those of other simultaneous changes, such 
as increased investment, increased training of labour and 
management, general improvements in education, etc. 
As to whether better means can be devised for assessing 
the fields of research to which public resources should be 
allocated in the expectation of obtaining the best economic 
and social returns, the report points out that assessment 
of the best fields for Britain’s research and development 
effort would require examination, sector by sector, of 
the present distribution of effort, the limiting factors and 
the economic and technical possibilities of future work. 

These matters have already been raised by the Council 
with the Council for Scientific and Industrial Research 
and other research organizations. The Council for Scienti- 
fic and Industrial Research suggested that Government 
and industry should work together to identify promising 
fields for research and development. The National 
Economic Development Council is arranging to examine 
and consider some of these questions, and in the mean- 
time the report lends further support to an extension of 
the use of civil development contracts to industry. It 
does not appear, however, that any further enquiry 
into the organization of Britain’s research and develop- 
ment effort is contemplated beyond that now in progress 
by the Trend Committee. However, a re-examination 
of the security and other problems involved is recom- 
mended with the view of facilitating the application in 
civil industry of any potential benefits from defence 
research, 

As regards education for management, the National 
Economic Development Council puts its main emphasis 
on the need for highly skilled management not only in 
industry but also throughout the economy. Something 
more than competent administrators is required, and the 
need to put those already in executive positions in touch 
with the more recently developed managerial techniques 
is regarded as of higher priority than the extension of 
facilities for training younger men if the faster rate of 
growth is to be achieved by 1966. Insufficient attention 
has been directed in Britain to the new analytical tech- 
niques which can provide a more accurate basis for 
decisions and improve control over the various functions 
of a business, as well as to human relations and com- 
rounications within and without the firm. However, while 
‘the report accepts the view that management courses 
and studies should preferably be taken after some prac- 
tical experience in industry, it does not, like participants 
in the discussion at the Home Universities Conference 
last December, suggest dropping the use of the term 
management—at least in its postgraduate context. 

It is interesting to note that, like the Bridges Com- 
mittee (see Nature, 198, 919; 1963), it sees a need in 
Britain for at least one very high level new school or 
institute somewhat on the lines of the Harvard Business 
School or the School of Industrial Management at the 
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Massachusetts Institute of Technology. This is visualized 
as helping to provide better trained managers for industry 
and more trained teachers for the colleges of technology 
as well as a much-needed national centre for research 
into problems of management and administration. Par- 
ticularly in respect of the latter function there would 
seem to be no reason why one institution should not meet 
Britain’s own needs and those of the overseas countries 
with which the Bridges Committee was concerned, pro- 
vided it is planned on an appropriate scale from the start. 
If this is one of the recommendations of that Committee 
which the Government has accepted it would also appear 
more appropriate to establish an independent institution 
than adopt the alternative course also contemplated by 
the National Economic Development Council and establish 
it as part of some existing university or college of tech- 
nology. i 

The National Economic Development Council also lays 
considerable stress in this report on firms giving more 
attention to the problems of selection for management, 
training, development and succession, and regards it as 
vital that a firm should have specific arrangements for 
planning careers by means of regular staff appraisals and 
a programme of management development. More abten- 
tion is indeed already being direeted by some firms to 
the planning of careers, and it was clear from what was 
said at the Home Universities Conference, notably by 
Sir Noel Hall, Prof. A. G. Quarrell and Mr. D. N. Chester, 
that the university appointments boards are already 
directing some attention to this aspect as it affects 
recruitment of graduates. The report should stimulate 
further co-operation between universities and industry in 
this field, which presents considerable opportunities and 
could well affect the supply of recruits of the requisite 
broad training and technical competence quite as much 
as the development and co-ordination of the facilities 
already available in the technical colleges, colleges of 
technology and universities. 

What can be said of Conditions Favourable to Economic 
Growth is that even in the sections mentioned—in the 
field of education in its broadest sense, in industrial 
training, in research and development—it provides a 
large programme for any Government and indicat} 
action that is required by industry, professional asso, 
tions, the universities and other institutions also. ġ 
outlines a wide field in which constructive action is pc 
on lines which party political doctrine should of { 
barrier to co-operation. Action is, in fact, alread~ 












of the distribution of scientific effort in a ree 2 
Minerva, for example, gives one lead which{ ¢, 
ment, and especially the Minister for Scie p “ és 
quick to follow. This report is a challenge’ 40 are 
concerned to see that Britain is fully equi, . to meet 
the opportunities which confront her, and in “this context 
the remarks of Mr. P. Runge, the president of the Federa- 
tion of British Industries, to the Federation’s Eastern 
Regional Council at Cambridge on May 21 are significant. 
Mr. Runge began by stoutly championing the achieve- 
ments and competitive power of British industry in 
general, and asserting that there was all round a willing- 
ness to accept new ideas and to try out new techniques 
which is altogether admirable. However, he was not 
satisfied that Britain’s educational system was suited to 
the needs of a nation which depends for its living on its 
industrial efficiency, but welcomed the National Economic 
Development Council as a great and vital experiment, 
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which merited the strongest support. The problems 
presented in its report had been discussed before, but 
they were now presented with an authority and an 
impartiality which compelled attention. 

But while Mr. Runge recognized the report’s challenge 
to new thinking by industry, to the Government the 
report and the very structure of the Council present 
some difficult problems. Its composition, with the Chan- 
cellor of the Exchequer as chairman and two other 
Cabinet Ministers as members, six representatives each 
from management and Trade Unions, two chairmen of 
nationalized industries and two independent members, 
with a separate staff independent of the Civil Service, 
not merely gives it authority and independence but by 
that very nature raises problems of its place in the organ- 
ization of Government. It is true that in a recent Parlia- 
mentary answer it was stated that individual members of 
the Council did not necessarily endorse everything in the 
report, but clearly there are limits beyond which the 
Government cannot: disregard the Council’s collective 
views if it expects those views to be heeded by industry 
and the Trade Unions. This is particularly so when the 
Government has implicitly accepted the Council’s recom- 
mendation of a 4 per cent rate of growth. It follows 
that, with the necessary measures of public policy, the 
exact function of the Council in the Government’s 
arrangements for advice becomes a vital issue on which 
some clear thinking and firm decisions will be required in 
the near future. 


SCIENCE AND GOVERNMENT 


Science and Politics 
By the Rt. Hon. Viscount Hailsham, P.C., Q.C. Pp. 110. 
(London: Faber and Faber, Ltd., 1963.) 13s. 6d. net. 


LMOST three-quarters of this book is based on 
lectures on the relations between science and 
Government, and between the universities, industry and 
Government in the past three years, and to that extent 
most of the book is not new. Its first three chapters set 
forth in reasoned argument Lord Hailsham’s views on 
the administration of science and the organization of 
research and the relations between research and teaching, 
on the educational background and on opportunity for 
industry. They show once more how clearly Lord Hail- 
sham has grasped the conditions for effective research, 
the limits of State support, the necessity for public 
understanding, and the vital necessity for an adequate 
educational system at all levels. On the actual structure 
of Government he has little to say, beyond reminding his 
readers that politics is concerned with power and with 
what is practicable, and science primarily with truth. 
He recognizes the need for understanding at all levels 
from Cabinet Minister and heads of departments to that 
of the ordinary citizen. His own desiderata are an admini- 
strative structure headed by a Minister which is capable 
collectively of isolating the right questions, conducting 
the proper discussions of them with the right people 
inside and outside the Government organization, providing 
at various levels of authority the means of arriving at 
rational conclusions with the human resources available, 
and supplying suitable means for executing the decisions 
reached. Nevertheless, he does not attempt to discuss 
weaknesses in the present mechanism of advice on 
which current criticism has concentrated. 
It may be suspected that Lord Hailsham underestimates 
the influence which a Lindemann or a Tizard, to mention 
his own examples, could exert; but he is right to emphasize 
that the real problems in the relations of science and 
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Government arise out of the nature of science and politica. 
They emerge not so much from the amateur character of 
Ministers or administrators as from their personalities 
and characters, and Lord Hailsham admits this in the 
stress he lays on education. His pleas for education in 
science are of particular interest: an electorate with 
sufficient understanding of science to choose as consumers 
and vote collectively with intelligence; a bureaucracy 
capable of understandng what assistance science can givo 
it in its specialized responsibilities; and a scicntific 
and technological élite not merely professionally competent 
but capable of seeing their task in its wider issues. Further. 
he lays particular stress on mathematics and insists thut 
no scientific education should fail either to recognize the 
potentialities and the limitations of science as a mornl 
training, and, in particular, its limitations as a part only 
of our general cultural background, or to include previsely 
those elements which are necessary to keep the balance. 

On particular issues Lord Hailsham is often provocative. 
sometimes deliberately so, and, while stimulating. this 
part of the book may well be open to the criticism that he 
is inclined to leave things a little too much as they are 
and hope for the best. But this is only part of the book. 
and in his last two chapters, on the international challenge 
and the religious basis, Lord Hailsham draws on his 
professional experience as a lawyer to put forth ideas 
regarding the shaping of society which are in some respects 
similar to those outlined by C. Clarke and L. B. Sohn in 
World Peace Through World Law. Hoe does not hesitate 
to challenge some accepted ideas such as the foundation of 
international law on the classical doctrine of national 
sovereignty in the absence of a juridically determinable 
code of behaviour covering the real sensitive points of 
national conduct. As he points out, the foundation of 
international law on this doctrine inhibits the growth of 
such code. Nor does he believe that the internal affairs 
of States can be entirely ignored or a system of inter- 
national justice be founded on the recognition of Sovereign 
States as the only legal personalities. 

Here Lord Hailsham may well be embarrassing to his 
colleagues in the Cabinet, for he refers particularly to the 
present régime in South Africa, but it would be unfortun- 
ate if the interest in the expression of his ideas as to the 
place of science in a civilized society leads his challenge 
to the legal profession and to clear thinking about law and 
order in the international field to be overlooked. Here his 
thinking is realistic and pragmatic, but his suggestions 
are constructive also. He would have, for example. an 
investigation into the needs technically to be expected 
of a system of law which would take the place of war. 
Next, he suggests an examination of the deficiencies. real 
and alleged, of the existing system; and finally an investi- 
gation into the question whether we can make sense of an 
appeal by minorities, or by other powers, to make some-~ 
and, if so what—internal matters the subject of judicial 
enquiry. This investigation should be unofficial, limited 
in the first instance to lawyers of countries subscribing at 
least in theory to some body of jurisprudence based on 
liberty under thé law. 

Justice cannot be done to Lord Hailsham’s book if this 
fourth chapter is ignored, and that is equally true of the 
final, and more personal, chapter, in which he argues the 
reasonableness, the intellectual respectability and validity. 
and the practical necessity for metaphysical spoculation. 
It is here—where Lord Hailsham points out that religion. 
philosophy and science all start from an unconquerable 
belief in the intelligibility and rationality of the Universu. 
and he goes on to outline his intellectual journey since he 
read philosophy at Oxford—that he discloses his mind moxt 
fully, and in particular the nature of his understanding of 
science. Whatever views may be entertained of Lord 
Hailsham’s philosophy—and he would be the first to agree 
that it is open to criticism or to suggest that it is more 
than a personal view—his claim that the only viable 
construction of the complicated facts of physical and 





Pood 


. Courses, No. 11.) Pp. 219. 
. and Company, Ltd., 1963.) 38s. 


1126 


biological science and psychology, the only true reading 
of human experience remains at the end a theistic one, 
is to be treated with respect, not least because he sets out 
frankly the conclusions which seem to him to flow from it. 

As a practical contribution to the solution of the 
problems of science and Government, Lord Hailsham’s 
is disappointing. He does not try to apply his own 
principles sufficiently. As a statement of principles, an 
exposition of what is needed to ensure that power is used 
with intelligence and responsibility, and above all in the 
relations between nations, it is admirable and stimulating. 
For its frank expression of faith, its lucid and courageous 
avowal of his faith for living it is timely and at least it 
is inspiring. 


CURRENT TRENDS IN COMPUTER 
PROGRAMMING 


Computer Programming and Formal Systems 

Edited by P. Braffort and D. Hirschberg. (Studies in 
Logic and the Foundations of Mathematics.) Pp. v+16l. 
(Amsterdam : North-Holland Publishing Company, 1963.) 
40s. 


A Programming Language 
By Kenneth E. Iverson. Pp. xxi+286. (New York and 
London: John Wiley and Sons, Inc., 1962.) 68s. 


An Introduction to Symbolic Programming 
By Peter Wegner. (Griffin’s Statistical Monographs and 
(London : Charles Griffin 


Programming Systems for Electronic Computers 
By Prof. D. N. Chorafas. Pp. xvi+188. (London : 
Butterworth and Co. (Publishers), Ltd., 1962.) 50s. 


Annual Review in Automatic Programming 

Vol. 3. Edited by Richard Goodman, assisted by R. M. 
Paine, C. Strachey and M. Woodger. (International 
Tracts in Computer Science and Technology and their 
Application, Vol. 11.) Pp. viii+360. (London and New 
York : Pergamon Press, 1963.) 80s. net. 


Computer Language 

An Autoinstructional Introduction to Fortran. By Harry 
L. Colman and Clarence Smallwood. Pp. xiv+196. (New 
York, San Francisco, Toronto and London: McGraw- 
Hill Book Company, Inc., 1962.) 31s. 


A Primer of ALGOL 60 Programming 

With a Report on the. Algorithmic Language ALGOL 60. 
By E. W. Dijkstra. (A.P.1.C. Studies in Data Processing, 
No. 2.) Pp. xi+114. (London: Academic Press, Inc. 
(London), Ltd. ; New York: Academic Press, Ine., 
1962. Published for the Automatic Programming 
Information Centre.) "30s. net. 


T takes time for a new branch of applied science to be 

recognized and its proper scope to'be appreciated. 
For computer programming this time has been about 
fifteen years; only now is programming, as distinct from 
any associated numerical analysis, being seen as an 
important branch of applied mathematics with deep 
foundations in logic and abstract algebra. Many years 
before practical computers had been built there existed 
some diverse, but equivalent, formulations of the theory 
of computable functions associated with such names as 
Church, Kleene, Post and Turing, but these theories gave 
no real help to those concerned with programming. To- 
day, the outlines of a usable theory of programming are 
beginning to appear. There are three other topics closely 
related to programming theory which have developed 
over the same pericd ; these are automata theory, language 
translation by machine, and formal manipulation of 
symbols in machines to prove theorems. Practical 
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achievements in these fields using present techniques are 
reasonably impressive: many compilers have been pro- 
duced to translate instructions written in algebraicnotation 
and stylized English into machine instructions, in nine 
minutes a programme found proofs, many entirely new, 
for more than 350 theorems in Russell and Whitehead’s 
Principia Mathematica, and the LISP (LISt Processing) 
programming language has been developed with a set of 
rules which is an expression of the theory of computable 
functions. 

The books under review give a good survey of present 
activity in programming. Considering fundamental 
research first Computer Programming and Formal Systems 
is a collection of papers based on seminars given at the 
I.B.M. Education Centre in Holland. The most direct 
treatment of programming theory is in the paper by 
J. McCarthy, the main inventor of the LISP system. 
McCarthy describes the underlying logic of LISP, which 
is based on his recursive conditional expressions. He 
shows how a large class of computable functions can be 
generated from a few base functions, and how conditional 
expressions can be used in theoretical analysis. In a 
stimulating discussion he outlines his view of the unsolved 
problems of programming theory, its relation to mathe- 
matical logic, and possible new applications. P. C. 
Gilmore proposes some modifications to LISP and 
describes them by stating how a hypothetical computer 
would implement them. H. Wang, E. W. Beth, S. Kanger 
and A. Robinson. have contributions on aspects of theorem 
proving on machines. Beth quotes a simple example 
showing how an apparently satisfactory scheme of logical 
deduction would be too lengthy for any practical machine 


.and makes the point that progress in mechanical theorem 


proving will depend on being able to select feasible 
methods from among those which are theoretically 
possible. He suggests that the real role of ‘heuristic’ 
techniques is to make this selection. This theme is 
stressed in the other papers; Stanger tackles this directly 
for elementary logic by proposing a particular calculus 
and associated heuristic. Wang argues that mathema- 
ticians should consider urgently the help which a machine 
might give in theoretical mathematics, naming number 
theory, geometry and set theory as areas where such help 
would be appropriate. As an approach to feasible pro- 
cedures he discusses some results of Herbrand. Robinson 
considers briefly the mechanization of the theory of 
equations. The relations between the theories of pro- 
gramming and finite automata are brought out in the 
paper by A. W. Burke. Recent work in automata theory 
has used an algebraic, rather than a formal logic, presenta- 
tion. This algebraic approach is applied to the structure 
of certain stylized languages suitable for programming by 
N. Chomsky and M. P. Schutzerberger; their paper is an 
excellent account of this method. 

To make progress in programming techniques it is 
obviously necessary to be able to describe a complex 
programme without quoting several thousand instructions, 
yet without losing essential detail. As yet there is no 
standard way of communicating programmes, but, in 
A Programming Language, K. E. Iverson proposes the 
adoption of a notation which has stood the test of use. 
Since programmes carry out a few operations on a large 
number of variables, and these variables can be handled in 
ordered arrays, he refers to the arrays by a single symbol. 
Ordered groups of instructions and modifiers ‘are also 
denoted by a single symbol; on adding special formats for 
branching, subscript manipulation, and operations on trees, 
lists and files, he is able to describe complex programmes 
very concisely, but without missing details. With this 
notation he then gives the most comprehensive theoretical 
exposition of advanced programming techniques that is 
available in book form. There is a very thorough treat- 
ment of storage methods using trees and lists, of search 
methods in fast stores and of sorting in sequential file 
stores. There is also a chapter on compiler techniques 
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which gives an excellent account of translation into Polish 
notation. A large number of well-constructed exercises 
~will lead a diligent student to consider fundamental 
issues. It is not necessary to master the notation to be 
able to follow most of the book, but generally the pre- 
sentation is very condensed. A little more colloquial 


' explanation would have made this a first-class general 


text-book, but as it stands it will be useful only to advanced 
students and experienced programmers. 

To-day most programmes are written in languages 
which must be translated into machine instructions. 
Depending on the experience and predilections of the 
programmer he may use a machine-oriented language 
‘which is concise and closely mirrors actual machine 
operation, or a user-oriented language which employs 
algebraic notation and a range of English words. The 
first leads to more efficient programmes, but the second is 
easier and quicker to write. In An Introduction to Symbolic 
Programming, P. Wegner provides an introduction to the 
techniques associated with both types. The text is based 
on the FORTRAN and FAP (FORTRAN Assembly 
Programme) systems for the I.B.M. 7090 computer, but 
users of other machines can still gain much from the book. 
No previous knowledge of computers is assumed, and 
attention is concentrated closely on stating what instruc- 
tions are available and how they are used, rather than 
the preparation of problems for computation. Starting 
from basic ideas the level rises to nested macros in FAP 
and a syntactic definition of FORTRAN. The chief 
characteristic of the presentation is great thoroughness 
and a copious number of examples. It is intended for 
students and will meet their needs very well. ‘The subject 
of user-oriented languages is continued in the remaining 
books. D. N. Chorafas in Programming Systems for 
Electronic Computers gives a simple descriptive account 
of most of the programming languages in use at present. 
He explains why they were developed and assesses 
future trends. With a minimum of technicalities he 
reviews the whole field. 


In a fast developing field, such as present-day computer _ 


programming, frequent interchange of ideas between 
different groups of workers is very important. The 
Brighton College of Technology has performed a valuable 
service by setting up an Automatic Programming Informa- 
tion Centre which sends out bulletins and each year 
publishes an Annual Review in Automatic Programming. 
This Review once more gives a valuable conspectus of 
present work. As expected there are several papers on 
implementing and extending ALGOL. B. Higman 
describes in detail a bootstrapping, stack-type, ALGOL 
compiler for a very small machine. E. N. Hawkins and 
D. H. R. Huxtable describe a more sophisticated one for a 
medium-size machine which aims at efficiency. C. J. 
Shaw describes JOVIAL, which is an extension of ALGOL 
and is designed for real time applications. M. Wood- 
ger proposes means for simplifying the ALGOL specifica- 
tion, while E. W. Dijkstra pleads for compilers which 
do not burden the user with arbitrary rules. H. Rutis- 
hauser comments on the use of recursive procedures in 
numerical work. Three papers discuss compilers which 
allow the user to define his own language; A. Van Wijn- 
gaarden argues in favour of this, E. T. Irons gives the 
theory of a translator which is independent of the particu- 
lar form of the user and machine languages, and R. A. 
Brooker et al. describe the ‘Compiler Compiler’ which 
actually implements a scheme of this type for the Atlas 
machine. The writing of the ‘Compiler Compiler’ is a 
very creditable achievement, and shows how much 
theoretical ideas have to be modified by the limitations of 
particular machines. Recent progress in developing and 
improving languages for commercial data processing is 
illustrated in papers by E. W. Humby, K. W. Clark and 
A. D’Agapeyeff et al. An interesting addition to the 
Review is an appendix with English translations of two 
of the pioneering papers of E. W. Dijkstra on ALGOL 
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translators; many of the ideas first-put forward in these 
papers have become standard in the field. 

After reading about the complications of systems 
programming it is good to be reminded that the ultimate 
objective of this work is to make a computer very easy 
to use. The last two books give a user’s view of the 
machine. Computer Language, by H. L. Colman and C. 
Smallwood, is a carefully designed, and amusingly written. 
auto-instructional manual on FORTRAN. Starting 
with no background, a few hours’ study with this book 
should make almost anyone proficient in this powerful 
language. A Primer of ALGOL 60 Programming, by E. W. 
Dijkstra, is an excellent introduction to ALGOL for those 
who already know how to programme. 

J. J. FLORENTIN 


ASPECTS OF AERONAUTICAL 
SCIENCE 


Advances in Aeronautical Sciences 

Proceedings of the Second International Congress in the 
Aeronautical Sciences, Zurich. September 1960. (Inter- 
national Series of Monographs on Aeronautics and Astro- 
nautics.) Division IX: Symposia. Vol. 3. Pp. xxiv+ 
592; Vol. 4. Pp. xxiv+ 593-1208. Edited by Th. von 
Kármán, A. M. Ballantyne, R. R. Dexter, G. Bock. 
M. Roy and H. L. Dryden. (Oxford, London, New York 
and Paris: Pergamon Press, 1962.) £15 the two volumes. 


HE biennial International Congress in the Aero- 

nautical Sciences is now well established: the third 
Congress was held last year in Stockholm. However, 
the editing and publication of the Proceedings are lengthy 
processes, and the present notice is concerned with the 
Proceedings of the second Congress held in Zurich in 
1960. Having myself reviewed the first two volumes 
in the series (Nature, 186, 665; 1960), I must conclude 
that, in view of the diversity of the material, the present 
notice should echo the earlier review. It must be con- 
fessed at the outset that while I have turned all the pages, 
I have not read the present volumes closely. They con- 
tain fifty-seven papers from authors of very many nation- 
alities; seven of the papers are in French, eight in German. 
the remainder in English. The scope of enquiry is vast: 
ablation and aerodynamics, biology and boundary 
layers, combustion and creep, design and dissociation. 
embrittlement and entropy—the encyclopedic nature 
of the material is manifest. The most that a single 
reviewer can do, therefore, is to browse through the 
volumes, stopping here and there to note a paper of 
particular importance or personal interest, and to try 
to obtain an overall impression. 

Each Congress includes a Daniel and Florence Guggen- 
heim Memorial Lecture: on this occasion it was particu- 
larly appropriate since the Guggenheim family derives 
from the neighbourhood of Zurich. The Lecture. de- 
livered by Prof. Jacob Ackeret, was entitled “The Role 
of Entropy in the Aerospace Sciences” and its transcript 
begins Volume 3. This is a delightful essay, well worth 
reading for the simplicity of its exposition, as well as for 
its study of the wide range of problems in which entropy 
is shown to play an important part. There follows a 
group of three papers on hypersonic flow, by French. 
British, and Russian authors; then six papers concerned 
with boundary layers, by Dutch, United Kingdom. 
Australian, Japanese, German, and Russian contributors. 
Of these papers I found the experimental work described 
by the Japanese author particularly interesting. 

The next three papers are concerned with design 
principles for supersonic aircraft, and form an excellent 
trilogy; the first, by Kiichemann, on the philosophy of 
planforms and aspect ratios, is exceedingly good. The 
next group of papers, from Sweden. France, Canada. 
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and Holland, is concerned with properties of metals, 
especially stress corrosion cracking, embrittlement, 
fatigue, and crack propagation: the last of the papers 
describes a very thorough and painstaking research. 
Among a number of isolated papers we next find a group 
on combustion. Volume 3 then concludes with two 
excellent papers on operational research in aircraft 
design and on airline economics. 

Papers on jet streams and jet flaps begin Volume 4; 
there follow three papers on aerophysics and magneto- 
hydrodynamics and three more on various aspects of 
structural safety. Of the latter, I liked the Swedish paper 
on statistical ‘fail safe’ methods. An interesting contri- 
bution by Dukes discusses various methods of protection 
against kinetic heating. The last of three papers on 
propulsion units contains a stimulating discussion of the 
possibilities of hypersonic ramjets provided supersonic 
combustion can be achieved. 

The next three major groups of papers are concerned 
with flutter at supersonic speeds—Ashley and his colla- 
borators give some very interesting comparisons between 
experiment and the predictions of second-order piston 
theory—with various aspects of the problem of re-entry 
from space, and with aviation medicine. The volume 
concludes with three papers on space flight: the last, 
by King-Hele, is a fascinating example of what might 
be called ‘by-product research’—it records discoveries 
relating to the shape of the Earth and to atmospheric 
density derived from observations of the paths of the 
Russian and American satellites. 

The volumes are well bound and printed on good paper: 
it is a pity to have to record that they are marred by a 
large number of misprints. However, the books represent 
a storehouse of information, with a nice balance of theory 
and experiment, and containing much of interest and at 
least something of importance for all concerned with 
aerospace flight. A. R. COLLAR 


WILDLIFE IN THE BRITISH ISLES 


Wildlife in Britain l 

By Richard Fitter (Pelican Original No. A601). Pp. 191 
(67 illustrations). (Harmondsworth, Middx.: Penguin 
Books, 1963.) 7s. 6d. 


Collins’ Guide to Bird Watching 
By R. 8. R. Fitter. Pp. 254+40 plates. (London: 
Wiliam Collins, Sons and Co., Ltd., 1963.) 218. net. 


EVER have the people of Great Britain been more 
Nature conscious or better supplied with Nature 
literature, films, lectures, conducted tours and so on. 
It seems to be generally agreed that the rising tide of 
human population and the urbanization of so much 
countryside is endangering many members of the fauna 
and flora of the British Isles, and people must be educated 
to, appreciate Nature. New books, new Nature societies 
appear almost daily. We may well wonder what Gilbert 
White and the naturalists of old would have thought 
about it. 

Among the latest additions to the vast array of Nature 
books are R. S. R. Fitter’s two excellent volumes, one a 
survey of Wildlife in Britain and the other Collins’ Guide 
to Bird Watching. 

The first covers a very wide field—mammals, reptiles, 
insects and even plants come under the author’s notice. 
Of course these subjects are too vast to be dealt with 
fully in one small book, and generalized descriptions are 
the most that can be managed; but the whole book is of 
an introductory character—it is addressed to the new- 
comer, the novice beginning to take an interest in natural 
history, providing him, or her, with much helpful informa- 
tion illustrated with excellent photographs and with line 
drawings. 
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Complementary and supplementary to this volume is 
Mr. Fitter’s Collins’ Guide to Bird Watching, about what 
to watch, where to watch and how to watch. The photo- 
graphic illustrations are particularly good in this bird 
volume, and it contains much information that the novice 
will certainly appreciate. For example, there is a ““Topo- 
graphical Guide”, covering England, Scotland, Wales 
and Northern Ireland, taking county by county and 
giving for each special birds, habitats, reserves, sanc- 
tuaries, societies, books and other literature. The ex- 
perienced, as well as the inexperienced, observer will 
find much to help him. 

Although both these volumes are intended for the 
novice the fully fledged ornithologist will find it worth his 
while to read them carefully. The lists of societies, 
trusts, etc., will give him food for thought. To-day’s 
array of bodies connected with wildlife and Nature in 
general, with a preponderance of bird societies, is indeed 
remarkable. 

Let us hope these bodies will be able to do something 
to help the fauna and flora, so threatened by the ever- 
increasing urbanization of the British Isles, and their 
swelling population rendered mobile by the motor-car. 
People from the built-up areas are for the most part 
keenly interested in country life and anxious to know 
more concerning the beings of field, wood and shore. 
Mr. Fitter’s two books may be highly recommended as 
helpful guides, and it is to be hoped they will be- 
come factors in the conservation of wildlife in Britain, 
a matter, despite all the societies, of no small difficulty 
and of which the future is hard to see. 

Frances Pirr 


HIMALAYAN CLAVARIACEAE 


The Clavariaceae of India 
By Dr. K. S. Thind. Pp. vii+ 197 (7 plates). (New Delhi: 
Indian Council of Agricultural Research, 1961.) Rs. 20. 


HE Himalayas are a region of great importance to 

the mycologist. The floras of Europe, the Mediter- 
ranean, north Asia and tropical Asia meet there and 
create one of the best grounds for the study of fungi. As 
yet few of them have been collected, but the author of this 
volume and his students at the Panjab University, 
Chandigarh, have begun the task. Lack of taxonomic 
literature and of access to type-collections is a severe 
handicap and progress must necessarily be along lines 
which have been developed by recent world-monographs. 
This volume presents for the benefit of Indian students 
the present knowledge of the miscellaneous family of 
Clavariaceae. Dr. Thind and his students have raised 
the number of species yet known from India from a very 
dubious 17 to 65. The final total will probably reach 
more than 100, but the help of more botanists must be 
enlisted, and that is the purpose of the work. 

There are good descriptions, keys, line-drawings, and 
photographs at a very reasonable price. The classification 
followed is that of my own monograph on this subject, 
and it is gratifying to note that Dr. Thind finds that it 
works in his rich and previously unexplored territory. 
It is a pity that some of the illustrations of the mono- 
graph were not borrowed to assist in the introductory 
account of this volume. Most of the new Indian records 
have already been published in journals, and are here 
conveniently brought together. As an example of the 
handicap in literature, the author has been unable to use 
Pilat’s recent account of the European species of the. 
family, and published in Acia Musei Nationalis Pragae 
(1958). 

The Himalayan region is rich in species of Ramaria 
and Clavulina. They need much further study, for they 
link up with those of North American and Australia and 
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include probably all the species of Europe on a grand 
scale. Thus the little-known R. apiculata is widely used 
as a food in Simla and Dalhousie. 

This well-produced volume is the second in a series on 
fungi sponsored by the Indian Council of Agricultural 
Research. The Council is to be congratulated in support- 
ing the enthusiasm of the staff of the Panjab University 
for tackling the great problem of Himalayan cryptogamic 
botany. E. J. H. Corner 


PROBLEMS OF RETIREMENT 


Arbitrary Retirement 

By Nevil Tronchin-James with a preface by Lord 
Beveridge. Pp. 122. (London: Cassell and Company, 
Ltd., 1962.) 21s. 


HE problem of retirement has two aspects: a social 
or human aspect, which is part of the general problem 
of care for the elderly that has now become the major 
social problem in Britain; and a productivity aspect, 
which in turn is related both to the supply of labour and 
to the general economic situation of Britain. Nor are 
these two aspects independent, and it is probably the 
outstanding merit of Dr. Tronchin-James’s book that he 
establishes so convincingly that connexion and some at 
least of its implications. Arbitrary Retirement is, in fact, 
a reasoned but forthright attack on the idea of a fixed 
age for retirement, in which Government policy, Trade 
Union practice and much industrial practice receive some 
hard and well-justified blows. Its essential theme is 
` that retirement should be flexible, according to human 
needs, and that consideration, and not admiinistrative or 
legal convenience, obsolete Trade Union custom, or 
inadequate personnel policies; should determine both the 
age and the conditions of retirement. 

Always Dr. Tronchin-James has his feet firmly on the 
` ground. The policies, whether of Government itself, 
industrial or business concerns, or the Trade Unions, 
which prevent flexibility and disregard individual varia- 
tions in capacity and in need, are exposed, not merely as 
unjust but as uneconomic, wasteful of Britain’s most 
- important resource—manpower—and unintelligent. In 
these 100 odd pages, amply and authoritatively docu- 
mented, he presents a damning indictment of lack of 
vision, of incompetent management, and failure to match 
the needs and opportunities of to-day from which neither 
Government, nor management nor the Unions emerge with 
credit. The earnings rule in particular is exposed as 
penurious and unjust, and the one bright feature in his 
picture is the demonstration by a small minority of firms 
of the possibility of flexibility in spite of all the present 
man-made obstacles and the real advantages that accrue 
both to the country and, to the individual. 

That may be over-simplifying the issue, for Dr. Tron- 
chin-James is, above all, challenging constructive thought, 
and his suggestion that the individual citizen should be 
able, within limits, to choose his own time of retirement, 
retiring on a fixed pension at a fixed minimum age when 
he feels past work, staying on at work if he prefers, with 
` the promise of a larger pension when he ultimately retires, 
is supported by scientific evidence which should interest 
the scientific worker especially. Dr. Tronchin-James does 
not lay the same stress on voluntary action that the late 
Lord Beveridge does in the preface, but fully recognizes 
that voluntary action has a fitting place which is not to 
be disregarded because it may demand administrative 
adjustment. He is also at pains to lay the bogeys that 
have been responsible for much of the existing rigidity, 
such as the earnings rule, and the belief that later retire- 
ment blocks promotion or causes unemployment among 
the young. 
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One of the most interesting features of the book is just 
this demonstration of the qualities that are required to 
deal effectively with the economic situation generally. It 
needs little imagination to see the analogy between the 
handling of the retirement question and the handling of 
the transport situation which the Beeching Report has 
brought to the front. Failure to take a long and a wide 
view, to have regard to the social issues in the broadest 
sense, to the full implications of redundancy as well as to 
the economic and technical aspects of efficiency could in 
either problem be disastrous to the national economy and 
productivity. A compulsory retirement age, he insists, is 
the outcome of administrative incapacity, coupled with 
a failure to understand the facts and to handle them with 
a proper sense of responsibility either to the interests of 
the nation or to those of the individuals affected. 

Dr. Tronchin-James’s book would be welcome for his 
frank reminder, not only that social organizations should 
not impose intolerable conditions of speed, working hours 
and vindictive taxation on the very citizens who are least 
fitted to look after their own interests, but also that those 
interests should be a chief concern of the Trade Unions. 
If only for their sakes the Trade Unions should be less 
rigid and readier to consider more flexible policies. A 
flexible retirement policy, he adds, is a part of good 
employment policy, but if the rigidity imposed by social 
pressure, legislation and financial threat and bribery is 
to be removed the co-operation of all sides will be re- 
quired. 

The fundamental reason for this severe indictment of 
administration whether on the part of Government, of 
industry and commerce, or of the Trade Unions, springs 
from the failure to take due account of the changed 
expectation of life. Retirement practices and policies 
ignore the fact that expectation of life has increased from 
forty-six years in 1901 to sixty-one years in 1951, and 
with this has gone a marked decrease in the rate of 
ageing so that those who to-day reach the age of sixty or 
seventy are at least several years younger than the 
average person who reached those ages in 1900. These 
changes alone make it even more desirable than it was 
then that men of 65-70 should be free to choose, not when 
to retire but how much to retire, and that every able- 
bodied man should postpone retirement until the last 
possible moment. 

If arbitrary retirement is unsound from an economic 
point of view, it is from the social point of view and that 
of the individual that it is most indefensible. Dr. Tronchin- 
James cites examples of the suffering and damage inflicted 
on the part of the population usually least able to speak 
for themselves by arbitrary retirement. The tendency to 
deterioration, to early death and even suicide; the serious 
disturbance of mental health; the suffering which arises 
out of a feeling of uselessness; and the rapid accentuation 
of the burden they become on society—all these are seen 
arising out of premature and arbitrary retirement. Retire- 
ment at an arbitrary age is a product of administrative 
incapacity and blindness, and this book provides very 
conveniently the material for a sustained attack on those 
who attempt to perpetuate, whether in the Government, 
in industry, in business or in the Unions, practices as 
unfair and detrimental to individuals as they are dan- 
gerous to the national interest. It challenges, indeed, 
some hard thinking and bold and imaginative adminis- 
tration, neither of which is readily come by. They are 
possible and they can be found. That they may be 
difficult or unweleome does not invalidate the simple 
truth expressed in a leader in The Times, quoted by Dr. 
Tronchin-James, that the only good rule to have about 
retirement is to have no rule at all except that those 
responsible for staff should be continuously well informed 
and not afraid to act. Government, as well as industry 
and the Unions, would be wise to re-examine their policy 
and practice so as to encourage such action. 

R. BRIGHTMAN 
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Trace Elements in Human and Animal Nutrition 

By E. J. Underwood. Second edition, completely revised. 
Pp. xiii+429. (New York: Academic Press, Inc.; Lon- 
don: Academic Press, Inc. (London), Ltd., 1962.) 76s. 


tc ( NOMPLETELY revised” is a phrase which often 

means less than it says, but the author of this book 
has certainly justified his sub-title, for the second edition 
of his well-known book has every sign of careful prepara- 
tion. Those who have read the first edition will be glad to 
know that the second is no longer, and that the chapters 
are cast in the same order and form. The subject-matter, 
moreover, has been carefully scrutinized and brought up 
to date. Many of the old references have gone and new 
ones have taken their place. This must have taken a lot 
of doing and it has been done well, and Underwood has not 
lost sight of his original objectives—the proper selection of 
material and the necessity of treating it in a balanced way. 
It is this care which makes the book retain its value both 
for the specialist and for the more general reader. 

As before, the author has devoted separate chapters to 
iron—not really a trace element to mammals but one well 
worth its place in the book—to copper, molybdenum, 
cobalt, zinc, manganese, iodine, fluorine and selenium, 
but nickel has joined the group of miscellaneous elements 
in a portmanteau chapter toward the end. The physio- 
logical and hence the economic aspects of some of these 
elements are enormous, and Australia has derived great 
benefit from the investigations of its agricultural scientists 
in this field. 

The author writes with a pleasant enthusiasm unusual 
in a man of his experience. For him the new discoveries 
about chromium are still ‘exciting’, and he directs atten- 


_tion to other new and ‘promising’ discoveries in his 
_ introduction. He does not mention the toxic effects of 


cadmium on the testicle and its prevention by zine reported 
by Pařízek in Nature in 1956. No doubt we sball hear 
about this in the third edition ; and also perhaps about some 
of the older problems which are still unsolved. Why 
should barium, for example, accumulate in the eyes of 
cattle, and why are strontium and fluorine major elements 
in the marine slug, Archidoris britannica ? 

The photographs, particularly of animals, were not very 
well reproduced in the first edition; the same ones have 
appeared again and are, frankly, a little disappointing 
in a book of this calibre. Nevertheless, this is a good book, 
better if possible than the first edition. 

R. A. McCance 


The Theory of Transonic Flow 

By K. G. Guderley. Translated from the German by 
J. R. Moszynski. (International Series of Monographs in 
Aeronautics and Astronautics. Division II: Aero- 
dynamics, Vol. 3.) Pp. xviii+ 344. (London and New 
York: Pergamon Press, 1962.) 63s. net. 


HIS book is a translation of the German edition 

issued in 1957 and published by Springer Verlag. 
Such a long delay in publication of an English edition 
would prove a considerable handicap to most advanced. 
texts of this kind. In the field of transonic flow, however, 
this is not the case. In latter years transonic flow theory 
has become distinctly unfashionable as a research topic 
although the more practical applications of it have been 
developing apace. It is to be hoped that this deeper 


physical understanding may stimulate further develop- ` 


ments in this difficult field. 

The author describes the, by now, classical theory of 
transonic flows in the development of which he has played 
no small part. The extensive bibliography contains no 
less than twenty-three of his papers. 

The main difficulty of the transonic flow problem which 
arises from the complicated nature of the governing 
equations is the inability of the theory to predict the flow 
conditions around a given profile. The necessity to solve 
the problems in the transformed (hodograph) plane makes 
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the results often very mathematical in form, and even in 
the author’s opinion it is only possible “to develop a 
measure of perception of transonic flow phenomena which. 
permits an extrapolation of the results beyond the range 
of exact analysis”. It is therefore a very limited aim 
which he can assign to the theory, namely, “‘first of all to 
attempt to explain the fundamental properties of the 
flow”. In this his work succeeds admirably. It will prove 
more worthwhile if it fulfils his second desire, however: 
“ , . . [to] point out to the applied mathematician the 
mathematical questions imposed by the physical problem 
so that [he] could fill in the gaps, simplify the reasoning, 
and bring new methods to bear in the field’’. 
New C. FREEMAN 
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Rock Garden Plants of the Southern Alps 
By W. R. Philipson and D. Hearn. Pp. 1674+105 plates. 
(Christchurch, N.Z.: The Caxton Press, 1962.) 47s. 6d. 


NITIALLY disappointment is aroused by the un- 
serviceable flexible cover, innocent of lettering, of this 
quite expensive little volume. (The “Southern Alps” 
of the title are those of New Zealand.) When the book is 
opened, this first reaction is dispelled by admiration for the 
technical merit and sometimes great beauty of the many 
illustrations. Not the least interesting chapter is the final 
one, discussing the photographic equipment and methods 
used. Appreciation is the keener for realization of 
the effort, skill and patience required to obtain such 
pictures. 

Prof. Philipson wisely begins with an admission that 
among New Zealand native plants the vast majority of 
conspicuous flowers are white, and the kaleidoscopic 
glory of alps in the northern hemisphere is quite wn- 
matched. Then, however, making good use of the abound- 
ing oddity of specialized form, he writes persuasively to 
infect the reader with his own obvious enthusiasm for the 
New Zealand mountain flora. 

The book is intended primarily for the amateur plants- 
man and makes no pretension to being a scientific text- 
book. Nevertheless an attractively readable style carries 
a great deal of sound science. Plant ecologists will find it 
stimulating as well as entertaining; and many professional 
taxonomists would be the better for taking to heart 
various passages, for example, pages 55 and 56 on Gentiana. 

Altogether, this is a book which field botanists and 
‘alpine’ gardeners should at least borrow to read, if not 
buy for its photographs. S. Cray 


Science in Authority 

Essays by Prof. Lancelot Hogben. 
Books No. 3.) Pp. 157. 
Unwin, Ltd., 1963.) 18s. 


HE book is a collection of nine addresses and essays 

delivered or written over the past twenty years or 
so up to Prof. Hoghben’s retirement from the chair of 
medical statistics in the University of Birmingham. Not 
all of them are dated nor is it clear how far they have been 
previously published ; some, but not all,.are documentated, 
and there ig an index to the whole book. The subjects 
include the race concept, the origins of species, Whewell’s 
dilemma, of classification, the nature—nurture issue in a 
contemporary curriculum of medical studies, the assess- 
ment of remedies, the present crisis in statistical theory 
(1956), science and its social functions, and the new 
authoritarianism (1949), and they have in common the 
theme that no society is safe in the hands of so few clever 
people. On questions of science and Government they 
have nothing to say, and while they illustrate the range and 
penetration of Prof. Hogben’s thought, and the ease and 
style of his exposition, they scarcely seem to justify the 
title of the book, and readers who are led by the title to 
look for a penetrating contribution to one of the major 
issues of to-day will be disappointed. R. BRIGHTMAN 


{Unwin University 
(London : George Allen and 
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NATIONAL NATURE WEEK IN BRITAIN 


By Dr. MAURICE BURTON 


N May 17, the Right Hon. Sir Keith Joseph, Minister 
of Housing and Local Government, opened the first 
Wild Life Exhibition to be held in Britain, thereby deputiz- 
ing for the Right Hon. Lord Hailsham, Minister for Science, 
at the last moment. The Exhibition, which was sponsored 
by The Observer (London) for the Council for Nature, was 
held in the Royal Horticultural Society Halls during 
May 17-25. : 
In view of the increasing public interest in natural 


‘history generally, and of the greater extension of its 


teaching in schools, one of the immediate interests was 
to gauge the response to such an exhibition. The notice 
taken by the Press was not outstanding, although gener- 
ally favourable, and perhaps the best publicity came 
through the cartoonists who, by their satire, undoubtedly 
focused the attention of those readers who had not read 
about it on the exhibition and National Nature Week as 
a whole. The B.B.C. programmes, both sound and 
television, contained a higher percentage of emphasis on™ 
natural history items than in an ordinary week, and so did 
L.T.A. television. If, therefore, the Exhibition achieved 
nothing else, the publicity associated with it must have 
reached a wide audience. i 

The . attendances at the Exhibition totalled 46,160, 
which was exactly 46:16 per cent of those at a single 
national sporting fixture held on the last day of the Exhibi- 
tion. Even so, those figures can be considered satisfactory, 
especially when linked with the total, unknown and very 
difficult even to guess, of those who attended the many 
subsidiary exhibitions and lectures held throughout 
Great Britain, by local societies, in association with the 
main exhibition. 

The full extent of this nation-wide effort can be best 
assessed by reference to the associations of the Council 
for Nature, the instigating body. These represent.100,000 
individuals belonging to 360 member societies, of which 
more than 200 are local societies, 25 are attached to 
schools, and more than 50 are national. The week’s 
effort can be best dealt with under these headings: the 
central exhibition, the official bodies associated with it 
and the local exhibitions, the last of these being numeric- 
ally the superior. 

The central exhibition. This was displayed in the Old 
and the New Halls of the Royal Horticultural Society. 
Entering first the old hall, the visitor was confronted with 
a large diorama representing a cross-section of the British 
countryside, from which bird-song, appropriate to each 
habitat represented, emerged from hidden recorders. 
After that, the visitor was guided naturally from one 
stand to another, out of the Old Hall and across the road 
into the New Hall, where further stands were on view, 
to end at the lecture room, where demonstrations and 
lecturettes were given several times a day by various 
speakers, each competent in his or her own field, and these 
were well attended. 

The stands on show in the two Halls can be divided 


under three headings: those advertising the work of one . 


or other of the many organizations devoted to protecting, 
preserving or conserving what is left of Britain’s country- 
side; commercial stands; exhibits demonstrating the 
principles .of protection, preservation and conservation. 
The first of these were the more numerous and included 
stands by the Council for Nature, the Nature Conservancy, 
the Forestry Commission, the National Trust, the World 
Wildlife Fund, the Society for the Promotion of Nature 
Reserves, the Council for the Preservation of Rural 
England, the Royal Society for the Protection of Birds, 


and other similar organizations devoted to conservation 


. in one form or other or to the study of natural objects or 


natural phenomena. 

The second of these, the commercial stands, were 
mainly for the display of books, photographic equipment 
and technical supplies, but included two stands, by 
the Shell Chemical Co., Ltd., and the Central Electricity 
Generating Board. The Shell Chemical Co., Ltd., was 
expounding the immense value of pesticides and herbicides 
to food production, at the same time directing attention 
to their possible misuse. The Central Electricity Author- 
ity, responsible for the power station on Dungeness, 
sought to draw the balance between the modern needs 
for power and efforts towards minimizing the harmful 
effects of such necessary developments on the wildlife. 
To have the participation of commercial firms can do 
nothing but good, and in any future exhibition the principle 
could well be extended. 

The exhibits demonstrating the principles of conserva- 
tion, the third group, were disappointingly few, although 
it could be argued that inherently all the stands were 
dealing with them, if only by implication. Even so, there 
is a great need for the actual demonstration of practical 
ways in which individuals themselves can help. Teachers 
especially are anxious to know ways by which to bring 
home what conservation and wildlife preservation mean 
to the individual. The most obvious exhibit devoted to this 
was that showing a small patch of wild land littered with old 
bedsteads and other hardware rejectamenta from dwelling- 
houses—a typical piece of countryside litter. The most 
subtle was the jangle of canned music which contrasted 
cacophonously with the recordings of bird-song. This may 
have been intended to demonstrate that there can be 
auditory as well as material litter spoiling the countryside. 
Or it may have been simply pandering to popular taste. 

Subsidiary exhibitions. These (classified here, under the 
heading of “‘official”) were staged at the Royal Botanic 
Gardens, Kew, the British Museum (Natural History). 
Messrs. Kodak and Co., Ltd., at Kingsway, in collabora- 
tion with the London Natural History Society, at Ilford 
House (natural history photographs), Rentokil Advice 
Centre (mainly timber pests), Marylebone Publie Library 
(“Room for Wildlife”), Isleworth Polytechnic, Ministry’s 
Fisheries Laboratory at Lowestoft, the Linnean Society. 
the Horniman Museum, the Zoological Society’s gardens 
and London Transport (Charing Cross Station); and there 
was a special series of lectures daily at the British 
Museum (Natural History). 

Local exhibitions. These were held both in London and 
elsewhere and can be here held to include also the con- 
ducted Nature walks with official Royal Parks’ Observers, 
Nature Trails, in which groups of people under the guid- 
ance of naturalists traversed chosen sections of the 
countryside, and demonstrations by the Conservation 
Corps at work at Coombe Hill, in Buckinghamshire. and 
at Box Hill and Headley Heath, in Surrey. The most 
numerous were the local exhibitions held in museums, 
schools and library halls, organized by local societies or 
individuals. Naturally, these often concentrated more on 
affairs of the local countryside, although the wider issucs 
were not neglected, dnd it was here that the exhibits 
tended to be more down-to-earth, serving not only to 
stimulate interest in the countryside, in particular and 
general terms, but also to bring home to visitors the 
everyday ways and means by which individuals, either 
on their own or, by the expression of their opinions. in 
their influence on local and national Government. could 
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effectively contribute to the aims of the Council for 
Nature, as expressed in the main: exhibition at the Royal 
Horticultural Society Halls in London. 

The declared aims of National Nature Week were: (1) 
to conserve Britain’s wild plants and animals for present 
and future study, recreation and enjoyment; (2) to prevent 
the unnecessary destruction of harmless plants and 
animals by the indiscriminate use of toxic chemicals. in 
fields, forests, waterways, roadsides and gardens; (8) to 
safeguard the unspoilt lengths that remain on the coast- 
line of Britain, and areas of special scientific interest; 
(4) to ensure the observance of the Protection of Birds 
Act and discourage irresponsible shooting; (5) to secure 
legislation introducing close seasons for deer and protec- 
tion for harmless animals; (6) to encourage the establish- 
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ment of more local Nature reserves especially for educa- 
tional purposes; (7) to increase the support for field studies 
in schools, training colleges and universities. 

These are laudable aims, given a popular approval by 
the mere holding of the National Nature Week, and with 
the seal of national approval set by H.R.H. the Duke of 
Edinburgh, who visited the exhibition and also acted as 
compère to the 100th edition of B.B.C.’s “Look” pro- 
gramme, broadcast during the Week. There was also a 
special issue of postage stamps (see Nature, 198, 18; 
1963). Time alone will show how far they can, or will, 
be translated into effect. The effort to bring them to 
public notice can but be commended, and the success 
attending this effort has been fully deserved by all con- 
cerned with its organization. 


AND INDUSTRIAL PROCESSES* 


By Dr. S. LILLEY 
Department of Adult Education, University of Nottingham 


BOUT 2,300 years ago Aristotle wrote: “There is 

only one condition on which we can imagine managers 

not needing subordinates, and masters not needing slaves. 

This condition would be that each machine would do its 

own work, at the word of command or by intelligent 
anticipation”. 

Aristotle was trying to prove that there must always be 
slaves—he thought that there never could be machines 
that work of their own accord, and so there must always 
be slaves to work them. As so often with the Stagirite, 
his logic was impeccable, but his premises were faulty. 
For these machines that Aristotle thought impossible are 
the automation of to-day; and this automation bids fair 
to abolish slavery entirely—not just the blatant bond- 
slavery of the Greeks, but also wage slavery, the slavery of 
colonialism and every form of enslavement of one man to 
another.: But more than that, automation promises to 
abolish the slavery that binds mankind as a whole—the 
slavery that forces most men and women to spend most of 
their time producing material necessities and luxuries 
instead of sharing in the higher joys of creative activity. 
Though my title should cover a wider variety of themes, 
I propose to illustrate it almost entirely in terms of auto- 
mation. 

Let us first, therefore, be clear as to the meaning of 
‘automation’. The word is often misused to mean any 
rather complicated piece of mechanization. I shall use it 
more strictly to cover the use of highly automatic 
machinery or processes that largely eliminate human 
labour and detailed human control. 

Tt is the last few words that matter. Mechanization, 
as we have known it for centuries, does away with human 
labour—the machine does the labour, but an operator is 
required to control it in detail, to instruct it at every stage 
what it is to do next. What distinguishes automation is 
that the machine is so equipped that it controls itself— 
performs long sequences of tasks automatically—and 
human interference is required only to design it and build 
it and keep it in good working order. I do not intend 
to be very technical, but rather to consider automa- 
tion in relation to the great social problems of our time. 
Nevertheless, T want to begin by briefly describing three 
important types of automation, so that we shall have some 
idea what this trend is, whose social implications I am 
` discussing. 

In making some mass-produced article—let us say a 
part of a car engine—the normal practice has been to pass 
an unending series of workpieces along a great line of 


* Substance of a lecture delivered at Hatfield College of Technology on 
January 26. y 


machines. At one end a crude casting is fed to the first 
machine, which does some job on it—perhaps mills one 
of the faces plane. Thence it goes to the next machine, 
which perhaps drills a few holes: and so on, until at the 
other end of the line the component is finished. : 

Each of these machines has its separate operator, and 
a very large part of the cost is in the wages of the opera- 
tors. Yet the operator’s work is in principle (though 
not always in practice) entirely automatic—a mere matter 
of putting the workpiece in, switching on, a few moments 
later switching off and taking the workpiece out and put- 
ting it on the conveyor to the next machine. You then 
think that it should not be too difficult to arrange to do 
away with this human automaton—to arrange that the 
movement of the work from machine to machine, the 
clamping and unclamping, the switching on and off, 
should be automatic. There you have the principle of 
‘transfer automation’—so-called because the work is 
automatically transferred from each stage to the next 
—the simplest type of automation, but the most useful 
in present conditions. Naturally it is more complicated in 
practice—with all sorts of devices to ensure that every- 
thing is working properly, to direct attention when things 
go wrong. But in principle you have the transfer line-——a 
long line of machines, often a quarter of a mile in length, 
down which the work passes automatically until a rough 
piece of metal is transformed into a cylinder block or a 
erankshaft—and no operators, no direct labour, only 
maintenance workers and supervisors. 

The most advanced example, so far, of that type of 
automation is a Soviet plant for making car pistons. It 
starts with ingots of raw aluminium. These are fed into 
a furnace to be melted and refined. From there the metal 
flows in measured batches to a die-caster from which the 
rough casting of the piston emerges a few seconds later. 
The next machine trims off the flash, and then the piston 
passes to an annealing furnace which keeps it at a tempera- 
ture of 210° C for 5-5 h, in slow motion all the time. Then 
the casting passes to a line of metal-cutting machines 
which shape it to the required accuracy—turn its perfect 
cylinder, cut the grooves for the piston rings, drill the 
gudgeon-pin hole, and so on, and finally grind those 
surfaces for which high finish is required. Next comes a 
chemical section which cleans the pistons and then auto- 
matically tinplates them. After a few finishing operations, 
the pistons pass to an inspection station which automatic- 
ally rejects those which do not come up to specification 
while those that pass the tests are automatically greased, 
wrapped in oil-proof paper, packed in boxes of six and 
loaded on to the conveyor to the dispatch room. All this 
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—from aluminium ingots to finished pistons, wrapped and 
packed—requires the services of only eight men: a super- 
visor, five maintenance workers, and two others doing 
miscellaneous work. The output is 3,500 pistons in a 
24-hour day; and the plant cuts total staff to one-quarter, 
manual workers to one-sixteenth, and production costs to 
half. 

That, I have said, is the most complete and complex 
example of transfer automation so far. It started work in 
1950, and even to-day has not been surpassed elsewhere in 
the world. I do not mean to imply that the U.S.S.R. 
has an over-all lead in automation. Until two or three 
years ago—and probably even to-day——they had a good 
deal less of automation, quantitatively, than the United 
States. But they have built several plants in which auto- 
mation is far more complete and integrated than in any 
other country. While the Western Powers were con- 
centrating on getting immediate gain from a large amount 
of the simpler types of automation, the Soviet policy 
was to explore really complicated problems. Now, 
with that knowledge at their disposal they are applying 
automation at a very much more rapid rate, installing 
several hundred transfer lines a year. They are even 
mass-«producing transfer machinery—mass-producing units 
that can be fitted together to make transfer lines of many 
types, and very cheaply. As a result, if present trends 
continue, they will within about five years have far more 
automation in action, and that of a higher degree of 
completeness and complexity, than any other country in 
the world. The rest of us must do a great deal in the 
way of pulling up our socks, if we are not to be left far 
behind. 

That type of automation can only be applied to large- 
scale mass-production where identical articles are needed 
in their hundreds of thousands. But the second type that 
I am going to mention is applicable to work that is 
needed in small quantities—even to cases where only a 
single example of each job is required. Such work would 
normally be done on a versatile machine, capable of a 
variety of movements, under the control of a skilled 
craftsman, who must be able to take instructions—usually 
in the form of blue-prints—and operate the machine 
controls in the appropriate manner. The essence of 
‘programme-control automation’—my second type—is 
that the machine is equipped with a control mechanism 
(essentially a small and specialized computer) which 
enables it to read the instructions for itself and operate 
accordingly. The instructions will usually be given by 
punched paper tape or magnetic tape. The machine can 
read and obey these almost instantaneously, whereas the 
former craftsman probably spent more time studying the 
blue-print than operating the machine. This means a 
very great saving in time and a very great improvement 
in the economy of using the capital tied up in the machine. 
Even an early version of this type of automation, applied 
a few years ago to a milling machine, reduced the time. 
needed for cutting a complicated cam from three weeks 
to four hours; and remember that to change the job one 
has only to change the tape, so that programme-control 
automation can be used in cases where the work to be 
done is immensely variable. 

The third type of automation to which I want to refer 
is the use of electronic computers to automate office work 
and paper work in general. I shall not take time to discuss 
the vast scientific applications of computers, but only 
their use in production and in activities directly associated 
with production. I cannot be expected to explain the 
working of a computer. I hope it will be enough to say 
that if there is any paper-work job that can be broken 
down into a series of precise instructions to be obeyed by a 
body of clerks who are of very low intelligence but of 
exceedingly great accuracy and reliability in obeying 
explicit commands, then that job can be done far more 
efficiently and accurately by a computer. Even the very 
first computer to be applied to commercial work could, 
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when it was calculating a wage-roll, do the work of about 
300 clerks, although its own staff consisted of twelve 
operators and two maintenance men—a productivity 
increase of more than twenty to one. That first commer- 
cial application, incidentally, was a British one, but the 
lead in this sphere has now passed to the United States. 

I am not going to concern myself with the application of 
computers in the purely accounting side of office w ork-— 
wage-rolls, invoicing and the like—interesting and inpor- 
tant though they may be. Far more revolutionary in the 
long run is their use in the task of planning production. 
Imagine a workshop the function of which is to handle a 
large variety of different jobs simultaneously. It will 
contain many different types of machine, each capable of 
doing one or a few specific operations. Each different 
job will have to be processed on several of these machines, 
perhaps even on a few dozens of them. But thero will 
be some choice in the order in which the job goes to the 
various machines, and a great deal of choice in the 
priorities to be assigned to different jobs that happen to 
need the same machine at the same time. All the jobs, 
maybe a few hundred of them, will be in the worlshop 
simultaneously, moving from machine to machine us the 
production schedule requires. 

Every job, then, has its own route through the shop- - 
or a choice of several routes, and the object of a production 
manager is to arrange the interweaving of these routes in 
the most economical way. Obviously, the routings must 
be such that two different jobs do not arrive simultaneously 
at the same machine, if that can be avoided—for then one 
of them must mark time. It will be equally uneconomic 
if a schedule leaves a machine standing idle for long. 
The task of the production manager, then, is to plan the 
routings of all the jobs in such a way as to reduce these 
and other wastages to a minimum. His plan must also 
take account of any over-riding priorities that may bo 
assigned to special jobs, and it must further allow for tho 
imperfections of this material world—machines may 
break down, raw materials may not arrive on schedule, 
illness or a cup-tie replay may cause the absence of some 
of the workers. His plan must be such that it will not be 
too badly upset by any reasonable combination of these 
accidents. 

In fact, it is an almost impossible task. The production 
manager does his best. But almost always the result is & 
plan that is very far from perfect—uneconomical in the 
performance and quite likely to go out of gear to such an 
extent that vital jobs are delayed long past the promised 
delivery dates. This fact is recognized in ordinary practico 
by the employment of a team of workers called ‘process 
chasers’ or ‘progress clerks’, whose function, in the last 
analysis, is to improvise ways of making up for the 
deficiencies of the plan. Yet the making of a good produc- 
tion schedule is merely a matter of calculation. Given 
any suggested schedule, you ‘can calculate how often 
clashes will occur with different jobs claiming tho sume 
machine, how long machines will standidle, and so on: ~and 
thus you can calculate the cost of doing the work in that 
way. You have only to do this calculation for all possible 
schedules, or for enough of them to be reasonably sure 
that you include a good one, and then choose the best. 
The trouble is that the amount of calculation is over- 
whelming. In a shop for making gears in the American 
General Electric Company’s Aircraft Gas Turbine Division, 
the number of possible schedules for a single week’s work 
is the number that you would write as 9 followed by 157 
noughts. The poor production manager has to fuce 
several centuries of arithmetic to decide the best way of 
arranging next week’s work. 

So the Company decided to see what a computer could 
do. They were one of the first to try this method and it 
will be sufficient if we glance at their procedure. even 
though it has since been improved on. The number of 
possibilities to consider—9 followed by 157 nought=— 
is far too large to be covered in a reasonable time even 
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by a computer, as it is now, or is likely to be for many 
years. But a computer can try enough possibilities to be 
reasonably sure of finding a good one—not necessarily 
the theoretical best, but good enough. 

It is supplied by the management with all the data about 
jobs to be done, possible routings, priorities and the like, 
and with a suggested schedule. It takes one job at a 
time and by calculation follows it through the workshop 
as the schedule prescribes, noticing where it will clash with 
other jobs and working out the cost of such clashes; and 
soon. Adding together the cost of all the jobs gives the 
total cost of doing the work according to that schedule. 
But remember there are accidents to be allowed for. The 
computer has been told of the probability of each sort of 
accident. So by a process equivalent to tossing a coin it 
inserts into the calculation the effects of a chance combina- 
tion of accidents. It tries several of these combinations 
for each schedule, and so it emerges from this mass of 
calculation with an estimate of the cost of doing the work 
in this particular way in the practical conditions where 
accidents occur. $ 

The machine now picks for itself another schedule to 
try out. It does this by, as it were, shuffling the priorities 
and other variables in a purely random way. It calculates 
the cost of the new schedule, compares it with the previous 
one and chooses the better. Then it tries another schedule 
for comparing with this, and so on. 

This is all in essence a very simple process, just a 
wearisome routine of calculation repeated over and over 
again. A human clerk could do it easily—given a few 
centuries. The only advantage of the computer is its 
speed. It works on the job for two hours each week 
(for it is used for many other purposes) and in that time 
it calculates the economics of 2,000 schedules. A human 
clerk with a desk calculating machine would need more 
than 250 years to make the same calculation. 

A. mere 2,000 possibilities considered may not seem 
much, but in practice it is enough to ensure that a good 
and economical schedule is found. Even this very early 
attempt to plan production by computer resulted in a 
10 per cent increase in efficiency, which was a very paying 
proposition in the actual conditions. Since then much 
progress has been made, and it seems likely that in future 
computer planning may, in suitable conditions, double or 
treble efficiency. 

In a case like that I have been describing, the planning 
is done by the computer. But the carrying out of the plan 
is done by men. There may be some automation among 
‘the machines, but by and large they are worked by 
operators, and the movement of partly finished work from 
one machine to another is done by men, no doubt using 
various mechanical aids to transport. This seems a 
little topsy-turvy, does it not ?—to have a computer 
doing the planning, and then a host of men obeying its 
orders. Yet we have seen that the individual machine 
processes can be automated—on the transfer principle 
if the runs of identical work are long, by programme- 
control if they are short. Other examples which I cannot 
describe here show that it is possible to build a conveyor 
system which does not merely move the work along a 
fixed path, but can route it hither and thither in many 
directions according to the needs of the situation. When 
you think of combining these three features—computer 
planning, automatic machines and a flexible conveyor 
system—into a single unity, you are beginning to get a 
glimpse of the automatic factory. This would be a factory 
without operators, without direct labour of any kind. 
There would be a maintenance staff and a small managerial 
staff for taking major decisions, some toolmakers (though 
even. tool-making can be substantially automated)—and 


behind these a body of technicians, technologists and- 


applied scientists who devise the machinery. It would be 
a factory without direct labour, and, most important, 
without any repetition work. In it, or around it, there 
would only be people whose work is creative—taking 
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decisions or coping with emergencies. This is still in the 
future, but it is not Utopia. I think we may not have many 
years to wait before we see some examples in practice. 

However, I do not want to concern myself with the 
automatic factory of the future, but with the partial 
automation of to-day and of the next few years. So let us 
now turn to some of the effects of automation. There are 
a great number of these effects, but in order to keep 
myself within reasonable bounds, I propose to confine 
myself to two broad classes of them: those that arise from 
the productivity increases that automation brings, and 
those that come from the changes in the skills that it 
demands of the people who do the work. i E 

Everybody is aware that automation enormously 
increases the productivity of labour——typically by a 
factor of 10 or 20, sometimes by 100, very occasionally 
by more. These figures refer to direct labour on the job. 
Furthermore these savings in labour costs are achieved in 
most cases with very little increase in capital costs and 
overheads, compared with the equivalent non-automated 
machinery—often even with a reduction in these. In 
the few cases (chiefly concerned with computers) where 
the capital costs are much higher than for the equivalent 
non-automated method, then the labour-cost savings are 
usually so great that the capital expenditure can be 
written off in a year or two. In a word, capital expenses 
and overheads do not eat up the labour-saving gains, as 
they often tended to do with pre-automation advances. , 

What matters, in the long run, of course, is the effect 
on total production costs, including labour, capital and 
The best all-round estimate that I can 
give is that total production costs are approximately, 
halved. Naturally, there are wide variations between one 
case and another, and in the majority of instances the 
relevant figures have been kept secret. But the estimate 
I have given applies over a remarkable range of cases. 
For a very primitive transfer machine installed some years 
ago by the British Motor Corporation, for the Soviet 
piston plant that I described, for a programme-controlled 
miller inefficiently used (but used as it might well be in 
practice), and for several applications of computers, this 
same figure appears—production costs are cut to a half. 
I think we can take that as a rough estimate of the savings 
obtainable from automation in its present state, though 
no doubt it will be improved on. It means in the long 
run, of course, that the productivity of all the labour 
involved in designing, building, managing, maintaining 
and operating the plant hes been roughly doubled. 

I think I need not emphasize that the raising of pro- 
ductivity is the basis for raising the standard of living. 
Here we are saying that over considerable sections of the 
economy the over-all productivity of labour can be doubled 
as fast as capital becomes available for investment in 
automation. The possibilities for a rapidly rising standard 
of living are enormous. In fact you can make rough 
calculations which suggest that, if there were no extrane- 
ous inhibiting factors—no vested interests, no fears about 
markets or employment, no waste of potential capital on 
armaments, and all the rest—then the application of 
automation (and naturally in parallel of other advanced 
techniques) ought to enable us to double the standard 
of living in less than ten years. Clearly, Britain’s official 
target of doubling it in twenty-five years (which we do 
not look like achieving at the present rate) must be based 
on the principle that the path of productivity never, or 
very seldom, did run smooth. 

In fact, the assertion that a rise in productivity will 
lead to a rise in the standard of living is based on the 
assumption that the increased productivity will be used 
to create a proportional increase in production; and that 
—in a capitalist economy—means that it is based on 
the assumption that markets ‘will expand in step with 
productivity. If markets fail to keep pace with pro- 
ductivity then clearly the result will be: from the 
employer’s point of view, machinery standing idle; 
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from the consumer’s point of view, little or no rise 
in the standard of living; and from the point of view of 
the workers, unemployment. 

It used to be fashionable to deny the possibility of auto- 
mation causing unemployment. When I first seriously 
interested myself in this subject about 1955, I was re- 
garded as a very dangerous young man, because I con- 
sidered that possibility. I was even excluded from 
seeing the machinery installed in a certain factory because 
I had warned a meeting of its workers that they ought to 
guard against such an eventuality. 

The orthodox. theory was that the cheapening of the 
product would ensure that markets expanded rapidly 
enough to maintain full employment; and, of course, 
that has often been the case, but not always. In fact, a 
few months later we had a spectacular demonstration 
from the United States that automation, in an economy 
that does not plan the mode of its introduction, can lead 
to extremely serious unemployment. Even while I was 
being reproved for raising the question, the conditions 
were developing. 

Up to 1954, American car firms had experimented with 
automation. In re-tooling for their 1955 models, they all 
simultaneously took the decision to go in for automation 
wholesale. Each of them installed dozens of elaborate 
` transfer lines—often four or five hundred yards of entirely 
automatic machinery—an enormous capital investment. 
Each of them then calculated that in order to pay for 
this investment it would have to increase its share of the 
market. Between them they were going to capture some- 
thing like 115 per cent of the market; and the laws of 
arithmetic, to say nothing of the laws of economics, do not 
permit this. 

In the event, 1955 was a record year for American car 
production—almost 8 million cars turned out, against a 
previous best of 6,600,000; but at the end of the year 
three-quarters of a million of these cars remained unsold, 
and by April 1956 the unsold total had reached almost a 
million, with current sales still well below previous 
averages. 

There could only be one result—wholesale cutting down 
of production, wholesale dismissals of workers. Unem- 
ployment in the industry rose to 200,000—a quarter of 
the total labour force. All this because the American 
economy could not properly plan the relations between 
automation and market expansion. The industry has 
never fully recovered from that disaster. Productivity 
increases from automation and other causes have con- 
sistently kept shead of market expansions, so that 
unemployment in the industry has become chronic. 
From 1955 until 1962 the number of car workers dropped 
from 730,000 to 550,000. The chief automobile centres 
face almost continuous employment problems. Spring 
is the time when the car industry traditionally prospers, 
and yet in the spring of 1961 Detroit had 207,000 unem- 
ployed—-14'4 per cent of the labour force; and last spring 
Cleveland, Ohio, had one in 15 out of work. The number 
of chronically unemployed in the United States rose from 
half a million in 1953 to two millions in 1960, and much 
of this—it is now generally admitted—arose from the 
disparity between the rate of automation and the slow 
expansion of markets. So this is a serious problem. 

In Britain things have never been so bad, but this 
country has had similar experiences in a minor key. 
Despite many other complicating factors, the unemploy- 
ment of several tens of thousands and the short-time work- 
ing of many more in the British car industry in 1956, and 
from time to time ever since, was partly attributable to 
the effects of automation—or rather to the failure to co- 
ordinate automation with other economic factors. 

Now it is no longer considered unfashionable to admit 
the danger—in any event in the United States, though in 
this country realism has not yet conquered. Mr. Donald 
Michael, in a report prepared for the Centre for the Study 
of Democratic Institutions, paints a horrifying picture of 
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mass unemployment in all walks of life, Luddite wars, & 
people reduced to the status of the Roman proletariat in 
its worst days and growing inevitably just as vicious. 
He suggests that automation may bring more disadvan- 
tages than advantages—within the present American 
economic system, of course, for he does not consider alter- 
natives. This is hysteria: the hysteria that results from 
keeping one’s eyes closed too long and then opening them 
to find that reality is not so rosy as one’s dreams. But 
more soberly, President Kennedy’s Advisory Committee 
on Labour-Management Policy, in a report entitled 
“The Benefits and Problems incident to Automation and 
other Technological Advances” issued in January 1962, 
concentrates almost entirely on the employment problem. 
It puts forward only a few vague generalizations on the 
benefits of automation, but finds it necessary to treat the 
dangers at great length. “Regarding technological 
advance and unemployment”, says the report, “it is clear 
that unemployment has resulted from displacement due 
to automation and technological change.” The Committee 
believes the employment problem to be soluble. But the 
methods suggested for coping with it involve so many 
restrictions on the freedom of employers that one wonders 
whether they are practical propositions in the American 
context. 

So now the, intellectuals and the Government, at least in 
the United States, are saying what the workers in affected 
industries have said for ten years or more—that automa- 
tion does threaten employment unless steps are taken to 
plan and control it. This faces us with a serious dilemma. 
Automation—and a great deal of it—is necessary for a 
rising standard of living. For people in Britain itis probably 
necessary for mere survival as a first-class nation. This 
automation can only be introduced successfully if it is 
willingly accepted by the workers on the job. But they 
fear that it may make them unemployed. They are not 
Luddites. But naturally, and I think rightly, they take 
the view that they will not accept something that is 
likely to reduce their standard of living now in return 
for the vague hope that it may eventually raise the 
standard of living in general. 

What is to be done? This is not the place for a detailed 
discussion of the problem. I shall in the main be content 
if I have conveyed the convictions that there is a problem, 
and that the man at the machine has a legitimate point of 
view on it—so that next time you read a lurid newspaper 
account of an alleged ‘wild cat’ strike, where a group of 
men, object to the introduction of a new machine, you will 
seriously enquire whether perhaps they were forced to act 
as they did because their very livings were being 
threatened. 

Just one concrete point I will make. In the course of 
my teaching I often put the ‘What’s-to-be-done ? 
question to engineering workers. They almost unanim- 
ously agree that the main point is the provision of plenty 
of advance information. In some industries plans for 
automation are discussed well in advance. But in engin- 
eering, for example, it is usually the case that the frst 
the workers know of any new automation project is when 
some strangers arrive and begin installing the machine. 
Is it any wonder, then, that the upshot is likely to be a 
strike or an overtime ban? As our machine-tool industry 
works at present, it is certain that the decision to install 
that machine was taken at least two years earlicr— 
probably a good deal more. That, say my students. is 
the time when the Trade Unions or the shop stewards 
should have been informed of the project. Then there 
would have been two years or more in which workers and 
management could have negotiated to find acceptable 
conditions under which the new process could be intro- 
duced without threatening the employment prospects of 
the men. Unfortunately, despite what they say. many 
(perhaps most) engineering managements are very reluct- 
ant to negotiate. They prefer to present a fait accompli 
which makes negotiation impossible. Until that attitude 
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is changed, automation is always going to' mean labour 
cone and the rate of progress is going to be slowed 
own. 

Let us turn now to the question of the skills that indus- 
try demands of the workers. For two hundred years 
until very recently the tendency has been steadily to 
decrease the proportion of skilled workers in industry, 
and increase the proportion of semi-skilled operators 
particularly of people doing repetition work. Automation 
is beginning to reverse that trend. A repetition job is, 
almost by definition, a job that can be automated. In a 
comprehensive automation scheme there will be no 
repetition workers at all. 

There are exceptions to the trend, but by and large the 
effect of automation is to reduce severely-the demand for 
unskilled and semi-skilled workers and to increase sharply 
the need for skilled workers—maintenance engineers, 
millwrights, toolmakers, tool-setters and the like. Of 
the eight workers on that Soviet piston plant, there are 
two whom I cannot classify accurately, but they must be 
at least moderately skilled. Five are maintenance men— 
top-grade manual workers. Then there is the supervisor, 
who is presumably in a technician grade. That probably 
typifies the skill situation of the future. Meanwhile, a 
more normal case in present circumstances would be that 
of an American Ford engine plant, where automation led 
to a reduction of semi-skilled operators by nearly two 
thousand and an increase of skilled maintenance personnel 
by nearly one thousand. Apart from the greater propor- 
tion of skilled craftsmen which automation requires, it 
makes enormous demands for greater numbers of tech- 
nicians and technologists, design engineers and production 
engineers, draughtsmen and research workers—for all the 
ae qualified, the professional and semi-professional 
ranks. 

This trend is surely to be welcomed. Repetition: work 
is an insult to the people who have to do it. It treats 
them as less than human. It is not surprising if it often 
turns them into something less than human. If you make 
a man spend eight hours a day in which he has nothing to 
think about, nothing to exercise his mental powers on, 
is it surprising that he is incapable of exercising those 
powers in his leisure time and must spend it watching 
television or wrecking a dance hall? Automation offers 
the prospect of giving every man and woman a job that 
is interesting and worth doing in itself, a job requiring 
initiative or creative thought. Surely that is as desirable 
an object as providing a higher standard of material living. 
In fact, when the standard of living reaches that of, say, 
our professional classes to-day, a worth-while and interest- 
ing job becomes more important than further increases in 
luxury. 

T have been asked to discuss the question: “Are those 
jobs which must be done by men, after automation has 
eliminated the rest, necessarily exciting and satisfying ?” 
I do not know the complete answer. Maybe there will 
be some dull or repulsive jobs left: and it is easy to use 
automation wrongly if we put other considerations before 
the human ones. One can automate the process and leave 
a man watching for a light signal that instructs him to 
press a button, where it would be better to feed the signal 
directly back to the controls; one can leave somebody 
eternally feeding parts to a machine instead of arranging 
for a hopper feed; and one can arrange for a computer 
to take decisions but leave men to do the material manipu- 
lations. But one does not have to use automation in this 
fashion. I cannot be sure, I have said, that there will be 
no dull or tedious jobs left. But I am sure that if automa- 
tion is used correctly and humanly it can make most 
jobs more interesting, exciting and rewarding. In 
particular, there need be no repetition work, since any 
job that demands a flesh-and-blood automaton can be 
better done by an automaton of steel and oil. 

Some people will object that a large number of men and 
women must be given repetition work because they are 
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eapable of nothing better. I do not agree with this. 
I cannot argue the point now, but surely there is this to be 
said: repetition work is something that has been created 
by the industrial system of the past two centuries or so. 
Humanity managed to survive roughly a million years 
before that. Surely this survival would not have been 
possible if a large proportion of mankind were capable 
only of the repetition work that did not then exist. 
Of course, there are at this moment very many men and 
women who cannot do anything better. But that is only 
because we have educated them and conditioned them 
to behave as robots. If we educate them and condition them 
differently, they can show initiative and can be—naturally 
in varying manner and varying degree—creative. So I 
believe that an automated world will be a world in which 
work itself will be a joy to all, or almost all. As a result, 
leisure—much more of it, of course, because of the higher 
productivity—will be intelligently and creatively used. 
Thus, as I tried to hint by starting with Aristotle, automa- 
tion will mean humanism for all, instead of merely for a 
few. ; 

But these changes in skill bring their problems too. 
Maintenance electricians and production engineers do not 
grow on trees. They have to be educated. Britain has 
not got nearly enough of them to carry through a really 
progressive technological policy, nor does Britain have the 
educational machinery for producing them. In proportion 
to population, the United States turns out annually 
two and a-half times as many engineers of graduate stand- 
ing as Britain. The U.S.S.R. produces five times as many. 
Now the per capita needs for engineers are not necessarily 
the same for every country. But surely we can say that 
a country like Britain, which must live by exports and has, 
in the last analysis, nothing to export but skill, needs more 
engineers than the U.S.S.R., not less. 

Britain has plans, of course, for increasing the output 
in higher education. But let us face it, even if they were 
carried out in full—and the so-called ‘economies’ of the 
past year or two make that virtually impossible—they 
would still give not nearly enough, perhaps even by a 
factor of two. 

lt is no use saying: “We cannot afford it”. It is some- 
thing else that we cannot afford, though I leave my 
readers to decide what. A greatly increased output of 
highly trained experts is one of our prime necessities, and 
if something else has to be sacrificed in order to get it, 
then that has got to be faced. 

It is no use saying: “We are scraping the bottom of the 
barrel. The standard of university entrants is falling. If 
we increase the intake, it will fall further”. This amounts 
to a new sort of race theory in reverse—saying that people 
in Britain are genetically inferior to the peoples of the 
U.S.S.R. since they manage to put more than twice the 
percentage of their young people than Britain does through 
a university education, or any other form of higher educa- 
tion, and to just as high a standard. The fact is that we are 
“scraping the bottom of the barrel” only because we did 
not put enough into the barrel in the first place. We 
arrange the earlier stages of our educational system in such 
a way that too many of those who should have qualified 
for really advanced studies are cut off at an early age. We 
introduce a more than two-to-one bias against girls during 
school life. Our segregation at the age of eleven cuts off 
an immense amount of talent, for the selection tests in 
practice select more by family background than by 
ability. In fact, we shall have to reform our whole 
educational system from the bottom up if we are to stand 
any chance of moving forward, or even of surviving in a 
world where automation and other forms of advancing 
technology make constantly increasing demands for skill 
and for professional knowledge. This matter requires 
urgent action, for if we were to start the reform from the 
bottom up at this moment, it would still be fifteen years 
before the results would emerge at the professional level. 
There is no time to lose. 
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Nor must the expansion of higher scientific and tech- 
nological education be carried out at the expense of the 
humanities. Already Britain is out of balance in this 
respect, and we dare not get more so. Her future specialists 
will have to be given a far broader and more humanistic 
training. At the moment, unfortunately, the tendency 
is all the other way. 

When one speaks of education to-day, one normally 
thinks of something that happens in the first fifteen or 
eighteen or twenty-one years of a young person’s life. 
The rest of that life will be spent in applying what he has 
learnt. That conception of education is, I feel sure, already 
becoming inadequate, and will be completely inadequate in 
twenty or thirty years’ time. The skills and qualifications 
that a progressive economy requires will be changing so 
rapidly that one must not think in terms of spending a 
life using what one learned in youth. It will be necessary 
to be re-educated from time to time all through life, in 
order to move to newer and higher skills. This is perhaps 
where comparisons between Britain and the U.S.S.R. 
become most frightening. That five-to-one ratio in the 
per capita output of professional engineers is bad enough; 
but what is one to think when one learns that at any 
time one in every four persons in the U.S.S.R. is under- 
going some form of education, or that 5,000 out of the 
12,000 employees of a ball-bearing factory in Moscow— 
42 per cent of them—are engaged in part-time study ? 
I do not know the comparable figures for Britain, but I 
do know that they will be many times less. Yet I am 
sure that this policy of upgrading people’s skills and 
qualifications all through life is going to be one of the 
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essentials of the age of automation. Without it, either ` 


automation’ will not come because we lack the people to 
put it into effect, or else it will leave an army of under- 
skilled workers for whom an automated world can find no 
use. 

Incidentally, this is not just a matter of providing more 
facilities and incentives at the further education-level. 
Reform has to start right back at the beginning of the 
educational system. We shall have to do much less in the 
way of stuffing youngsters at school or university or 
technical college with present-day knowledge, and much 
less in the way of equipping them for this or that job in 
life—for the present-day knowledge may be useless in 
ten years and the job non-existent. We shall have to put 
the emphasis instead on learning how to continue learning, 
on training young minds in such a way that they are both 
able and eager to enter into new fields of knowledge and 
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skill from time to time all through their lives as changing 
conditions require. But I have neither the time nor 
the knowledge to suggest in what way educational 
methods must be altered to achieve this end. 

I want to conclude by doing something that it is nowu- 


_ days considered almost indecent to do, by mentioning 


something that it is not thought respectable for an 
academic to mention—by posing, in fact, the question of 
whether automation can be efficiently and beneficially 
used, within the framework of our society, or whether the 
problems that I have mentioned are ones that can only 
be solved through fundamental social changes. There 
are a good many people—on a world scale they must now 
be getting near to a majority—-who believe that the 
unemployment problem that I raised is inherent in the 
nature of a capitalist economy and cannot be solved within 
that framework, but does not arise in a socialist economy ; 
who also believe that socialism is inherently capable of 
doing a better educational job than capitalism, and so on. 
I do not want to argue the point now, though I shall not 
attempt to conceal the fact that I am one of those who 
do think that automation can only prosper under socialism. 

It would be wrong of me to argue the point here. But 
it would be equally wrong of me to join in the polite pre 
tence that the question does not exist. Of course i! 
exists. There are socialist countries in the world, oven 
if we agree that their socialism is far from perfect; anc 
at first sight, they appear to be doing better than thc 
capitalist countries in realizing the benefits of automation 
and avoiding its dangers. Maybe that is true; may be 
it is an illusion. But the question has to be discussed: 
and. the polite fiction that there is no such question - 
or that the question has been decided, and for ever. in 
favour of capitalism—is a piece of intellectual dishonesty 
in which I, for one, am not prepared to share. 

In any event, the problem of the correct way to use 
automation is a real one that has to be faced. If we use 
it wrongly, we may be haunted by chronic large-scale 
unemployment and at the same time by disabling shortages 
of skilled and professionally qualified people. If we use it 
rightly—let me end by emphasizing the positive points 
to which I have devoted too little time--we can look 
forward to a world in which everybody has a job worth 
doing and the standard of living has risen to such heights 
that we may all be living like lords on a 15-hour working 
week. The problem of using it rightly may-~or may not 
—be one the solution of which demands radical changes 
in our society and our economy. 


A CENTURY OF GAS ENGINEERING 
By Da. A. E. HAFFNER 


Centenary President of the Institution of Gas Engineers 


ILLIAM MURDOCH had in 1792 set up a retort in 
his cottage at Redruth to carbonize coal to pro- 
duce gas for lighting. The Gas and Light Coke Company 
was founded in 1812, the first public utility company to 
supply gas. But it was not until 1863 that “twenty-four 
gentlemen, being engineers or managers of gas works” 
met in Manchester to discuss the formation of a British 
Association of Gas Managers and in the next meeting 
in the Mechanics Hall “the members, some middle-aged, 
the majority young men, sat round the table and were 
all animated by one spirit—a spirit of enthusiasm with a 
modest side to it, but with a determination that the Gas 
Industry . . . should make progress through the enlarged 
intelligence of its members to be brought about by the 
free interchange of opinion and experience”. This 
scarcely differs from the present objects of the Institution 
of Gas Engineers. 


The Scots, being perhaps more gregarious, had already 
in 1861 formed a Wawveley Gas Association, and the Ger- 
mans, ever ready to form a Verein, had in 1859 established 
one for gas engineers even though much of the develop- 
ment of the early German gas industry was attributable 
to British enterprise. It might be that the earliest English 
gas engineers were so strongly individualistic. so self- 
sufficient that there was much hesitation about setting 
up an Association. The early gas engineers were ener- 
getic pioneers, ingenious inventors and resourceful 
empiricists gaining success after success without suppoi: 
of research establishments and modern enginceriny 
facilities for construction. 

By 1863, by individual Acts of Parliament every city. 
town and many villages had their own public gas supply 
and there were probably as many works—about a thou- 
sand—as at Vesting Date. The engineers knew how 
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to distil coal destructively, to treat the crude gases, to 
handle them by pumping to store in large and picturesque 
gas-holders, to distribute through underground mains, 
to meter the gas and to light the streets, houses and 
factories by bats-wing burners. Although lighting was 
the dominant use, primitive gas-cookers were being used, 


gas-fires were being developed, water-heating was at the ` 


stage of having burners under the bath, and a gas engine 
was no longer a curiosity. 

The British Association of Gas Managers has in the 
course of time become the Institution of Gas Engineers 
with its Royal Charter and now caters for about 4,000 
professional gas engineers, drawn mainly from the nation- 
alized industry but also from the appliance and plant 
manufacturing side, the chemical, oil, coking industry, 
from universities and from overseas. It is supported by 
eight district sections, which, founded independently, some 
almost a hundred years ago and first by affiliation, then 
integration as sections, have become valuable components 
of the national structure of the Institution. Besides the 
sections there are Junior Gas Engineering Associations, 
which were formed primarily to collaborate on the question 
of local training of gas engineers, and have since become 
affiliated and in turn provide facilities for local technical 
discussions and exchange of recent experience. Her 
Majesty Queen Elizabeth II was pleased to grant royal 
patronage to the Institution in 1953. In 1952, H.R.H. 
Prince Philip consented to become an honorary lifemember. 

Examinations in gas manufacture were started in 1874 
by the Royal Society of Arts, but by now the Institution 
is a qualifying and examining body and with the approval 
and help of the Board of Education a scheme was adopted 
with syllabuses for training in gas engineering (manufac- 
ture) or gas engineering (supply), examination facilities 
and issue of certificates recognized as leading to corpor- 
ate metnbership. In its present form the examination 
scheme has benefited from a reorganization with raised 
standards and now is concerned with three types of gas 
engineers—production, distribution and utilization, follow- 
ing the present-day tendency to specialize separately 
into these three functions. The first part of the examina- 
tion is conducted by the Engineering Institutions Com- 
mittee and the second part is conducted jointly with the 
Institution of Civil Engineers. Thus, standards are 
comparable and the possibility of dual membership is 
made greater. There are also sandwich courses operating 
at a number of colleges of technology, and although these 
have internal examinations, parallel standards are 
maintained through the vigilance of assessors. 

In the field of research and education the Institution 
has had a strong influence, for it endowed in 1909 the 
Livesey professorship at the University of Leeds, it 
administers several university and research scholarships, 
has organized grants for attendance at summer schools in 
Chicago and for study tours, and annually organizes a 
refresher course at Pembroke College, Oxford. The 
Institution is active in the establishment of desirable 
standards in safety, effluents, codes of practice in gas 
utilization, gas distribution techniques, which appear to 
command respect as independent standards set up by a 
properly constituted. professional body. 

Almost for a hundred years there have been many 
examples of international collaboration, and the open 
nature of the gas industry has been conducive to this free 
exchange of information. Thus, there have been many 
unofficial and official contacts by sharing experiences when 
confronted by a particular problem and by taking ad- 
` vantage of the development of techniques which have 
been more advanced in a particular country because of 
some favourable circumstance. Britain has made impor- 
tant contributions, especially in the early days, but more 
recent examples of British developments have becn the 
‘continuous vertical retort, the spiral gas-holder, light 
distillate hydrogenation and gasification and the Stretford 
process for gas purification. On the other hand, other 
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countries have had their own highly developed experience 
such as the United States in pipe-lining and use of natural 
gas, Germany in coke ovens and coal gasification, France 
in gasification of petroleum feedstocks and several 
countries in respect of underground storage. All these 
formal and informal contacts led to the formation in 1931 
in London of the International Gas Union, which now 
covers -twenty-one countries, and its work is organized 
through its Council meeting twice a year and seven 
active committees preparing reviews for presentation , 
along with other scientific papers at a conference every 
three years in the country of the president. A Council 
meeting of the International Gas Union was held in 
London in May and the next conference will be in Holland 
in 1964. 

The Institution of Gas Engineers is well orientated with 
regard to other bodies and is one of the original thirteen 
members of the Engineering Institutions Joint Council, 
which has the object of joint studies of all aspects affecting 
the engineering profession so that with one strong voice 
the Council may speak on any national issue with an 
impact on the influence and quality of professional engin- 
eers. The Institution is often active in collaboration with 
kindred bodies such as the Coke Oven Managers’ Associa- 
tion, the Institution of Civil Engineers, the Institute of 
Fuel in arranging joint meetings, open discussions, con- 
ferences and symposia. The Institution widens its scope 
by membership of the Parliamentary and Scientific 
Committee, the British Conference on Automation and 
Computation and the World Power Conference. 

At the beginning of this article there was a brief refer- 
ence to the state of the art and science of gas engineering 
about a hundred years ago, and by way of contrast it 
can be said that the industry has shaken itself free from 
recent disadvantages and is pressing forward now with 
remarkable rates of growth. Traditionally the industry 
has been based on coal carbonization, but no more of 
these plants are being built because of their relatively 
high capital costs, their slow rates of chemical reaction, 
the complication of by-products and the high costs of 
operation. Such base load plants have been customarily 
supported by carburetted water gas plants, but no more 
of these are being constructed either and those that exist 
have mostly been modified to use light petroleum distillate 
feedstocks. Recent plants based on coal operate at high 
pressures and totally gasify the coal, leaving no coke 
residue to complicate economics and marketing. The 
Lurgi plant at Westfield is favourably sited adjacent to 
an open-cast mine and is already in action and another 
plant at Coleshill which draws coal from nearby collieries 
will soon be put to work. 

Much more activity has been involved in making use of 
the petroleum feedstock made available by home’ re- 
fining in new British refineries. At first the fraction 
available was fuel oil, which was used in cyclic catalytic 
gasification plants. Later there were offers of a light 
distillate ,fraction, which, because of its purity and 
simpler chemical nature, was much more amenable to 
catalytic conversion in similar cyclic plants to make a 
purer gas. But low-pressure cyclic operation is already 
falling out of date and there are being installed several 
examples of high-pressure continuous reforming plants 
capable of converting light distillate into a pure lean 
gas later in the process to be enriched with refinery gas, 
butane or imported natural gas to make a highly refined, 
virtually non-toxic gas of premium combustion character- 
istics and at a pressure which makes cheaper long-distance 
transmission. For those works which are not within 
reach of these enriching gases, it is possible by using a 
recently invented ‘gas re-cycle hydrogenator’ to produce 
a rich gas from light distillate or alternatively by catalytic 
reforming under special conditions studied at the Gas 
Council Solihull Research Station. 

It is well known that in spite of an extensive search 
for natural gas in the United Kingdom, there are only 
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two small sources being exploited at Cousland in Scotland 
and Eskdale in Yorkshire, apart from the recovery of 
mine gas, which is of different origin. As another string 
to the bow, brilliant work in the liquefaction of natural 
gas at — 160° C and its transatlantic transport at atmo- 
spheric pressure in the insulated holds of the Methane 
Pioneer has led to a large-scale scheme for the reception of 
Sahara natural gas at Arzew in Algiers, there to be 
liquefied and transported in two special 12,000-ton 
tankers, pumped ashore into insulated storage or evapo- 
rated into a mains system feeding eight out of the twelve 
Boards. There is at this moment great activity in all 
the different phases of this scheme, the liquefaction 
plant and harbour facilities are being constructed, the 
first ship is soon to be launched and the second is well 
advanced, the reception facilities at Canvey Island are 
being built and the national grid scheme is being laid, 
all with the target of receiving the first gas early next year. 
The eight Boards in turn are installing their engineering 
plant to reform or blend the natural gas into high-quality 
town gas with ideal combustion characteristics. The 
discoveries of abundant natural gas in Italy and France and 
now with such vast reserves as have recently been found 
at Groningen in Holland are getting nearer home, and 
readers will be aware of news of further exploration off the 
east coast as well as on the mainland. In the meantime 
discussions have taken place with Dutch authorities 
with regard to importing their surplus by pipe-line or by 
marine transport. In other parts of the world natural 
gas is being flared to waste because they have been hither- 
to too far away from markets, but these new techniques 
can. be applied to avoid this waste. 

Another great development in the gas industry is in 
the technique of pipe-lining. All Boards have largely 
by now their individual gas grids which have enabled 
small works to be closed and larger ones to be developed. 
Steel mains, welded and ‘snaked’ into mechanically 
cut trenches, can be laid at very high rates. They are 
guarded against corrosion usually by pre-wrapping but 
occasionally by continuous site wrapping, and finally by 
cathodic protection. The cost of transmitting energy 
in the form of gas in discreetly buried pipe-lines is a small 
fraction of the cost of sending the equivalent energy 
in the form of electricity. Traditional material for 
distribution mains has been cast iron but ductile iron is 
now beginning to be used and there are trials proceeding 
in the use of plastic mains and services. 

The gas industry began by lighting with bats-wing 
burners but survived a number of crises by the invention 
of the Bunsen burner, the incandescent mantle, by supply 
of power through the gas engine, but its present basis 
is that of providing a heat service for cooking, water- 
heating, space-heating and thousands of industrial 
applications. In recent years rapid expansion has 
occurred through more efficient gas fires of elegant ap- 
pearance, but more particularly through central heating 
by circulating air warmed by gas or by hot-water circula- 
tion through small-bore pipes using unobtrusive radia- 
tors and with refined control systems. This has fitted in 
with rising standards of living and a growing unwillingness 
to operate solid-fuel fired installations. In the recent 
cold spell—the cold spell of a century—it was clear to 
what extent the space heating had grown and the gas 
industry emerged from the trial with its reputation for 
reliability well maintained. 

The growing demand for space-heating is affecting the 
ratio of winter to summer demand and although the 
industry has a variety of production plant to cover base 
load to peak loads, it would be a great advantage to be 
able to store gas surplus to needs in the summer in a vast 
storage system from which the gas could be released in 
the winter to augment the continued production. In this 
way there would be the minimum capital investment on 
production plant which would have an ideal load factor. 
Storage of this scale can only be provided economically 
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if there is already a natural geological structure available-- 
a water-bearing anticline—with a porous sandstone layer 
to hold the gas which displaces the water, an impervious 
cap rock to prevent escape upwards and a dome shape 
with a water seal at the perimeter. Such a structure 
exists at Chileomb and it is hoped that finally legislation will 
be gained to enable gas to be stored there or at other places 
to be explored and developed. There are very many 
examples of this storage in several countries, mainly 
for natural gas but also for manufactured gas. In the 
case of natural gas, underground storage is used to make 
better use of the pipe-lines between the distant gas field 
and the centre of consumption, in the neighbourhood 
of which an underground storage system is developed 


‘to store the summer gas to release it in winter. 


The Institution of Gas Engineers, through its univer- 
sity connexions, its scholarships and the former Gas 
Research Board, has had a direct effect on the conduct 
of research and development work, but the Gas Act of 
1948 charged the Gas Council with the responsibility 
for research, education and industrial relations. But 
the amicable arrangement was made that the Institution 
should continue to provide a forum for the communica- 
tion of research papers. There was still a need for the 
Institution to act as a qualifying body and to maintain 
initiative in a number of other educational matters. In 
respect of industrial relations, the Institution had by 
then already moved away from managerial aspects and 
had concentrated on the professional aspects of the gas 
engineer’s contribution. 

The forum for the presentation of papers is organized 
twice a year with a traditional autumn research mecting 
in London and an annual general meeting in a town or 
city associated with the president. These meetings 
attract an attendance of about 1,000 people including 
a number of foreign guests. The papers presented at the 
autumn research meeting are primarily derived from the 
Gag Council Research Centres at Fulham, Watson House. 
Solihull and Old Kent Road, but the rest are contributed 
by members giving accounts of other research or develop- 
ment work and reports of the several technical and educa- 
tion committees. The annual general meeting is normally 
devoted to the delivery and discussion of papers (including 
perhaps one from a foreign guest) of recent practical 
achievements in the several fields of gas enginecring 
activity, and technical visits are organized. This year being 
the Centenary Annual General Meeting, the usual charac- 
ter of the meeting was somewhat modified to look re- 
spectfully backwards at the achievements of the past, 
but papers were presented to record recent achievements 
and to deal with some of the technical aspects of the 
exciting future possibilities. 

The papers presented were of high quality, and were 
available beforehand as preprints to ensure the effective- 
ness of the discussion which proceeds vigorously and 
leads to a rapid exchange of opinion. In this way new 
experiences or new applications of research ideas could be 
critically assessed to the benefit of the audience and of 
the authors in their future work. The papers and the 
discussions will appear in the monthly Journal as promptly 
as possible. 

So rapid are the scientific advances and the develop- 
ment work which follows that there is the most urgent 
need for the information to be released as rapidly us 
possible under these ideal conditions for stimulating 
discussion. The two national meetings involve large 
audiences, but through the eight district sections there 
are further opportunities of presenting papers at their 
smaller, more intimate meetings coloured by their local 
character. The affiliated Junior Gas Associations like- 
wise cover the whole of the United Kingdom and papers 
of equal quality are presented at their meetings, which are 
characterized by less-formal atmosphere—but the dis- 
cussion is no less well informed because their members are 
usually more closely concerned with the technical details. 
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The Institution of Gas Engineers with pardonable 
pride is momentarily looking back over its century of 
history, but its members find it more congenial to look 
forward to starting the next century, for there are selec- 
tions to be made of many attractive possibilities in all 
fields of gas engineering. With its education system, 
its technical committees, its favourable orientation with 
regard to other national and international bodies, with 
its provision of an important national platform for the 
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earliest presentation and effective discussion of new 
research and new experience, backed up by its district 
sections and affiliated associations, the Institution will 
aim to serve its members and the irrepressible gas industry 
in the next hundred years. There are golden oppor- 
tunities to raise standards of living and prosperity by 
providing an efficient and economic heat service. The 
Institution hopes to be-worthy of the example set by’ 
its famous predecessors. 


PEST CONTROL 


By D. BOOCOCK 
Technical Director, S.D.C. Pesticides, Led. 


HE immense amount of damage caused by pests to 

the national economy and the public health was the 
theme of the first British Pest Control Conference held at 
Oxford during April 1-3. The Conference was organized 
by the Industrial Pest Control Association, the members 
of which are concerned with control of all kinds of pests 
excepting those attacking growing crops. The papers 
ranged, therefore, over a wide field. 

The first, “Some Reflexions on Rodent Damage and 
a Plea for a New Policy”, was presented by Dr. M. T. 
Morgan, formerly medical officer of health, Port of London 
Authority. Case-histories, rather than estimates in terms 
of millions of pounds per annum, were quoted to remind 
us of the destruction and contamination of foodstuffs 
brought about by rodents. Rats are also agents for the 
spread of at least ten human diseases, and plague still 
exacts a hideous toll of human life in India, China and 
other countries of the Far East. There is considerable 
scope for improved rodent control in underdeveloped 
countries, but money and technical aid are needed. 

In Western Europe and North America the rodent 
situation has improved enormously in the past fifty years, 
but still leaves no room for complacency. We still think 
in terms of rodent control instead of rodent eradication. 
We do not anticipate infestation and there is a great need 
for a campaign for rat- and mouse-proofing buildings, for 
a policy, in fact, of positive protection rather than of 
slapdash amelioration. 

In his paper, “Latest Trends in. Rodent Control’, 
Dr. E. W. Bentley, of the Ministry of Agriculture, pointed 
out that Cuxhaven, Leverkusen and Delmenhorst have 
been completely cleared of rats. If these successes are to 
be matched in Great Britain, record keeping and planning 
will have to be improved and existing rodenticides and 
techniques will have to be used more efficiently. The 
development of new rodenticides would give a great fillip 
to renewed interest in rodent control. 

Sewer clearance is an essential preliminary to complete 
‘de-ratting’ of a town. By using sodium fluoracetate and 
fluoracetamide as direct poisons, the rat population of 
sewage systems can be reduced by more than 90 per cent 
with a single treatment and eliminated by two or three 
treatments in quick succession. 

It became apparent during the discussion following 
these papers that the Animal (Cruel Poisons) Act 1962, 
which enables poisons “which are cruel and unnecessary 
to be prohibited”, is causing considerable concern. The 
number of effective rodenticides is very small, and there 
is no scientific way of knowing whether they are cruel or 
not. Dr. Morgan said the Act was “passed through 
Parliament rather than wanted by Parliament”. 

A relatively new pest problem which has assumed con- 
siderable proportions and is still growing is the fouling, 
defacement and damage being caused to public and com- 
mercial buildings by perching and roosting of pigeons and 
Starlings. The unsightly accumulations and streaks of 


excrement on statues, porticos, pillars and façades of 
buildings involve the owners in heavy cleaning and 
maintenance costs. Stonework deteriorates, gutters and 
downpipes are blocked, walls become damp and dry rot 
may break out. Large flocks of pigeons in cities may also 
present a health hazard by transmitting ornithosis and 
histoplasmosis. 

Mr. M. D. Price, of Rentokil Laboratories, in his paper 
“Prevention of Damagé to Buildings by Birds”, described 
various methods of protecting buildings, and said the most 
effective method was to lay strips of a ‘‘tactile repellent” 
along the leading edges of perching sites. The repellent 
is a chemically inert, weather-resistant polymer. Birds 
attempt to alight on it but do not settle. After some time 
the birds abandon the treated ledges and seek other sites 
on which to roost. Eventually the roosting pattern is 
broken, and the treated buildings remain free from birds. 
Although the repellent material is soft, it is not sticky, 
and does not entangle the birds. The method is humane 
and does not arouse public opposition. 

Discussion of Mr. Price’s paper covered the whole field 
of bird control and left no doubt that ‘our feathered friends’ 
may, on occasions, take considerable advantage of us. 
While scientists are working on control of pest birds with 
narcotics and gametocides, the public is busy encouraging 
them to grow fat and multiply. There seems a real need for 
the Ministry of Agriculture and the Industrial Pest Control 
Association to lead public opinion to a more rational 
and positive approach to bird control. 

It is most important that the use of pesticides should 
not harm beneficial wildlife or human beings. To ensure 
their safe use there is, in Great Britain, a voluntary 
arrangement between the Ministry of Agriculture and the 
manufacturers of pesticides. Judged by results the 
arrangement works extremely well. Until recently it has 
been confined to agricultural pesticides but, as a result of 
co-operation between the Industrial Pest Control Associ- 
ation and the Ministry, the scheme is now being extended to 
chemicals used for control of pests in premises where food- 
stuffs are stored, processed, cooked, served or sold. The 
paper, ‘Implications of the Notification and Clearance 
Scheme” by Mr. D. S. Papworth, of the Ministry of 
Agriculture, was, therefore, most timely. It set out quite 
clearly how the scheme works and the discussion prompted 
by it was on questions of detail. One question of principle 
of considerable importance was ‘raised, however, by 
Gerald Stell, a delegate from Jamaica, who asked whether 
the British voluntary scheme was suitable for adoption 
by under-developed countries. Mr. J. Papworth was not 
happy that it was. I believe this question merits serious 
consideration. It is in underdeveloped countries that the 
more toxic chemicals are often used with the least concern. 
for safety. Should not the Department of Technical Co- 
operation study this problem as a matter of some urgency? 

Control of stored products pests was dealt with in two 
papers. The first, by Mr. J. M. Holborn of the Cooper 
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. Technical Bureau, was on “Control of Grain Pests by 


Contact Insecticides”. Such insecticides must be effective 
against a wide range of insects in stored products, while 
being free from danger to the consumer of treated food- 
stuffs. Malathion and mixtures of pyrethrins and piper- 
onyl butoxide are the most useful products. Mr. Holborn 
reported promising results with a new resin formulation of 
malathion which greatly extends its residual life. Mr. W. 
‘Burns Brown, of the Pest Infestation Laboratory, Slough, 
described “Current Practice in the Fumigation of Grain”. 
In Great Britain, fumigation falls into two main categories: 
(1) fumigation of home-produced cereals in farm or 
merchants’ stores; (2) fumigation of imported cereals at 
the ports. 

In farm and merchants’ stores extensive studies are 
needed during typical fumigations to investigate the 
penetration and distribution of fumigants, since tests 
in uninfested or cool bulks of grain do not provide a 
reliable guide. 

In his paper on “Identification and Distribution of 
Wood-Boring Beetles in the United Kingdom”, Dr. N. E. 
Hickin pointed out that Anobium punctatum is found in 
every parish in the United Kingdom. He believes that 
more than half the buildings in Great Britain support an 
infestation of Anobium, and that one in five of the build- 
ings built since 1944 are already attacked. Dr. Hickin 
advanced the theory that the death watch beetle, Xestobium 
rufovillosum, enters buildings with the timber in the first 
place, and that new attacks by this insect no longer occur 
and perhaps have not occurred for fifty years. Although 
this idea found little support from delegates, one hopes 
that it will provoke the initiation of continuous long-term 
research on the biology of the death watch beetle to solve 
the problem of how it spreads and survives. 

Mr. B. W. Eades, a timber consultant, presented a most 
practical paper on “Wood Rotting Fungi in Buildings”. 
Although the list of building faults which can lead to dry 
rot is a long one, it is property owners themselves who 
cause most cases of rot by neglecting essential mainten- 
ance. The cost of remedial treatment can be very high, 
and in Mr. Eades’s opinion it is the duty of architects, 
and even builders, to protect property owners from their 
own folly by using preserved timber at least at those 
points where trouble starts when maintenance is neglected. 
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Taking these two papers on insect and fungus damage to 
building timbers together, they present a formidable 
case for much wider use of preserved timber in houses 
and other buildings. 

No conference on pest control can ignore houseflies und 
blowflies. These unpleasant, disease-carrying insects are 
difficult to control, and tend to make themselves a nuis- 
ance at some distance from their breeding grounds. As a 
result palliative measures tend to be directed haphazardly 
against adult flies, instead of control measures being 
concentrated at breeding sites. Mr. A. A. Green, of the 
Pest Infestation Laboratory, in his paper “The Problem of 
Fly Control with Special Reference to the Housefly”, 
began. by directing attention to‘ these facts before descril- 
ing methods of control appropriate to particular breeding 
sites such as refuse tips, slaughter-houses, farms and animal 
houses. He emphasized in his paper, and during the 
discussion that followed, the importance of good hygienv 
as the basic weapon. against flies, with insecticides brought 
to bear for mopping-up operations. Controlled tipping. 
and frequent collections of refuse, are often neglected. and 
standards of hygiene are seldom satisfactory. One 
delegate considered that a national campaign was neoded 
to keep our principal public health pest—the housetly ~- 
under control. 

The last afternoon of the Conference was devoted to 
four papers on industrial weed control. These were: 
“Opportunities for Contract Weed Control on Industrial 
Premises”, by R. F. Norman (Fison Farmwork, Ltd.): 
“The Choice of Chemicals for Use in Industrial Weed 
Control’, by Dr. G. W. Ivens (Weed Research Organiza- 
tion); “User Advantages of Chemical Weed Control”, by 
Lieut.-Commander F. West (Esso Petroleum ('o.): 
“Problems and Hazards of Industrial Weed Control’’. by 
Dr. E. R. Goodliffe (Ratsouris, Ltd.). 

This collection of papers, and the discussion of them, 
was described as a ‘“‘Microsymposium’’, but in the event 
it ended with the authors of the papers forming a “brains 
trust’, and the discussions bore no resemblance to those 
reported by Plato. 

The Proceedings of this first British Pest Control Con- 
ference will be published later this year. Copies will he 
available from the Industrial Pest Control Association. 
Cecil Chambers, 86 Strand, London, W.C.2. 


INTERNATIONAL ORGANIZATION OF BIOPHYSICS 


ROBABLY no two scientists would agree on a definition 

of ‘biophysics’, yet during the past five or fen years 
there has been a growing consciousness that in this 
ill-defined borderland where physics, physical chemistry, 


‘biology and medicine overlap, revolutionary advances are 


likely to be made in the next ten or twenty years. The 
possibility of elucidating some of the most fundamental 
biological phenomena, at the molecular level is attracting 
a growing proportion of the first-class minds trained in 
the disciplines of physics and physical chemistry. This 
has led to the creation of departments of biophysics in a 
number of universities (especially in the United States) 
and also to the foundation of national societies for 
biophysies, for example, Holland: (1932), United States 
(1956), Japan (1960) and Britain (1961). 

The first step towards the organization of biophysics 
at an international level was taken at a small international 
conference held at Cambridge in 1959 under the sponsor- 
ship of the International Union of Pure and Applied 
Physics. At that conference the biophysicists decided 
that they did not wish to be organized as part of any of 
the existing unions in the International Council of 
Scientific Unions but preferred to create a separate 
organization. In order to implement this decision, an 
international planning meeting was organized at Amster- 


dam in July 1960 by the Dutch Stichting voor Biofysica. 
At that meeting a Steering Committee was set up to plan 
a large and representative International Congress in 
Biophysics at Stockholm for 1961. At the same time a 
Constitution Committee was formed and given the task 
of drawing up provisional statutes for an international 
organization which it was hoped might come into heing 
at Stockholm. 

The Stockholm congress was held during July 30- 
August 4, 1961. It was attended by nearly 1,000 delegates 
from 33 countries. Four plenary joint sessions were 
organized with invited papers from leaders in the following 
fields: (1) membrane biophysics; (2) molecular aspects 
of viral replication; (3) mathematical models of 
biophysical mechanisms; (4) emerging techniques in hio- 
physics. More than four hundred contributed pupors 
were read at seven parallel sessions. Some idea of the 
scope of the papers can be gathered from the following 
rough classification: photosynthesis and pigments (27); 
biophysical cytology (26); radiation physics (8): thermo- 
dynamics (7); kinetics (20); cybernetics and mathe- 
matical models (21); biomolecular quantum mechanics 
(6); radiation biology (67); circulation and respiration 
(19); environmental biophysics (8); general biophysical 
chemistry (6); membrane biophysics (43); protein hio- 
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physics (44); biophysics of polysaccharides and nucleic 
acids (29); nervous system and muscles (60); bio- 
mechanics (8); teaching of biophysies and medical physics 
(6); virus and bacteriophages (14); immunology and 
bacteria (14); blood and body fluids (18); techniques 
(28). The invited papers presented atthe four main 
sessions were published as a supplement to the Biophysical 
Journal (United States) and also in translation in the 
corresponding journals in the U.S.S.R. and Japan. The 
contributed papers were published by the authors in 
due course in journals of their own choice. However, 
some copies of a booklet (issued at the time of the Con- 
gress) containing summaries of all the contributed papers 
are still available for purchase from the secretary of the 
Stockholm Congress, Dr. B. Lindström, Karolinska 
Institutet, Stockholm, 60. 

The general assembly of delegates to consider the 
proposals of the Steering Committee and of the Statutes 
Committee for an International “Organization for Pure 
and Applied Biophysics was held on August 2. With 
minor modifications, the proposed statutes were approved 
and the delegates from 26 countries signified their wish to 
adhere to the new organization. Prof. A. Engstrém, of the 
Karolinska Institute, Sweden, was elected president, and 
Prof. A. K. Solomon, of Harvard Medical School, was 
elected secretary-general. There are also two vice- 
presidents and twelve ordinary members of the Council 
which will act as the governing body of the new organiza- 
tion. 

The question may be asked why the International 
Organization for Pure and Applied Biophysics (IOPAB) 
does not adhere to the International Council of Scientific 
Unions (ICSU). The immediate answer is that any 
international organization which wishes to become part 
of ICSU must exist for a minimum period of six years 
before any application for membership can be approved. 
In fact, the statutes of the new organization are very 
similar to those of some of the existing unions within 
ICSU, and IOPAB has statutory powers to adhere to 
ICSU at some future time. It already has excellent 
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relations with two of the existing Unions (Physiology and . 
Biochemistry) and joint committees have been set up 
with these two Unions for the discussion of problems of 
mutual interest. The structure of IOPAB resembles most 
closely that of the International Union of Pure and Applied 
Physics in that it will consist of a number of special 
commissions (which will take responsibility for the various 
branches of biophysics) together with affiliated commis- 
sions. The purpose of the latter is to permit the adherence 
of existing international groups in the field of biophysics, 
for example, medical physics. The affiliated commissions 
will be virtually autonomous in the same way as the 
International Commission for Optics operates in associa- 
tion with the Union for Pure and Applied Physics. 

In a rapidly growing field of science which has rather 
vague boundaries, there is a great danger that too many 
‘international’ conferences are organized in a free-lance 
and completely unco-ordinated manner. One of the 
greatest benefits which the new organization could bring 
to the workers in biophysics would be to plan and 
organize a limited number of first-class conferences at 
suitable intervals in appropriate countries. It is highly 
significant that the attendance at the first international 
conference at Stockholm was nearly 1,000. Many scientists 
feel that this number may already be too large and the 
undoubted success of the Stockholm conference was due 
in large measure to the superb organization by the 
Swedish hosts. A second general assembly of delegates is 
being planned for Paris in 1964 in conjunction with 
general lectures and meetings of the Commission on Cell 
and Membrane Biophysics and the Commission on 
Biophysics of Communication and Control Processes. The 
general assembly will consider the future pattern of 
meetings and the desirability of a second general Congress 
covering most of Biophysics in 1966 or 1967. The 
Commission on Molecular Biophysics (in co-operation 
with the Long Island Biological Association) is holding 
its first meeting at Cold Spring Harbor, Long Island, 
United States, this month. 

G. B. B. M. SUTHERLAND 


OBITUARIES 


Prof. Rex Knight 


Pror. Rex Knicur, who died on March 12 at the age of 
fifty-nine, was respected not only in his own profes- 
sion and by his university colleagues, but also by genera- 
tions of students who had come under his influence and 
had emerged better men and women as a result. 

He was born in Australia and studied at the University 
of Sydney, graduating from there in 1923, after a brilliant 
undergraduate career, with first-class honours in philoso- 
phy. He followed this with a first in the Moral Sciences 
Tripos at- Cambridge, where he was Hooper Prizeman in 
1925. In that year he began his long association with the 
field of applied psychology, when he joined the National 
Institute of Industrial Psychology as assistant to the 
director. In 1928 he started his academic career as 
lecturer in psychology and philosophy in the University 
of St. Andrews, but only a year later he was appointed 
Anderson lecturer in psychology in Aberdeen where, apart 
from a war-time appointment in the War Office, he re- 
mained until his death, first as lecturer, then as reader 
and finally as professor. a 

Although his contributions to psychology and especially 
to applied psychology are numerous and varied, perhaps 
his greatest was to persuade people, particularly in the 
early days, when psychology was viewed with considerable 
mistrust, that psychology was a reasonable science, that 
it could contribute to the solution of problems in everyday 
life and work, and that psychologists were not just a 
collection of cranks. In his own person, with his sane, 


balanced and happy personality, Rex Knight was the 
best possible advertisement for his profession, and it is 
largely because of him that in the north-east of Scotiand, 
where his influence was felt most, relations between 
psychology on one hand, and education, medicine and 
industry on the other, enjoy a harmony that is the envy 
of many other parts of the United Kingdom. 

Prof. Knight’s gifts as a speaker were outstanding. His 
lectures were a model for their clarity of exposition, for 
the enthusiasm they generated, and for the efficiency 
with which they were presented. He had a profound 
respect for the English language: he himself used words, 
whether written or spoken, with the utmost care and 
precision, and he disliked the shoddy use of them by 
others. 

As a public speaker, he was continually in demand, and 
he gave his services unstintingly. During the Second 
World War, from 1940 until 1943, he gave, on behalf of 
the Ministry of Information, a series of brilliant war com- 
mentaries, which invariably drew capacity audiences. 
He took pains to master his subject completely, and then 
to present it skilfully. vitally and lucidly. These same 
qualities he brought to his work as an administrator. 
Whether as the head of a department, chairman of a 
meeting, or member of a committee, he was always well 
informed about the matter under discussion, and his 
contributions were invariably effective. He had the 
knack, when an involved discussion appeared to be 
thoroughly bogged down. of being able to sum up the 
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arguments in the problem with detachment and clarity, 
so that a rational decision appeared possible once more. 
As a chairman, he was superb. 

In recent years, he was much in demand as an expert 
in industrial psychology, who could make his subject 
appeal to audiences at all levels. He made outstanding 
contributions to the conferences held over a number of 
years by the National Coal Board at Oxford, and to the 
apprentices’ conferences held since 1950 by the Industrial 
Welfare Society at Keble College. 

As a person, he was happily extroverted and completely 
unselfconscious. He had a great affection for people, 
and took a deep and genuine interest in the academic 
progress, personal problems and later careers of hundreds 
of students who passed through his hands. He was 
sympathetic without being sentimental, he helped them 
to tackle their problems objectively and realistically, 
and men and women all over the world have reason to be 
grateful for his patience, his kindness and his wisdom. 

ELIZABETH D. FRASER 
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Prof. W. E. Troger 


Pror. WALTER EHRENREICH TRÖGER, the distinguished 
German mineralogist and petrologist, died in Freiburg im 
Breisgau on January 13. 

Born in Dresden on January 19, 1901, he studied mining 
and mineralogy in the Mining Academy of Freiberg in 
Saxony, an institution famous in the history of geology. 
From this Academy he graduated in 1924 with a degree in 
mining engineering. Another four years of study in the 
Dresden Technical High School culminated in a degree of 
Doctor of Engineering in 1928. In 1937 he became extra- 
ordinary professor of mineralogy at the University of 
Dresden, and from 1948 until 1952 he held a similar post 
at the Mining Academy of Clausthal, in 1952 extraordinary 
professor at the Technical High School in Darmstadt, and 
finally, in 1956, professor of mineralogy, petrology and 
ore deposits in the University of Freiburg im Breisgau. 

Both the Darmstadt and the Freiburg mineralogical 
institutes had been greatly damaged during the War, and 
a great part of Tréger’s time was spent in supervising the 
rebuilding of these institutions and in restoring and 
rearranging the collections, a difficult and laborious task 
which he carried out with great success. This work natur- 
ally cut into his time for his own research. This covered 
a wide field of mineralogy, petrology and ore deposits, 
first in his native Saxony and then in Odenwald and 
Harz. He described a number of minerals and igneous 
rocks and he gave the name ‘bebedourite’ to a variety of 
biotite-jacupirangite from Brazil. A characteristic feature 
of Tréger’s writing was his terseness and precision, which 
are most clearly manifest in his two excellent and useful 
books. 

One of these books is a tabular and diagrammatic 
representation of data relating to rock-forming minerals, 
the first edition of which was published in 1952, and the 
second in 1956. In this book the data are presented almost 
entirely in tabular form supported by numerous figures 
of crystals and various diagrams and projections. 

The other book, much used by petrologists throughout 
the world, is entitled: Spezielle Petrographie der Hruptiv- 
gesteine: Ein Nomenklatur-Kompendium. It was pub- 
lished by the German Mineralogical Society in 1935 and 
the same Society published a supplement entitled Hruptiv- 
gesteinsnamen (1 Nachtrag) in 1938. The original book 
contains names and data relating to 777 species of igneous 
rocks and a list of 345 group-names, synonyms, ‘still- 
born’ and obsolete rock-names. The supplement adds 
140 new rock names, producing a total of 917 names of 
igneous rock species. Each of these species is given with 
concise information comprising the following items: 
author, reference, type locality. mineral .composition, 
chemical composition, Niggli values. CIPW symbol, 
colour ratio, synonyms and varieties. The rocks are 
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classified according to the two main variables-—silica 
percentage and alkali percentage. It is most unfortunate 
that copies of this book are no longer obtainable, for the 
entire stock was destroyed during the War and Tréger 
himself was using the only remaining single copy left in 
the departmental library of his Institute. During the 
last years of his life Tréger was busy amplifying and 
revising this book for a projected new edition, but his 
premature death has left it unfinished. 

Tréger was an excellent organizer, a perfect field 
geologist and an excellent teacher. He possessed a most 
charming personality and acted as a kind host to the 
numerous geologists of many nationalities who came to 
Freiburg im Breisgau in order to examine the two ‘star’ 
geological localities in its neighbourhood: Kaiserstuhl 
and Schwarzwald. 

Trdger’s death, at the early age of 62, is a loss not only to 
science but also to the many scientists who, having met 
him, could appreciate him as a personality apart from his 
writings. S. I. TOMKEIEFF 


Dr. Lyman J. Briggs 


Dr. Lyman J. Brices, director emeritus of the 
National Bureau of Standards, U.S. Department of Gom- 
merce and chairman emeritus of the Committee for 
Research and Exploration at the National Geographic 
Society, died on March 25. He was eighty-eight ycars old. 

Dr. Briggs began his career in the Federal Service in 
1895 as a physicist in the U.S. Department of Agriculture. 
During this period, he made historic contributions in the 
application of physics to agriculture, and organized what 
is now known as the Bureau of Plant Industry. 

With the outbreak of the First World War, Dr. Briggs 
was assigned by executive order to work on war problems 
at the National Bureau of Standards. At the conclusion 
of the War, he stayed on and soon became chief of the 
Mechanics and Sound Division. In association with Paul 
R. Heyl, he invented the earth inductor compass, which 
later guided Lindbergh on his first trans-Atlantia flight. 
For this device, they received the Magellan Medal of the 
American Philosophical Society in 1922. 

His interests in aerodynamics resulted in pioneer 
measurements of flow around aeroplane wings at very 
high speeds up to and exceeding the speed of sound. Much 
of this work was done in association with Hugh L. Dryden, 
now deputy administrator of the National Aeronautics 
and Space Administration. 

In July 1932, Dr. Briggs was appointed acting director of 
the National Bureau of Standards. Although the Bureau’s 
operating funds were almost immediately cut in half in 
an economy measure, he was able to guide the laboratory 
through the depression period while preserving nearly 
two-thirds of the career employees in a working organ- 
ization. 

With the advent of the Second World War, Dr. Briggs 
directed that almost 90 per cent of the staff be assigned 
to work on problems of national defence. This work later 
resulted in such developments as the radio proximity fuse, 
improved optical glass, and the Bat guided missile. 

In 1939, Dr. Briggs was asked by President. Roosevelt 
to head and organize a secret investigation of the possi- 
bility of utilizing energy of atomic fission of uranium, 
Two years later this committee became section S-1 of 
the Office of Scientific Research and Development with 
Dr. Briggs as chairman and Profs. H. C. Urey. E. O. 
Lawrence, J. B. Conant, E. O. Murphee and A. H. 
Compton making up the executive committee. Much of 
the early work on the methods of purification of 
uranium, establishment of specific properties, and separa- 
tion of isotopes of uranium was done at the Bureau under 
Dr. Briggs’s direction with the assistance of distinguished 
guest workers. 

Dr. Briggs officially retired from the Bureau in October 
1945 although he continued to pursue his research interests 
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at the Bureau until very recently. During this period, he 
published important papers on such diverse subjects as 
negative pressures in liquid and the dynamics of a curving 
baseball. He also served as chairman of the research 
committee of the National Geographic Society. 

Dr. Briggs was born near Battle Creek, Michigan, and 
received a bachelor degree from Michigan State College 
at the age of nineteen. He was awarded a master of 
science degree in physics from the University of Michigan 
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Central Electricity Generating Board: 
Dr. T. E. Allibone, C.B.E., F.R.S. 


Dr. T. E. ALLIBONE has been appointed chief scientist 
of the Central Electricity Generating Board, as from 
October 1. Dr, Allibone was educated in the University 
of Sheffield and Gonville and Caius College, Cambridge. 
During 1926-30 he was the 1851 Exhibition Senior 
Student, Cavendish Laboratory, Cambridge. He joined 
the Metropolitan-Vickers Electrical Co., Manchester, 
where he was in charge of the High Voltage Laboratory 
until 1946. From 1944 until 1945 he was also a member 
of the British Mission on Atomic Energy, Berkeley, 
California, and Oakridge, Tennessee. Until recently, he 
was director of the Research Laboratory of Associated 
Electrical Industries, Ltd., at Aldermaston Court, Berk- 
shire, and is a director of A.E.I. (Woolwich), Ltd. 


Chemistry at St. Andrews : Prof.-J. I. G. Cadogan 


Dr. J. I. G. Capoaan, at present lecturer in chemistry 
at Kirp’s College, London, has been appointed to the 
Purdie chair of chemistry in St. Salvator’s College, St. 
Andrews, in succession to the late Prof. J. Read (see 
Nature, 198, 336; 1963) from October 1, 1963. Dr. 
Cadogan, who is thirty-three, obtained first class honours 
in chemistry at King’s College, London, in 1951, and 
obtained a Ph.D. degree at the same College in 1954. 
Between 1954 and 1956, Dr. Cadogan held junior and 
senior Civil Service Commission Research Fellowships at 
the Chemical Defence Experimental Establishment, 
Porton, Wiltshire. Since 1956, Dr. Cadogan has been 
lecturer in chemistry at King’s College, London. In 1959 
he was Meldola medallist of the Royal Institute of 
Chemistry and the Society of Maccabeans.' In 1961 he 
was appointed to the War Office Advisory Council on 
Scientific Research and Technical Development and was 
also elected to the fellowship of the Royal Institute of 
Chemistry. 


VESTINA Biology at Massey University College : 
Dr. D. A. Titchen 


Dr. D. A. TITCHEN, at present a university lecturer in 
veterinary physiology at the Physiological Laboratory, 
Cambridge, has been appointed to the new chair of 
veterinary biology at the Massey University College, 
Palmerston North, New Zealand. After qualifying in 
veterinary science at Sydney, Dr. Titchen went to 
Emmanuel College, Cambridge, in 1948, to read for the 
Part 2 Course in Physiology, and then proceeded to a 
Ph.D. in 1954. In the same year he was elected to a 
research fellowship of his College, and in 1958 to an 
official fellowship. Dr. Titchen’s research has been 
primarily concerned with the elucidation of the causes of 
the movements of the complex stomach of the ruminant. 
His early work on decerebrate preparations largely defined 
the various afferent stimuli which arise in the stomach 
and lead to reflex excitation or inhibition of the move- 
ments of the different compartments. Latterly he has 
been able to demonstrate by a series of ingenious experi- 
ments the sequence of contractions in the conscious 
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and a Ph.D. from Johns Hopkins University. For many 
years, Dr. Briggs was a member of the National Advisory 
Committee for Aeronautics (the predecessor of National 
Aeronautics and Space Administration) and vice-chairman 
in 1942. He was a director of the American Standards 
Association and a member of the American Physical 
Society, Washington Academy of Sciences, Philosophical 
Society of Washington, American Philosophical Society, 
and the U.S. National Academy of Sciences. 
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animal in much greater detail than has hitherto been 
possible. His work has always characteristically shown 
an ingenious and clear approach and he has always been 
careful to show its relation to classical physiology. Dr. 
Titchen, with his experience in teaching physiology to all 
types of natural scientists at different levels, is well 
qualified to occupy this new chair and to start a course 
in which a fresh and interesting approach is to be made 
to the study of pre-clinical subjects by the veterinary 
student. 


U.S. Federal Funds for Science 


Tux eleventh report in the annual Federal Funds for 
Science series covers the fiscal years 1961, 1962 and 1963 
(Pp. ix+161. Washington, D.C. Government Printing 
Office, 1963. 1 dollar). It reflects an unprecedented 
increase in Government funds for science and technology, 
which at 14,400 million dollars for research and develop- 
ment and 12,300 million dollars for plant for that purpose 
in 1963 was expected to triplethe outlay by the Government 
during the five years of the Second World War. The 
major increase in 1963, 368 million dollars, is for the 
Department of Defence. Besides a further 24 million 
dollars for the Department of Commerce, chiefly for 
research and development plant facilities, there were sig- 
nificant increases in research and development funds for 
the Atomic Energy Commission and the Department of 
Health, Education and Welfare. The total increase on 
1962 is 3,500 million dollars. Four agencies account for 
95 per cent of the total Federal estimate for research and 
development in 1963. About two-thirds of the national 
funds for research and development came from the 
Federal Government in 1960-61, when in terms of funds 
industry was responsible for 75 per cent of research and 
development in the United States: Federal agencies con- 
tributed 15 per cent for intra-mural work and 10 per cent 
for work by colleges and universities and non-profit 
institutions. In 1959-60 some 70 per cent of research 
and development funds went for development, about 
20 per cent for applied research and 9 per cent for basic 
research. Almost 60 per cent of funds for basic research 
in 1960-61 were from the Federal Government, industry 
providing about 25 per cent. Academic institutions were 
responsible for about 46 per cent of the basic research 
effort in 1960-61, industry for 31 per cent and Federal 
institutions for 15 per cent. Of the 1963 estimates for 
research and development, 65 per cent is for industry, 
12 per cent for colleges and universities, 19 per cent for 
Federal laboratories, facilities and administration, and 
4 per cent for non-profit institutions, etc. 


U.S. Center for Educational Apparatus 


Pror. F. E. CHRISTENSEN, of St. Olaf College in North- 
field, Minnesota, has been appointed head of the new 
Center for Educational Apparatus in Physics, which will 
begin operations early this summer. The Center is a joint 
project of the American Association of Physics Teachers 
and the American Institute of Physics and is supported 
by a grant from the National Science Foundation. It 
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will be located at the American Institute of Physics, 
335 East 45th Street in New York City, and will be 
administered within the Institute’s Department of 
Education and Manpower. The main purpose of the 
Center will be to stimulate a nation-wide effort to develop 
better apparatus for physics teaching. It will also act as 
a national centre for information about the use and 
availability of new apparatus and materials for demon- 
strations and student experiments. Prof. Christensen has 
been associate professor of physics at St. Olaf College 
since 1953. The Center will be supported initially by a 
two-year grant for 120,750 dollars from the National 
Science Foundation. 
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The British Gelatine and Glue Research Association 


Tx fourteenth annual report of the British Gelatine 
and Glue Research Association covers the year ended 
September 1962, in which two Rosearch Panel meetings 
wero held (Pp. 16. London: The British Gelatine and 
Glue Research Association, 1963). The report of the 
director of research refers to fundamental work on the 
amino-acid composition of collagen preparations from 
human adult dura mater and post-menopausal uterus, and 
the problem of attaching functional groups to the gelatine 
chain. has largely been solved. Much work was carried 
out on the mechanism of a cross-linking reaction for 
gelatin. and the Sanger method—as modified by Courts— 
has been adapted for determining the average chain- 
lengths of gelatins and glues of low molecular weight. 
Work on tho improvement of the Bloom gelometer 
was completed and re-examination of the physical 
properties of soluble cross-linked glues revealed some 
unexpected features. A list of publications is included. 


The Furniture Industry Research Association 


Tue second annual report of the Furniture Industry 
Research Association covers the year ended December 31, 
1962, and although apart from two short-term investiga- 
tions, one on health hazards from polymethane lacquers 
and the other on rubber-based adhesives, there was no ex- 
pansion of the research effort, work on ad hoc enquiries 
increased (Pp. 12. London: Furniture Industry Research 
Association, 1963). Both the number and complexity of 
enquiries increased, and without more support for the 
co-operative long-term general research programme diffi- 
culty is foreseen in keeping a balance between the long- 
term and short-term investigations. A full theoretical 
stress analysis of a typical upholstery chair frame was 
completed. a survey has been made of lacquers in uso in 
the industry and progress is reported in developing a 
wear test for cold-catalysed and the harder cellulose 
nitrate finishers. The response to the appeal for funds 
for the Research Centre at Stevenage has been immediate 
and encouraging. 


Recruitment, Training and Education in the Clothing 

Industry 

A RECENT study of recruitment, training and education 
in the clothing industry represents an independent survey 
of some interest outside the clothing industry to which 
its conclusions and recommendations relate (Training in 
the Clothing Industry: a Study of Recruitment, Training 
and Education. By Eunice Belbin and Robert Serjean. 
Pp. vii+199. London: Twentieth Century Press (1962), 
Ltd., 1963. 7s. 6d.). It includes a brief comment on the 
prospects of automation in that industry, and on factors 
contributing to and militating against technical 
development which have implications outside that indus- 
try; there is a useful bibliography. Generally, the report 
substantiates the view that recruits are not being attracted 
in the numbers or the quality required and that this is 
due to lack of conviction inside and outside the industry 
that it offers attractive jobs and conditions of work. In 
spite of this need to make the most officient and economic 
use of a limited labour force, training was sadly neglected, 
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little or no provision being made in the factory and 
educational opportunities outside were half-heartedly 
supported. 


Nuclear Power in Britain 


Tuae two lectures given by Sir Christopher Hinton in 
Japan, in 1962, have now appeared in Atom. In the 
first of these, published in March 1963, Sir Christopher 
reviews the problems and prospects of nuclear power in 
Britain generally, outlining the development of the pro- 
gramme to date and describing the potentialities and 
problems of the more advanced reactor systems, including 
the advanced gas-cooled reactor, the high-tempcrature 
gas-cooled reactor and the heavy-water reactor, be tween 
which a choice must ultimately be made for the 1970's. 
The second lecture, published in the May issue, describes 
more particularly the siting and construction of the 
nuclear power plants in England and Wales. For the lust 
station to be ordered, at Oldbury, a major advance m 
design is noted, with a pre-stressed concrete pressure 
vessel and the integral design concept. and it is believed 
that reactors with a capacity of 700 MWE will be possible. 
Assuming a life of twenty years, a load factor 75 pur cent 
and an interest rate of 6 per cent, this should give elec- 
tricity at an estimated cost of 0-53d./unit. or 0-420. if a 
load factor of 90 per cent and a life of 30 years uro 
achieved. The May issue of Atom also includes an account 
of the Herald research reactor at Aldermaston and tho 
first part of a review of reactors at Harwell. 


Die Naturwissenschaften 


Die Naturwissenschaften, founded in 1913 by A. Berliner 
and C. Thesing, is now completing its fiftieth vear of 
publication. Throughout the half-century of its life it 
has consistently maintained the highest standard of pro- 
duction, and a large number of scientific discoveries havo 
first been recorded in its pages. Tho celebration of its 
jubilee must be considered a noteworthy event m the 
history of scientific publication. While the journal covers 
the whole range of scientific activity, it is particularly 
strong on the biological side. This will be noticed in the 
first April number (two numbers appear each month) for 
1963, which contains eight longer articles und 27 short 
original contributions. The longer articles all deal with 
some aspect of cell physiology or structure, the first 
article, a lecture given by K. E. Wohifarth-Bottennann 
on the fundamental elements of cell structure, being: par- 
ticularly noteworthy, not less on account of its fine 
illustrations. 

Die Naturwissenschaften is really international in its 
appeal. Thus, although, as is to be expected. most of the 
short original contributions are from German institutions. 
there are also contributions, most in English. from 
Holland, Czechoslovakia, Hungary, the U.S.S.R.. India. 
Japan and Argentina. Among these is a report on the 
effect of gibberellin on the development of Fiearia vernu 
by R. Dostál who, now in his seventy-seventh year, was 
one of the pioneers of developmental physiology more 
than fifty years ago. Other contributions range froin the 
estimation of geological age with chlorine-36 to the 
nuclear sex in the Indian elephant, from the photo- 
chemistry of chlorophyll compounds to the behaviour of 
Daphnia in diffuse light. The satisfaction of reading Dir 
Naturwissenschaften is enhanced by the excellence of its 
production. 


Human Biology 


Tue Society for the Study of Human Biology has adopted 
the journal as its official organ. Human Biology was 
founded in 1929 by Raymond Pearl. There was no 
scientific society to support the journal; the publishers 
were Warwick and York of Baltimore. The first volume 
included papers on human evolution, demography, growth, 
the genetics of skin colour, ageing and physical constitution 
in relation to disease. In 1931 the Johns Hopkins Press 
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took over publication and by 1941, when Raymond Pearl 
died, Human Biology was gaining ground in many fields 
of interest, but particularly human evolution, primatology, 
growth and demography. The following years proved 
more difficult, but under the successive editorship of 
Lowell Reed, Charles Winsor and William Cochrane the 
journal survived the war years. In 1953 a new board of 
editors was appointed. Timely support from the Wenner- 
Gren Foundation for Anthropological Research and the 
National Science Foundation and transfer of publication 
to the Wayne State University Press ended the threatened 
demise of the publication. 

For some time the journal has had an international 
tone. Within recent years Human Biology has reported 
research conducted in Guatemala, Mexico, Brazil, Peru, 
South Africa, Liberia, Nigeria, New Guinea, Poland, 
Czechoslovakia, Yugoslavia, Hungary, Spain, Sweden, 
Korea, Hong Kong and Japan, as well as Great Britain, 
Canada and the United States. Human biology deals with 
man everywhere and it is hoped that, with the new wider 
base of support from the Society, the journal will reflect 
this in contributions from all regions of the world. 

The editor-in-chief is Dr. Gabriel W. Lasker, Depart- 
ment of Anatomy, Wayne State University, College of 
Medicine, Detroit, Michigan, and the editor for the 
Society is Dr. J. M. Tanner, Department of Growth and 
Development, University of London Institute of Child 
Health, the Hospital for Sick Children, Great Ormond 
Street, London, W.C.1. 


The Science Library Bibliographical Series 


REoENT issues in the Science Library Bibliographical 
Series, Nos. 782—784, deal with: lipids in lungs (No. 782: 
Lipids in Lungs—a Literature Search on Lipids in the 
Lungs of Vertebrates, including Man. Pp. 5. 1s.); vibration 
(No. 783: Vibration—Selected References on the Response 
of Human Beings to Vibration and its Clinical Effects. 
Pp. 4. 1s.)—this (No. 783) is a supplement to No. 695; 
and tropical rain forests (No. 784: Tropical Rain Forests. 
Pp. 7. 1s. 6d.), which is a supplement to No. 681. Copies 
are available from the Science Museum, Exhibition Road, 
London, §.W.7. 


The American Philosophical Society 


Tue Year Book for 1962 of the American Philosophical 
Society includes, besides the list of officers and committees 
for 1962-63, reports of standing committees, lists of pub- 
lications and of members and a brief history of the 
Society by E. G. Conklin (Pp. 790. Philadelphia: Amer- 
ican Philosophical Society, 1963). It also contains bio- 
graphical memoirs, among which are those of P. W. 
Bridgman, A. H.. Compton, Hu Shih and G. M. Trevelyan. 
Of the 790 pages, more than 400 are occupied by the 
report of the Committee on Research which, besides a list 
of grants during the year totalling 186,000 dollars (191 
grants) from the Penrose Fund and 64,000 dollars (67 
grants) from the Johnson Fund, includes brief accounts of 
the work of the recipients. 


Rock Carvings and the Late Dr. P. Harper-Kelley 


THE occurrence of rock carvings is well-nigh universal. 
They are common in parts of South Africa, and indeed in 
many other regions of that continent. They have been 
found in America, Europe, Asia and Australia. Why 
primitive folk should have wished to make engravings on 
rock surfaces remains largely a mystery, and we must 
not assume that only one motive operated. In the April 
issue of Man, Prof. Kosambi directs attention to yet 
another series of deeply engraved rocks near Poona (India). 
The grooves sometimes reach a depth of 2 cm and were 
rubbed smooth to a semi-circular cross-section. The 
figures are mostly patterns, though a few may be derived 
from animal shapes. Concentric cireles occur, and in one 
or two cases a small chalcedony nodule forms the centre 
of the innermost circle. Perhaps here, too, an animal 
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eye with central pupil may have been intended ? In the 
vicinity of the engraved rocks there is an ancient necro- 
polis; as some of the engraved rocks have been used in 
the construction of the graves they must be anterior in 
date to the necropolis itself. This Poona series is of con- 
siderable interest and one can only be glad that they have 
now been put on record. In the same issue of Man, Dr. 
Henry Field gives a short obituary of the late ‘Pat’ 
Harper-Kelley. Many years ago Kelley settled in Paris 
and became interested in early archeology. He worked 
at one time with the late Abbé Breuil and undertook not 
a little research in connexion with Old Stone Age cultures. 
For many years he held a post at the Musée de l’Homme. 
He will leave a gap in the ranks of prehistorians working 
in France. 
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A Modern Magmatic Ore Solution ? 


A WELL drilled for geothermal power to a depth of 
5,232 ft. in the Salton Sea region of California has resulted 
in geochemical discoveries of quite unusual interest, a 
preliminary account of which has been given by Dr. D. E. 
White, E. T. Anderson and D. K. Grubb in a recent issue 
of Science (189, 919; 1963). This is the world’s deepest 
well in a high-temperature hot-spring province, with 
depth temperatures in the range 270°-370° C. It taps a 
very saline brine of Na-Ca-K-Cl type (about 185,000 
p.p.m. chlorine), with exceptionally high content of 
potassium (23,800 p.p.m.) and with perhaps the highest 
content of minor alkali elements known for natural 
waters; and it is believed that this brine may derive 
from the same magma chamber as furnished the late 
Quaternary rhyolite domes of the region, representing an 
undiluted magmatic water residual after the separation 
of a more volatile phase represented by near-surface 
hot-spring manifestations. During a three-month pro- 
duction test, several tons of material precipitated in the 
discharge pipe, this deposit consisting dominantly of 
amorphous silica, with iron and manganese, and abundant 
bornite. Chemical analyses reveal the astonishingly high 
content of about 15 per cent copper, 2 per cent silver, 
and notable arsenic, bismuth, lead, antimony, and some 
minor elements. The brine may therefore be the first 
example of an ‘active’ magmatic ore solution. Drill cores 
from 4,400 to 5,000 ft. depth contain chlorite, albite, 
epidote, mica and quartz, with some indication of increase 
of metamorphic grade downwards, suggesting that the 
young sedimentary rocks are undergoing contemporary 
metamorphism. The economic potential of the discoveries 
has resulted in the operation being ‘staked’ as a possible 
ore deposit. Geochemical investigations of the brine and 
drill cores are being continued by Dr. D. E. White, of 
U.S. Geological Survey, whose earlier studies on the 
chemistry of ground-waters and of epithermal ore 
deposits are widely known. 


Rabbit Control 


Tse Agricultural Research Liaison Section and the 
Division of Wildlife Survey of the Commonwealth Scien- 
tific and Industrial Research Organization, Australia, 
has issued a leaflet setting out the position regarding the 
rabbit pest (Rabbit Control. Pp. 8. Melbourne: Common- 
wealth Scientific and Industrial Research Organization, 
1962). This is an important document because it provides 
a considered and authoritative account of what are the 
results of the myxomatosis complex in Australia and what 
might happen if, in a spirit of lethargy, the rabbit were 
to be allowed to multiply; and what can be done if 
advantage is taken of the existing low population in 
order to control the situation. Myxomatosis has not 
controlled the rabbit population, though it has caused 
such a reduction that means for dealing with it are 
within reach. Landowners are urged to act in co-operation 
with the local bodies that can give assistance; all-impor- 
tant is that measures taken should be sound and organized. 
Control is now not primarily a scientific research problem. 
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The Institution of Metallurgists 


Ar the nineteenth annual general meeting of the 
Institution of Metallurgists, Dr. L. Northcott, principal 
superintendent, Materials Division, Royal Armament 
Research and Development Establishment, Fort Halstead, 
War Office, was elected president of the Institution for 
the year 1963-64, in succession to Dr. B. G. West. The 
following elections were made: Vice-Presidents, Dr. I. 
Jenkins (director of Metallurgical Research, Manganese 
Bronze, Ltd.) and Prof. G. V. Raynor (Feeney professor 
of physical metallurgy, University of Birmingham); 
Honorary Treasurer, Mr. L. W. Derry (head of Metallurgy 
Department, Battersea College of Téchnology); Ordinary 
Members of Council elected by the Fellows, Dr. W. A. Baker 
(technical manager, Alcan Industries, Lid.) and Mr. T. F. 
Pearson (research manager, Consett Iron Co.); Ordinary 
Member of Council elected by the Associates, Mr. A. Prince 
(chief metallurgist, Hirst Research Centre, the General 
Electric Co., Wembley, Middlesex). 


Beit Memorial Fellowships 


Tue following elections to Beit Memorial fellowships 
have been announced: Junior Fellowships, W. L. Ford, 
to continue his researches into the role of lymphocytes in 
immune responses, at the Sir William Dunn School of 
Pathology, Oxford; M. D. Casey, to investigate chromo- 
some abnormalities in a particular sub-group of psychia- 
tric patients, at the Department of Genetics, University 
of Sheffield; Dr. D. Franks, to continue his researches 
into the antigenic structure of cell lines in culture, at the 
Department of Pathology, Cambridge; Dr. T. K. Sun- 
daram, to undertake a detailed study of interallelic 
genetic complementation in the mould, Neurospora crassa, 
at the John Innes Institute, Bayfordbury, Herts. ;- W. B. J. 
Broom, to study the mode of action of carbon dioxide in 
accelerating hypothermia, at the Department of Physio- 
logy and the Institute of Clinical Research, Middlesex 
Hospital Medical School, London; M. A. Siddiqui, to 
carry out cell population studies in the thymus after 
treatment with certain alkane sulphonic esters that induce 
lymphopenia, at the Department of Experimental Chemo- 
therapy, Christie Hospital, Manchester; Dr. E. K. 
Matthews, to investigate the electropharmacology of 
chromaffin cells, at the Department of Pharmacology, 
Cambridge. Fourth Year Fellowships, Dr. E. R. Huehns, 
to continue his researches into the final stages of the 
biosynthesis of hemoglobin and the etiology of thal- 
assemia, at the Department of Biochemistry, University 
College, London, and the Medical Unit, University College 
Hospital Medical School, London; Dr. A. J. Rowe, to 
continue his researches into the molecular architecture of 
the contractile filaments of a mammalian myofibril, at 
the Medical Research Council Laboratory of Molecular 
Biology, Cambridge. 


The Royal Aeronautical Society 


Honorary fellowship of the Royal Aeronautical Society 
has been conferred on Mr. W. Littlewood, vice-president, 
Equipment and Research, American Airlines, Inc., and 
Sir Alfred Pugsley, professor of civil engineering and pro- 
vice-chancellor, University of Bristol. Honorary com- 
panionship of the Society has been awarded to: Mr. C. H. 
Gibbs-Smith, keeper of extension services, Victoria and 
Albert Museum; Mr. C. L. Pashley, manager and chief 
flying instructor, Southern Aero Club; Sir Richard Orme 
Wilberforce (the Hon. Mr. Justice Wilberforce is chair- 
man of the Society’s Air Law Group). 

Awards of the Society’s Medals have been made as 
follows: The Gold Medal, to Mr. H. Constant, scientific 
adviser to the Air Ministry, for his outstanding con- 
tributions to gas turbine development; The Silver 
Medal, to Mr. L. H. Bedford, director of engineering, 
British Aircraft Corporation (Guided Weapons). Ltd.. for 
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his outstanding work on guidance systems; The Bronze 
Medal, to Mr. H. H. Pearcey, of the National Physical 
Laboratory, for his contributions to the advancement of 
aerodynamics; The British Gold Medal for Aeronautics, 
to Mr. A. C. Lovesey, director and chiof engineer, .\cro- 
Engine Division, Rolls-Royce, Ltd., for his outstanding 
practical achievement in aero engine design and develop- 
ment; The British Silver Medal for Aeronautics, to Mr. 
B. P. Laight, chief engineer, Advanced Projects Group. 
Hawker Siddeley Aviation, Ltd., formerly chief designer. 
Blackburn Aircraft, Ltd., for his practical achievement in 
the design of low-level strike aircraft; The Wakefield 
Gold Medal, to Lord Brabazon of Tara, for his out- 
standing contributions to air-safeby over many years: 
The R. P. Alston Medal, to Mr. C. F. Bethwaite, deputy 
chief engineer (Aero), A. V. Roe and Co., Ltd., for his 
practical achievements in flight-test observation work: 
The Alan Marsh Medal, to Wing Commander K. H. 
Wallis, who by his personal initiative, resourcefulness and 
piloting ability has made an outstanding contribution to 
the study of rotary wing flight. 


Leverhulme Research Awards, 1963 


Tue following fellowships and research grants, among 
others, tenable for periods of up to two years, have been 
announced by the Leverhulme Trustees: Fellowships, Dr. 
A. D. Bradshaw (University College of North Wales. 
Bangor), for an examination of the factors maintuiuiny 
polymorphisms in populations of plants. Research grants. 
Dr. F. R. Allchin and Dr. B. Allchin (University of 
Cambridge), for the preparation of a text-book on the 
prehistory of India, Pakistan and Ceylon; Mr. H. K. 
Bowes (engineer), for a scientific analysis of decoruted 
samian ware; Mr. G. Lewis (University of Oxford), to 
carry out work on the evolutionary significance of 
polymorphism exemplified by the banding pattern in the 
shell of certain helicid molluscs; Dr. D. M. Needham 
(private research worker), for the preparation and writing 
of a book on the biochemistry of muscle contraction: 
Dr. P. Nield (development chemist), for investigations 
in organic chemistry. 


The Night Sky in July 


Fort moon occurs on July 6d 21h 56m V.T. and new 
moon on July 20d 20h 43m. The following conjunctions 
with the Moon take place: July 9d 19h, Saturn 2° N.: 
July 13d 19h, Jupiter 4° N.; July 25d 10h, Mars 5° N. 
There is a partial eclipse of the Moon on July 6-7, mainly 
visible at Greenwich. Moon enters penumbra July ëd 
19h 17:0m, Moon enters umbra 20h 32:0m, mid-eclipse 
is at 22h 024m, Moon leaves umbra 23h 32:8m, and 
Moon leaves penumbra July 7d 0h 47-7m. Maximum 
magnitude is 0-711; moonrise at Greenwich July 6d 20h 
04m. There will be a total eclipse of the Sun on July 20, 
invisible at Greenwich; a partial eclipse will be visible 
shortly before sunset in Scotland and Northern Ireland. 
Mercury and Venus are too close to the Sun for easy 
observation. Mars is visible in the evenings in the west. 
setting about two hours after the Sun; conditions for 
observation are now unfavourable. Jupiter rises at Oh 
00m, 23h 05m and 22h 05m on July 1, 15 and 31, respec- 
tively. It is in Pisces, its stellar magnitude is —2-] ond 
its distance from the Earth on July 15 is 445 million 
miles. Saturn rises at 22h 20m, 21h 30m and 20h 20m 
at the beginning, middle and end of the month, respec- 
tively. It is in Capricornus, its stellar magnitude is +- 0-6 
and its distance from the Earth on July 15 is 835 million 
miles. There are no occultations of stars brighter 
than magnitude 6 visible at Greenwich. The 3 Aquarid 
meteors are active July 15-August 10, with maximum 
July 30, the radiant being near R.A. 22h 36m, Dec. —17°: 
conditions are fairly favourable. The Earth is at aphelion 
on July 4, the distance from the Sun being 94:6 million 
miles. 
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Eclipse of the Moon, July 6-7 


Tere will be a partial eclipse of the Moon during 


July 6-7, visible at Greenwich. The circumstances are: 
Moon enters penumbra 

Moonrise at Greenwich 

Moon enters umbra 

Mid-eclipse 

Moon leaves umbra 5 

Moon leaves penumbra 


July 6d 19h 17m 
July 6d 20h 04m 
July 6d 20h 32m 
July 6d 22h 02m 
July 6d 23h 33m __ 
July 7d 0h 48m 
The greatest fraction of the Moon’s apparent diameter 
obscured by the umbra will be 0:71. [One hour should be 
added to the above for summer time.] 


University News : Birmingham 


Tue following appointments have been announced : 
Lectureships, Dr. D. W. Hadley and Dr. M. M. R. Williams 
(physics); Dr. G. P. McCauley (mathematical physics): 
Research Fellowships, Miss J. Blake (botany); Mr. P. D. 
Croft (Imperial Chemical Industries Research Fellow in 
the Department of Physics); Mr. R. Davies (Imperial 
Chemical Industries Research Fellow in the Department 
of Mechanical Engineering); Dr. J. Gunson and Mr. 
N. M. Queen (mathematical physics); Mr. M. G. Scott 
(nuclear physics). 


Bristol 


Tue following appointments have been announced: 
Readerships, Dr. L. Hough (organic chemistry); Dr. F. S. 
Stone (chemistry); Dr. R. Parsons (inorganic and physical 
chemistry); Dr. H. D. Crofton (parasitology); Dr. G. 
Hudson (anatomy). Lectureships, Mr. R. Blight (path- 
ology); Mr. F. J. Roberts (mental health); Mr. A. Simp- 
son (aeronautical engineering); Mr. J. Spencer (psychol- 
ogy); Mr. G. C. B. Winter (anatomy). 


Cambridge 


Tue following elections to fellowships at Churchill 
College have been announced: Title A, Dr. A. N. Schofield 
(engineering); Title B, S. J. Bernau (mathematics, Gul- 
benkian fellowship), D. I. Olive (mathematics), I. T. 
Drummond (theoretical physics), I. W. Roxburgh (astro- 
physics, Central Electricity Generating Board fellow- 
ship); Title O, Prof. A. T. Phillipson (professor-elect of 
veterinary clinical studies); Title #, Sir George Mallaby; 
Title F, Prof. M. A. Kervaire and Prof. J. D. Smyth. 
Mr. N. T. Varopoulos has been pre-elected into a fellow- 
ship; he will be College lecturer in mathematics from 
October 1, 1965. 


London 


Pror. H. Harris, professor of biochemistry at King’s 
College, London, has been appointed Galton professor of 
human genetics at University College, London, as from 
October 1, 1965. This early decision on Prof. L. S. Pen- 
rose’s successor has been made so that Prof. Harris may 
assist in the planning of the new laboratories to be con- 
structed in Euston Buildings on a grant made by the 
Wolfson Foundation. Dr. F. R. Keogh, senior lecturer at 
the University College of Swansea, has been appointed to 
the second chair of mathematics tenable at Royal 
Holloway College. Dr. Allan Maccoll, reader in chemistry 
at University College, has been appointed to a chair of 
chemistry tenable at that College. The title of professor 
of nuclear technology has been conferred on Mr. G. R. 
Hall, in respect of his post at the Imperial College of 
Science and Technology. Titles of reader have been con- 
ferred on: Miss E. M. J. Campbell (geography), in respect 
of her post at Birkbeck College; Dr. N. E. Cusack 
(physics), in respect of his post at Birkbeck College. 


Sheffield 


Tue title of emeritus professor has been conferred on 
Prof. W. Sucksmith, professor of physics from 1940 until 
1963. Prof. G. Porter, at present professor of physical 
chemistry, has been appointed Firth professor of chemistry 
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and head of the Department of Chemistry in succession 
to Prof. R. D. Haworth as from October 1. Dr. W. D. 
Ollis, ab present reader in organic chemistry in the 
University of Bristol, has been appointed to the chair of 
organie chemistry as from October 1. The title of reader 
has been conferred on Dr. E. W. Lee (physics), Dr. R. S. 
Tebble (physics), Dr. J. M. Tedder (organic chemistry). 
The following appointments to lectureships have also 
been announced: Dr. H. K. Farahat (pure mathematics), 
Dr. J. O. Isard (glass technology), Dr. R. Kilpatrick 
(pharmacology and therapeutics), Mr. J. H. Woodhead 
(metallurgy), Mr. P. Galloway and Mr. P. Jackson (civil 
engineering), Dr. P. C. Kendall (applied mathematics), 
Dr. G. A. Meek (anatomy), Dr. D. E. Radley (electrical 
engineering). 


Overseas Postal Rates for Nature 


As from July 1, 1963, overseas postage rates for Nature 
from the United Kingdom are being increased by approxi- ' 
mately 50 per cent. The publishers will bear the additional 
cost in respect of subscriptions to the end of this year, but 
are reluctantly compelled to increase the overseas sub- 
scription rate to £13 15s. per annum as from January 1, 
1964. The subscription rate for the United Kingdom 
and Irish Republie will remain unchanged. 


Announcements 


Sim BERNARD Kemn, formerly director of the East 
African Agriculture and Forestry Research Organization, 
has resigned from the Board of Baird and Tatlock 
(London), Ltd., and from the direction of its Research 
and Development Division. 


Pror. A. V. Hin, emeritus professor of physiology in 
the University of London, has been appointed to succeed 
the late Lord Beveridge as president of the Society for 
the Protection of Science and Learning, Ltd. The Society 
was founded in 1933 to aid scholars displaced from 
aniversity teaching or research positions for reasons of 
racial origin, political or religious opinion. Lord Beveridge 
was the third president, the first and second being Lord 
Rutherford and Dr. William Temple, Archbishop of York, 
later Archbishop of Canterbury, respectively. 


A symposium on “Quantitative Variation in Blood 
Group Antigens” will be held in the Department of 
Pathology, University of Cambridge, during July 18-19. 
Further information can be obtained from Dr. D. Franks, 
Department of Pathology, Tennis Court Road, Cambridge. 


A symposium on “Chemistry and Biochemistry of 
Fungi and Yeasts”, arranged by the Irish National Com- 
mittee for Chemistry, will be held at University College, 
Dublin, during July 18-20. Further information can be 
obtained from Prof. Eva M. Philbin, Department of 
Chemistry, University College, Upper Merrion Street, 
Dublin, 2. 


Tue Società Italiana di Fisica is organizing an Enrico 
Fermi international school of physics at Varenna. Three ` 
courses are being held as follows: July 15-August 3, dis- 
persion relations and their connexion with causality; 
August 5-17, radiation dosimetry; August 19-31, quantum 
electronics and coherent light. Further information can 
be obtained from Prof. G. Germana, Società Italiana di 
Fisica, Via Irnerio 46, Bologna. 


AN international conference on “Wind Effects on 
Buildings and Structures” will be held at the National 
Physical Laboratory during June 26-28. The conference 
is being organized by the Aerodynamics Division of the 
National Physical Laboratory in collaboration with the 
Building Research Station, the Institution of Civil 
Engineers, and the Institution of Structural Engineers. 
Further information can be obtained from Mrs. Nora 
Goodman, National Physical Laboratory, Teddington, 
Middlesex. 


` 
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TEXTILE RESEARCH IN AUSTRALIA 
By Dr. M. LIPSON 


Chief, C.S.I.R.O. Division of Textile Industry, Wool Research Laboratories, 
Geelong, Victoria 


N May 3 the Prime Minister of the Commonwealth 
of Australia, Sir Robert Menzies, officially opened a 
new laboratory block at the C.S.I.R.O. Division of Textile 
Industry, Geelong (Fig. 1). A large gathering was present 
from many spheres, including parliamentary and civic 
representatives, as well as representatives of the wool 
industry, scientific research and teaching organizations. 
The new building has an approximate area of 50,000 ft.?. 
It consists of a two-storey, air-conditioned block to house 
physical and chemical research laboratories, general 
, offices and library linked to a single-storey structure used 
for amenities and containing a conference hall. A large 
counterbalanced wail separating the conference hall from 
the amenities area can be lowered ‘into the ground to 
provide an area seating up to 1,000 when required for 
large meetings. 

Research at the Division in the past thirteen years has 
been mainly concerned with major problems and improve- 
ments in wool textile processing and the development of 
new and better consumer products from wool. In addition 
to normal laboratory facilities, there is an experimental 
wool textile mill with all stages of processing from greasy 
fleece to finished fabric. A large, well-equipped workshop 
ensures that laboratory findings can be translated to the 
full scale with a minimum of delay. Some of the research 
has led to methods which are now widely used in the wool 
textile industry. Probably the most widely applied of 
these is a technique for moth-proofing wool by application 
of dieldrin from emulsion’ during dyeing or finishing. 
It was found that dieldrin, applied to wool in this way, had 
unexpected fastness to dry cleaning or washing which did 
not occur with application from organic solvents.. In 
Australia something like 90 per cent of wool processed 
in local mills is now moth-proofed in this way and the 
technique has extended to Britain, the United States, 
Japan and Continental countries. 

' Another development is a method for overcoming felting 
shrinkage in wool based on treatment with potassium 
permanganate in saturated sodium chloride solution. By 
inhibiting fibre swelling, the saturated salt solution 
restricts action of the permanganate to the surface scales 
of the fibres. Apart from shrink-proofing wool by means 
of scale degradation, other methods, such as resin deposi- 


tion, have been closely studied. It has been found that 
traces of impurities in the fibre which remain after normal 
wool scouring can inhibit the shrink-proofing action of 
resins. When a fabric is extracted with alcohol, a subse- 
quent resin treatment is usually much more effective. 
Investigations are in progress to ascertain the nature and 
location of these impurities using infra-red and chromato- 
graphic techniques. Such work could open the way to 
more effective treatments with smaller quantities of resins. 
Another line of research has been in analysing the scales 
removed from fibres before and after treatment with 
various reagents used in shrink-proofing wool by surface 
modification. So far, this work has shown that the 
only major chemical change in the fibre is reaction with 
cystine, thus supporting the views of Speakman and 
co-workers. 

A method for permanent pleating and creasing wool 
fabrics was developed some. years ago in which the wool is 
sprayed with a solution of ammonium thioglycollate just 
prior to pressing the final garment. Other reducing agents 
have been found equally effective. This work was devel- 
oped in conjunction with more fundamental studies on the 
setting properties of wool fibres. More recent research 
is concerned with developing a dry-setting technique for 
permanent pleating and creasing of wool. By this method. 
the mill should be able to apply the setting reagent to 
the cloth during finishing and the tailor would be able to 
press without the addition of any solution or without 
wetting the cloth which was not hitherto possible. Of 
mere fundamental interest is research on the sorption by 
wool of organic liquids, such as alcohols. Marked and 
unexpected changes have resulted from modification of 
certain of the polar side-chains. 

Research on textile processing has been concerned 
mainly with the earlier stages of manufacture involved in 
going from greasy wool to the top which requires processes 
peculiar to wool, such as scouring, carding and combing. 
A method for solvent degreasing of wool has been devel- 
oped in-place of conventional scouring. This technique 
has been commercially applied in Australia over the past 
seven years. The wool is jetted with white spirit on a 
special conveyor followed by similar jetting with cold 
water. Solvent recovery is by centrifuging and vacuum 





Fig. 1. 


New C.8.1.R.0. Wool Research Laboratory, Geelong, Victoria 
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distillation. Extension of this technique to aqueous 
detergent jet scouring is also taking place. Both methods 
have been found to cause less felting than when the wool 
is scoured in the normal way. This leads to better pro- 
cessing performance with less fibre breakage in subsequent 
carding and combing. Lanolin recovery and utilization 
is also another activity. Methods of purifying and bleach- 
ing lanolin have been developed and utilization of various 
fractions is now being investigated. 

Research on worsted carding has shown that addition of 
0-5 per cent lubricant of about 30 centipoise viscosity 
greatly improves carding performance, reducing fibre 
breakage and waste. This was predicted from fibre- 
metal frictional measurements and then confirmed in 
processing trials. Studies on friction are being extended 
along more fundamental lines investigating short-term 
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high-temperature rises occurring at contact points when 
fibres are rubbed. This is part of a general programme 
related to the drafting of fibres in worsted processing. 

Apart from improving existing machines, research is 
also in progress on the possibility of elimination of some 
types of conventional equipment. In particular, there 
has been considerable work on developing an alternative 
to the worsted card, which causes large fibre losses and 
breakage when the wool passes through it. A machine 
known as the sliver converter has been developed for this 
purpose, of which an industrial prototype is at present 
under construction in the United States. The converter 
will occupy considerably less space than the card and 
should substantially reduce fibre breakage and loss. 

The new laboratories will permit an extension of these 
activities and provide space for several additional projects. 


KUMASI CONFERENCE ON THE LAKE BOSUMTWI CRATER 


By S. O. BAMPO 
Department of Crystallography, Birkbeck College, University of London 


T the fourth conference of the West African Science 

Association, held at the Kwame Nkrumah University 
of Science and Technology, Kumasi, Ghana, during March 
22-26, scientists from parts of West Africa, Europe, 
China and U.S.S.R. were represented. The conference 
this year had as a central theme the question of the 
origin of thé Lake Bosumtwi crater. This was of par- 
ticular interest owing to the recent controversy on the 
volcanic or meteoritic origin of isolated craters. The 
discovery of coesite in a specimen from the Bosumtwi 
site (1961) has led to the suggestion by Dietz, Chao, 
Litter and Fahey! that the depression has a meteorite 
impact origin. This is in contradiction to the crypto- 
voleanic origin theory proposed by Junner? in 1933. 

Lake Bosumtwi is situated in the central part of 
Ashanti in Ghana and lies on lat. 6° 30’ N. and long. 
1° 25’ W. It is fairly circular in shape with a diameter 
of about 64 miles. The crater base stands at a depth of 
1,150 ft. from the raised rim of the depression, which is 
carved out of lower Birrimian (Pre-Cambrian) rocks. No 
lava flows have been found in the intensive geological 
surveys made so far. However, small deposits of brec- 
ciated conglomerates and tuff have been discovered? near 
Mmorontuo village, about 14 miles from the crater, and 
in the Boni stream north-north-east of the crater. A 
correlation has been drawn between the analyses of some 
of these breccia and dacite from Scotland. An aerial 
magnetic survey of the lake district in 1962 has revealed 
a negative anomaly of amplitude 40 gammas striking in 
an east-west direction inside the crater. 

Among the distinguished visitors to the conference was 
Prof. Gentner, director of the Max-Planck Institute for 
Nuclear Research, Heidelberg, who has for the past two 
years been working on the dating of tektites using the 
potassium—argon method. Large numbers of tektite finds 
have been dated by Profs. W. Gentner and Zahringer, 
including the Ivory Coast tektites (Ouelletites), which 
have been estimated to be 1:3 m. years old. These 
tektites have been associated by Cohen’ with the Bosum- 
twi depression based on the terrestrial impact origin of 
tektites. In connexion with the various groups of tektite 
ages, Prof. Gentner discussed the several hypotheses 
concerning the origin of tektites. 

Prof. Th. Monod, the director of Institut Français 
d@’Afrique Noire, University of Dakar, read a paper 
on craters and astroblemes—general problems and 
West African structures. In this group he included the 
Bosumtwi feature and the Aouelloul structure in Mauri- 
tania, which is considered most probably to be an astro- 


bleme. He has in preparation also a list of various 
astroblemes and their statistical data, which when com- 
pleted may be a very valuable contribution to this type 
of investigation. 

I, now on leave from the Kwame Nkrumah University 
of Science and Technology, read a paper on the Bosumtwi 
crater, in which the problem was examined in considerable 
detail. 

In my paper, claims for a volcanic origin of the Bosum- 
twi issue were discussed. This was necessary because 
Maclaren in 1931 had proposed a meteorite impact theory 
which was dismissed at the time on account of the paucity 
of evidence of meteorite fragments and any other indica- 
tion of meteorites. Apparently, the discovery of the 
deposits of Mmorontwo conglomerates (1932), including 
the analysis of a black, glassy material which looked like 
dacitic pitchstones from Scotland, seems to have streng- 
thened the crypto-voleanic theory suggested by Junner. 

I suggested that in the light of the present knowledge 
of such structures, it has been found that the absence of 
large deposits of volcanic material around such structures 
may not be strong enough evidence for all the structures 
to be attributed to volcanic origin. In addition, since 
Ghana lies outside the region of voleanic activity in 
Africa, a volcanic theory would need to be treated 
with caution. Secondly, the black dacite-like material 
examined appeared to contain about 3 per cent more 
water below 110° C than the Scottish dacites with which 
they have been compared. Differences in iron and mag- 
nesium contents of the specimens were also noticed. I 
discussed experiments on high-speed impact by Charter 
and Sumrners’, from which I drew a correlation between 
known meteorite crater and experimental crater depth- 
diameter curve. I suggested that the Bosumtwi crater, if 
it had been of impact origin, would most probably have 
been formed in the fluid impact stage; and that the 
accompanying high velocity and pressure on the pro- 
jectile would have caused it after impact to behave more 
like a fluid than a solid body. From this I went on to 
discuss the theory of crater formation by the hydro- 
dynamical approach, as suggested by Culp and Hoope’®. 
This was based on the development of shock-wave fronts 
in the fluid resulting in the production of minerals of rare 
density and crystal structure under high pressures and 
temperatures. This was in agreement with similar 
analyses by Staninkovich and Fedynskii®, who postulated 
that when a meteorite hits the Earth with a velocity 
greater than 4 km/sec it might explode after impact to 
produce a large crater. 
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Among other topics I discussed was the Ouelletite spray 
field; the existence of good specimens of shatter cones 
probably need much more investigation. Stressed also 
was the possibility of recognizing altered meteorite frag- 
ments. This, I suggested, might need many more tools 
than the ordinary microscope; X-ray, electron micro- 
scopy and infra-red spectroscopy may need to be 
used. 

I directed attention to the elliptical distribution of 
alluvial carbonado-type diamonds in Ghana which are 
associated with Recent conglomerate Deposits and also 
with deep valleys, including the Bosumtwi crater. 

Earlier in his report, the director of the Geological 
Survey Department, Dr. J. E. Kudjo, had mentioned the 
recent discovery of deposits of spodumene and columbite 
near Mankwarzi and more gold deposits in northern 
Ghana near Nangodi. In a visit to the lake by the dele- 
gates to the conference, interesting sites around the lake 
were examined and specimens were collected; a plane 
flight was taken over the lake. 

A new survey of the lake district is now in progress. 
The dredging of the lake has been considered a possibility 
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in the near future. It is hoped that a continuous record 
of the increase in level of the lake may be kept, and a 
careful analysis of the terrace beds may soon be made. 
There is much doubt at the moment as to whether the 
scattered quantities of iron-rich slags that exist in Ghana 
have been produced by large iron-smelting communities 
which lived in the dense forests long ago. A survey of 
the distribution and an analysis of these slags may also 
need to be carried out. 

The Bosumtwi crater, owing to its relatively recent 
formation, may yet throw much light on the genesis of 
isolated craters. It would seem, therefore, that the Ghana 
Government, by initiating faster surveys to clear up the 
points still in dispute, would be rendering a service to 
world science. 


1 Dietz, R., Chao, E. C. T., Litter, J., and Fahey, J. J., Abst. Ann. Meeting 
Geol. Soc. Amer., Cincinatti (November 1961). 

ay monet, 3 . R., Geology of the Bosumtwi Caldera and the Surrounding Courtrj 

3 Cohen, A. J., Sci. Amer. (June 1961). 

i Charter, A. C., and Summers, Sci. Amer., 208, 128 (1960). 

5 Culp, F. L., and Hoope, H. G., J. Appl. Phys., 182, No. 11 (1961). 
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MEDICAL RESEARCH IN THE BRITISH CARIBBEAN 


HE eighth annual meeting of the Standing Advisory 

Committee for Medical Research in the British 
Caribbean was held in Trinidad during April 27-30. The 
meeting was formally opened by His Excellency the 
Governor General, Sir Solomon Hochoy, and addresses 
were also given by the Acting Minister of Health and 
Housing, Mrs. Isobel Teshea, the pro-vice-chancellor of 
the University of the West Indies, Dr. H. D. Huggins, 
and Prof. M. L. Rosenheim. 

As Prof. Rosenheim indicated in his address, medical 
research is not necessarily dependent on the provision 
of expensive facilities. In this regard the identification of 
a hitherto undescribed cardiomyopathy by members of 
the staff of the Department of Medicine, University of 
the West Indies, and of the Medical Research Council 
Epidemiological Research Unit, is noteworthy. The 
topic of the scientific meeting was “The Child in the 
West Indies”, and forty papers were read; fourteen from 
Trinidad, sixteen from Jamaica, four from Barbados, 
two each from British Guiana and Puerto Rico, and one 
each from St. ‘Vincent and Grenada. This wide repre- 
sentation reflects the encouragement given by the 
Committee to medical officers in the area to undertake 
research and to report their results at this annual meeting 
or in the scientific press. The quality of the work presented 
was commendably high. 

The first session was concerned with accidents and 
preventable disease in children. Papers by Drs. Wynter 
and Burke from Jamaica and by Dr. Ratan from 
Trinidad demonstrated that kerosene poisoning is by far 
the commonest accident in the area, but only one out of 
224 cases died. Accidents at home are very common, but 
since other diseases such as gastroenteritis, broncho- 
pneumonia and malnutrition are still commoner, only 
7 per cent of the admissions to the children’s ward in 
Jamaica were due to accidents. Dr. Eric Back reviewed 
the changes in disease patterns in children at the Univer- 
sity since 1955. The session ended with an interesting 
comparison between a paper by Dr. Massiah of Trinidad 
and’ Dr. Byer of Barbados. Dr. Massiah showed that it 
cost more to treat the cases of diphtheria and tetanus 
which occur in Trinidad than it did to conduct an 
immunization campaign against diphtheria, tetanus, 
whooping-cough and poliomyelitis, which is protecting 
about two-thirds of the population of Barbados. Dr. 
Byer demonstrated that the immunization campaign had 


very significantly reduced the incidence of these diseases 
over a six-year period, so such a campaign is not a luxury 
but good economics as well as good medicine. 

The second session was on viral and bacterial diseases. 
and included reports on the epidemics of poliomyelitis in 
British Guiana and eastern equine encephalitis in British 
Guiana and Jamaica. The Trinidad Regional Virus 
Laboratory and the Department of Microbiology at the 
University of the West Indies again proved their value by 
swiftly identifying the organisms in these outbroaks, and 
also by proving the first reported human case of rabies 
in Grenada. Dr. Walter Singh from British Guiana 
gave two papers, one on the clinical aspects of the polio 
epidemic and the other on congenital cataract and heart 
disease following an epidemic of rubella in British Guiana 
in 1962. Among bacterial disease in the tropics gastro- 
enteritis is the great scourge of the pediatrician. There is 
probably no hospital in the Caribbean which has room for 
all the cases of infantile gastroenteritis which should be 
admitted. The renal and cardiological complications of 
this disease were discussed by Drs. Ward and Christian 
of the University of the West Indies. 

At the third session, on nutrition and child welfare. 
the remarkable efficiency of the Barbados Public Health 
Service was again demonstrated by statistics from their 
welfare clinics. Dr. Diggory of Trinidad gave an interest- 
ing paper on the very difficult problem of health education 
in a rural community. Drs. Garrow and McLean, of the 
Medical Research Council Tropical Metabolism Research 
Unit in Jamaica, discussed the in-patient management of 
kwashiorkor and marasmus. Severe infantile malnutrition 
carries a mortality of 10-20 per cent even in the most 
successful units, and the cause of death is not under- 
stood. and prognosis is difficult. Dr. Usborne tackled 
the question of out-patient management of infantile mal- 
nutrition in a very practical way. By skilful use of cheap 
local food she devised a diet costing about five shillings 
per week per child, and with it showed very good results 
among her out-pationts in St. Vincent. Unfortunately. 
proprietary baby foods are so effectively advertised that 
mothers spend far more than five shillings per week on 
small quantities of expensive preparations which they 
then have to give in homoeopathic amounts. Nutrition 
survey results were reported from Barbados and Puerto 
Rico, and the session ended with a paper on population 
control in Barbados. This is the most densely populated 
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island in the West Indies, and family planning clinics 
have been set up by a voluntary organization and have 
been widely used. The discussion provoked by this paper 
lasted throughout the lunch hour. 

In the afternoon Dr. Henry reported on the survey 
of diabetes in Trinidad. Of a random sample of more 
than 24,000 people, representative of the whole popula- 
tion of the Island, there was a 98 per cent response-rate. 
The total incidence of diabetes was found to be 1-88 per 
cent. Dr. Quamina demonstrated that the age of sextal 
maturation of Trinidadian schoolgirls was not earlier than 
that of girls in temperate climates. Dr. Miall described 
the surprisingly high incidence of angina found m a 
Jamaican rural population; this condition is associated 
with hypertension, high serum globulin-levels and ab- 
normal hemoglobins. Dr. Milner reporte? a family with 
hemoglobin D which was found in the course of the 
aforementioned survey. Another rarity was described by 
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Dr. McDowall of Trinidad, who reported a syndrome 
resembling rickets, but associated with hypercalcemia, 
which only affected the girls of a large Indian family. 

The meeting was attended not only by numerous 
medical. workers from the Caribbean area but also by 
representatives of the Pan-American Health Organization 
(World Health Organization), the National Institutes of 
Health, Harvard University, the Communicable Diseases 
Center, Georgia, and the Massachusetts Institute of Tech- 
nology in the United States, and the Department of 
Technical Co-operation, the Tropical Medicine Research 
Board and the Medical Research Council of Great 
Britain. 

The meeting indicated that medical research under the 
auspices of the Standing Advisory Committee is in a 
healthy and developing state and further important 
scientific contributions from the area concerned can be 
confidently expected. J. S. Garrow 


METEOROLOGICAL SATELLITES AND THE WORLD WEATHER WATCH 


HE fourth Congress of the World Meteorological 

Organization was held at Geneva during April, and 
among the major questions discussed were plans for 
future meteorological satellites and further steps towards 
a World Weather Watch. The Congress was informed of 
the agreements between Soviet and American authorities 
regarding their satellite programmes. 

Weather satellites will not, of course, replace the present 
world-wide network of meteorological stations, but will, 
as one of their main tasks, fill in the ‘blanks’ in the weather 
charts over oceans, deserts and polar regions. The United 
States will launch several more Tiros satellites in 1963 and 
1964 at approximately four-monthly intervals to ensure 
the continued availability of satellite picture data until 
their more advanced Nimbus satellite can be proved 
operationally successful. Various orbits will be tested 
and also equipment, including instruments for further 
measurements of infra-red radiation. It is hoped to test 
an automatic picture transmission system intended for 
use on Nimbus. The automatic picture transmission 
system is a remarkable new development designed to 
take and transmit pictures for reception by a relatively 
inexpensive receiving station. The Congress was cautioned, 
however, that the whole satellite programme is still in an 
experimental stage and further experience might lead to 
modifications in the apparatus. 

The Nimbus meteorological satellite will be developed 
between 1963 and 1966 and will furnish higher quality 
data than the Tiros programme and in greater quantity. 
It will be Earth orientated so that one of its three cameras. 
pointing straight downwards, will view the Earth’s 


atmosphere or surface directly below the space-craft, 
thus simplifying the problem of adjusting cloud pictures to 
fit a map. The orbit will be nearly polar to allow almost 
total daily coverage of the Earth—every part of the 
Earth (except where there is polar darkness) will be seen 
in sunlight at least once every 24 h, and the same area 
can be seen day after day (whereas the Tiros satellite can 
see @ given area for limited periods only). Electronic com- 
puters will be used to convert data into forms suitable for 
daily weather analysis and forecasting; for example, geo- 
graphic grids (latitude and longitude) will be produced to 
superimpose on the pictures, and maps showing cloud cover 
and type will be made to help to interpret the picture data. 
The solution of the problem of the general circulation 
of the atmosphere would assist the rapidly growing 
applications of meteorology to economic activities. 
Before progress can be made with this problem certain 
gaps must be filled in the existing network of observations, 
and adequate supporting communications systems estab- 
lished. The Congress decided on a comprehensive plan 
for a World Weather Watch which would include improve- 
ment of the present network, the organization of upper- 
air measurements from merchant ships, and the explora- 
tion of the possibilities of automatic weather stations, of 
weather satellites and of co-operation with oceanographic 
interests. The rapidity of scientific and technical develop- - 
ments has led the Congress to call for the establishment 
of an advisory committee of eminent scientists who will 
advise the Organization on research and operational 
problems, especially in the light of data obtainable from 
artificial satellites. W. S. Garriock 


STATISTICS OF EDUCATION IN BRITAIN 


HE Minister of Education has recently published 
Part 1 of the Statistics of Education, 1962, in an 
attractive new format*. This comprises the bulk of the 
data dealing with schools: the remainder, which deal 
with examinations for the General Certificate of 
Education, further education, awards, teacher training, 
school health and educational building, will appear 
later. 
The first section deals with births, population of school 
age, and projections of these figures to 1985. The demo- 
graphic part of the projection was undertaken by the 


* Ministry of Education. Statistics of Sener, 1962. Part 1. Pp. ii+ 
128. (London: H.M.S.0., 1963.) 20s. net. 


Government Actuary and the General Register Office; 
in addition, it was assumed that the Christmas leaving 
date would be eliminated after 1963-64, and that the 
trend towards later leaving shown in the past nine years 
would continue up to 1985. On these assumptions, the 
increase in the school population in 1985 over 1960 would 
be 28 per cent at ages 5-10, 8 per cent at ages 11-14, 
and 159 per cent at ages 15 and over. The assumptions 
imply that by 1985, 35 per cent of the 16-year-olds and 
20 per cent of the 17-year-olds will stay at school: the 
corresponding percentages in 1960 were 15 and 8. The 
magnitude of the tasks before the educational system 
will be apparent from these figures. 
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In the space available, only brief extracts from the 
statistics can be quoted. Of the sixth-form population 
the proportion of boys taking mathematics and science 
only was 57 per cent in maintained grammar schools, 
56 per cent in direct-grant schools, but only 46 per cent 
in other independent schools recognized as efficient. The 
corresponding figures for girls were 22, 23 and 17 per cent. 
Mixed arts and science courses were more frequently 
taken by girls (about 10 per cent of sixth formers) than 
by boys, where the figure was of the order of 5 per cent. 
The persistence of the differential in favour of arts subjects 
among the independent schools is of some interest. 

As regards graduate grammar school teachers of science 
subjects, contrary to general belief, the proportion of 
graduates with first-class honours is higher than among 
teachers of arts subjects: 10-2 and 10-6 per cent in main- 
tained and direct-grant schools respectively, as against 
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8-6 and 8-8 per cent in arts subjects. On the other hand, 
however, the proportion of those who have neither {irst- 
nor second-class honours is much higher among science 
teachers than among their arts colleagues (49-3 and 51-6 per 
cent as against 28:6 and 40:8 per cent). Among tho 
grammar school graduate teachers, therefore, tho second- 
class graduate is most common on the arts side; the 
third-class graduate or pass degree man on the science 
side. 

Among the teaching profession as a whole, the propor- 
tion of graduates is slowly rising, 30-5 per cent of inen 
and 12:6 per cent of women teachers held degrees in 
1962, against 25-2 per cent and 10-7 per cent in 1953. 
What is alarming, however, is the age structure of graduate 
teachers; 43 per cent of graduate teachers of mathematics 
are over 45, as against only 33 per cent of other graduato 
teachers. 


THE RESEARCH COUNCIL OF ALBERTA 


HE forty-third annual report of the Research Council 

of Alberta, covering the year 1962, includes a list of 
publications, 1958-62, and details of staff and of member- 
ship of advisory committees *. 

A research and development project of direct industrial 
significance is the pipe-line transport of solid materials, 
which is under investigation in both the Petroleum and 
Coal Divisions. In the Petroleum Division particular 
attention is directed to the flow of capsules in a liquid 
stream, while in the Coal Division the transport of slugs 
of a coal~water paste in an oil stream is being studied. 
Pipe-line transportation could go far towards solving the 
problems of long freight hauls and small local markets 
which face most Western Canadian producers, and other 
commodities which might be so transported are sulphur, 
wood pulp and grain. The Geology Division is studying 
the production of iron from Clear Hills iron ore which 
promises to produce iron powder of high quality for 
powder metallurgy from an abundant but low-grade 
material. The Coal Division is also investigating the pro- 
duction of active carbons and the chemical structure of 
humic acids, while the Natural Gas Division is investi- 
gating types of high-temperature burners suitable for 
chemical processing. About one-fifth of the research 
effort of the Council is devoted to such industrial pro- 
grammes, including almost the entire programme of the 
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Industrial Engineering Services Division. It is anticipated 
that the proportion will increase as the industriulization 
of the Province becomes more diversified and less limited 
to the production of raw materials. $ 

Mapping and evaluation of resources are conducted 
primarily by the Geology, Ground-water, and Soils 
Divisions, and to a lesser extent by the Coal Division. A 
helicopter survey has proved very successful in the 
Geology Division in obtaining preliminary information 
on an area of some 30,000 square miles in north-western 
Alberta. A six-year programme to be completed noxt 
year by the Soils Division will provide a report on the 
soil resources of about 85 million acres of northern 
Alberta. The Ground-water Division is exploring for 
ground-water supplies in areas throughout Alberta and is 
making geological and hydrological studies for several largo 
drainage areas. Mapping and survey projects constitute 
about 25 per cent of the Council’s programme. 

Almost half the activities of the Council are represented 
by long-range research projects, the remainder, including 
various co-operative investigations with other agencies, 
such as the highway research programme (which includes 
studies of physico-chemical aspects of soil behaviour, the 
evaluation of pavement behaviour and hydraulic studies), 
the hail studies programme, which attempts to elucidate 
the processes leading to the development of hail-storms and 
to the formation of hail, and the watershed research pro- 
gramme of thé Eastern Rockies Forest Conservation Board. 


OF THE EARTH’S AXIS 


By NIKOLAI POPOV 


Poltava Gravimetrical Observatory, Ukrainian S.S.R. 


HERE is a close relationship between the shape of 

the Earth, its inner structure and its rotation. 
Therefore it is possible to obtain results concerning the 
rotation of the Earth by making certain assumptions 
about its inner structure and drawing on some data 
furnished by investigations of astral motion. If, on the 
other hand, we have data on the Earth’s rotation obtained 
by astronomical observations, we can solve the inverse 
problem, that is, we can obtain some idea of the Earth’s 
inner structure. The Poltava Observatory has detected 
the nutation of the terrestrial axis predicted by the 
theory of the rotation of the Earth having a liquid core. 
The Earth’s diurnal motion is very complicated, since 
several perturbations different in magnitude- and period 


are superimposed in this case. Thus, the Earth's axis 
changes its position in space because of the attraction of 
both Moon and Sun. As a result, the terrestrial axis 
describes a cone with a period of some 26.000 years. 
Changes in the positions of the orbits of the Earth and 
Moon give rise to periodical oscillations of the terrestrial 
axis known as nutation oscillations. The nutation of the 
Earth’s rotation axis in space is composed of several 
oscillations with different periods and amplitudes. The 
largest of these oscillations (known as the main term 
of nutation) has a period of approximately 19 years 
and an amplitude of 9-218 sec of arc. Tho other nuta- 
tion terms have shorter periods and very small ampli- 
tudes. 
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Finally, the rotation axis changes its position not only 
in space but also in the body of the Earth itself. This is 
manifested in the periodic movement of the Earth’s poles 
and oscillations of geographic latitudes. Astronomical 
observations of latitude oscillations, known as latitude 
observations, have been made to examine the motion of 
the Earth’s poles and determine their co-ordinates at any 
moment of time. The latitude oscillations were discovered 
late in the past century, and many astronomical observa- 
tories have since been engaged in regular observations of 
this kind. Research in this field has shown that the 
motion of the poles is very complicated and varies some- 
what in character. The explanation is that the motion of 
the instantaneous rotation axis within the body also 
consists of several terms produced by different factors. 
Thus there are two main oscillations: one with a one- 
year period and the other with a 14-month period. The 
former is known as forced oscillation, since it is caused 
by external factors independent of the Earth’s internal 
structure, and the latter is known as free nutation, since 
it does not depend on the operation of external forces. 

The free nutation of the Harth’s axis was discovered by 
S. Chandler in the analysis of latitude observations. Even 
before that, the free nutation period had been calculated 
by Euler on the assumption that the Earth is absolutely 
rigid. The period discovered by Chandler from observa- 
tions proved to be longer than that calculated by Euler. 
Chandler did not aim at checking the classical theory of 
the Earth’s rotational motion according to which the 
the Earth is absolutely rigid. Nevertheless, his was the 
first step in the revision of the theory. Later it was 
proved that the Earth cannot be regarded as an absolutely 
rigid body. The longer period of free nutation as com- 
pared with the calculated prediction is explained by the 
Earth’s elastic properties. 

It should be noted that all the short-period terms of 
nutation (I refer to the oscillations of the rotation axis in 
space) have also been calculated from the formule of the 
classical theory of the Earth’s rotation. This theory can 
be checked only by comparing the calculated values of 
the short-period terms and those obtained from observa- 
tion. 

A new theory of the rotation of the Earth with a liquid 
core and elastic heterogeneous shell began to take shape 
about the turn of the century. In 1895, Fedor Sludsky 
proposed a detailed and rigorous analysis of the effect of 
the liquid core on the Earth’s rotation axis. He showed 
this factor to affect, most of all, the short-period terms of 
nutation. Thus, the problem of determining the short- 
period terms of nutation directly from astronomical 
observations came to the fore. The trouble, however, is 
that the amplitudes of these oscillations are very small, 
of the order of tenths, hundredths and thousandths of 
l sec of arc. Therefore, it is extremely difficult to track 
these quantities even in the most ‘accurate latitude 
observations. Nevertheless, I in Poltava (the Ukraine), 
N. Sekiguchi in Japan and H. R. Morgan in the United 
States determined in 1950 the amplitude and phase of 
the half-month term of nutation by latitude observations. 
Federov and A. Orlov calculated its exact value from the 
numerous results available of latitude observations. 
Later, I determined, at the Poltava Observatory, the 
half-year nutation wave from observations of bright 
zenith stars. 

From the investigations undertaken by Sludsky, Hoog, 
Poincaré and others on the rotation of the Earth with a 
liquid core it follows that besides the Chandler free 
nutation, there must exist another free nutation with an 
almost diurnal period. This wave depends on the com- 
pression of the liquid core. 

The new theory of the Earth’s rotation and structure 
was further developed by the British scientist, Sir Harold 
Jeffreys, and by Mikhail Molodensky. They examined 
both nutation and terrestrial tide phenomena. Molodensky 
determined the accurate value of the new free nutation 
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period. According to his theory, this period is 28h 56m 
54s of sidereal time. The amplitude of this wave was 
determined directly from observation. The results 
obtained by Dr. Nikolai Pariisky, in the investigation of 
terrestrial tides, confirm the existence of this form of 
terrestrial axis nutation. 

In his report to the Plenary Meeting of the Earth 
Rotation Commission of the Astronomical Council of the 
Academy of of Sciences of the U.S.S.R. (Kiev, April 10-13, 
1962), N. Pariisky called on the astronomers to analyse 
the results of lengthy runs of latitude observations and 
determine diurnal nutation. This should be of consider- 
able significance for confirming and developing the current 
theory of the rotation of the Earth with a compressed 
liquid core. This kind of nutational wave with a nearly 
diurnal period has not yet been detected. Now that the 
accurate value of the period has been obtained theoretic- 
ally, it is easier to determine the amplitude directly from 
observations. Therefore, despite the difficulties involved 
in the determination of very small variations, distorted 
by observation errors (systematic diurnal errors in this 
case), these investigations have been undertaken in 
Poltava. 

Two bright zenith stars, « Persei and n Ursae Major 
(the characteristics of which are given in Table 1), were 
selected for observation. 
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Table 1 
Star m a 1962.0 6 1962.0 
a Persei 1-9 3h 21m 35-928 + 49° 43° 3940” 
n Ursae Major 1-9 18h 46m 0287s + 49° 30° 08-64” 


I began these observations in 1939 using a Zeiss zenith 
telescope (object aperture, 135 mm; focal length, 1,760 
mm), and am still continuing this work. Thus, latitude 
observations over a period of 23 years can now be 
analysed. These results are valuable, however, not only 
because of a relatively large span of time and a sufficiently 
large number of latitudes observed but also owing to-the 
fact that the observations of the bright stars are the most 
suitable for determining the short-period terms in latitude 
oscillations. In this respect they have certain advantages 
over the conventional chain-programme latitude observa- 
tions, namely: 

(1) Bright stars allow diurnal and nocturnal observa- 
tions. 

(2) Observations of the same stars may continue 
throughout the year, which dispenses with the need for 
connecting different values of latitudes via the chain 
method, or introducing any corrections for the inaccuracy 
of the declinations. 

(3) These stars are situated very conveniently in right 
ascension : 7 Ursae Major culminates in 10h 24m after 
a Persei, that is. in nearly half-diurnal period. As a 
result, the diurnal variations must be manifest with a 
nearly double amplitude in the difference of the latitudes 
obtained for the two stars. The effect of the pole’s main 
periodical motion (annual and Chandler’s) in the differ- 
ences is excluded. 

The latitude’s diurnal non-polar oscillations depending 
on different factors (inaccuracy of constant aberration, 
anomalous refraction effects, temperature effects in the 
instruments, etc.) can be separated from the diurnal 
nutation of the terrestrial axis since the latter’s period is 
shorter than diurnal motion and its numerical value is 
now accurately known. 

The free diurnal nutation period obtained by Moloden- 
sky for the terrestrial core model is: 


T, = 23h 56m 54s sidereal time. 


Hence the velocity of the wave per sidereal hour is 
15-03236° (angle) and the velocity per sidereal day is: 


0) = 360-77664°. 


If there are such oscillations of the terrestrial axis in 
the latitudes observed, there must be a wave of the form: 
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Ag, = A, cos (a — u + vo) (1) 

Here ¢ is the number of culminations which have 
occurred from the initial epoch and « is the star’s right 
ascension. 

Hence we see that according to the observations of 
only one bright star for a considerable period of time, the 
diurnal variation of the latitude with a period T, can be 
defined as a wave with a period somewhat longer than 
15 months. If there is also a non-polar oscillation of the 
latitude with a period equal to a solar day, that is: 

Ag, = A, cos (to + vi) (2) 
where żọ is the hour angle of the Sun, this change of the 
latitude can be determined as a wave with an annual 
period since the Sun’s hour angle tg = a — ag which is 
the argument of the function (2), thus completing: the 
cycle for a year. Consequently, the waves (1) and (2) can 
be determined independently by harmonic analysis. 

Thus, if the instantaneous latitudes contain the wave 
A, cos (Bat — «+ vo) then in the differences of the 
latitudes obtained by the observations of g Persei and 
‘9 Ursae Major there must appear a wave of the form: 

Ag, — Aga = —2K A, sin (Oot — am + vo) 
where K = sin a, ~ —I1, om is the half sum of the direct 
ascension of the stars, and «r is the half difference. 

The differences Ag, — Aga were taken into account 
only in those cases when there were observations of both 
stars on the same or adjacent date, while single observa- 
tions could not be used. Altogether, 2.374 latitude 
differences were obtained: for the entire period. 

As from June J, 1939 (the initial epoch ¢ = 0), the 
values of the phase 0,¢ — am were calculated for each 
subsequent date of observations. Then all the differences 
Ag, — Aga with identical phases were grouped and 
averages taken over each 15°. 

Table 2 lists the phase values 0,¢ — æm, the differences 
n, weights P (proportional to the corresponding differ- 
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ences) and the differences Ag, — Aga themselves (last 
column). : 


Table 2 
Ol-4, n P doy — Apu 

232° 109 1-1 — 0-000 
247 96 1-0 — 0-016 
262 108 11 — 0-014 
277 90 09 + 0-001 
292 132 13 + 0027 
307 107 V1 + 0°054 
322 107 Vel + 0-060 
327 93 0-9 + 0-026 
352 78 0-8 + 0-034 

7 90 0-9 + 0-036 
22 75 0-8 — 0003 
37 99 10 — 0-050 
52 76 0-8 + 0-048 
67 100 10 + 0-002 
82 118 r2 + 6-039 
97 143 r1 — 0-041 
112 89 0-9 + 0-008 
127 107 11 — 0-002 
142 88 0-9 — 0-038 
157 107 1-1 — 0-007 
172 107 bi — 0-060 
187 114 11 ' — 0-029 
202 87 0-9 — 0-032 
217 84 08 i 0-000 


V 


The results given in Table 2 were used to form con- 
ditional equations which were solved by the least-squares 
method. The numerical values of the unknown waves (1) 
as well as their mean errors were obtained. Finally, we 
have: 

Ag, = 0:016” cos (0:77664°% — « + 104°) 
+ 0-004 +14 

The initial phase 104° refers to the initial epoch, 
namely, to 0h local (Poltava) sidereal time on June 1, 
1939. 

The result obtained confirms the modern theory of the 
structure and rotation of the Earth having a liquid core 
and will contribute to the development of this theory, 
which may be used for calculating several fundamental 
constants describing the motion of the planets in the 
solar system with higher accuracy than heretofore. 


FREQUENCY COMPARISON OF ATOMIC STANDARDS BY 
RADIO LINKS 
By A. M. J. MITCHELL 


Ministry of Aviation, Signals Research and Development Establishment, Christchurch, Hants 


HE relative stability of widely separated atomic 

standards has been investigated for some years by the 
use of very-low-frequency transmissions. In one class of 
experiments two measuring stations make repeated 
simultaneous measurements of the frequency of a common 
transmission against their local atomic standard. The 
difference between two simultaneous measurements is an 
estimate of the difference between the frequencies of the 
atomic standards. The scatter of the differences can arise 
from such factors as frequency fluctuations in the stand- 
ards, measurement errors attendant on the comparison 
of the received signal and the local standard, propagation 
effects and phase changes at the transmitter’*. It is 
usual to take 24 h for a single measurement to minimize 
diurnal propagation effects and enhance accuracy. 

The results of such experiments have been reported, 
for example, by Essen? and provide information on the 
relative stability of atomic standards. In this paper a 
new method for analysing the experimental results is 
proposed and tested. This analysis offers a way of 
assessing the stability of an individual atomic standard. 


(1) Theoretical Model 


In Fig. 1, two measuring stations, 4 and B, operate local 
standards of frequency fa and fe respectively. Each station 


makes simultaneous daily measurements of the common 
transmission frequency f: against its local standard and 
afterwards reports the daily fractional frequency 
difference corresponding to (fa — fr) and (fo — fr). Over 
an extended period let the mean values of these measure- 
ments be A and B respectively. 

On a particular day suppose that the transmission 
frequency is t parts in 10'°, say, above its average value. 
Station A should report the fractional frequency difference 
(fa — fo) as (A — t) but we suppose that an error a is 
made in the measurement so that Station A actually 
reports a value (4 —t+a). The error æa is the 
combined effect of a measurement error and a possible 
departure of the frequency of the atomic standard from 
its average value. Similarly, Station B reports a value 
(B — t + b) for that day. Thus the apparent difference 
between the frequencies of the atomic standards for that 
day, based on the measurements reported by the two 
stations, is (B — A + b — a). We can now write: 

Mean square deviation of measurements at A is 


6a = X(a — t)? 
: W l (1) 
Mean square deviation of measurements at B is 
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Fig.1. Modelfor two separated measurements of a common transmission 


x(b — t)? 
N 


Mean square deviation of difference between 
simultaneous measurements at A and B is 
Gap? = X(b — a)? 
a (3) 


We now suppose that the quantities a, b and t have 
Gaussian distributions about a mean value of zero and 
also that there is no correlation between a, b and t so 
that cross-products Xat, Xbt and Lab are zero if the number 


op? = 





(2) 


of pairs of measurements, N, is sufficiently large. (These 
assumptions are discussed later.) Then: 
Oa? = a2 + T oy? = BF + T Oa? = a? + p? (4) 


a, B and + are the root mean square deviations of a, b and 
t respectively. It follows that: 

= (Oa? — Ob? + oan?) /2 

B? = (on? — Oa? + Oab?)/2 

T? = (Oa? + 00? — oa*)/2 
Thus, from the experimental 
data one can derive estimates for 
the root ‘mean square deviation of 


the ‘errors’ at the two stations and +192 
also the fluctuation in the frequency RUBIDIUM 


(5) 
(6) 
(7) 


1x10" 


of the common transmission. A Wa 
(2) Tests of Model ae 
S.R.D.H.IN.P.L. measurements. ~i0 
Fig. 2 shows experimental results mate 
for the comparison of the frequency ~128 
of a Varian rubidium vapour fre- MSF -iÐ 
quency standard with the cæsium — NOMINAL 
resonator at the National Physical Fise 
Laboratory, Teddington. The Var- 
ian instrument was at our estab- xia: 
lishment, Christchurch (§.R.D.E.), 
where daily measurements were Te 
made, over a 70-day period, of the RUBIDIUM 
— NOMINAL +60 


frequency of the MSF transmis- 
sion* on 60 ke/s from Rugby. This 
same transmission is regularly meas- 
ured by the National Physical 


+567 
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ments, the middle plot to the National Physical Laboratory 
measurements and the lower plot—obtained by subtrac- 
tion—to the fractional frequency difference between the 
rubidium and cæsium atomic standards. Application 
of the analysis, given in Section (2) above, ms the 
results presented in Table 1. 


Table 1. S.R.D.E./N.P.L/MSF RESULTS 


N= : 
r.m.s. deviation of meapireiénte at S.R. D. .E.= 10x10- (ca 


ae = 1:3 x10- (ob 
i >” (B.R.D.BANE.L) = 12x 10- (aes) 
Mean frequency difference (S.R.D.E.-N.P.L,) = 59 5 x 10- (A-B) 
Y.m.s. ‘error’ at S.R.D.E. 0:5 x 10729 (a) 
10 x 10-1° 
0°8 x 10-79 (x) 
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” »” 


pan 


He fluctuation ME MSF transmission. 

In passing, the high difference frequency of 59-5 x 10-19 
results from a deliberate adjustment of the Varian instru- 
ment to a high value of offset. Considering now the 
8.R.D.E. station ‘error’ of 0-5 x 10-19, the contribution 
due to actual measurement error is estimated at 0-3 x 
10-° root mean square so that the calculated day-to-day 
fluctuation of the Varian instrument is 0-4 x 10-! root 
mean. square. 

We postpone discussion of the statistical significance of 
the estimates of «, B and + until later. It may be noted, 
however, that the strong correlation, evident in Fig. 2, 
between the National Physical Laboratory measurements 
and the calculated frequency differences between the 
cesium and rubidium instruments is statistically signifi- 
cant and connected with the fact that B/a = 2. 


(3) Very-low-frequency Comparison Data 


Three stations provided data: National Physical 
Laboratory, Teddington, England; Laboratoire Suisse de 
Recherches Horlogéres (L.8.R.H.), Neuchatel, Switzer- 
land; and National Bureau of Standards at Colorado. 
Each of these stations operates atomic standards and 
makes daily measurements of GBR (16 ke/s) from Rugby, ' 
England, and NBA (18 kc/s) from Balboa, Panama Canal 
zone. Each station reports the deviation of the transmis- 
sion frequency from nominal as defined by their local 
standard. The deviations are averages for 24 h centred 
on approximately the same epochs. 

We considered the measuring stations in pairs, first 
using the GBR data and then the NBA data. In order to 
obtain reasonable sample size the data was taken in 
consecutive three-month sets starting with the third 
quarter in 1961. The average number of pairs of observa- 
tions in a quarter was about 60, the smallest number 25 
and the largest 77. The results of applying the analysis of 
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Fig.3. Transmitter fluctuations Ay and station errors 4 
root mean square (1 x10-}°). P. L.[L.S.R.H. 
O,L. Į R.H. /N.B.S. 


Section (2), are shown graphically in Figs. 3 and 4. Fig. 3 
is concerned with the transmitter fluctuations, t, and 
the station errors, œ, for the linking transmissions GBR 
and NBA. Fig. 4 shows the frequency differences 
(B — A) between the atomic standards at L.S.R.H., 
National Bureau of Standards and the National 
Physical Laboratory. 

Considering first transmitter fluctuation, t, there are 
three ways of selecting pairs of measuring stations from 
three stations. Thus three estimates for + can be obtained 
for each quarter. In general, both for GBR and NBA, 
there is good agreement between the three estimates 
within each quarter. However, two estimates for NBA 
in the last quarter of 1962 could not be obtained since 
application of the analysis lead to negative values for 
<*. Occasional negative values of 7? might be expected 
on statistical grounds, but it seems more probable from 
the trend of the results that one or more of the assumptions 
made in the analysis is not justified in this particular 
case. In general, however, the good agreement within 
quarters supports the view that a station remote from 
a transmitter sees the same day-to-day fluctuations in 
transmission frequency as stations nearby. The average 
root mean square fluctuations for GBR and NBA are 
1-1 and 0-7 x 10-1? respectively. 

It should be noted that the GBR transmission frequency 
is steered to an internationally agreed offset (— 130 x 
10-2 in 1962) on the basis of the National Physical 
Laboratory measurements of GBR. This implies a non- 
vanishing value of Xbt in the analysis so that one would 
expect the two estimates of + involving the National 
Physical Laboratory measurements to be different from 
the third value not involving the National Physical 
Laboratory. This is not evident from Fig. 3 and we 
conclude that there is no strong correlation between 
b and ¢. 

Two estimates of the error, «, of a particular station 
can be obtained in each quarter—for a given transmission. 
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In Fig. 3 the agreement within quarters is generally good 
for all three centres and both transmissions. Two excep- 
tions may be noted where an estimate of « is missing, 
namely, L.S.R.H. in the last quarter of 1961 (GBR) and 
N.B.S. in the last quarter of 1962 (NBA). The reasons 
are probably the same as discussed here for missing + 
estimates. It would seem from an inspection of Fig. 3 
that, for a given station, « does not depend strongly on 
which transmission is used. The average value of station 
error for L.8.R.H., N.B.S. and N.P.L. is 0-6, 0-7 and 1-1 x 
10-1! (root mean square). 

We turn now to the mean quarterly frequency differ- 
ences between the three atomic standards based on the 
GBR and NBA transmissions. Each point in Fig. 4 has 
uncertainty due to the combined effect of the errors, «, of 
the two stations involved. In general, the frequency 
differences do not depend strongly on the transmission 
used and the frequency of the L.S.R.H. standard is higher 
than that situated at N.B.S.—which, in turn, is higher 
than that at N.P.L. The differences are of the order of 
0-5-1:0 x 10-1°. There are two interesting exceptions to 
these general statements. The first concerns the last 
quarter of 1962 where there are two anomalous (low) 
points based on measurements of NBA; one appears on 
the (N.B.S.-N.P.L.) graph and the other on the (L.8.R.H.— 
N.P.L.) graph. Since the corresponding point for this 
quarter on the (L.S.R.Hv-N.B.S.) graph is not exception- 
ally situated it would seem that it is the N.P.L. measure- 
ments of NBA for the last quarter of 1962 which are 
anomalous. 

The second exception concerns the second quarter of 
1962 where the GBR/NBA points on the (L.S.R.H.— 
N.B.S8.) and (L.8.R.H.-N.P.L.) graphs are low compared 
with surrounding points—whereas the corresponding 
points on the (N.B.S—N.P.L.) graphs are normally 
situated. The effect can be explained by assuming a 
temporary drop in frequency of the L.S.R.H. standard of 
about 1 x 10° L.S.R.H. has reported® that during 
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the period in question certain difficulties arose in measur- 
ing which threw some doubt on the validity of the measure- 
ments, and adjustments were made to the atomic.standard. 


(4) Significance of «, B and + 


The statistical significance of the estimates of «, B and + 
derived from the experimental results has not yet been 
calculated but in this article appeal has been made to the 
consistency of the results obtained. The reality of the 
effects assumed in the model has been established by 
calculation of correlation coefficients. 

If the result of a simultaneous measurement at stations 
A and B is A and B respectively then the correlation of 
'(B-A) with A over an extended series of measurements is 
given by: 


(8) 
Similarly the correlation of (B-A) with B is given by: 
(9) 


_ Thus pa and pẹ can be found from the experimental 
‘data and the significance of these coefficients may be 
found from tables of Student’s ¢ by calculating: 


ba = — (as? + oa? — 09?) /(200000) 


= (Can? + op? -— Sa?)/(26ad5b) 


VN 2 
P YT 


and entering the tables at (N.— 2) degrees of freedom. 

The application of these calculations to all the data 
tested lead in most cases to significant correlation 
coefficients. 


Student’s ¢ = (10) 


(5) Conclusions 


A simple analysis has been presented for the case where 
two measuring stations, each operating an atomic fre- 
quency standard, make repeated simultaneous measure- 
ments of the frequency of a common transmission. The 
difference between a pair of simultaneous measurements 
is a measure of the frequency difference between the 
atomic standards but will include a contribution due to 
measurement errors at the two stations. Considering a 
simple model which seems to be generally justified by 
results, three parameters can be calculated from the experi- 
mental data, namely, the ‘error’ at each measuring station 
and the frequency fluctuation of the common transmis- 
sion. A station ‘error’ is the combined effect of fluctua- 
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tions in the frequency of the station’s atomic standard 
and actual measurement error. The novel feature of the 
analysis is the assignment of an error value to an individual 
measuring station. 

The analysis has been applied to experiments where the 
transmission distances range between a hundred to several 
thousand miles. Calculated station errors for 8.R.D.E., 
L.S.R.H:, N.B.S. and N.P.L. were 0:5, 0-6, 0-7 and 1-1 x 
10-° (root mean square) respectively. Transmission 
fluctuation values for MSF, GBR and NBA were 0:8, 
l-1 and 0-7 x 10-?° (root mean square). It can be inferred 
that, for the measurements considered, fluctuations in 
transmission time were not appreciable. Thus the present 
precision of intercomparison of atomic standards by 
very-low-frequency radio link seems mainly limited by 
the combined effect of station errors. In the ‘GBR 
experiment”? where a trans-Atlantic comparison of cæsium- 
controlled oscillators via GBR was made, the contribution 
of transmission time fluctuations was also small and 
estimated at 0-2 x 10-!° (root mean square). A know- 
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. ledge of the magnitude of the contribution of measurement 


errors would thus enable a more refined estimate of the 
stability of atomic standards to be obtained. 

The results of the analysis described here also show 
consistent differences between the frequencies of the 
atomie standards at L.S.R.H., N.B.S. and N.P.L. of 
about 0:5 to 1-0 x 10-1, over an 18-month period. 
This presumably reflects some difference in operating 
conditions. 

Finally, the excellent stability and reproducibility of 
atomic standards should not be overlooked. This article 
is concerned with analytical techniques by which the 
stability and reproducibility may be more precisely 
defined from experimental data. 

I thank E. Fitch (S.R.D.E.) for discussions on the 
statistical aspect of the work and for devising a computer 
programme for analysing the data. The S.R.D.E. meas- 
urements were carried out by R. Hammond. 

I also thank the N.P.L., L.S.R.H. and N.B.S. for 
permission to analyse their experimental results and in 
particular to Drs. Essen, Bonanomi and Crow for helpful 
advice on the work. 
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A LABORATORY MODEL 
and 1. WILKINSON 


Department of Physics, King’s College, Newcastle upon Tyne 


E have built here a very simple example of the type 
of self-maintaining dynamo which has been sug- 
gested as the origin of the Earth’s magnetic field. 

This field is due to electric currents flowing inside the 
Earth, mainly in the liquid conducting core. As the field 
has existed for a time much longer than the electromag- 
netic decay time of the currents, the currents must be 
maintained by some process. Probably the most reason- 
able process so far suggested is that the liquid conductor is 
moving in such a way that the current induced by its 
motion in the magnetic field is such as to provide the 
initial magnetic field—a self-exciting dynamo. 

Self-exciting dynamos are very common on the surface 
of the Earth, but these rely on the insulation between 
wires to direct the induced currents into an appropriate 
path; they are multiply connected. In the Earth’s core, 


however, there is no insulation, and the whole conductor is 
simply connected; any induced currents will flow along 
paths determined by the nature of the induced #.m.¥.’s. 

Larmor? in 1920 was the first to suggest such a process 
in the Earth’s core. In common with all workers since, 
he had to assume the presence of some particular system 
of motions, and to ignore the effect of the electromagnetic 
forces on the motions. He suggested a simple axially 
symmetric velocity field, but Cowling? showed that this 
could not maintain a magnetic field indefinitely, and it 
appears that an asymmetric velocity field of some sort is 
necessary. 

Probably the most realistic mechanism proposed so far 
is that of Bullard and Gellman’ in 1954. They found that 
single-stage systems were not favourable, and used two 
superimposed motions, one a differential rotation and the 
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other a four-cell convection system. (As well as the 
observed dipole magnetic field there would be much 
larger ‘toroidal’ magnetic fields confined to the conducting 
“core.) The equations could not be solved analytically, 
and though plausible numerical solutions were obtained 
they were not able to prove rigorously that the solutions 
would converge in higher order approximation. 
In 1958, Herzenberg* was able to prove rigorously that 
a particularly simple set of motions would give steady 
state dynamo action. In his model two separate spherical 
regions of the core rotated as rigid bodies, the rest of the 
core being stationary (Fig. 1). Although Herzenberg 
did not claim that these motions were at all realistic, they 
can be thought of ag a simplified two-cell convection 
system. 
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Fig.1. The Herzenberg dynamo 


The mechanical model we have made is based on: the 
Herzenberg modèl; except that for mechanical convenience 
we have used cylinders instead of spheres, and that to 
improve the efficiency we have cut his model in half. 

The primary induction process is one in which a cylinder 
rotates in an axial applied field (Fig. 2). Radial u.m.r.’s 
are induced in the cylinder, and if this is in electrical 
contact with the surrounding stationary conductor these 
E.M.F.’s lead to current flows in axially symmetric toroidal 
surfaces. This current system gives a ‘toroidal’ magnetic 
field, with lines of force which are closed circles about the 
axis. The induced field is proportional to the applied 
field and the velocity. (If both ends of the cylinder are 
active there is an oppositely directed field at the top end, 
A quadrupole-type rather than dipole-type behavi- 
our. 

In our mechanical model the two cylinders are side by 
side (Fig. 3) with their axes at right-angles so that the 
induced field of each is directed along the axis of the other. 
The cylinders rotate in cylindrical cavities in a block of 
the same material, electrical contact over the bottom ends 
and curved surfaces being made by a thin layer of mercury. 


(0%) 


Ho 





r 


Fig. 2. Induced currents in surrounding conductor given by cylinder 
rotating in axial applied field 
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Fig. 3. Schematic diagram of our dynamo model 


If the directions of rotation are appropriate, then any 
applied field along an axis of rotation will lead, after two 
stages of induction, to a parallel induced field. If the 
velocities are large enough the induced field will be as 
large or larger than the applied field, and the applied field 
is no longer needed, the system now being self-maintain- 
ing. (In some respects this system is like a two-stage 
amplifier with positive feedback, the amplifier becoming 
unstable when the loop gain is greater than +1.) Because 
of the asymmetry of the surrounding block, the induced 
currents and magnetic fields are distorted to some extent, 
and there is some. induced field outside the block. 

For cylinders of radius a each rotating at velocity œ the 
system becomes self-maintaining when the non-dimen- 
sional parameter cua? is equal to some critical value 
determined by the geometry. In the steady state, and for 
constant u, the velocities cannot exceed this critical value; 
any attempt to drive the system faster would simply 
increase the induced currents and fields until all the 
available power was converted into Joule heating. 

For the laboratory model we have used an iron alloy 
{‘Perminvar’) for which y = 250 (and is constant for small 
fields), o = 5 x 10-5 E.M.U., and have made a = 3-5 cm. 
Unfortunately the size of the available casting limited the 
spacing between cylinder axes to 8 cm. It appeared that 
because of this the field induced by one cylinder was 
sufficiently non-uniform at the other for quadrupole-type 
rather than dipole-type fields to be produced. By 
observation of its behaviour at lower speeds it was deduced 
that its critical speed was 9,000 r.p.m., which was un- 
attainable. 

The reverse current systems near the tops of the 
cylinders were inhibited by non-conducting layers covering 
the upper parts of the curved surfaces, and this modified 
model had a critical speed of 1,800 r.p.m. Fig. 4 shows 
how the induced field observed outside the block increased 
as the speed of one of the cylinders was increased, the 
other rotating at constant speed; the block was initially 
nominally demagnetized and in nominally zero field. 


h 


We = 2650 rpm. 





wi 
(0) I000 


Fig, 4. External induced fleld from modified model as velocity is 
increased 
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The initial slow increase of field is due to slight remanence, 
and the sudden large increase to the onset of dynamo 
action. At large fields u decreases, and the velocity is 
therefore allowed to increase. 

For either of the correct combinations of direction of 
“rotation (+ + or ——) the model is self-maintaining for 
fields of either sign, and the magnitude of the induced field 
is independent of any external field and is limited only 
by the available power; fields of 1,000 gauss can easily 
be obtained in the block. The incorrect combinations of 
rotation (+— or — +) give only small induced fields, 
dependent on external fields. 

Our laboratory model is inevitably somewhat inhomo- 
geneous because of the mercury layer; however, this is 
not significant (except in reducing the effective o and y). 
The addition of the insulating layer is perhaps more open 
to objection; however, it was done only to reduce the 
critical speed to an attainable value, and there was ample 
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evidence that the unmodified system would in fact behave 
as a dynamo with a higher critical speed. Even with 
the insulation the laboratory model is simply connected, 
as is the Earth’s core. 

We therefore claim to have made a working model 
of what is effectively a homogeneous self-maintaining 
dynamo. This is an experimental verification of the very 
elaborate proof which Herzenberg had to use, and makes 
even more plausible a dynamo mechanism for the main- 
tenance of the Earth’s magnetic field, such as that dis- 
cussed by Bullard and Gellman. 

This work was supported in part by the Department of 
Scientific and Industrial Research, and in part by the 
U.S. Air Force Cambridge Research Laboratories. 
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THEORIES OF LATTICE SUBSTITUTIONS 


By Dr. THELMA ISAACS 
[Department of Geology, University of Sheffield’ 


T has long been known that natural minerals rarely 

are pure end-members, but usually contain varying 
amounts of ‘foreign’ elements. This inclusion of other 
atoms follows a pattern, that is to say not any element 
can substitute for any other one, but only certain ones 
for each other in. the lattices. 

Orders of crystallization and lattice substitutions were 
first investigated by Goldschmidt! and he formulated his 
now famous set of rules based on the supposition that 
mineral structures were ionic. But these rules were 
eventually found. to be inadequate because of this 
assumption of ionic bonding. Non-ionic bonding also had 
to be considered. Where much covalent bonding is 
present, the structure will be determined mainly by the 
directional properties of these bonds. The number and 
types of orbitals available for the formation of bonds will 
determine the type of covalent bond. Fyfe? stated that, 
in ionic compounds, two atoms are mutually replaceable 
if their sizes are similar, and in covalent compounds if 
the number and directional properties of the bonds are 
similar. Further investigations*-* led to considerations of 
electro-negativities and their influence on substitutions 
and orders of crystallization. A new set of rules, based in 
part on Goldschmidt’s old rules which were altered to 
conform to the results of these investigations, was 
formulated’. Both the non-complex and the complex- 
forming ions were considered in their relationship to 
magmatic conditions. These rules are not universal in 
their application however, as non-magmatic phenomena 
were essentially ignored. There are situations also which 
cannot be explained by them, and some which are in 
direct contradiction to them. 

Ascording to Ringwood’s rules, cobalt. should be 
enriched in late stages but this has not been observed’. 

Investigations of transition metal carbonates’ show that 
the rate of formation of these compounds varies; there 
is an increase in time required for the formation of 
anhydrous carbonates as we go from Mn** through to 
Ni2+, and CuCO, was never synthesized. As the electro- 
negativity values of these metals are the same, with the 
exception of Mn?+, and the ionic radii are similar®, 
Ringwood’s rules cannot be used. A satisfactory explena- 
tion has been made using ligand field theory. 

A. set of rules should also explain distortions caused by 
the substitution of one element for another in a structure. 
It is well known, for example, that distortions in spinels 
occur when transition metals are substituted and that 


inverse structures often are formed. Mn,O, forms a 
normal spinel while Fe,0, an inverse one. From ligand 
field theory, we can see that Mn** is stabilized by a crystal 
field and therefore will go into the site. which provides 
the maximum crystal field stabilization, which is the 
octahedral site. Fe®+ is also sensitive to crystal fields 
whereas Fe** is not, so that Fe?+ will go into the octahedral 
sites. Site preference energies for various ions can be 
determined if the values of delta are known’. In spinel 
structures we should expect a large deviation from cubic 
symmetry when dt and d? ions are in octahedral sites and 
d?, d‘, d8, and d? ions in tetrahedral sites because of the 
Jahn-Teller effect on the ligand field splittings!*. Oxides 
with the perovskite structure containing transition metals, 
and monoxides of transition metals also show distortions 
from ideal structures. Other examples of distortions in 
analogous compounds with the substitution of certain 
transition metals can also be cited. 

Tn garnets, several ions will compete for different sites 
during their formation, and certain ones appear to be 
preferred. The mineral, uvarovite, usually is a solid 
solution between grossularite and uvarovite rather than 
one between andradite and uvarovite. It would appear 
that Al%+ is preferred to Fe%+ in substitution for Orët, 
yet Al?+ has a smaller ionic radius than Fe*+, although its 
electro-negativity is somewhat closer to that of Cr+. It 
is hoped, that investigations on the mineralogy of uvarovite 
at present being conducted by me will show reasons 
for this apparent preference, these explanations to be 
based on ligand field theory. 

We must also find explanations for such a phenomenon 
as the differentiation in carbonatites. It would appear 
that the order of formation is calcium—magnesium-iron 
carbonates! 

Further, a theory must take into account the kinetics 
of reactions as well as the thermodynamics. Where two 
atoms of approximately equal electro-negativities and 
ionic radii compete for a lattice position, that with the 
higher lability will be preferentially incorporated. Lability 
is related to electron configuration in the bonding shell. 

We must remember that electro-negativity is a derived 
property not a fundamental one. It would be better to 
look at the electronic configuration of the elements for 
explanations of crystal chemical phenomena. Perhaps a 
step backwards to Goldschmidt might not be inappro- 
priate. Let us recall that he states that. the partition of 
the elements is according to their chemical affinity, this 
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affinity being closely related to the structure of the 
electronic shells of the atoms'!. He assumed that crystals 
were ionic compounds, but we now know that we must 
consider covalent bonding instead. We must consider 
packing from the point of view of effective radii rather than 
purely ionic or covalent radii. Geller!? obtained different 
values from those of Pauling or Goldschmidt for the radii 
of a number of elements when he determined them in 
perovskite-like structures. We know that there is a range 
of radius ratios which is consistent with type of co-ordina- 
tion. 

A regular octahedral environment is the most favourable 
one for a spherical positive ion surrounded by six negative 
ions or six dipolar molecules. But for certain ions with 
unfilled d-shells, this environment is unstable as the ions 
are not spherically symmetrical. We can see, therefore, 
that effective radius is only one factor to be considered. 
Another is the configuration of the bonding electronic 
shell. In a series of analogous compounds, some distort 
while others do not. For example, fluorides of Fe, 
Co*+, Ni®+, and Zn?+ all have the rutile structure while 
those of Cr*+ and Cu? have distorted rutile structures. 
This is not explained by packing, but by distortions in 
the d-shell®. We should theoretically expect large ions 
such as Agt, Aut, and Hg*+ to occur in environments of 
high co-ordination number, but many compounds of 
these metals contain linearly co-ordinated metal ions. 
Hg** is rarely found in octahedral environments despite 
its size; in this case the small d-s separation is the probable 
explanation’. 

Diadochy is understood to be an exactly equivalent 
substitution of one atom or ion for another. Perhaps it 
should be re-defined to be substitution of one atom or ion 
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for another in the same lattice position, the substitution 
not necessarily being exactly equivalent, as true diadochy 
probably is rare. 

We want, after all, an explanation which will fit all 
substitutions, not just one with application to magmatic 
conditions. In sediments, an understanding of the 
behaviour of ions in aqueous environments is essential. 

In theories of substitutions (or camouflage with 
accompanying enrichment and capture) we must therefore 
take into account effective radii, configuration of bonding 
electrons (ligand field splittings) and charges as well as 
the derived properties of ionization potential and electro- 
negativities. Ultimately, the answer will probably lie in 
the electronic configuration in a particular field as all 
other properties (for example, effective radii) are at least 
indirectly derived from this structure. 

I thank C. Curtis for helpful discussions and for reading 
the manuscript. 

This communication was written while I was the Lever- 
hulme Visiting Fellow at the University of Sheffield. 
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IMPORTANCE OF ELECTROLYTE IN THE DETERMINATION OF MOLECULAR 
WEIGHTS BY ‘SEPHADEX’ GEL FILTRATION, WITH 
- ESPECIAL REFERENCE TO HUMIC ACID 


By Dr. A. M. POSNER 


Department of Agricultural Chemistry, Waite Agricultural Research Institute, 
University of Adelaide 


HE use of certain types of gel to fractionate mixtures 

of molecules by their size (approximate molecular 
weight) is of increasing interest. Among gel materials 
used have been starch’, agar?, and the synthetic cross- 
linked polydextrans, ‘Sephadex’ (Pharmacia, Uppsala)’. 
This article deals with the use of ‘Sephadex’ molecular 
sieves for the fraetionation of humic acids extracted from 
soil. : 

Gel filtration appears to function through the exclusion 
of molecules greater than a particular size from pores in 
the hydrated gel particles. The critical size of the pores is 
determined by the grade of ‘Sephadex’. The gel is set up 
in the form of a column and the technique is similar to 
that used in elution chromatography. The excluded 
molecules then move down the column of gel at a faster 
rate than those that are occluded by the gel particles. 
The larger molecules appear as a band to be followed 
later by a band of smaller moleciles. 

The humic acid, used in this work was extracted by 
Evans’s method‘, using 2:1 sodium carbonate/sodium 
bicarbonate as extractant at a total strength of 0-4 N 
and temperature of 60°-70° ©. 

The humic acids, which were obtained as freeze-dried 
powders, were dissolved in equivalent amounts of 
ammonium hydroxide to give a final concentration of 
about 2-5 mg/ml. and pH 7-0. Fresh solutions, which 
were stored at 4° C, were made up every 1—2 weeks. 


The humic acid present in the effluent was estimated 
by optical density measurements at 260 my. in a 0-5-cm 
silica cell using a Shimadzu QR 50 spectrophotometer. 

When the ‘Sephadex’ is used in the manner usually 
recommended, fractionation of simple aromatic com- 
pounds and proteins containing aromatic rings is com- 
plicated by adsorption’. Except for ‘G25’, adsorption is 
particularly noticeable for all grades, recovery of material 
within two column volumes being very low, while frac- 
tionation is poor with all grades. This unsatisfactory 
performance has been traced to the use of electrolyte 


Table 1. CHARACTERISTIOS OF SOILS AND HUMIO ACIDS USED 
Soil* sample 90 pg 


Red brown earth 
(Urrbræ loam series) 
aso te since Fallow/wheat 

19: 


History Y b 
rotation since 


1925 
Carbon} (per cent) 2-16 LIO 
Organic matter 

-Yield on soii (per cent) 0-34 24 

Ash (per cent) <i <0 
Exchange capacity (m.equiv./100 g) 

(electrometric titration) 388 H4 
Extinction coefficient of ammonium 
salt (1 per cent in water, 1 cm at 

260 in 398 445 


* 0-2-5 in. sampling in February 1961 during a dry summer. Soil 98 was 
Sampled after the wheat was harvested. 
+ Walkley-Black method after correction for 70 per cent recovery. 


eed 
pond 
D 
nN 


wv o e m wW o e 
Chloride normality 


Optical density of effluent at 260 my (0-5 cm cell) 
j 





5 10 15 
Effluent (ml.} 


Fig. 1. Fractionation of humic acid 90 on ‘G50 Sephadex’. Sample: 

0-2 na of ammonium humate (2-48 mg/ml.}. Column dimensions: 

15 x lem. a, Sample and eluant, 0-05 N with respect to ammonium - 

chloride; 0, distilled water eluant; c, sample 02 N with respect to 
ammonium chloride distilled water eluant 


(ammonium chloride) in the test sample and eluant 
(Fig. la) advocated to suppress the small negative elec- 
trical charge on the ‘Sephadex’. Unless this is done, even 
the small molecules, if they carry a charge, will be ex- 
cluded. Humic acid carries a large charge under the 
present conditions of use. 

If distilled water is used as eluant, good recovery but 
complete exclusion (no fractionation) is obtained due to 
the charge effect mentioned here (Fig. 1b). This difficulty 
is overcome by including electrolyte (ammonium chloride) 
with the sample to be fractionated and using distilled 
water as eluant. The salt is added as a concentrated 
solution immediately before fractionation to give a final 
concentration of the required value. Good, sharp and 
reproducible fractionation can thereby be achieved 
(Fig. lc). Analysis of the eluant for Cl’ shows that it 
emerges from the column just before the second band B, 
there being some overlap of the Cl’ and B band. 

It is not possible to choose a concentration of electro- 
lyte for the eluant which eliminates simultaneously 
adsorption and the exclusion effect of the charge. 
_ The limited amount of chloride permits the occlusion 

of the small molecules without causing irreversible 
adsorption of the large ones; the latter are therefore able 
to move ahead of the chloride. As the Cl’ moves down the 
column the smaller humic acid molecules are ejected from 
the ‘Sephadex’ and appear slightly behind the band of 
electrolyte. 

The humic acid has been divided up into two bands or 
fractions (A and B, leading and rear, respectively), the 
point of division being at the minimum between the two 
bands. For the various grades of ‘Sephadex’ used, the 
recovery of 260 my absorbing material is 90-95 per cent 
within two column volumes. When the results are 
expressed as a percentage of the material placed on the 
column, the proportion of each component (A or B) is 
reproducible to within + 1 per cent of the original 
material. 

The size of the A band is independent of the electrolyte 
concentration of the test sample within the range 0-4 to 
0-1 N. Above 0-4 N, the A band tends to become more 
diffuse, which no doubt results from some adsorption 
before complete separation of the A band. At electrolyte 
concentrations significantly below 0-1 N part of the 
B band may escape from behind the electrolyte and 
appear at the rear of the A band. The columns were kept 
as short as possible consistent with adequate separation 
to minimize losses by adsorption. 
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The efficiency of fractionation was examined by 
removing the B band of humic acid 90 separated on 
‘G75’, making it 0-2 N with respect to ammonium chloride 
and re-running it on the same column. 91 per cent of the 
material of this band ran in the same position as it did 
in the original fractionation. Little difference in the 
original fractionation was achieved by placing half the 
electrolyte as a layer immediately before loading the 
column with the sample. 

Comparison of extinction coefficient ratios of the A 
and B bands at varying ultra-violet wave-lengths indi- 
cates that the analytical use of 260 my to represent these 
bands is satisfactory. 

An attempt was made to check the effectiveness of the 
size fractionation of the humic acid passing the ‘G200’ 
grades and also lying between the ‘G200’ and ‘G100’ 
grades. Sedimentation velocities in 0-1 N ammonium 
chloride were determined with a Spinco model E 
analytical ultracentrifuge using ultra-violet optics. These 
were determined at 44,770 r.p.m. for the ‘200’ fraction 
and 59,780 r.p.m. for the ‘&200-G100 fraction. 

Sharp sedimentation boundaries were not obtained, 
illustrating the polydisperse nature of these fractions. A 
mean S, was calculated by averaging the boundary 
movement with respect to optical density; the results 
are given in Fig. 2. Since diffusion coefficients and partiat 
specific volumes have not been found in the present 
investigation, molecular weights cannot be assigned to 
the fractions. Reasonable values for these quantities 
would be 4 x 10-7 cm? sec~ and 0-7, respectively®, leading 
to average molecular weights òf about 70,000 and 
200,000 for the two fractions. These values are reason- 
ably consistent with the ‘Sephadex’ range given, although 
the former value is somewhat low. If the humic acid 
molecules are more asymmetric than the dextrans used 
by the manufacturers to calibrate ‘Sephadex’, then it is 
likely that any particular grade of ‘Sephadex’ will exclude 
lower molecular weight humic acids than the nominal 
value would indicate. 


Fallow wheat rotation 
Continuous pasture 


Percentage of 260 mu absorbing matorial in 
each range 





Less reater 
than 4,000- 9,009- 40,000- 109,000- than 
4,000 9,000 40,000 100,000 200,000 200,000 


‘Sephadex’ molecular weight range 


Fig. 2. Distribution of Sephadex? R weights in samples of 

humic acid, Sample charge: 2:5 neg humic acid/ml.). 

Ammonium chloride erat EE mia & istilled water eluant. 
Column dimensions: 15 x 1 em for all grades except ‘G200’, 


Columns of ‘G200 Sephadex’ rapidly became impermeable due to the 
packing of the gel under its own weight. If the column is packed with 
glass beads (4-5 mm diam.) to within 1-2 cm of the top of the gel, the 
load is taken off the gel and appreciable permeability is achieved. The 
bulk of the gel thus lies in the interstices between the beads. Immediately 
before use the column is shaken with about 10 ml. of distilled water and 
the gel re-distributed by allowing the excess water to drain away. 
Column dimensions = 17-5 x 1:7 cm. Volume of beads = 22 ml. 
For all grades of ‘Sephadex’ the break through volume (Va) of the 
excluded molecules was 1-2 ml. lower than the value calculated from 
the relationship (ref. 6) as follows: 


Ve= Vt — abt We 


where Vt = total gel volume; a = dry weight of ‘Sephadex’; 
regain; d = wet density 


Wr = water 
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Fig. 2 shows the composition of the 260 my absorbing 
material as a function of the nominal molecular weight 
range of molecules excluded by the available grades of 
‘Sephadex’. A distribution curve is obtained which clearly 
illustrates the polydisperse nature of the humic acids and 
shows two distribution maxima. 

Values reported in the literature for the molecular 
weight of humic acid vary from 600 to 50,000 (ref. 7), 
depending on source and extraction method. The poly- 
disperse nature of these humic acids has been recognized 
from other ultracentrifuge investigations®.*. Piret eż al.° 
indicate that for the particular humic acid derived from 
peat that they examined, 90 per cent of the material had 
a molecular weight less than 300,000. 

Current views on the origin of humic acid suggest that 
it is formed by various polymerization and polycondensa- 
tion reactions between products derived from the 
microbiological degradation of dead plant and animal 
tissue’*-12, The exact mechanism, route and starting 
materials for these processes is still uncertain although 
it seems to be agreed that two pathways will be 
involved, the first beginning with intermediates from 
the easily decomposed cellulosic, carbohydrate and pro- 
teinaceous substances and the second beginning with the 
less readily decomposed lignin. 

A simple polymerization and polycondensation equi- 
librium might have been expected to lead to æ single 
maximum in the distribution curve. The presence of two 
such maxima conforms to the idea of two starting 
materials of differing stability. It is tentatively suggested 
that the high molecular weight group Fig. 2 (D), which 
has the darker brown colour, is derived from lignin, while 
the lighter coloured group Fig. 2 (C) of lower molecular 
weight components is derived from the easily decomposed 
plant materials and from degradation of the high mole- 
cular weight group (D). Some preliminary wet com- 
bustions indicate that the D group has a higher carbon 
and/or hydrogen content that the C group. 

The extent to which lignin needs to be modified for 
incorporation into humic acid is uncertain’*, Complete!?-1? 
degradation to simple aromatic components before re- 
synthesis would probably have led to appreciable overlap 
of the two groups, and it is suggested that modification 
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(for example, cyclization, condensation etc.), of the lignin 
may occur without the loss of its high molecular weight 
character. 

Comparison of the results (Fig. 2) obtained for humic 
acids derived from soils under continuous pasture and 
wheat fallow rotation shows that apart from causing u 
loss of total organic matter, cultivation leads to a shift 
in the humic acid equilibrium from the high to low 
molecular weight group of components. This presumably 
occurs because, under cultivation, conditions are favourable 
for the oxidative degradation of the high molecular weight 
group, which are therefore unable to build up in amount. 
Random degradation of this group would give rise to 
overlap between the two groups (C) and (D). The absence 
of this for the cultivated soil indicates that degradation 
occurs by the removal of relatively small fragments of 
the high molecular weight group". 

Gel filtration as outlined here would seem to offer a 
new tool for the study of humic acids. Other gels, for 
example, agar, and conditions of fractionation are being 
examined. Further calibration work is being carried out 
with the view of examining humic acids, derived from 
various sources and methods of extraction. 

I thank Dr. D. J. Greenland for information on the 
soils used. I also thank Mr. R. Lilley for his assistance 
and Mr. R. Connolly for the ultracentrifuge determina- 
tions. 
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MOLECULAR WEIGHT DISTRIBUTION CHANGES IN POLYMERS ON 


IRRADIATION - 


By M. A. CROOK and F. S. WALKER 
British Insulated Callender’s Cables, Ltd., Research Organization, London, W.12 


HE molecular weight distribution of a polymer has 

an important influence on its physical and mechanical 
properties and there has been a recent increase in the 
range of techniques available for investigating this type of 
problem!. One of the simplest and effective methods is 
that devised by Baker and Williams?, of gradient elution 
analysis, and this technique has been used here to study 
the constitutional changes produced* by high-energy 
radiation on a sample of polyvinyl chloride. 

The form of apparatus used was similar in most respects 
to that of Baker and Williams. A 3-cm diameter column, 
75 cm long, packed with glass beads of average diameter 
0-1 mm, was used to fractionate a sample of about 2 g 
of polyvinyl chloride powder. A temperature gradient 
of 60°-25° C was utilized controlled to + 0-5° C by therm- 
istors in the column and solvent gradient obtained by 
adding 80 : 20 v/v cyclohexanone/methyl alcohol to pure 
methyl alcohol in a 500-ml. mixing chamber. Polymer 
was added to the column by first precipitating with methyl 
alcohol on to some glass beads, washing by decantation and 


then adding to the column as a slurry in methyl alcohol. 
An eluate flow rate of 1-5 ml./h was attempted and more 
than 100 fractions were collected, of which, at least two- 
thirds contained a weighable amount of polymer. The 
polymer fractions were isolated by precipitation with 
methyl alcohol and centrifuging, followed by vacuum 
drying to constant weight. Recovery of the unirradiated 
material was about 90 per cent, and for the irradiated 
polymers 80 per cent. The molecular weight of the 
individual fractions was obtained by viscometric measure- 
ments over a range of concentrations using Ubbelohde 
dilution viscometers. The fractions were bulked together 
where necessary to give sufficient material for efficient 
working; also it was found that concentrations of less 
than 1 g/l. gave spurious results. In general, Huggins’s 
relationship? was obeyed except for the high molecular 
weight fractions of the vacuum-irradiated material. 
As this anomaly was not shown by the unirradiated 
material it was presumed to be due to the presence of 
branched chain material‘. Similarly the relationship 
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Fig. 1. Molecular weight distribution curves for: (a) unirradiated 
polyvinyl chloride; (b) vacuum-irradiated polyvinyl chloride; (c) air- 
irradiated polyvinyl chloride 
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Fig. 2. A log plot of the relationship [logN,/N]a proportional to the 
imiting viscosity number 


Nodo = Frees was obeyed where n, is the viscosity of the, 


polymer Teli fractionation, w, the total weight of poly- 
mer recovered and n; the viscosity of the fraction of weight 
Ot. ` 

Three samples of the same batch of polymer were 
fractionated; (a) polyvinyl chloride powder of molecular 
weight approximately 100,000, shown by chemical 
analysis to contain 56-3 per cent chlorine; (b) polyvinyl 
chloride powder irradiated under high vacuum to a dose of 
6 megarads in a cobalt-60 y-source; (c) polyvinyl chloride 
powder irradiated in airat room temperature to a dose of 
6 megarads by 2-MeV electrons from a Van de Graaff 
particle accelerator. The results obtained are shown in 
Fig. 1. 

Gi Unirradiated polyvinyl chloride. The molecular 
weight distribution curve obtained does not readily fit 
any equation for the well-known simple distribution 
forms; however, the data fit a general equation of the 
formë: 


w: = y(LVN jae PVN) (1) 


- Where œ; equals weight of the ith fraction of limiting 
viscosity (LVN). The values of the constants for this 


equation so obtained are: «= 3; B = 2-2 x 10°; 
y= 3-9 x 10-4. 
(b) Vacuum- irradiated polyvinyl “chloride. The con- 


siderable increase in the proportion of high molecular 
weight material shows that cross-linking has occurred and 
that most of the cross-linked material has come from the 
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high molecular weight material suggesting that cross- 
linking is a random process. The absence of any increase 
in low molecular weight material indicates an almost 
complete lack of degradation. The actual form of the 
molecular weight changes are rather complex; however, 
an approximation to their behaviour may be obtained in 
the following manner. A simple statistical approach 
would predict that the rate of loss of molecules of a 
particular molecular weight, say, A, will be related to the 
dose (k,I), the probability P, of a cross-link occurring per 
chain unit, and to N4 the number of molecules having 
U4 chain units of weight in the molecule. Then: 
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dN 
Et} = PUAN ak (2) 
On integration of this expression and using the condition 


that when R = 0; N = N,, where R is the dose received 
by the polymer, this equation is obtained: 


N P, 
Moge n = P,Ua . R = — . MnaR (3) 


Where Mna is the molecular weight of the polymer, this 
is similar in form to an equation derived by Bovey® for 
the cross-linking of a polymer with a random distribution. 

Fig. 2 shows the results for runs (a) and (b) plotted for 
this relationship in a logarithmic form using limiting 
viscosity as a, measure of molecular weight. The logarith- 
mic form is required as there does not seem to be a strict 
proportionality between molecular weight and limiting 
viscosity number. 

(c) Air-irradiated polyvinyl chloride. Fig. 1 shows not 
only a decrease in molecular weight but also an apparent 
change in the type of distribution which occurs on irradia- 
tion in air. The molecular weight distribution so obtained 
does not accurately fit the general form of equation 
obeyed by the unirradiated material, and cannot be fitted 
to a further application of the statistical theory. - A simple 
degradation theory similar to that first deduced by Wat- 
son’? can be evolved making the following assumptions: 
that molecules of size A are present either by: (1) a single 
fracture of a chain of size greater than A; (2) double 
fracture of a chain A units apart; or (3) the number of 
molecules of size A of the initial numbers which did not 
undergo scission, so that: 


ao 
Nan = 2P2(1 — Pp) 41 f 
Atl 


(x — 1 — A) Naw.da + 
Pat Na (4) 


Na de 


ao 
+ P,*(l P) J 
4+1 


(1 — 


Where Nar) = total number of molecules of size A 
found after degradation; P, = the probability that a 
chain scission will occur between any two units; Na= 
the number of molecules of size X given that X is greater 
than A. 

Now Ng can be replaced by the distribution function 
found for this polymer and given in equation (1), whence 
equation (3) can be integrated, although the resulting 
expression is too complicated to be of much practical 
value. Another possible way of solving equation. (4) is 


by graphical determination of the terms i w xdg and Na. 


Both these methods were atean but neither 
gavə expressions which fit the experimental results 
obtained nor are the results`similar to those found for 
thermal degradation processes’, 

Graphical integration will also give relative values of 
the various degrees of polymerization. Using the notation 
adopted by Charlesby® the relative values shown in 
Table 1 have been obtained. 
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Table 1. RELATIVE VALUES OF THE VARIOUS DEGREES 
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Unirradiated Vacuum Air 
Parameter material irradiated irradiated 
d = sn (uy 3-1 x 10+ 29 x 10-4 46 x 10- 
Ai = En (uju 28 x 107 2-8 x 10-7 28 x 10- 
Ay = Sn (uju? 3-0 3-95 2-0 
MnjMw 0-54 0-42 0-546 


The ratio Mn/Mw was obtained by calculation of the 
cross-linking index [0-13 for 6 megarads] and the cross- 
linking coefficient [0-24 for 6 megarads], the ratio of these 
gives Mn/Mw for the unirradiated material from which 
the ratio for the irradiated material is obtained. 

(>From these distribution functions and from the statisti- 
cal theory given here, it can be concluded that, on 
irradiation of polyvinyl chloride with a nearly random 
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obeys a simple statistical theory while the degradation 
process does not obey any such simple idea. 

We thank Dr. R. M. Black for his advice and Dr. L. G. 
Brazier, director of research, of this Company, for permise 
sion to publish this article. 
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STRUCTURE OF POLY-L-PROLINE | 
By Dr. W. TRAUB and U. SHMUEL! 


Department of X-ray Crystallography, Weizmann Institute of Science, 
Rehovoth, Israel x 


OLY-L-PROLINE has been found to exist in two 
distinct forms?. Form I of the polymer, which has a 
specific optical rotation [a2 = + 50° in acetic acid, 
mutarotates in acetic acid and other solvents to poly-L- 
proline IT, which has a specific rotation [af = ~ 540° 
(ref. 2). Reverse mutarotation of form II to form I in 
alcoholic media has also been observed’. Similar muta- 
rotational transitions from one form to another have been 
observed in several other poly-«-imino acids, including 
poly-O-acetyl-t-hydroxyproline*, poly-z-pipecolie acid‘, 
and polydehydro-1-proline’. Before the work recorded 
here, the molecular configuration of only one of these 
polymer forms, the levorotatory poly-t-proline II, had 
been elucidated. From X-ray diffraction studies it was 
found to have a left-handed helical structure with peptide 
bonds in the trans configuration, the helix having three 
proline residues per turn and a residue repeat distance 
of 3-12 A (ref. 6). This article describes our X-ray 
investigations of the structure of poly-t-proline I. 
Samples of poly-u-proline I of 10,000-15,000 molecular 
weight were obtained from the Biophysics Department of 
this Institute. X-ray powder photographs of the original 
preparations, which had been precipitated with ether 
from the polymerization medium, pyridine, showed only 
a few diffuse rings. However, when the material was 
recrystallized from one of several solvents, including 
propionic and acetic acids and ethyl alcohol, it gave a 
highly crystalline X-ray pattern on which nearly 20 lines 
could be measured. This diffraction pattern was first 
reported by Sasisekharan’, who, on the 
basis of optical rotation measurements, 
ascribed it to a new form of poly-1- 
proline, intermediate between forms I 
and II. Sasisekharan’s diffraction pat- 
tern, however, showed evidence of poly-- 
proline IT contamination, and we found 
that, by treating poly-u-proline I with 
ethyl alcohol (which, unlike the other 
solvents used by Sasisekharan, does not 
cause mutarotation), we- were able to 
prepare specimens giving the crystalline 
diffraction pattern and yet having the 
same specific rotation as poly-L-proline I. 
We were also able to obtain partially 
oriented photographs with films grown 
from a solution of form I in ethyl alcohol 
and with fibres drawn from propionic acid 
solution. 
A series of equatorially oriented re- 
flexions at 7:84 A, 449 Å., 3-92 A, 


and 2-94 A indicates a hexagonal or pseudo-hexagonal 
unit cell with a = 9-05 A. If, furthermore, the c axis 
is taken equal to 19-0 A, all the X-ray spectra can 
be satisfactorily indexed in accordance with their ob- 
served spacings and orientations. The observed density, 
measured by flotation in a chloroform—benzene mixture, 
is 1:24 g cm-*. This indicates that there are ten proline 
residues per unit cell, for which the calculated density is 
1-20gcm-. As 19-0 A is an exact crystallographic repeat, 
the ten proline residues must correspond to an integral 
number of helical turns. A systematic examination of 
possible configurations with the aid of Courtauld space- 
filling models showed that the ten residues must comprise 
three helical turns, thus implying a helical screw axis 
with a translation of 1:90 A and a rotation of 108°. This 
result was also found to be in accord with helical diffraction 
theory’. 

Models incorporating this helical screw axis and various 
alternative polypeptide backbone configurations were 
carefully constructed from brass rods. From an examina- 
tion of these and the space-filling models, it was found that 
only a right-handed helical structure, with peptide bonds 
in the cis configuration, could be built to the foregoing 
helical dimensions and also conform with accepted values 
of bond distances, bond angles and van der Waals con- 
tacts. This result was confirmed by accurate geometrical 
constructions based on cyclographic projections’, which 
were also used to determine the cylindrical co-ordinates 
of the atoms in the peptide group. Dimensions of the 





Fig. 1. Bond angles and bond distances of poly-L-proline T 





Fig. 2. 


peptide group used in these constructions were based on 
values found for leucyl-prolyl-glycine!® and other com- 
pounds containing a pyrrolidine ring. For trans and 
cis peptides the distances between successive « carbon 
atoms were taken as 3-80 A and 2-94 A respectively. 
From these values and the helical parameters it was 
calculated that the « carbon atoms would lie on a helix 
of radius 2-03 A in the trans case and 1-39 A in the cis case. 
The angle Nl-«C1-C’l was determined for all possible 
orientations of the peptide group about the line joining 
successive « carbon atoms. At 5° intervals over the range 
of peptide orientation for which this angle was between 
100° and 120°, the co-ordinates of the C’, N, O and 
ôC atoms were determined and all the van der Waals 
separations calculated. These calculations confirmed 
that only a right-handed helix with cis peptide bonds 
satisfies all stereochemical criteria and in fact does so 
only over a very small range of peptide orientation. 
With the aid of models, satisfactory positions were also 
found for the 8 and y carbon atoms at some 0:6 A and 
0-3 A respectively out of the plane of the peptide group. 
Both atoms lie above this plane as shown in Fig. 1. The 
cylindrical co-ordinates of the atoms are given in Table 1. 
Bond distances and bond angles are shown in Fig. 1, and 
a portion of the structure projected along the fibre axis in 
Fig. 2. 


Table 1. CYLINDRICAL CO-ORDINATES OF POLY-L-PROLINE I 


Atom r(A) ¢(°) 2(A) 
aC, 1-39 0-0 0-00 
C's 1-69 57-5 —0-21 
O, 2-41 58-0 —1-20 
N, 107 87-5 0-67 
BC, 2-59 107-5 2-83 
yC 3-70 105:5 1-85 
ôC: 3-37 97-0 0-49 


As each unit cell contains ten proline residues compris- 
ing three turns of one helical chain, the only crystallo- 
graphic symmetry is a two-fold screw axis. Consequently, 
poly-u-proline I has the monoclinic space group P2, with 
the unique c axis of the cell coinciding with the helix 
axis of the molecule. Possible orientations of the molecule 
with respect to the other unit-cell axes were investigated 
in terms of intermolecular packing. With the aid of 


NATURE 


Part of the structure of poly-L-proline I projected down the fibre axis 


June 22, 1963 


models and drawings, close contacts be- 
tween atoms of adjacent molecules were 
noted for various orientations. The 
molecules are nearly cylindrically sym- 
metrical and it was found that the shortest 
intermolecular distances, in all orienta- 
tions, are close to normal van der Waals 
contacts. Intensity values were computed 
for the various reflexions from atomic 
co-ordinates corresponding to what ap- 
pears to be the most satisfactory molecular 
orientation. These agree well with the 
observed intensities, which were measured 
from powder photographs with a micro- 
densitometer. Further refinement of 
the structure is in progress, and a detailed 
description of this work will be presented 
elsewhere??. 

We have also investigated the possibility 
of there being eleven rather than ten 
proline residues in the unit cell. This 
corresponds to a calculated density of 
1:32 g cm? and a translation of 1-73 ‘A. 
per residue along the longitudinal axis. 
An examination was made, with the aid of 
models and geometrical constructions, 
of the various possible helical configura- 
tions having this residue translation and, 
with one exception, they all showed gross 
deviations from accepted values of bond 
angles and minimum van der Waals 
distances. The exception, a right-handed 
helix with cis peptide bonds having 
eleven residues in three turns of the helix, in fact differs 
little from the structure with ten residues in three turns 
which we have proposed here. However, the latter 
structure accounts better for the observed intensity 
distribution and also definitely seems preferable by the 
criteria of intramolecular bond angles and intermolecular 
packing. 

The structure analysis bears out suggestions based on 
studies of poly-u-proline in solution that mutarotation 
involves cis-trans isomerization at the peptide bond and 
a change in the sense of the helix!1°. However, the helical 
dimensions we have found do not conform exactly with 
any previously proposed. Apart from the cyclic dipep- 
tide, diketopiperazine*®, poly-u-proline I is the first 
structure found to contain cis peptide bonds. 

We thank Profs. E. Katchalski and G. M. J. Schmidt 
for their encouragement and interest, and Dr. J. Kurtz 
for preparing samples of poly-t-proline and performing 
the optical rotation measurements. This work was 
supported by research grant G-8608 from the Division of 
General Medical Sciences, U.S. Public Health Service. 
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INCORPORATION OF PHOSPHORUS-32 INTO NUCLEIC ACIDS 
E DURING EMBRYONIC DEVELOPMENT OF BARLEY 


By CHONG W. CHANG 


Department of Botany and Plant Pathology, Michigan State University, East Lansing 


HE concept of modern biological science links growth, 

development, ageing and differentiation with the 
metabolism of nucleic acids. The role of nucleic acids in 
the morphological ontogeny of higher plants have barely 
been studied. Semenenko! reported the formation of 
nucleic acids in maturing wheat and pea seeds. There is 
as yet little information concerning the metabolism of 
nucleic acids during the embryogeny of higher plants. 
The purpose of work recorded here was to investigate the 
rates of incorporation of phosphorus-32 into nucleic acids 
over an extended period of time along with morpho- 
logical differentiation during embryonic development of 
barley. 

Hight 7-in. clay pots were filled with 2-5 kg of homo- 
geneous soil and sown with 14 seeds of barley, variety 
Hannchen. The plants were later thinned so that seven 
plants remained in each pot. Temperature in the green- 
house where the plants were grown averaged 75° F during 
the day and 65° F at night. 

Chromatography of the bases of RNA and DNA in the 
mature embryos was conducted to prove fractional 
separation of RNA and DNA from similar tissues on 
three slides for autoradiography. From the tissues on 
one slide RNA was removed and from another both 
RNA and DNA were removed. By comparing the auto- 
radiographs from three slides with similar tissues, the 
cells in which either RNA or DNA had incorporated 
isotopes were apparent*. For tissue fractionation of 
RNA and DNA in mature embryos, the methods described 
by Ogur and Rosen? were found to be the most suitable 
for the work recorded here. For hydrolysing RNA and 
DNA extracts and the separation of the bases the pro- 
cedures described by Taylor? were applied with minor 
modifications. A small beaker containing 10-15 ml. of 
RNA or DNA-extract was placed in a hot water bath at 
100° C for 160 min with a stream of air to liberate the 
purine and pyrimidine bases. After cooling, the mixture 
was diluted to 10 ml. with distilled water and was then 
centrifuged to remove all black residues. The resulting 
clear solution was neutralized with potassium carbonate 
and the mixture was filtered. The filtrate was concen- 
trated to a small volume and the above residue was dis- 
solved in a small volume of 0-1 N hydrochloric acid, and 
was then agitated for 1 h. The mixture was filtered 
through Whatman No. 1 filter paper and this filtrate was 
combined with the concentrated initial filtrate, and was 
then dried using a flash evaporator. The dried base 
mixture was dissolved in a small volume of 0-1 N hydro- 
chloric acid and was used for paper chromatography. 
The amounts of bases were determined spectrophoto- 
metrically**, i 

The incorporation of phosphorus-32 into nucleic acids 
of embryos during embryogeny was conducted by adding 
0-5 uc. phosphorus-32 in 150 ml. of weak hydrochloric 
acid solution to the pot. Patterned after Mericle and 
Mericle®, the first sample was taken at 24 h post-irradiation 
at stage d-e; the second sampling at stage g-l; the third 
at stage 4; and the fourth at stage 6c. In each sampling 
from the main heads, one grain of each sample was used 
for autoradiographic slides to determine incorporation pf 
phosphorus-32 into the nucleic acids of the embryos, 
while the other was used for the measurement of total 
radioactivity. 


For autoradiographic purposes, the developing cary- 
opses were killed and fixed in formalin-acetic acid—aleohol 
(FAA). Materials were dehydrated, embedded in paraffin 
by standard method’ and serially sectioned at 6u. Three 
successive near-median dorsi-ventral sections of each 
embryo were selected and separately mounted on each of 
three slides with Haupt’s adhesive. 

Differential extractions of RNA and DNA were made 
from the embryo section-slides by procedures similar to 
those described by Taylor? with minor modifications. All 
sets of slides (three slides for each sampling stage) were 
treated with alcohol series and 70 per cent ethanol con- 
taining 0-1 per cent perchloric acid for 5 min at room 
temperature after removing paraffin. The semple slides 
were again treated with alcohol series and ether -ethanol 
(1 : 3) solution for 5 min at 60°C. One slide was washed 
in cold water and stored in 70 per cent alcohol after 
treatment of 0-2 N perchloric acid at 2°-4° C for 5 min 
One slide was stored in 70 per cent alcohol in the same 
way as above after treating them with 1 N perchloric acid 
at 4° C overnight. The remaining slide was hydrolysed in 
0-5 N perchloric acid at 70° C for 20 min and stored in 
70 per cent alcohol. After coating liquid emulsion (Type 
NTB: No. LSB-3-0) on the slides, photographic pro- 
cessing was conducted with ‘Elonhydroquinone’ (Kodak 
D-19) for developer and acid-hardening-fixing bath 
(Kodak F-5) for the fixer. By visual counting of the 
grains over a unit area of tissue, estimates of the relative 
incorporation of phosphorus-32 into RNA and DNA. were 
made. The number of grains, in a unit area of 4,900u` 
delimited by a reticle in the eyepieces of the microscope. 
was separately counted over three different regions ot 
tissues; namely, root, shoot and scutellum under oil- 
immersion magnification. The average number of tracks 
was obtained by counting grains in three to five such 
units in each area of tissue. In those embryos smaller 
than a single unit of counting area, the relative number 
of nuclear tracks was determined by counting the total 
grains over the entire area of the embryos. 

In an attempt to obtain a better estimate of sample 
recoveries, 80 mg of yeast RNA and 20 mg of salmon 
sperm DNA were subjected to the methods applied to 
the embryo samples. The recoveries were found to bo 
79 per cent for RNA and 73 per cent for DNA. 

Four replicate embryo samples, each consisting of 
138-5 mg dry weight, were subjected to the analytical 
processes which have been described here. The data 
obtained from this experiment are summarized in Table L. 
As shown here, purine and pyrimidine bases in RNA and 
DNA were separated in good recovery ratios. In addition, 
RNA-uracil was not contaminated with DNA-thymine, 
thus indicating a perfect separation of RNA and DNA. 
The methods applied to this large quantity of embryos 
were therefore found to be satisfactory for the separation 
of RNA and DNA from the embryo slides for autoradio- 


graphy. 


Table 1. ANALYSIS OF PURINE AND PYRIMIDINE BASES (MuMOLES PHR MG 
Dry WEIGHT) OF BNA AND DNA IN MATURE BARLEY, EMBRYOS (138-5 mG) 


[RNA DNA 
Guanine 37 Guanine 4-4 
Adenine 28 Adenine 5-0 
- Cytosine 32 Cytosine 4-4 
Uracil 26 Thymine 72 
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In an effort to observe more clearly whether total 
radioactivity of each sampling stage of embryogeny 
affected the rate of incorporation of phosphorus-32 into 
nucleic acid in embryos, the following experiment was 
conducted. Two autoradiographic embryo slides were 
prepared as described previously in material and methods, 
one from younger embryo (stage 4) and one from older 
embryo (stage 6a). The former embryo showed 0-77 
tracks per cell and 500 total radioactivity per mg dry 
weight of embryo per min, while the latter embryo showed 
0-37 and 2,818. Since these samples were taken at the same 
number of hours (24 h) after the treatment of phosphorus- 
32, the data showed, as expected, that incorporation of 
phosphorus-32 into DNA was more rapid in the younger 
embryo tissue than in the older tissue in spite of a larger 
reservoir of phosphorus-32 in the latter. The rate of 
incorporation of phosphorus-32 into DNA therefore 
seemed to be governed not by total radioactivity but by 
the physiological state in different embryonic tissues and 
possibly in part by the rate of penetration of inorganic 
phosphorus into cell nucleic acids’. 
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Embryonie stages 


Fig. 1. Grain counts for total nucleic acid content per unit area (4,900 x°) 
of an embryo at four representative embryonic stages 


Table 2 shows tracks from phosphorus-32 counted for 
RNA and DNA per unit area (4,900 u?) of an embryo at 
four different embryonic stages during developing embryo- 
geny. In addition, these absolute number of grains for 
RNA and DNA are expressed in number of grains per 
cell and per unit of time. As shown in Fig. 1 (drawn from 
Table 2), the absolute increase in incorporation of phos- 
phorus-32 into nucleic acid continued until maturity of 
the tissues during embryonic development. The total 
amount of incorporation of phosphorus-32 into RNA 
increased more than thirteen times from the embryonic 
stage d-e to stage 6c, and that of DNA increased four 
_ times. There also was seen a reciprocal interchange 
between RNA and DNA throughout the sequence of 
embryogeny. 

Semenenko!, in his investigation of the transformation 
of nucleic acids in maturing wheat and pea seeds, reported 
that the absolute amount of nucleic acids increased from 


- 


Table 2, Grain COUNTS FOR NUOLEIO ACIDS PER UNIT AREA (4,900 4?) 
~ OF AN EMBRYO AT FOUR REPRESENTATIVE EMBRYONIC STAGES 


Embryonic Days for Cells/unit 

stages samplings RNA DNA area, Grains/cell/day 
0-62 M 

de --. -1- 22... 26 - 42 0-52 (R) 
0-24 (D) 

g-l 5 56 42 34 0-34 8 
0-18 (D) 

4 8 66 85 55 0-15 (R) 
0-10 (D) 

6e -16 277 95 59 0-29 (R) 


D = DNA; R = RNA. 
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Grain counts for relative nucleic acid content per day per cell 
of an embryo at four representative embryonic stages 


Fig. 2. 
the time of their initial development until complete 
maturity of the seeds. In addition, there was noted 
reciprocal interchange between RNA and DNA in the 
former seeds, while parallel synthesis of two types of 
nucleic acids was observed in the latter. The results 
presented here were found to bė similar to those obtained 
in the experiment on wheat seeds and differed from the 
data obtained from pea seed experiments, although 
different experimental materials were used. 

As seen in Fig. 2 (drawn from Table 2), the relative 
amount of incorporation of phosphorus-32 into DNA per 
cell per unit time decreased gradually as the growth rate 
of embryos slowed down and differentiation occurred. 
This finding is similar to that in the literature regarding 
the DNA quantity per gram dry weight of maturing 
wheat seeds and differs from that obtained from pea 
seeds}. 

The results obtained from the experiment described 
here could be explained by the fact that a cell which has 
completed its last division and is differentiating does not 
synthesize DNA and retains the DNA transmitted to it 
by its parent cell®. In growing tissues, therefore, the 
frequency of mitosis and the synthesis of DNA are much 
greater than in full-grown tissues where mitosis is rela- 
tively rare’. Also my results are supported by ‘the 
experiments conducted by Brues et al. on the rate of 
incorporation of phosphorus-32 into the DNA of slow- 
growing tissue such as rat kidney and of partially re- 
generating liver. Only minute amounts of tracer were 
found in the former, while there was a marked content 
of phosphorus-32 in the latter. z 

In comparison with DNA metabolism, the rate of 
incorporation of phosphorus-32 into RNA (Fig. 2) seemed 
to be independent of the degree of tissue differentiation 
of embryos. The lowest incorporation of phosphorus-32 
into RNA at stage 4 could be explained by the decreased 
RNase activity at the beginning of the waxy stage as a 
result of increased enzyme absorption by the structural 
development!. After this minimum value, incorporation 
of phosphorus-32 into RNA was found to be much greater 
than DNA at mature embryonic stage 6c. This may be 
due to the fact that in more mature tissue the metabolic 
activity of ‘the nucleus is lower than that of cytoplasm?*. 
In other words, RNA turnover in slow or non-growing 
tissue is considerably more active than DNA turnover. 

As noted in Fig. 2, there was competition for metabolic 
substrates between RNA and DNA within a single cell of 
an embryo at each representative stage as there was also 
within the tissue as a whole (Fig. 1). The indication that 
RNA and DNA synthesis did not occur at the same tinie 


within a single cell was first noted in tapetal cells of 
Lilium and during microgametogenesis of Tulbaghia*. 
My results support. this concept. 

The absolute amounts of incorporation of phosphorus-32 
into nucleic acids increased continuously during em- 
bryonic development, while the relative rates of that into 
DNA per cell per unit of time and/or the relative number 
of cells engaged in incorporation of phosphorus-32 
into. DNA decreased as the degree of embryonic differ- 
entiation became advanced. The rates of incorporation 
of phosphorus-32 into DNA in maturing embryos also 
reflected the degree of tissue differentiation, but those of 
incorporation of phosphorus-32 into RNA seemed to be 
independent of the level of embryo differentiation. The 
phenomenon that RNA and DNA synthesis does not 
occur at the same time was observed not only within a 


single cell of barley embryo, but also within.a tissue as 
a whole. of ca E aa 
I thank Dr. Leo W. Mericle and Dr. E. J. C. Curtis for 
their help during the course of this work and preparation: 
of the manuscript. 
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RELATIONS BETWEEN STRUCTURE, METABOLISM AND TOXICITY OF 
THE ‘CYCLODIENE’ INSECTICIDES 


By Dr. G. T. BROOKS and A. HARRISON 


Biochemistry Department, Agricultural Research Council—Pest Infestation Laboratory, Slough 


I’ is row well recognized that the effective toxicity of a 
contact insecticide is the net gesult of a number of 
simultaneous processes in vivo such as penetration through 
the insect cuticle, enzymatic metabolism of the insecticide 
with the formation of more-toxic metabolites: (toxication) 
or less-toxie ones (detoxication) and elimination or inert 
storage of the unchanged insecticide or its metabolites. 
Studies of these processes in relation to observed toxicity 
are playing an increasingly important part in the rational 
development of new and safer insecticides for use against 
normal or insecticide-resistant insects'. We have under- 
taken a detailed examination of a number of derivatives 
of 1,2,3,4,7,7-hexachlorobicyclo [2,2,1] hept-2-ene (1) 
and related compounds in an attempt to explain the 
marked differences in toxicity to the adult housefly, 
Musca domestica, between closely related compounds of 
this type and to provide a rational basis for the develop- 
ment of new compounds of the same type. 

The behaviour in vivo of many organophosphorus insecti- 
cides fits the scheme of Fig. 1, in which, for example, A 
may be a phosphorothionate (for example, malathion, a 
weak. cholinesterase inhibitor) and B may be the corre- 
sponding phosphate (for example, malaoxon, a potent 
cholinesterase inhibitor}. 


toxication 
renters ID 


A (parent compound) Bimore toxic metabolites ) 


detoxication 


Metabolites of lower toxicity 
Fig. 1 


The effective toxicity of parent compound A will 
clearly depend on the relative rates of its toxication 
and detoxication. 

Our present investigations strongly suggest that. the 
effective toxicities. of some of the ‘cyclodiene’ insecticides 
may also be explained in terms of relative toxication and 
detoxication processes. Thus, A might be aldrin (2a) 
and B, dieldrin (3a) and there is considerable evidence?-+ 
that this conversion is a toxication process, though there 
is little doubt that aldrin is toxic on its own account?. 
In the housefly aldrin is converted rapidly into dieldrin 
and, at dose-levels which are lethal to susceptible insects, 
there was no evidence.of other metabolism in either sus- 
ceptible or dieldrin-resistant insects during periods of up 
to four days after application of the toxicant®:*. These 


findings illustrate the biological stability of these cora- 
pounds in the intact insect. Since, however, Ol -dieldrim 
was not decomposed by locusts’ and a small amount of 
water-soluble material appeared in the excreta of locusts 
given *CLaldrin, it appears that in some organisms 
aldrin may undergo direct conversion to substances other 
than dieldrin. Thus, certain micro-organisms slow lyr 
converted aldrin to dieldrin; they did not apparently 
metabolize dieldrin but a major portion of the applied 
aldrin was converted to other metabolites*. On the other 
hand, mosquito larve produced a mixture of dieldrin 
and other metabolites from either aldrin or dieldrim®. 
Evidently, the scheme of Fig. 1 may apply either partially 
or completely according to the organism under considerer- 
tion. i 

Present investigations show that the housefly detoxifiess 
a number of mildly toxic ‘cyclodiene’ compounds and it 
appears that the stability of aldrin (or its epoxide) is 
by no means typical of this class of compound. In these 
investigations the pyrethrin synergist ‘Sesamex’ and related 
methylenedioxyphenyl compounds, which appear to 
inhibit metabolic processes in insects, have proved valuable 
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“adie 1,  BFFECT OF A TOPICAL APPLICATION OF ‘SESAMEX’ (5 “G/FLY) 3-H 
PRIOR TO TOPICAL APPLICATION OF INSHOTICIDE ON THE TOXICITIES TO 
ADULT FEMALE M. domestica (3-5 DAYS OLD) OF VARIOUS ‘CYCLODIENE’ 


INSECTICIDES 
‘Sesamex’ and insecticides were applied in 1 gl, and 2 al. of acetone, 
respectively 
Compound EDs, gify) 
Alone With ‘Sesamex’ 
(2a) 0-03 0-03 
(3a) 0:02 0-02 
(4) 25 0-20 
(5) 10 0-40 
(6) 1-3 0-04 
(7) 070 0-08 
Bo and (85) 0-80 0-06 
9) 0-02 0-01 
(10) 0-60 0-08 
(11) 0:30 0-06 
(42) 6-02 0-02 


as indicators of the presence of detoxication mechanisms’. 
In, Table 1, which shows the effect of a constant dose of 
‘Sesamex’ on the toxicities of various ‘cyclodiene’ insecti- 
cides, KD,y, are estimated from dosage/per cent mortality 
curves obtained by observation of small groups of insects 
held at. 25° for 24 h, and fed on glucose and water. In 
the housefly the mildly toxic compound (4) forms only a 
small amount of substance behaving as an epoxide. 
Its toxicity is, however, increased in the presence of 
‘Sesamex’ and experiments with the carbon-14 labelled 
‘compound. show that synergism is accompanied by de- 
creased metabolism. in vivo. A synthetic epoxide (6) 
_ was found to be little more toxic than (4) but its marked 
synergism by ‘Sesamex’, accompanied by stabilization 
in vivo, indicated that epoxides of (4) are potentially 
highly toxic. These observations strongly suggest the 
existence of enzymatic detoxication mechanisms, Chlor- 
dene (5) and an approximately equitoxie synthetic 
epoxide (7).were more toxic than (4), and (7) was synerg- 
ized and stabilized by ‘Sesamex’, indicating that chlordene 
epoxides also are metabolized. Chlordene (5), also slightly 
synergized by ‘Sesamex’, forms an appreciable amount of 
_& tentatively identified epoxide in vivo and this may 
explain its greater toxicity compared with that of com- 
pound (4). The synergistic effect of ‘Sesamex’ may be 
explained by an observed protection of both chlordene 
and its epoxide against enzymatic detoxication, resulting 
in increased persistence of insecticidal material in the 
“insect... There is also evidence that synergism of the 
organophosphates!)° and carbamates!®! against various 
insect species by pyrethrin synergists is due tq, inhibition 
-Of detoxication processes and these findings illustrate the 
versatility of methylenedioxyphenyl derivatives as meta- 
bolic inhibitors. 

This comparative investigation suggests that the differ- 
ent toxicities to the housefly of several closely related 
substances having the hexachlorobicycloheptane nucleus 
in-common result at least partly from the presence of 
detoxication processes, in the absence of which some of 
these substances would be as toxic as dieldrin. Allowance 
for these processes may reveal the existence in some cases 
of other differences due, for example, to stereochemical 
factors, Thus, the epoxybicycloheptane nucleus of dield- 
rin may only differ. from similar groups (such as the 
oxabicycloheptane nucleus of substance (10)) attached 
to the hexachlorobicycloheptane system in so far as it 
invests the molecule with resistance to enzymatic detoxica- 
tion. There are indications that in the ‘cyclodiene’ insecti- 
cides, the chlorinated ring system or certain modifications 
of it may be regarded as ‘toxophores’ which can be con- 
veyed to the site(s)-of-action by attached groups or ring 
systems of varying ‘carrying’ .efficiency. 

The efficiency of a carrier group will obviously depend 
on such properties as its resistance to detoxication mechan- 
isms and its contribution to the distribution properties 
of the molecule in the various biophases involved. At the 
site(s)-of-action such a group may contribute further to 
the toxicity of the molecule, depending possibly on its 
stereochemical properties. Dieldrin and endrin appear to 
satisfy these requirements, and their greater toxicity in 


. 


comparison with their precursors may be partly due to 
the conversion of a carrier group (the bicycloheptane 
nucleus) of low efficiency to one of higher efficiency (the 
epoxybicycloheptane nucleus). This may be the nature of 
the toxieation process. The chemical stability. of the 
hexachlorobicycloheptane nucleus is well-established and 
in vivo experiments with aldrin and dieldrin suggest 
that this holds true, at least for these compounds, in 
the housefly. 

The metabolism of epoxide (6) has not been examined 
in detail, but it seems likely that the epoxycyclohexane 
ring would be a primary point of attack. The pronounced 
synergism and stabilization of this compound by ‘Sesamex’ 
suggests that in this case a potentially efficient. carrier 
group is destroyed by detoxication. Other stable 
ether linkages may be equally effective as carrier 
groups and in this context a comparison of aldrin (2a), 
dihydroaldrin (8a) and the furan derivatives (9) and (10) 
is of interest. Aldrin and the furan (9) exhibit similar 
toxicities to the housefly and conversion to their dihydro- 
derivatives (8a) and (10) reduces each toxicity approxim- 
ately thirty-fold, so that paradoxically (10), which contains 
a cyclic ether moiety and should not require ‘toxication’, is 
little more toxic than (8a). With ‘Sesamex’, however, the 
toxicity of (10) approached that of (9), indicating that the 
lowered toxicity of the former resulted from detoxication. 
In vivo experiments confirmed the stabilization of (10) by 
‘Sesamex’. Substances (8a) and dihydroisodrin (8b) were 
also synergized by ‘Sesamex’ and investigations with the 
carbon-14 labelled compounds confirm the existence of 
detoxication mechanisms which are inhibited by ‘Sesa- 
mex’. Significantly, (10) produces signs of poisoning as 
rapidly as dieldrin, while even in the presence of ‘Sesamex’ 
(8a) and (8b) exert their toxic effect much more slowly 
and the results suggest that an important difference 
between these compounds and the highly toxic cyclic 
ethers may involve their relative rates of arrival at the 
site(s)-of-action. Evidently the oxabicycloheptane system 
of (10) is potentially as effective as a carrier group as the 
epoxybicycloheptane nucleus. It seems likely that the 
intrinsic toxicity and behaviour of aldrin and isodrin: (2b) 
will be similar to that of their dihydro-derivatives (apart 
from any possible effect on physical properties due to the 
presence of the double bond). . 


The Rr values of various compounds in reversed-phase 


chromatography with pyridine/water (3 : 2). or acetic 
acid/water (3 : 1) as mobile solvent have been compared 
as a measure of their relative distribution between an 
aqueous and a lipid phase. ‘“Cyclodiene’ compounds con- 
taining an epoxybicycloheptane nucleus are evidently 
slightly more hydrophylic than those containing. the 
bicyeloheptane nucleus as carrier group, and. an obvious 
function of the cyclic ether moiety might be to confer an 
increased measure of polarity on the molecule. Consider- 
ation of the chlorinated cage molecule (11) suggests, 
however, that this is not the main function, since this 
substance, which is virtually isosterie with dihydroisodrin 
yet slightly more polar (in terms of Rr values) than endrin 
(3b), is only twice as toxic as the former. Thus, although 
an increase in polarity equivalent to that produced by 
epoxidation does increase the toxicity of a dihydroisodrin 
type molecule, the increase in toxicity is not of the 
expected order. The toxicity of this compound appears 
to be potentially higher than observed, however, since it 
is synergized by ‘Sesamex’ and investigations with the 
earbon-14 labelled substance show that it is metabolized 
by the housefly. It may be noted that the Rr value of 
the furan derivative “Telodrin’ (12) suggests that it is 
relatively least polar of all the cyclic ethers examined. 
yet this substance is highly toxic to the housefly. The 
comparison with molecules containing only six chlorine 
atoms may not be entirely valid, however. 

This investigation has been supported in. part by a 
grant from the World Health Organization. We thank 
Shell Research, Ltd., for the gift of compounds (9) and 


(12) and Miss J. T. Cox for assistance with the toxicity 
determinations. 
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ACTIVELY ACQUIRED TRANSPLANTATION IMMUNITY IN THE 
CHICK EMBRYO 


By Dr. J. B. SOLOMON 


Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, London, $.W.3 


RANSPLANTATION immunity can be readily 
detected in adults by the rapid rejection of a second 
homograft, that is, the ‘second set response’. Immunity 
to transplantation antigens can be induced. before or soon 
after birth: Schinckel and Ferguson? found that foetal 
lambs were capable of ‘homograft rejection; and more 
recently. Howard and Michie? induced transplantation 
immunity in new-born mice with small doses of spleen 
cells- Solomon and: Tucker’ have suggested that after 
15 days of incubation the chick embryo may be capable 
of weak homograft rejection of transplanted lymphocytes 
during splenomegaly. The results presented here tend 
to support this hypothesis as they indicate that there are 
lymphocytes. capable of being sensitized to transplantation 
antigens in the chick embryo at this period of development. 
Sensitization measured by spleen assay. White Leghorn 
chick embryos (11-17 days of incubation) were injected 
intravenously with diluted whole blood which was ob- 
tained from Rhode Island Red hens by cardiac puncture 
and citrated (10 per cent v/v); dilutions were made by the 
addition of Ringer-phosphate solution. At 19 days of 
incubation, embryos which had previously received blood 
and their controls which had been injected intravenously 
with Ringer solution were all injected with blood (0-05 
ral.) from the original blood donor. Six days after the 
challenge: injection, the chicks were killed and their 
spleens weighed. The techniques have previously. been 
described. in detail®.*. 

Any sensitization of lymphocytes of the embryo should 
be. shown. by. a. depressed. splenomegaly? as the prolifera- 
tion. of transplanted: allogeneic lymphocytes would be 
inhibited: by a weak ‘homograft’ reaction by the host*. 
It was found that splenomegaly was- only depressed under 
certain: conditions (Table 1). ‘Whereas no. reduction in 
splenomegaly occurred when 17-day-old embryos. were 
given diluted blood there was a significant reduction in 
splenomegaly when 13-, 14- and 15-day-old embryos were 
similarly injected. and a similar reduction in 11-day-old 
embryos, probably indicating that sensitization of host 
lymphocytes had occurred during the 11-17-day period of 
incubation. There are few lymphocytes in the embryonic 
spleen at 12 days’? and sensitization may only have 
oceurred when. sufficient lymphocytes later appeared in 
this organ. Sensitizing doses of blood given to 17-day-old 
ernbryos are perhaps not far enough in advance (only 
2-days) of the ‘challenge’ injection of blood (which pro- 
duces splenomegaly). for any. sensitization to occur. It 
appears from. the results in Table 1 that the sensitizing 
dose is very critical; sensitization was only produced in 
11- and 13-day-old. embryos by a very low dose (2,000- 
fold dilution) and only in 15-day-old embryos with a dose 
of blood. (100-fold dilution) which is near the threshold 
dose for the induction of splenomegaly and tolerance®. 

Sensitization measured by accelerated homograft rejection. 
White Leghorn chick embryos (13-19 days of incubation) 
were injected intravenously. with diluted whole blood 


Table 1. INDUCTION OF TRANSPLANTATION IMMUNITY IN THE CHICK EMBRYO 
MEASURED BY SPLEEN ASSAY 


Age of embryo Embryo 
at sensitization . Blood dilution t No. Mean spleen weight 
(days of incubation) (mg.)t 
a pan 85 92 
2,000 6 64 
11 800 13 95 
500 8 87 
13 2,000 6 64* 
{ “500 a1 85 
4 200 21 56* 
1S 200 48. 8 
m 100 14 49} 
2,000 9 106 
17 500 17 83o 
: { 1000 88 elas 


* Significantly elow cone eee Ser om; +P < 0-001). 

tol . diluted b injec or sensitization. ` 

t Splenomegaly produced by injection of 0-05 ml. whole blood (from, tho 
adult hen supplying the ‘sensitizing’ blood) into 19-day-old embryos; spleex, 
removed 6 days later, 


(0-1/200-0-1/50 ml.) from adult Rhode Island Rea 
hens. Two days after hatching the chicks were grafted. 
with skin from the blood donor according to the method 
of Cannon and Longmire® but with adhesive dressings to 
cover the grafts. Donor skin was taken from the inner 
thigh of the adults. Newly hatched chicks were given ax 
immunizing dose of diluted whole blood (0:1 ml.) intra- 
peritoneally and skin grafted 7 days later. Attempts to 
sensitize older chicks were made by intraperitoneal, 
subcutaneous and multiple intradermal injections of 
whole blood. Such chicks were grafted 7 days after the 
last injection. Controls received injections of Ringer 
solution. 

Six days after grafting the adhesive dressings were 
removed and the daily appearance of the graft scored 
using a similar system to Polley, Grosse and Craig. Two 
methods of expressing homograft rejection were used: 
one was the median survival time of homografts calculated 
by probit analysis", the other was based on the ‘score 
of the state of the graft and was the median value obtained 
by probit analysis of the percentage reduction in ‘score 
of the grafts. The latter method measures the rapid 
degeneration of the graft to a black scab, which in some 
experiments remained on the recipient for several days 
before it was rejected. 

In the controls of all experiments normal homograft 
rejection showed a 50 per cent reduction in the ‘score 
of the state of the graft at between 9 and 12 days after 
grafting (Table 2). Half the homografts were completely 
rejected in these control experiments by 12-15 days after 
grafting (whether grafted at 2 or 28 days after hatching). 
All the homografts were completely rejected within 16 
days when grafted at 2 weeks after hatching, whereas 
when grafted at 2 days after hatching chicks had not 
rejected all homografts until. 18-22 days later. 


LOU i, 


ACTIVELY ACQUIRED TRANSPLANTATION IMMUNITY IN THE CHICK 
EMBRYO AND YOUNG CHICK 


“ Median survival Days after grafting 
Age at No. (eon- Dose. time of homografts when ‘state’ of 
sensitiza- troland (blood. (daysafter grafting) homografts score 
tion (days). experi- dilution)+- Control Exp. . 50 per cent 
mental) Control Exp. 
Embryos 
13. 21 200 15 20 12 13 
15 28 100 13 11 9 10 
V7 37 200 15 17 12 1I 
19 33 50 14 11* 95 76* 
Chicks 
0-1 39 rot l4 9* 88 7-5* 
27 o-4t i il 9 11 
6 14 1-0 13 16 10 12 
7 26 O-3t 12 14 9 il 


id Significantly lower than control value (P < 0-05). 
{1 ml, diluted blood injected inftavenously. 
t Intraperitoneal injection. 


No statistically significant sensitization occurred when 
13-, 15- or 17-day-old embryos were injected (Table 2). 
However, visual examination of the graft rejection and 
graft ‘score’ curves for 15- and 17-day-old embryos gave 
some indication that a few embryos had become sensitized. 
In a preliminary experiment some 15-day-old embryos 
injected with 0-1/100 ml. blood showed sensitization, as at 
11 days after grafting 4/8 homografts were rejected where- 
as only 2/8 had been rejected in the control group. When 
17-day embryos were injected with 0-1/200 ml. blood, 
22 per cent of the grafts had been rejected during 9-12 
days after grafting whereas none of the control homografts 
was rejected; the ‘score’ of the state of these grafts was 
20 per cent less than the controls 8-12 days after grafting 
only, The 17-day-old embryo is exceptional as it can 
readily be made tolerant to doses of blood lymphocytes 
which would fail to induce tolerance in the 15-day-old 
embryo. When blood diluted only 60 times was injected 
into embryos at 17 days of incubation no sensitization 
was produced but induction of tolerance was remarkably 
good, considering the low dosage of antigen (20 per cent 
homografts were surviving at 30 days after grafting). 
A similar dosage phenomenon has recently been observed 
when attempts were made to sensitize 17 -day-old embryos 

-to erythrocytes labelled with chromium-51 (vef. 12). 
owever, when 19-day-old embryos were injected with 
whole blood diluted 50 times very marked sensitization 
was induced (Fig. 1, Table 2). Newly hatched chicks were 
sensitized by intraperitoneal injection of 0-1 ml. undiluted 


Homograft survival (per cènt) 





8 0 B M 16 B 2 2 
Days after grafting , 
Fig. 1. Sensitization in 19-day-old chick embryos shown by accelerated 


Embryos injected with: diluted blood (O); 
Ringer solution (C) 
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homograft rejection. 


blood (Table 2). However, intraperitoneal injections of 
whole blood into 4- and 7-day-old chicks produced, not 
sensitization, but very slight tolerance (Table 2). Three 
intradermal injections of blood (0-05 ml. every other day) 
into the thigh of 8-day-old chicks produced only very 
slight sensitization (P > 0-05). Sensitization was more 
readily induced by a primary homograft. Two-day-old 
chicks were grafted with adult skin and after rejection 
of the grafts these chicks were secondarily homografted 
(4 weeks later) with skin from the same donor. ‘Second- 
set’ rejection occurred (median survival time of controls 
was 12 (11-13) days and of the experimental 9 (7-11) 
days; P < 0-05). In this experiment as soon as the 
adhesive dressings were removed (5 days after grafting) 
all grafts were found to have healed in satisfactorily and 
there were only a few ‘white grafts’!4, Shortly after 
removal of the dressings there was very rapid deteriora- 
tion of the grafts. Although intravenous injections of 
blood (0-1 ml.) apparently failed to sensitize 6-day-old 
chicks to primary homografts there was an even more 
rapid rejection of the secondary homografts (median 
survival time 7-4 (6-9) days; P < 0-05) than in the previous 
experiment with no intravenous injection. 

In an only mildly successful sensitization experiment 
(for example, injection into 17-day-old embryo) chicks 
can be classified in 3 groups: those which are sensit- 
ized, others which are tolerant and a group in which 
neither effect occurs. This is probably chiefly dué to the 
various antigenic differences. between the donor blood 
and the embryonic recipients and may also reflect possible 
individual variation in each embryo’s lymphocyte content. 

Transplantation immunity can be readily induced by 
skin homografts in man™, rabbits'* and micet”. Induction 
of transplantation immunity has also been achieved by 
leucocytes, but not whole blood, in rabbits, and intradermal 
injections were much more effective than those by the 
intravenous route!’. Guinea pigs can be sensitized by 
intraperitoneal injections of lymphoid cells but these were 
not nearly so effective as an orthotopic skin graft?®, In 
the present work, although chick embryos could-be sensit- 
ized with whole blood, it appears to be somewhat difficult 
to sensitize young chicks with whole blood (probably due 
to the dosage and means of introduction. being critical) 
and the most effective method was a skin homograft. 

There is considerable evidence that mammals possess 

lymphocytes which are immunologically active during 
foetal development. Homografts are rejected rapidly by 
foetal lambs? and by guinea pigs and rabbits a few days 
before birth?®, Delayed-type hypersensitivity, which 
resembles transplantation immunity*1, can be induced in 
guinea pig embryos at 1-2 weeks before birth? and in 
the premature human®*. Mice can become immune. to 
tuberculosis when they are injected with tubercle bacilli 
on the 15th-17th day of feetal life*4. Either tolerance or 
transplantation immunity can be induced in new-born 
mice according to the dose? of spleen cells, and concomitant 
injections of hamster lymphoid tissue with hamster 
homografts in very young rats confer some transplantation 
immunity towards the homograft?*. 
' From his studies on opossum embryos Kalmutz®* has 
concluded that lymphocytes are immunologically active to 
bacteriophage antigen as soon as they appear in the 
lymphoid organs. In the chick embryo, a few lympho- 
cytes first appear in the spleen at 12 days of incubation’ 
and lymphocytes can be readily detected at 15 days? ?7. 
It has been suggested® that their functional activity in 
suppressing the proliferation of transplanted allogeneic 
lymphocytes during splenomegaly is not apparent until 
after 15 days of incubation, but becomes more severe as 
the spleen changes to a predominantly lymphocytopoietic 
organ at hatching*’. Shortly after this, splenomegaly is 
completely suppressed. 

It appears from the work reported here that sensitiza- 
tion prior to spleen assay is the most sensitive method 
for detecting sensitization of the embryo lymphocytes. 
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a result of culture for 72 h. These experiments cannot rule 
out. the possibility that some minor undetectable com- 
ponent. is removed thus allowing growth to oceur, but 
there.are no obvious changes in the major components. 
Another mechanism for the induction of leucocyte 
growth in culture that has often been discussed in the 
literature is that leucocyte division is a normal part of the 
process of antibody production resulting when these cells 
are challenged with antigen. When, however, the ‘antibody 
titre’ of the culture filtrate was eompared with that of the 
medium (including serum) before culture, the two were 
found to be quantitatively the same, thus ruling out the 
formation of large amounts of soluble antibody. Similar 
experiments testing for the formation of bound antibody 
also gave negative results. In these latter experiments, 
however, a small increase in the strength of the precipitin 
reaction could have gone undetected because of the small 
amount of material available. 
The results obtained in this work have demonstrated 
that leucocyte growth factor activity can be prepared free 
of phytohemagglutinin activity. It will not be certain, 
however, that the leucocyte growth factor and phyto- 








hemagglutinin are different components of red 
bean meal until a less-drastic preparative procedure has 
been worked out. In spite of this uncertainty, the prepara- 
tion of highly purified leucocyte growth factor has allowed 
the testing of two hypotheses concerning the mechanism 
of the induction of leucocyte growth with negative results. 

This investigation was aided by grant No. G-14337 
from the National Science Foundation (T. P.), Public 
Health Services General Research Support grant No. 
IGS-103 to the University of Rochester and the Mae Stone 
and Richard W. Goode Gift (H. H. P.). 
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ANAEROBIC REDUCTION OF BOVINE MILK XANTHINE OXIDASE 
By Dr. D. A. GILBERT . 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, $.W.3 


HE identification of intermediates is an essential 

step in the determination of enzyme mechanisms. 
In the case. of the ‘oxidases, much information can be 
obtained by reacting the enzyme with the primary 
substrate in the absence of oxygen. A number of workers 
have commented on the changes in the absorption spec- 
trum of xanthine oxidase when this is reacted with 
xanthine or hypoxanthine under anaerobie conditions!—", 
It is generally agreed that the resultant reduction of the 
enzyme is diphasic, an initial, very rapid, decrease in the 
visible absorption being followed by much slower changes. 
Opinion is divided, however, on the nature of the reactions 
occurring and hence the mechanism of the overall oxida- 
tive process. The purpose of this article is to examine 
briefly the basis of present-day theories. 

Although there are some apparent inconsistencies, both 
published and my own observations show that, in general, 
the extent of the initial rapid reduction depends on the 
following factors: (1) the enzyme sample (and hence on the 
purification procedure); (2) the enzyme concentration 
{reduction increasing with higher enzyme coneentrations) ; 
(3) the presence of other compounds (see following); 
while the slow phase is also dependent on, (4) the pH, 
and (5) the substrate concentration. 

Clearly, other factors (for example, the nature and 
concentration of the buffer ions, temperature) may also 
influence both the extent and rates of the reactions. 

Furthermore, both Watari et al.? and also Ackerman 
and Brill have stated that the extent of the rapid reduc- 
tion {as Judged by the decrease in the 450 my absorption) 
does not exceed about 50-60 per cent of that change 
produced by dithionite. My own observations are in 
agreement with this view: some batch-to-batch variations 
in the extent of the rapid reduction have been observed 
but, using dilute enzyme solutions, these have never 
exceeded 55 per cent of the dithionite value even with 
very active samples. The value of 55 per cent is the 
highest given by Morell’ in his figure showing the propor- 
tionality between the extent of the rapid reduction and 
the specific activity of his samples. 

Although certain inhibitors (for example, 3,3’:4.4’- 
tetrabudroxvshaleone &.bvdroyveuinoline) annear to 


effect only the slow phase of the reduction, others (for 
example, cyanide’, 2-amino-4-hydroxy-pteridine-6-alde- 
hyde’, purme-6-aldehyde, semicarbazide and sulphite) 
can either decrease the extent of, or entirely prevent, 
the rapid reaction (Figs. 1 and 2). Itis perhaps signifi- 
cant that most if not all the compounds listed here 
can form complexes or chelates with metal ions. One 
might tentatively deduce that the reactions are mediated 
by metal ions (presumably the co-factors, iron and 
molybdenum") but much work remains to be done before 
this can be accepted with any certainty. An additional 
point of interest arising from present experiments is the 
fact that extensive re-oxidation of the enzyme occurred 
when reaction mixtures containing the chalcone, hydroxy- 
quinoline or semicarbazide were exposed to diffuse sun- 
light. Tn this connexion, one should note the suggestion 
that the enzyme might be re-oxidized via either the 
flavin or the metal groups!*.13, 

The effect of ascorbate in increasing the rate of the slow 
phase (Fig. 1) presumably reflects the reducing powers 
of this reagent. Sulphite appears unique in that although 
capable of totally suppressing the rapid decrease in 
absorption, it still allows complete reduction of the 
enzyme. All other compounds examined either completely 
prevent the reduction of the enzyme (when present at a 
sufficiently high concentration) or only modify the slow 
phase. In the presence of sulphite, reduction is mono- 
phasic and takes place at a rate greater than the 
slow reaction occurs when this reagent is absent (Fig. 
2). No effects were observed with either ascorbate or 
sulphite when xanthine was omitted from the reaction 
mixtures. 

Since the results obtained are dependent on so many 
factors, it should be clear that a more systematic and 
detailed study is required before the spectral changes 
referred to can be fully understood and correlated with 
activity, electron spin resonance'-1¢ or other properties 
of the enzyme. Great care must be exercised in order to 
ensure the significance of all observations. In particular, 
all buffer salts and reagents should be of the utmost 
purity and the xanthine oxidase homogeneous and free 
from any inhibitor, either endogenous!?-1* or exogenous’, 
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Fig. 1. Anaerobic reduction by xanthine: effect of reagents, The 
following reagents were added to 2-0 ml. aliquots of xanthine oxidase 
contained in Thunberg-type cuvettes: (a) no addition; (b) ascorbate 
(62. MM, 25. gl.) (c) 3,3’,4,4’-tetrahydroxychaleone (8-4 » 10 al); 
(d) semicarbazide hydrochloride (62 mM, 20 #41.). AH reagent solutions 
were ly prepared in de-ionized water except the chalcone (50 mM 
pyrophosphate, PH 80). 100 ul. 10 mM xanthine in N/50 sodium 
ydroxide, was added to the side-arm in each case. Anaerobiosis was 
accomplished by repeated (7-10 times) alternate evacuation and flush- 
ing with oxygen-free Ringe. After thermal equilibration, the xanthine 
was added and reduction followed by observing the change in extinction 
at: 450: ma. The extent of maximum reduction was afterwards de- 
termined. in each case by the addition of dithionite. The xanthine 
oxidase was subjected to gel filtration on a ‘Sephadex @25’ column 
immediately prior to the experiment in order to remove free flavins 
“and any other low molecular weight impurities. The concentration 
of the enzyme was calculated on the basis of a molecular extinction 
coefficient of 70,000 (ref. 14) 


The enzyme should be prepared by the mildest methods 
and preferably be of the highest activity, although much 
may be gleaned by a study of partially or totally inacti- 
vated samples. To avoid misinterpretation, a comparison 
should be made between the anaerobic reduction data and 
other. properties of the enzymes only if they have been 
obtained with the same sample under comparable condi- 
tions... The reactions occurring under assay conditions 
(dilute enzyme) would seem to be the prime interest 
although it is conceivable that these bear little relationship 
to those taking place in the cell. 

With regard to the dependence of the changes on the 
specific activity of the sample, one should bear in mind 
that the latter is not an easily definable quantity in the 
case of xanthine oxidase. Personal observations suggest 
that. the batch-to-batch variation in the substrate in- 
hibitory properties is dependent not only on the presence 
of an endogenous inhibitor’? but on other factors also. 
Wide differences have been encountered even with well- 
dialysed samples. The inverse-rate/substrate concentra- 
tion curve for one sample with the extremely low sub- 
strate optimum of 25 uM (cf. Bray??) showed deviations 
of the type observed by Wellner and Meister®* for L- 
amino-acid oxidase, suggesting a more complex mechanism 
than that proposed by Hofstee”*. In agreement with the 
latter view is the fact that the tetrahydroxy chalcone 
(a competitive inhibitor on the basis of Lineweaver— 
Burke plots) does not significantly alter the position of 
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rate. equation. -In addition, the substrate optimum is 
dependent on the pH in the case. of both hypoxanthine?* 
and xanthine (personal. observations). The effect of 
different buffers, temperature and enzyme concentration 
have not been checked. The relative ‘specific activities’ 
of particular samples of enzyme will thus be independent 
of the substrate concentration used in the. assays only 
if the pertinent substrate inhibition curves are identical 
and have been determined under identical conditions. 
(The pH effects on substrate inhibition have been ex- 
plained?! by changes in the autoxidizability of the co- 
factor iron atoms but the data do: not rule out the pos- 
sibility that the ionic forms of xanthine and hypoxan- 
thine are the true substrates while the unionized molecules. 
are the inhibitory species.) i 

Present theories regarding the anaerobic reduction. of 
xanthine oxidase would seem to fall into two groups. 
Some workers accept Morell’s* conclusions that. the two 
phases represent. the reduction of active and inactive 
enzyme molecules*:®, while others. believe that. the two 
FAD moieties are not: equivalent*"3, | Some comment 
on these theories is desirable. especially in view of our 
present lack of knowledge. 

If the slow reduction step was due purely to the reduc- 
tion of inactive forms of the enzyme by the reduced 
active molecules’, one would expect: (a) no upper limit 
to the rapid reduction (as already described); (b) the 
slow phase to be independent of the xanthine concentra- 
tion providing this was in reasonable excess; (c) the 
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Fig. 2. Anaerobic reduction: effect of sulphite.~ 100 pl. 117 mM 
jum sulphite (freshly prepared in de-aerated, de-ionized water) 
was added to 2-0 ml. xanthine oxidase in the body of a Thunberg-type 
cuvette and 50 «1. 10 mM-xanthine (in N/50 sodium hydroxide) to the 
side-arm. The solutions were made anaerobic, the reaction started 
{10 min after the addition of sulphite) and reduction followed as 
described in the caption to Fig. 1. The control reaction was carried 
put in the same way without addition of sulphite to the enzyme. 
Separate activity experiments showed that the xanthine oxidase should 
have existed almost completely as the sulphite complex at the time 
of addition of the xanthine, despite the very low rate of reaction 
between the enzyme and reagent 


rate of the slow reduction to be maximal when the amounts 

of active and inactive enzyme are equivalent and negligible 

with samples of very high or very low activity (which 

is not so, see Morell’, Fig. 1); (d) the reduction in the 

presence of sulphite to be multiphasic also: Certainly 

at least some inactive forms of the enzyme must be 
: reducible since, even with low activity samples, reduction 
of the enzyme is often eventually complete. The bulk 
of available data would, however, suggest that the 
reactions proposed by Morell contribute very little to 
the observed spectral changes. 

The other workers have interpreted the limiting value 
of the rapid reduction as indicating that only one of the 
two FAD groups is rapidly reduced by the substrate. 
It should be pointed out that the change in the 450 my 
absorption produced by dithionite is about 60 per cent 
of the initial value and of this decrease only 55-60 per 
cent can be directly attributed to the two flavin groups®™4, 
on the basis of the absorption of free FAD. That the 
latter figure corresponds to the limiting value for the 
extent of the rapid reduction could be coincidence. One 
must, however, reconsider. the possibility that there are 
two. different. reducible chromophoric groups in the 
enzyme (that is, two flavin moieties and an unknown 
group) and that under assay conditions, only the two 
flavins are rapidly reduced (cf. Horecker and Heppel?). 
The difference spectra presented by Morell? and Watari 
etal? would, on superficial examination, appear to con- 
tradict this view but closer scrutiny of these shows that 
the extinction ratios of certain curves are not entirely 
independent of the wave-length: this suggests a more 
complex mechanism than a gradual increase in the extent 
of reduction of a single chromophore as the reaction 
proceeds past the initial rapid stage. 

The problem of the anomalous spectrum of xanthine 
oxidase (that is, the high wave-length absorption) still 
remains to be discussed. This has been attributed to ab- 
normal binding of the flavin® (since free FAD does not 
absorb at these wave-lengths) or the presence of another 
chromophore’. Existing observations show that during the 






reduction of the enzyme, thé € : 

in the 600-650 myu region do not parallel those at 450 mu 
under either aerobie or anaerobic conditions'® 24%, 
Although this observation favours the second explanation, 
more effort and ingenuity are required before the presence 
of the two distinct, reducible, chromophores can be un- 
equivocally proved. 

This work has been supported by grants to the Chester 
Beatty Research Institute (Institute of Cancer Research: 
Royal Cancer Hospital) from the Medical Research 
Council, the British Empire Cancer Campaign, the Anna 
Fuller Fund, and the National Cancer Institute of the 
National Institutes of Health, U.S. Public Health Service. 
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A CHILD HOMOZYGOUS FOR PERSISTENCE OF FETAL 
HAMOGLOBIN 


By Cr. CORRADO BAGLIONI 


International Laboratory of Genetics and Biophysics, Naples, and Department of Biology, 
Massachusetts Institute of Technology, Cambridge, Mass. 


DINGTON and Lehmann! and, later, other investiga- 
tors’-4 have described a condition characterized by 

the presence of high levels of foetal hemoglobin (Hb-F) in 
healthy Negro adults. These individuals are heterozygous 
for the “hereditary persistence of Hb-F’*. Wheeler and 
Krevans' have reported recently the case of a child (W. M.), 
who had Hb-F only and no trace of adult hemoglobin 


| (Hb-A) in his blood. On the basis of a family investi- 


gation it has been postulated that the child W. M. is 
homozygous for the persistence of Hb-F and that he is 
thus the first individual homozygous for this anomaly 
discovered’, This article reports the results of an investi- 
gation on the hemoglobin and on some red cell proteins 
of W. M. 

A sample of the blood of W. M. (at two years of age) was 
obtained from the Johns Hopkins Hospital. The red cells 
were washed and lysed following standard procedures. 
The hemolysate was analysed by starch-gel electro- 
phoresis®. Only one hemoglobin was observed, in the 
position corresponding to that of Hb-F. No traces of 
hemoglobin A, (Hb-A,) were observed, even when the 
gels were overloaded with concentrated solutions of 
W. M.’s hemolysate. Diluted samples of a normal 


hemolysate were mixed with W. M.’s hemolysate to test 
the sensitivity of this method of analysis. The added 
Hb-A, is still detectable on the starch-gels at the con- 
centration of 0-1 per cent of the total hemoglobin; the 
child W. M. has thus less than this amount of Hb-A, and 
probably none. 

The hemolysate was analysed by column chromato- 
graphy on ‘IRC 50° column, using developer 2 of Allen 
et al.?. Only one peak was observed in the position 
characteristic of Hb-F (see Fig. 1). The hæmoglobin 
eluted in this peak was quantitatively estimated ; it 
accounted for all the hemoglobin applied to the column. 
Since Hb-A and Hb-A, are known to be eluted in positions 
different from that of Hb-F (ref. 7), it may be concluded 
that these two hemoglobins are not present in W. M.'s 
blood. This confirms the observations of Wheeler and 
Krevans® and of Conley et al.®. 

The hemoglobin eluted from the ‘IRC 50 column was 
concentrated, heat-denatured and digested with trypsin’. 
The tryptic digest was compared ‘by fingerprinting’ 
with that of a sample of Hb-F isolated by column chroma- 
tography on ‘IRO 50 from cord blood’. These fingerprints 
were found to be indistinguishable. No difference was, 
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Fig. 1. Column chromatography on Tin 50 of W. M.’s hæmoglobin 
(ref, 


moreover, noticed by staining the fingerprintswithreagents 
specific for given amino-acids’. W. M.’s hemoglobin is 
thus authentic and normal Hb-F. 

The red-cell proteins present in the hemolysate of the 
child W. M. (at three years of age) were compared with 
those of adult and cord-blood hemolysates by starch-gel 
electrophoresis®. The gels were stained with amido black 
to detect the proteins. An electrophoretically slow-mov- 
ing protein was found to be present in adult hemolysates, 
which was absent in cord-bloods. This protein has been 
tentatively identified with the enzyme carbonic anhydrase 
by comparison of its electrophoretic mobility with that 
of a sample of authentic carbonic anhydrase purified by 
column chromatography on DEAE. It has previously 

_been reported that carbonic anhydrase is present in 
extremely reduced amount in cord-blood cells!?. 

Shaw et al. have shown that carbonic anhydrase 
possesses esterase activity and that it can be detected 
directly in starch-gels using « naphthyl acetate as sub- 
strate. A starch-gel electrophoresis of W. M.’s hemo- 
lysate, of adult and of cord-blood hamolysates stained 
for proteins with esterase activity? is shown in Fig. 2; car- 
bonic anhydrase, as detected by its esterase activity, is 
absent in cord-blood hemolysates only. Further evidence 
for the presence of carbonic anhydrase in W. M.’s hemo- 
lysate has been obtained by isolating this enzyme from the 
child’s red cells, using a chloroform—ethanol precipita- 
tion, 

The human hæmoglobins are made up of two « peptide 
chains and of two different peptide chains: 8 chains in 
Hb-A («/82), y chains in Hb-F (a4y®) and 3 chains in 
Hb-Ay, (0333s) (ref. 15). Each peptide chain is under the 
control of a single structural gene's which is here indi- 
cated with the same symbol used to designate the 
corresponding peptide chain. The B and the 8 genes 
are linked, since no recombination is observed between 8 
and 8 alleles". 

The gene for the persistence of Hb-F behaves as if 
allelic or closely linked to the 6 locus in the offspring of 
marriages between normal partners and heterozygotes 
for B alleles and persistence of Hb F (ref. 8). In these 
heterozygotes the gene for the persistence of Hb-F mani- 
fests itself as a gene strictly allelic to the 8 locus. No 
Hb-A is present indeed in these heterozygotes. It has 
been suggested that the persistence of Hb-F is caused by 
a mutation at the B locus preventing the synthesis of B 
chains, and that the production of Hb-F is a compensatory 
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little or no Hb-F is present in heterozygotes for a thalassæ- 
mic gene ; homozygous thalassemia is a lethal disease, 
while the child W. M., presumably homozygous for the 
persistence of Hb-F, is in normal healthy condition. 
Moreover, the absence of Hb-A, in the child W. M. and 
the reduction of Hb-A, level in heterozygotes for the 
persistence of Hb-F (ref. 8) suggests that the synthesis 
of 8 chains is also suppressed by this mutation. The 
persistence of Hb-F is thus a hereditary anomaly com- 
pletely different from thalasszmia. hace 

The synthesis of 8 and 8 chains assumes significant 
proportions only in the late foetal life, when production of 
y chains is discontinued! ; this phenomenon is indicated 
as y>8+ 8 switch. Among other explanations pio- 
posed for the persistence of Hb-F (ref. 8) is that of an 
operator gene mutation. This hypothesis, which has been 
elaborated in great detail by Motulsky?’, postulates that 
the y — 8 + 8 switch around birth is controlled by a gene, 


defined operator geno, because of some formal similarities _ 


with the bacterial system described by Jacob and Monod"*. 
Mutations of this gene may prevent the y— 8 + 3 
switch. ; 

The enzyme carbonic anhydrase is present in large 
amounts in adult red ce lls, butiscontained only inextremely 
reduced amount in foetal red cells’*. The presence of a high 
amount of the enzyme carbonic anhydrase in the red cells 
of W. M. may suggest that ths enzymes of these red cells 
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Fig. 2. Starch-gel electrophoresis of red-cell proteins stained for 

esterase activity (substrate a-naphthyl acetate) (ref. 13). Hemoglobins 

show as unstained dark brown bands. 1 and 2, cord blood hemolysates; 

3. W. M.’s hemolysate; 4 and 5, normal adult hemolysates. A indicates 

adult hæmoglobin; F, foetal hemoglobin; CA, carbonic anhydrase. 

Note the complete absence of adult hæmoglobin in 3 and the absence 
of carbonic anhydrase in 1 and 2 
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are differentiated toward the adult cell pattern, wuuo vub 
differentiation of the hæmoglobin type is hampered by 
the gene for the persistence of Hb-F. The present observa- 
tions may thus suggest that the y—>ßB + ò switch is 
operated independently from other differentiation 
mechanisms and that the switch is genetically regu- 
‘lated by a controlling unit, possibly of the operator gene 
type. i 

This work was supported by research grants of the 
Medical Foundation, Inc., Boston, and of the National 
Science Foundation. I thank Drs. Vernon M. Ingram 
and David J. Weatherall for severa] discussions and critic- 
isms; Dr. Luigi Bernini for the preparation of a sample of 
purified carbonic anhydrase; Dr. C. Lockard Conley and 
his associates for donating samples of W. M.’s blood. 
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COMPARISON OF ZOOPLANKTON BIOMASS DETERMINATIONS BY 
INDIAN OCEAN STANDARD NET, JUDAY NET AND l 
CLARKE - BUMPUS SAMPLER 


By D. J. TRANTER 
.C.S.1.R.O, Division of Fisheries and Oceanography, Cronulla, Sydney 


ITH the recent increase in the intensity of oceano- 

graphic research in the Indian Qcean there has 
come the need for comparing the various zooplankton 
sampling methods. The Juday net}, the Clarke—-Bumpus 
sampler? and the Indian Ocean standard net®* are now 
in use. The essential characteristics of these nets are as 
follows: Indian Ocean standard net, large, non-truncate, 
medium-coarse mesh; Juday net, large, truncate, fine 
mesh; Clarke-—Bumpus sampler, small, truncate, medium 
mesh. Their dimensions are shown in Fig. 1. 

These nets were compared in Au 1962 from the 
Soviet expedition vessel Vitiaz at SCOR-UNESCO 
Reference Station 1 in the south-east Indian Ocean 
(32° 5. 111° 50’ E.). The experiment consisted of sampling 
with each net in quick succession the water column. to 
200m. The work was carried out between 2100 h (August 
6) and 0700 h (August 7), in which time 
nine successful hauls were made with each 
net. 

Hauls with the Indian Ocean standard 
net and the Juday net were intended to 
be vertical, but in practice the drift of the 
ship led to considerable wire stray and at 
times the angle was as much as 50° from 
the vertical. The volume of water filtered 
was calculated by multiplying the mouth 
area of the net (Indian Ocean standard, 
1 m?; Juday, 0-5 m?) by the length of wire 
out, this having been adjusted in accord- 
ance with the wire angle to place the net at 
approximately 200 m. Hauls with the 
Clarke-Bumpus were oblique, the volume 
filtered being measured by a flow-meter 
previously calibrated in a flume tank in 
which the flow pattern simulates that under 
operational conditions’. 

The Indian Ocean standard net was 
recovered from 200 m at 1 m/sec, the 
Juday net at 0-6-0-8 m/sec, these being 
the recommended speeds of hauling. 
The Clarke-Bumpus was paid out and 
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ping and starting the ship’s engines as required. The 
larger nets were washed down after each haul by dipping 
in the sea and the washings were collected. The Clarke— 
Bumpus was washed down in a bucket. 

Samples were later weighed in the laboratory by the 
method described in Tranter’. To facilitate removal of 
external interstitial water, weighing dishes with a large 
straining surface (25 em?) were used for large samples. 
On only two occasions were disproportionately massive 


. organisms found in a catch. On the first occasion (Juday 


net, 2330 h) a single siphonophore increased the biomass 
of the sample by 86 per cent, and on the second (Clarke— 
Bumpus, 0241 h) the inclusion of an eel larva led to a | 
similar artefact (Table 1). 
the results the weight of these organisms is not in- 
cluded. : 
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hauled in at a constant speed of 0-4 
m/seé with the ship under way at 2-3 
knots. -This yielded a wire angle of 
45°-50° which was maintained by stop- 


Fig. 1. The zooplankton samplers. ] 
mesh aperture 0-33 mm); B, Soviet ‘Tropical’ Juday net (38 meshes/em; mesh aperture 
017 mm); C, Australian Clarke-Bumpus sampler (24-4 meshes/em; mesh aperture 
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A, Indian Ocean standard net (21-5 meshes/em; 


Hatching not to scale 
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0-27 mm). 


In the statistical analysis of «s; 


(a) Biomass values for each net (mg/m*) 














Where values are exclusive of single massive organisms, the gross biomass of the sample is given in brackets 


(b) Analysis of variation 


Indian Ocean standard Juday Clarke-Bumpus 
Time Biomass Time Biomass Time Biomass 
2100 36 2055 18 2130 45 
2210 43 2207 2 2230 42 
0001 38 2330 72 (134) 0120 42 
0235 39 0035 0241 56 (97) 
s 0305 36 0240 44 0330 66 
0355 ~ 3 0310 60 0420 76 
0453 52 0410 73 0510 44 
0550 39 0550 95 0607 48 
0645 45 0642 38 0705 54 














Source of variation aj. | 88. | MLS. F aj. | ss. | MLS. F af | SS. | OLS. F 
Between blocks 2 153-56 76°78 2 918-22 | 459-11 2 861-56 | 430-78 
8-21 DS. 10°07 t 
Within blocks 6 143-33 23-89 y 6 3287-33 | 547-89 6 256-67 42-78 
Total 8 296-89 37-11 8 4205-56 | 525-69° 8 1118-22 | 13978 
+ Significant at 5 per cent level. 
: ; i 3 {c) Summary of results - a 
Mean (mg/m!) 40 56 53 
Ratio i 1 1-4 s ~ 1:3 
D. . 6-1 (4-9) * 22:9 (23-4) * 11:8 (6-5) * 
S.D.: Percentage of 
mean 15 (12)* 41 (42)* 22 (12)* 
( )* Excluding variation. due to time of sampling ` 














The results of the comparison are shown in Table 1. 
It is remarkable that three nets, so different. in size and 
construction, should give such similar values. The mean 
of nine determinations with the Indian Ocean standard 
net was 40 mg/m‘, with the Juday net 56 mg/m®, and 
with the Clarke~Bumpus,.53 mg/m’. Further, both Indian 
Ocean standard net and Clarke-Bumpus sampler gave 
surprisingly consistent results. The standard deviations 
of single hauls were 6:1 and 11:8 mg/m’, respectively 
(4-9 and 6-5 mg/m? respectively, when gross time effects 
due apparently to diurnal migration are excluded). Such 
.. Variability is relatively small when one considers that 

~ biomass values in the eastern Indian Ocean vary from 

‘practically nil to more than 100 mg/m? (ref. 2). Results 
with these two nets are therefore comparable. r 
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Fig. 2. Mean (200-0 m) zooplankton abundance along meridian 110° E. 
as determined by Indian Ocean standard net (——) (northward run, 
August 20-27) and Clarke-Bumpus sampler (-—-) (southward run, 
Septemher 8-16). The values plotted (mg/m*) are the means of day 
(0800-1200) and night (2000-2400) observations af successive stations 





More recent observations in the area support such a 
thesis. On cruise. G4/62 of H.M.A.S. Gascoyne along 
meridian 110° E., sampling was carried out on the way 
north with the Indian Ocean standard net and on the 
way south (two weeks later) with the Clarke—Bumpus. 
The biomass distribution along the section is shown in 
Fig. 2. There is a significant difference between observa- 
tions with the two nets at the northernmost station, 
otherwise the profiles are essentially the same. 

The lack of consistency of the Juday net in the com- 
parison is difficult to explain. Of the three nets it was 
by far the finest mesh (38/em) and was made of silk. Perhaps 
there could have been some degree of clogging or uneven 
washing: It might be significant that on one occasion 
when the washings were not collected the catch was less 
than one-third: that immediately before or after. Never- 
theless, the variability: (41 per cent of the mean) was not 
excessive and, given a sufficient number of observations, 
results with this net are probably comparable with the 
other two. ; 

It needs to be emphasized that, in this investigation, 
the catches were all handled by a standard method. 
Where a variety of methods is used for measuring the 
weight or volume of samples the resultant variability 
might be greater than that due to the nets themselves. 
It is also necessary to direct attention to the limited 
nature of the experiment, which consists of only nine 
samples with each net. A more extensive series of observa- 
tions by day and night at more than one station might 
lead, to some modification of the conclusions outlined 
here. 

The samples taken during the intercalibration on Vitiaz 
are being studied further in this laboratory. Counts are 
being made of major taxa and ‘some selected species and 
genera. I wish to thank Dr. M. E. Vinogradov, of the 
Institute of Oceanology, U.S.S.R., for the incentive to 
carry out this investigation, and Dr. I. Sukhanova 
(U.S.S.R.), Dr. A. Daniel (India) and Dr. P. Cana- 
garatnam (Ceylon) for their generous assistance with the 
field work. 
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AN ISOTOPIC METHOD FOR DETERMINATION OF CELL 
GENERATION TIME 


By Dr. YOSH MARUYAMA 


Department of Radiology, Stanford University Medical School, Stanford, California 


YMPHOID tumours of mice, after adaptation to the 
ascites form, grow intraperitoneally for a period but 
soon infiltrate adjacent organs and become disseminated. 
Because cell-counts as a measure of cell replication may be 
inaccurate due to cell loss and migration, an isotopically 
labelled precursor specific to deoxyribose nucleic acid 
(DNA), that is, C-14 thymidine’? has been utilized to 
label the DNA of the cells in an effort to determine the 
cell generation time. The results of these experiments 
indicate that the dilution of specific activity of labelled 
DNA is an effective approach to a solution of this fre- 
quently vexing problem. Furthermore, this may repre- 
sent an approach to cell generation rates during the 
plateau phase of ascites tumour growth. 

The tumour used is a lymphoblastic lymphoma (LSA 
ascites lymphoma) which originally arosein an X-irradiated 
C57BL/Ka mouse, and was adapted to ascites form by 
Dr. Giovanni Silini. It has been maintained by intra- 
peritoneal isologous passage in C57BL/Ka mice at inter- 
vals of ten days. The cells are collected from the 
peritoneal cavity of donor mice, diluted in Hanks’s solution 
supplemented with 5 per cent mouse serum, and inoculated 
intraperitoneally into recipient mice in a volume of 0-2 ml. 
Inocula usually contain 5-50 x 10° cells, and the survival 
time of the recipient mice ranges from nine to fifteen 
days, varying with the number of cells in the inoculum. 
For several days the cells multiply almost entirely intra- 
peritoneally, but infiltration of adjacent structures soon 
begins, usually between 24 and 72 h, and at the time of 
death all organs which have been examined show extensive 
infiltration. 

The incorporation of C-14 thymidine administered 
intraperitoneally reaches a maximum within 30 min 
(ref. 3). Once incorporated into DNA, it remains with the 
cell during division and multiplication. In a randomly 
dividing cell population, only those cells in the DNA 
synthetic phase (S phase) of the cell cycle would incor- 
porate label. With an exponentially increasing popula- 
tion, the cell number and amount of DNA would increase 
two-fold in one generation, provided all parent cells and 
progeny survive. Similarly, the specific activity of an 
incorporated labelled precursor, in counts per milligram 
of total DNA, would be expected to decline by one-half 
with each doubling of cell number. In a synchronous 
population the situation would be more complex*'; 
DNA synthesis would take place during the entire S$ 
phase, and during the post-DNA-synthetic, pre-mitotic 
stage (G2), a double complement of DNA would exist, 
until the time of cell division. In a randomly dividing 
asynchronous cell population, these processes probably 
take place as a continuum, with division following the 
doubling of DNA which is then equally distributed to two 
daughter cells. . 

Cells were inoculated and allowed to multiply for 
two days. On the second day 0-5 microcuries of C-14 
thymidine (New England Nuclear Corporation, specific 
activity 24-2 me./mM) in isotonic saline was instilled intra- 
peritoneally, and 30 min later 10 umoles of unlabelled 
thymidine (California Corporation for Biochemical Re- 
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to all animals. The drinking water thereafter was sup- 
plemented with unlabelled thymidine (5 pmoles/ml.) 
to minimize C-14 thymidine re-utilization. At various 
time-intervals after inoculation, randomly selected groups 
of three mice were killed by exsanguination, and the 
ascites cells washed quantitatively from the peritoneal 
cavity by multiple washes with cold isotonic saline’. 
An aliquot was counted in a standard hemacytometer, 
using phase-contrast microscopy, after appropriate dilu- 
tion, to determine the total cell number. The cell popula- 
tion is largely tumour cells and contains 1 per cent or 
less contaminating nucleated cells, mostly macrophages. 
The remaining cells: were centrifuged, and the cell pack 
homogenized with cold (0°-4° C) 70 per cent ethanol with 
0-1 M sodium chloride, resuspended in cold 70 per cent 
ethanol—0-1 N perchloric acid, the lipids extracted with 
absolute ethanol-ethyl ether (3 : 1), the RNA hydrolysed 
with a 24-h exposure to 1 N perchloric acid (0°-4° C) and 
the cold acid insoluble residue extracted by a 30-min 
treatment with hot (80° C) 0-5 N perchloric acid’. The 
amount of DNA (hot acid-soluble extract) was determined 
spectrophotometrically on an aliquot by ultra-violet 
absorption at 260 my and the radioactivity determined 
on a separate aliquot by liquid scintillation counting in a 
‘TriCarb’ counter. Results were calculated in c.p.m./mg 
DNA. x 
In these and other experiments’, the cell number 
increased exponentially during the early period of intra- 
peritoneal growth. A plateau occurs between 10° and 10° 
cells; thereafter, the cell count remains essentially stable 
until the animal expires. During the exponential growth 
phase of the cell numbers, the specific activity of the 
labelled DNA declined exponentially. The generation 
time as determined by cell counts by the method of Klein 
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Fig. 1. Exponential growth phase of the LSA ascites tumour. Growth 
curve (closed circles) indicates cell number as determined by direct 
count. Open circles represent the relative specific activity in c.p.m./mg 
DNA expressed as a percentage of the ‘zero’ time specific activity. The 
generation time as determined by cell count was 28-5 h, as expected 
from the relationship N = Nyet,7 (N = cell number, kı = growth con- 
stant, T = time after inoculation). The Taza of the specific activity 
curve was 28-5 h as expected from the equation SA = SA% T-N 
(SA = specific activity, kı = decline of specific activity constant, £ = 
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Fig. 2. The decline of specifie activity during days 6-9 of intraperitoneal 


growth. The cell number is essentially unchanging during this period. 


The Tiza of the exponentially declining curve is 85 h. The difference 
from the Tua of Fig. 1 may reflect a proportion of cells which fail to 
divide or are dividing at a slower rate 


and Revesz® was 28-5 h. The time required for halving 
the specific activity (Ti/:) was also 28-5 h (Fig. 1, Table 
1). In a separate experiment performed on days 6-9, 
during which time the intraperitoneal cell population is 
essentially unchanging, an exponential decline in specific 
activity was also observed (Fig. 2). 1,. in this case was 
35 h. Best fit slopes have ‘been determined by linear 
regression analysis in all cases. 

These experiments show that the T,,, of the dilution of 
specific activity of DNA during the exponential growth 
phase is closely correlated with cell doubling times estim- 
ated by direct counts. Data thus obtained confirm and 
complement the findings derived from direct counts of 
cell number. 

During the period in which no great change in cell 
number is detectable by direct counts, the dilution in 
specific activity indicated by the exponential decline in 
specific activity shows that continued synthesis of new 
DNA is taking place, as well as cell proliferation. The 
cells thus formed do not increase the intraperitoneal cell 
number, but presumably cell migration to other sites in 
the body is active. In results to be published separately, 
there is marked enlargement of the liver and spleen, as 
well as infiltration of pancreas, lymph nodes, gonads, 
kidneys, thymus, and other organs during this latter 
period. The intraperitoneal population of cells is therefore 
not in a stationary phase, but in an active state of pro- 
liferation with the tumour cells migrating and infiltrating 
organs throughout the body. 

The foregoing results indicate that with the LSA tumour, 
the process of DNA synthesis and cell proliferation must 


Table’ 1 
Mean spec. Percentage of 
Time No.of Mean cell No. act. c.p.m. 60h spec. act. 
(h) animals x 10° (mg DNA) (‘zero’ time) 

0 — 44 = — 
60 3 152 80,335 100 
70 3 177 44,668 74 
85 3 263 27,168 45 
107 3 423 19,848 33 
133 3 623 10,394 17 


Slope + S.E.; bw = 1:03 + 0-25 x 10-7; bs.4. = —1-02 + 0-10 x 107° 
e 
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provided that: the administration of thymidine does not 
alter the generation cycle; the behaviour of cells, both 
tagged and untagged, is similar; all the LSA tumour cells 
in the animal in the appropriate phase are tagged by the 
single pulse of labelled thymidine; any cells which enter 
the peritoneum behave as the cells in the peritoneum ; and 
that the kinetics of cell proliferation are constant through- 
out the period of intraperitoneal growth. Such data 
would not be valid in a situation where the presence of an 
intraperitoneal tumour evokes the migration of large 
numbers of host leucocytes and similar cells, thus creating 
a large pool of DNA. These cells would represent a larger 
proportion of the total cell proportion during the early 
phases of tumour growth, and the dilution 7,2. estimation 
in this case would be increased. In a situation where the 
tumour grows only intraperitoneally and with progressive 
increases in cell number, there is a concomitant slowing of 
cell growth and division, a biphasic or multiphasic dilution 
curve could be postulated where the initial slope would be 
steep and progressively become flatter as cell number 
increases. The T; of the slope in each portion may 
reflect the growth rate for that phase of intraperitoneal 
growth. Losses of a proportion of cells by cell death 
(though remaining intact for a period) or failure of division 
would also be reflected by decreasing the slope, and such 
very likely occurs during the latter period of intraperiton- 
eal growth. Revesz and Klein? have shown that there are 
increased numbers of abnormal nuclei during late intra- 
peritoneal. growth. Painter’, Drew and Painter’. 
Grisham", Johnson and Cronkite’, and Greulich have 
shown that cell viability is altered by the incorporation 
of radioactive precursors into DNA. In these cases, 
however, death of the cell may well be a late phenomenon 
which would not affect the first few cell divisions. The 
stimulation of mitosis by thymidine has also been reported 
by Greulich eż al.14 in duodenal intestinal mucosal cells, 
but such an effect has not yet been studied in the DSA 
tumour. Death of the cell would also make a pool of 
re-utilizable labelled DNA available, which would alter 
the observed slopes. Re-utilization is likely to be more 
significant; if at all, during the late period of intra- 
peritoneal growth, when the cell population is large and 
the supply of nutrients diminishing. 

Revesz, Forssberg, and Klein! have shown that a 
similar decline of specific activity occurs when cells 
labelled in mice by multiple injections of the nucleic 
acid precursor, C-14 adenine, are transplanted to recipient 
mice and allowed to multiply. The specific activity 
changes of the nucleic acids occur reciprocally, with 
increases in cell number corresponding to their growth 
rate. Autoradiography has been utilized where the grain 
counts per nucleus of a large lymphocyte population has 
been studied with time!’ and correlated with estimates of 
the generation time. The determination of the generation 
time in vivo remains, however, an exceedingly difficult 
problem. With solid tumours, the use of labelled halo- 
genated thymidine analogues (1*4J-iododeoxyuridine, 13I- 
iddodeoxycytidine) may represent a possible approach 
as they are incorporated into newly synthesized DNA 
and can be followed by external counting or scanning’. 
If such a lesion is accessible to external counting where 
body backgrounds of thyroid, urinary tract and stomach 
are minimal, where the predominant cell population is 
uniform and the stromal-elements turn over at such a 
slow rate that their contribution would be minimal, then 
the activity thus measured and correlated with the volume 
as a function of time may permit more accurate estimates 
of mean cell generation rates than are at present possible. 

The experiments described here show that the dilution of 
specific activity of isotopically labelled DNA is closely 
correlated with the cell generation time estimated by 
direct counts. To provide reliable estimates of cell 
generation time, cell counts must be made during the 
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growth. The isotopic method may be applied during all 
phases of tumour growth, but must be qualified by a 
different set of limitations. : 
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A THEORY CONCERNING IMPRINTING 


By W. A. MATTHEWS and G. HEMMINGS 


Department of Psychology, University of Hull 


HE findings by Lorenz that ducklings followed the 

first observed moving object, and did this without an 
apparent reward, led to much speculation and experi- 
mental work on this subject. The results from this have 
led to a clarification of some of the problems involved and 
the production of several explanatory theories. The 
results of this work indicate that it may be possible to 
reduce the pertinent issues to four, namely: (a) Why do 
chicks rapidly select particular objects in the environ- 
ment’? (b) Why do they follow these (and variations of 
them) ? (c) Why does the following last for only a limited 
period ? (d) Why is there a correlation between (1) 
following and low anxiety chirps and (2) the cessation of 
following and overt signs of increased anxiety ? 

Theories to explain this behaviour exist, but none 
appears satisfactory, although precise support for this 
claim will not be given here. A rather different approach 
is favoured in this article, and its implications to the 
problems listed will be discussed in the order in which 
they have been given. - 

(a) One important factor affecting attention is the 
novelty of the stimulus. How is this to be defined in this 
case, when all stimuli are novel to a newly hatched 
animal ? This may be possible in terms of complexity, 
shape, colour, movement, proximity, size, intermittency, 
in the stimulus figure with variations along each of these 
dimensions contributing to the summated novel content 
in the object. This approach implies that the greater the 
amount of novelty (that is, number of variable dimensions) 
in the imprinting object, the more likely it would be to 
attract attention. 

. Certain types of movement, for example, may be more 
efficient in attracting the attention of the animal. Irregu- 
lar, rather than regular, movement may be more effective, 
because potentially there is more information in irregular 
than regular movement and in regular than in no move- 
ment at all. A rather inadequate example of the point 
being made here could be taken from Gray, where he 
reports that naive chicks preferred and approached an 
active moving, presumably chirping, chick to a regularly 
moving, red or yellow silent disk, in apparently non- 
sound-proofed boxes. As red in other choice pairings was 
the preferred “colour, the differences may be defined in 
terms of sound, shape and movement—irregular sound, 
shape and movement, when compared with the other 
objects present. The chick contained more information (in 
terms of potential relevance to further behaviour in the 
subject) than the other objects, and in the visual dimension 
at least was more likely to control attention. The retinal 


structure of the chick seems to be maximally responsive to 
flickering stimuli and suggests a physiological basis for 
this proposal. 

The shape of the object.can be similarly considered. 
All other things equal the greater the irregularity’ of the 
shape, the more attentive the animal ought to be. The 
relationship of variability to the actual size of the object 
might be important here, as with a very large object, it 
seems likely that the animal would not be able to sample 
the stimulus variability of the whole object and the effect 
might asymptote. This implies that chicks and ducklings 
have not to learn to perceive shapes, but that from the 
time of hatching the perception of shape is effective. 
Contrary evidence exists to the hypothesis being put 
forward, for Fantz? found that ehicks tended to peck at 
simple, circular shapes, rather than at cones, pyramids, 
ete. (even when the objects themselves were covered with 
a flat transparent ‘Perspex’ sheet). This indicates that 
clear discriminations were possible on the first four days 
of life, but not that they preferred irregular objects at 
which to peck. However, it is possible to hypothesize 
some specific selective pain-reducing process relevant to 
pecking, which would not generally apply to other less- 
limited behaviours and suggest the inappropriateness of 
part of this evidence for ‘imprinting processes’ (that is, the 
pecking experiences but not the visual acuity). In the 
absence of reliable evidence, this latter view would not be 
pressed strongly, but further investigation would be 
useful. 

Some colours are likely to elicit more attentive responses 
than others. On an evolutionary survival basis (implicitly 
used earlier) one could suppose that blue, green, and less 
importantly achromatics and brown; being the hues of 
normal environmental stimuli, would contain little infor- 
mation about potential change. Red, orange, yellow, 
being less frequently observed in the natural surroundings 
of the animal, would contain potentially more information 
and lead to rapid attentive responses. A physiological 
basis for this preference may exist in the red, yellow and 
orange droplets found in the retin of diurnal birds and 
which moves maximum sensitivity towards the red end of 
the spectrum. 

Other experimental data exist which may be used to 
criticize this view. Hess, in some experiments on general- 
ization, found that yellow was a non-preferred colour and 
that on day 1 of life, red, orange, greon and blue were 
little different in controlling responses, although the red 
and orange did become more effective on day 2. How- 
ever, this experiment was methodologically unsound, as 
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on stationary ones in rather different positions in the 
runway. Smith and Hoyes‘, using groups of 19 animals, 
found that with flashing lights as stimuli, red, green and 
white had similar effects on approaching, although when 
they were the colours of moving objects there was a ‘non- 
significant tendency’ for red and green to produce more 
approaches than white. This might indicate that stimu- 
lation from other modalities is necessary to elicit strong 
responding and that differences in type of movement, area 
of stimulus involved and time visible would interact to 
produce some effect. The non-significant differences 
found here (when considered in the light of Gray’s experi- 
ment on colour preferences!).suggest the need for further 
controlled experimentation as these results might also 
have been affected by individual differences among 
subjects in the relatively small groups of 19 animals. 
This suggestion is made only because of the extreme 
variability of responsiveness generally found in these 
animals. The statistical treatment did not allow one to 
extract this from the results. Experimental data reported 
by Gray! tend to support the hypothesis put forward here, 
for in an experiment on a choice situation in which the 
stimuli were varied Ostwald colours on regularly rotating 
disks, red and red-yellow stimuli were extremely effective 
over the days tested. 

In addition to the dimensions of movement, shape and 
colour, intermittent sound would be predicted to be`more 
effective than a continuous tone, although precise data on 
this seem to be lacking, as it has been confounded with 
other effects when used experimentally. 

To summarize, then, it is suggested that the various 
stimulus modalities interact to produce input varying in 
complexity with more complex stimuli gaining greater 
attention and longer and more vigorous exploratory 
behaviour near to the object. 

The appearance of following (point b) must now be 
considered. Attention does not necessarily result in 
following, yet it normally occurs in this situation. Freshly 
hatched chicks are in a low state of arousal with low body 
metabolism. If rapid adaptability to incoming stimuli is 
essential to lead to survival this might be most efficiently 
obtained against a background of reasonable activity 
(arousal) within the organism. The low arousal-level at 
‘this period of development may be rapidly increased by 
‘the input from the imprinting object, with the amount of 
the input dependent on the novelty of the stimulus. As 
maximization of input would lead to increased arousal, 
three consequential factors might be involved which 
would lead to following. The first, a general increase in 
ambulatory activity, the second, the potential negative 
effects of reduced arousal when the imprinting object 
disappears, and the third, possible rewarding effects of 
increased arousal. The contentment calls of many chicks 
turn to anxiety chirps as the imprinting object disappears 
from view in a normally homogeneous environment. 
Following would serve to maximize the input, maintain a 
state of reasonable arousal and avoid or reduce the possible 
punishing effects of decreased stimulation, and would 
increase in probability as it was followed by increased 
steady input, which may function as a reinforcer’. With 
the possibility of greater stimulus input from the imprint- 
ing object than from the runway, a following response may 
be elicited in proportion to the actual arousal-level of the 
animal and the stimulus characteristics. Experimental 
evidence exists which suggests that sensory stimulation 
may be reinforcing*:?. A neurophysiological locus for 
these effects may be found in the reticular activation 
system. 

As an extension to this (point (c) in the classification 
made earlier), why does following stop ? If one considers 
the receptor system as a communication channel, with 
limited capacity then it seems possible that recoding 
processes continued during this inspection period function 
to reduce the load on the channel. If stimuli are simple, 
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novelty of the input rapidly reduced. If the stimuli aro 
complex, this may be more prolonged and-less rapidly or 
efficiently accomplished. This implies the continuation of 
novelty in the stimulus situation, the prolongation of 
following, and a longer learning period for the more com- 
plex stimulus shapes. As the novelty in the environment 
is reduced so the following response should cease. The 
degree of learning should be a function of the time during 
which the animal attended to the object. 

Barlow® suggests that lateral inhibition may occur 
peripherally (for example, cats, frogs, horseshoe crab) 
reducing the input of the stimulation from the receptors 
to the cortex and lower brain structures and that this is 
more likely to occur in those areas of the stimuli which 
contain redundancy (if the animals approach ‘novel 
stimuli to maximize stimulus input). 

There are two major problems within this theoretical 
formulation. One is its present imprecision in terms of 
objective measures. The other is the clear correlation 
between the ending of following and the commencement of 
anxiety chirps (point d). If a recoding process reduces the 
load on the perceptual system, it is difficult to sustain the 
view that the completion of this process leads to anxiety. 
The first problem is open to experimental attack. The 
latter is a theoretical issue not adequately accounted for 
by suggesting that anxiety is not crucial. 

One can suggest some maturational process which leads 
to the development of the anxious behaviour; but this is 
no improvement on the ‘fleeing drive’ hypothesis unless 
one can specify explanations of the development. These 
will have to be at a different level from the actual be- 
haviour, and explanations related to neurophysiology, 
however imprecise, may be useful in that potential 
experimental attacks could be developed. 

We have suggested a relationship between the novelty 
(or information) in a stimulus and the occurrence of 
attentive responses; between following and the maxim- 
ization of sensory input and arousal-level, and that the 
animal may recode the information to reduce the load on 
the transmission channel. 

The efficiency of this stimulation from the input begins 
to be reduced as a peripheral recoding process continues 
and a reduction in the efficiency of the remforcer should be 
caused by the recoding process. With this reduction of 
peripheral input the animal reduces its following and 
increases its searching behaviour, which may have the 
result of introducing novel input. In a homogeneous 
environment this is unlikely and the reduction of the effect 
of a reinforcing event will lead to the extinction of the 
learned factors in the response and to the development of 
the emotional behaviour (anxiety chirps, defecation, 
urination and the searching behaviour’). This sort of 
approach suggests answers to such questions as why 
imprinting (following one object) appears in a fairly 
limited period, except when perceptually deprived, why 
imprinting is difficult when animals are kept socially, to 
ambiguities from experimental results on shock, habitua- 
tion and drugs, and avoids the problems related:to the use 
of anxiety in a causal way* 1-12, It also suggests hypo- 
theses for a programme of consistent and directed 
experimentation. g 
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LETTERS TO 


MATHEMATICS 


Poisson Process with States Congruent 
(Mod 2) 


In connexion with the examination of stochastic 
processes in chemistry we have been led to consider a 
modification of the Poisson process which we feel may be 
of independent interest. As is well known!, the simple 
Poisson process is a Markov prones {X(t), t>0} with 
denumerable state space E = {0, 1, 2 .}, satisfying the 
following conditions: For xeH, (a ). The probability of the 
transition x—>x+ 1 in the interval (t, t+ At) is 7At+ (At), 
where à is a positive constant; (6) The probability of the 
transition z>x+n(n>1) is o( At); ; (c) The probability of 
the transition «2x (no change of state) is 1— AAt-+-o( Af). 
The modification we consider can be expressed as follows: 
(a’) The probability of the transition s—>x-+ 1 in (é, t+ At) 
is A, At+o(At) if x is an even integer, and is A, At-+o( At) 
ifwis an odd integer, where A, and A, are positive constants. 
We call a process satisfying (a’), (b) and (c) a Poisson, 
process with states congruent (mod 2). In view of the 
foregoing definition a simple Poisson process has states 
congruent (mod 1). 

Under the foregoing assumptions, the usual reasoning 
leads to the differential-difference equations: 








re = A,P2-1(t) — A,P2(t), for x even 
A = MPz-(t) — APe(t), for x odd 
where Pz(t)= P{X(t)=x}, veH. We put P:(t)= 0 for <0, 
P 


and P,(0)=1 for «=0. To solve the ao equations we 


introduce the generating functions F(s, t)= B Pz(t)s?, 
% even 
F(s, t)= E P,(t)s?, lsl<1, so that F(s, t)= E Pz(t)s*¥= 
zodă eE 


F(s, t)+ Fa(8, t). 
Introducing the foregoing transformations, equations 
(1) become: 


2T, = MSF, — AF, l 
JF, (2) 
-a = MeF, — Mte 


with initial conditions F(s, The 


solutions of equations (2) are: 
= e-} ee eee (25) 
F(s, t) = e~it {eosh (5) panh 5 

` 2) (3) 
2 

where p= +s VE Ar—Ae, and p=l(v?+42,2,82)41. 
We remark, that when =,=), we have F(s,, t)= 
F,+F,=e**8-, the generating function of the simple 
Poisson process. The probabilities Pz(t) could be obtained 
from equations (3) by expanding F(s, t) as a power series 
in s; however, this method, in this particular case, is very 
complicated. Another approach is as follows: Let the 


random variables T, and T, denote the total time that 
the system is in an even state and odd state, respectively. 


0)=1, F,(s, 0)=0. 





F.(s, t) = 


THE EDITOR 


It is clear that T, and T, are independent. It has 
been pointed out® that the simple Poisson probability 


MeH 
Pa(t) = pare 





is, if suitably normalized, a probability 


density in time. Hence the (normalized) probability 
density functions for T; and T, are given by: 


ayt Tile — Ady 


Py(t,) = et eer y=0, l, 
24 1y2, —Asty 7 
Plta) = a, z=0, l, (4) 


In order to compute Pz(t) for the process here con- 
sidered, we are interested in the random variable 
T=T,+T7,. Since T, and T, are independent, the convo- 
lution theorem gives: 


t 
Py z(t) = f Pulti) Pelt —t)di, = 3 
0 (5) 
yes ale shies tg 


= Ci l;yt2+2;—w 
T(y+2+ 2) re 


where ® is the confluent hypergeometric function. To 
compute P(t) from equation (5) we proceed as follows: 
To obtain the probability that the system is in the y-th 
even state, put z=y—1, since the system must have 
entered this state from y—1, an odd state. Hence, in 
general, the y-th even state is the 2x-state; hence: 


Pre — Agt 
D(2a +1) (6) 


To compute the probability that the system is in an 
odd state, y should equal z. This yields: 


e+ 1 nara 1 e Yat 


= F(a + 2) 


P(t) = (x +1; 2a+1; —vt), 2=0, Ï, arte 


Prosy(t) O(a+1; 2e42; 


a2=0, 1, 


— vė) 
(7) 


In expressions (6) and (7) we have divided P z(t) by X 
and Poz+4(t) by 4, for normalization. 
The mean of the process can be obtained by evaluating 


(2 . We have: 
IS / gz 
DA Aot 
mi) = & {X(t} = > (l-e-wt) p SEE 

Higher moments can be found by evaluating higher 
derivatives of the generating function. 

The relations given here can be used to investigate new 
summation formule for series involving the confluent 
hypergeometric function. For example, 


(8) 


o oF, 
a oa oe (9) 


The model considered in this communication can be 
generalized by considering a Poisson process with states 
congruent {mod n). In this case the probabilities can be 
expressed in terms of confluent hypergeometric functions 
of several variables’, and summation formule analogous 
to formule (9) can be obtained. 
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PHYSICS 


Sources of Harmonics of Low Order in 
the External Gravity Field of the Earth 


Tux external gravitational potential, V, of the Earth at 
ə point having the spherical polar co-ordinates, radius 
vector 7, co-latitude 6 and longitude 4, with respect to the 
centre of mass of the Earth, may be written in the form: 


GM @ RN” 
Vou — = fı - 3 a) Pr(cos 8) + 


terms varying with longitude} 


Here G is the constant of gravitation, M is the mass of 
the Earth, R is a scale factor, commonly the equatorial 
radius of the Earth, and Pa(cos 0) is the Legendre poly- 
nomial of degree n. 

King-Hele, Cook and Rees? have recently determined the 
coefficients of the harmonics of even order up to Jj, from 
the secular changes in the nodes of orbits of seven artificial 
satellites, while coefficients of the harmonics of odd order 
up to J, have been determined from periodic changes in 
the orbits. Beyond J, the coefficients are of order 5 x 10-7. 

There are now sufficient data to enable some bounds to 
be placed on the regions within which the sources of these 
harmonics must lie. A repetition? of a calculation 
originally due to W. H. Munk and G. F. C. MacDonald 
shows that there is no relation between the coefficients of 
the harmonics so far determined and the coefficients of 
the development of the distribution of the continents in 
surface harmonics; accordingly the sources must be 
sought below the Mohoroviéié discontinuity. An obvious 
possibility is that the sources may be irregularities in the 
boundary between the core and the mantle. Now in 
consequence of the well-known ambiguity in the inference 
of a density distribution from a gravity field, it is not 
possible to prove or disprove the existence of such irregu- 
larities from gravity data alone; we can, however, ask 
whether or not there are any irregularities, however great, 
at a particular depth that could produce the observed 
field, and if that is not possible, the sources must lie 
nearer the surface. 

Suppose thst the variation of density between radii 7, 
and r, is given by onPn(cos 8). Then the coefficient of Pa 

3 On 


in the external field is: 
E I By] 
- nij mts) p E LITG | 
where p is the mean density of the Earth. 
When n is of order 10 or more (r,/7,)**? will be very small 
unless the two radii are nearly equal, so that the value of 
Jn is determined by the outer radius of the shell. Then: 


Jn = 


3 On Ye ars 
Jn =~ = Gayl) (+3) p (3) 


A reasonable value of on/p is $. 
If we take J,,. to be 3x 1077, 


15 
(33) must be not less than 7-5 x 10-5 


and hence 3 > 0-537. 

This limit is very close to the ratio of the radius of the 
core to the radius of the Earth, the value of which is 0-545, 
and further consideration makes it seem probable that 
whatever irregularities there may be in the core-mantle 
boundary, they are unlikely to produce the observed 12th 
order harmonic, the source of which must therefore be 
sought higher up in the mantle. Let denote the difference 
Ta— Tı, 80 that the formula for the coefficient Jn becomes: 


a See ay 
a" m4+l ` oe (OR \B 


Taking r/R to be 0-545, and on/p to be 4, ¢ has to be 
150 km, or about 1/20 of the radius of the core, to give the 
observed value of Jı». Ifsuch irregularities seem excessive 
(it is not clear whether present seismic data would reveal 
them) it follows that additional sources for the 12th and 
higher order harmonics must lie in the mantle. The value 
of Jio —5 x 10-7, requires ¿ to be 65 km if the 10th order 
harmonic arises from irregularities in the core mantle 
boundary. . 

The conclusion appears to be that irregularities in the 
core-mantle boundary could produce the observed 
harmonics of order 10 and less, that the 12th order 
harmonic probably arises from irregularities above the 
core-mantle boundary and that higher harmonics cer- 
tainly do. Evidently, then, determinations of the 
harmonics of order 13 and higher will be of great interest 
since they are the lowest that must unambiguously arise 
from density variations in the mantle. 

The following list shows the harmonics for which the 
sources must probably be sought above different levels in 
the Earth: 


Order of harmonics 


Level r/R which must have sources 
above the level 
Boundary of inner core 0-216 > 4 
Core-mantle boundary 0-545 > 12 
Low velocity layer 0-95 > 113 
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Measurement of Relativistic Time Dilatation 
using the Mossbauer Effect 


THE Méssbauer effect allows of some of the most direct 
tests of certain simple relativistic predictions, and in this 
connexion we wish to report on the progress of some 
experiments similar in principle to those first reported by 
Hay, Schiffer, Cranshaw and Egelstaff!.*. These authors 
measured the relativistic frequency shift between a 
cobalt-57 source of 14:4-keV y-radiation, near the centre 
of a rotating disk, and a resonant iron-57 absorber around 
the periphery of the disk. On spinning the disk the 
resonance absorption was found to decrease, giving 
increases in transmission of up to 6 per cent. This was 
shown to correspond to a relative frequency shift the 
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Fig. 1. Graph showing measured transmissions through resonant ab- 
sorber at various rotor speeds. The full curve is a theoretical curve 
based on the line shape measured using the first-order Doppler effect 


magnitude of which agreed, to within an accuracy of 
about 2 per cent, with that predicted by the relativistic 
expression (Av/v) = (va?—vs?)/2c?, where va and v; are the 
velocities of the absorber and source. This expression 
may be obtained either in terms of the time dilatation of 


“special relativity or in terms of the pseudo-gravitational 


potential difference between source and absorber. 

By using higher velocities and more favourable sources 
and absorbers we have obtained effects of up to 24 per 
cent. The rotor assembly is similar to that of Champeney 
and Moon’, consisting essentially of a hollow tubular 
rotor, approximately 8 em long, spun about an axis 
through its centre. perpendicular to its long axis. The 
source is mounted at the centre, with a resonant absorber 
across one end and a non-resonant absorber across the 
other end, the transmissions through the two absorbers 
being measured on two scalers appropriately gated. The 
results of a run using a cobalt-57 source diffused into an 
iron-56 foil in conjunction with an iron absorber foil 
enriched to 81 per cent in iron-57, fixed to a beryllium 
backing for rigidity, are shown in Fig. 1. Measurements 
were also made by mounting the same source and absorber 
in a device which could move the absorber slowly towards 
the source at a uniform velocity v, thus inducing a shift of 
Av/v=v/e by the first-order Doppler effect. It was found 
that measurements of transmission as a function of 
approach velocity could be represented to within the 
accuracy of the readings by a Lorentzian line shape. The 
full curve in Fig. 1 was obtained from such a Lorentzian 
by noting that according to the equations given here the 
transmission measured on the rotor at a certain speed 
(with source and absorber velocities of v, and va) should 
be the same as that on the slow motion device at a speed 
given by v=K(va?—v;*)/2c, with K equal to unity. A 
method of evaluating our results is to compare the rotor 
readings with curves calculated using various values of K, 
and to determine that value of K which gives a best fit 
using a least squares criterion. Our results so far give a 
value K=1-03-+0-03 based on measurements using three 
absorbers of different characteristics. The error quoted is 
not due mainly to statistical fluctuations, and a more 
careful evaluation of systematic background corrections, 
thermal effects, etc., should in future allow us to decide 
whether our slight indication of a high value of K is 
significant. The apparatus lends itself readily to a repeat 


of the ‘tip-tip’ experiment, a more acvurawe repouwen ve 
which will provide a sensitive-test of the apparatus (for 
example, with respect to vibrations) besides being of 
interest in its own right*-4. 

Using a source absorber combination with an inherent 
line shift one is able to measure the sign of the effect 
(see Hay?, Champeney, Isaak and Khan‘). With a source 
of cobalt-57 diffused into copper at the centre of the rotor 
and a stainless steel absorber at the tip, to provide a 
combination with a relative shift of about half a line 
width, we obtain a value of K = + 1:04+0-15, the positive 
sign meaning that spinning the rotor produced the same 
direction of shift as did a relative approach velocity due to 
the first order Doppler effect. The chances of K having 
the wrong value of —1 are thus very remote. 

We thank Prof. P. B. Moon for support and encourage- 
ment, and also Dr. Q. B. Briscoe, Mr. D. A. O’Connor and 
Mr. F. W. Lovick for help in the source and absorber 
preparations, linear Doppler effect measurements, and 
electronics design, respectively. One of us (A. M. K.) is 
receiving support from the Pakistan Atomic Energy 
Commission and the Colombo Plan Administration. 

Note added in proof. Since the time of writing, a related 
experiment has been described by W. Kiindig (Phys. Rev., 
129, 2371; 1963) in which agreement with theory to 
within an experimental error of 1-1 per cent is obtained. 
Kiindig also found appreciable line broadening which he 
attributed to vibrations. A consideration of our present 
results together with those of tip-tip experiments should 
allow an evaluation of any line broadening mechanism in 
our experiment. 
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Electron Distribution in Low-voltage Arcs 


Tue plasma properties of a low-voltage are will depend” 
on the way in which electrons are distributed through 
it. The electrons, as in other hot cathode discharges!?, 
occur mainly in two groups, one consisting of almost 
monoenergetic electrons which have fallen through the 


.cathode sheath and acquired random direction in a few 


mean free paths with little change of energy, the other ' 
much slower and near-Maxwellian. As part of a study of 

hydrogen thyratrons, measurements have been made of 

the concentrations of both groups in a’ similar device 

without control electrode, using Druyvesteyn’s probe 

method’. We find that they can be accounted for by 

diffusion theory and report here briefly some results of 

general interest which have been obtained for the fast 

group. Comparable results have been obtained for the 

slow. 

The tubes used were cylinders 6-4 em in detin with 
anode 6-0 cm in diameter and cathode 2-5 cm in diameter, 
5-0 cm apart and perpendicular to the axis. The probe 
was a sphere 1-0 mm in diameter which could be placed 
anywhere between the planes of the main electrodes. The 
numbers of slow and fast electrons were found by elec- 
tronic double differentiation of the probe current with 
respect to probe voltage (V) followed by multiplication 
by V+, with V zero at space potential, and integration 
over the relevant ranges of V. 

The diffusion equation for the fast electrons was formed 
by assuming that the diffusion coefficient was given by the 
electron speed, gas density and the elastic collision cross- 
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was a volume loss term specified similarly by the total 
inelastic cross-section. That is, an elastic collision was 
assumed to leave an electron in the group and an inelastic 
collision to remove it. The boundary conditions, chosen 


to approximate to those in the tube, were that the concen- ` 


tration had a constant maximum over the face of the 
cathode, was zero over the rest of the cathode plane and 
was zero, apart from the usual free path correction, over 
the whole anode plane and intermediate wall. The solu- 
tion was obtained as an exponential-Bessél series with 
coefficients determined by tube dimensions, cathode 
concentration and the ratio of loss and diffusion coeffi- 
cients. Sixteen terms, evaluated using a digital computer, 
were found to give adequate convergence. The ratio was 
varied until one giving the best fit to the experimental data 
was obtained. This value proved to be in substantial 
agreement with published values for the relative cross- 
sections, the chief source of uncertainty being lack of 
exact knowledge of the gas temperature. 

Two other results which have emerged are: 

(1) The distribution of electrons in a plane perpendicular 
to the axis follows a bell-shaped curve, illustrated by 
graph a in Fig. 1. It is interesting that a curve of this 
shape can occur in a plasma and does not necessarily 
indicate that conditions are subnormal*’. 





Cathode 





Fig. 1. Diagram. of tube and calculated fast electron concentration pro- 

files. a, Radial distribution, 2 em from cathode, @ experimental values‘ 

at 600 m.amp, 700 um mer ; b, distribution parallel to axis, 1-5 cm 

from cathode edge; o, locus of maxima in 6 (wings). (Graph a electron 

concentration axis vertical; graph b electron concentration axis 
horizontal) . 


(2) As a consequence of the boundary conditions, the 
concentration has a maximum (graph b) between the 
planes of cathode and anode along lines perpendicular 
to these outside the cathode radius. A typical locus of 
maxima for a given discharge is shown by line e in Fig. 1. 
Since the luminosity of the plasma is largely due to the 
fast electrons, this effect may contribute to the winging 
sometimes seen to start at a cathode edge, or even to that 
associated with plasma-electron oscillations®. 
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uyrémagnétic Aatio of the Proton 


Tue gyromagnetic ratio of the proton was determined 
two years ago! in terms of the unit of current maintained 
at the National Physical Laboratory by means of stan- 
dard resistors and standard cells. 

A determination of the unit of electric current by the 
balance of the Laboratory now enables the values of the 
gyromagnetic ratio of the proton to be referred to the 
ampere as defined in terms of the metre, kilogramme and 
second. 

The interquartile range of 70 independent measurements 
of current was 8 in 10°, which corresponds to a quite small 
probable error of the mean; but an analysis of possible 
systematic errors suggests that the probable error may be 
as large as 4 in 10°. The results indicate that the unit of 
current maintained at the Laboratory by material stan- 
dards exceeds the ampere by 15 in 10% When this 
difference is taken into account, we find for the gyro- 
magnetic ratio of the proton in water, uncorrected for 
diamagnetism, 2:675 13108 Wh-'m’s with a total 
probable error of 5 in 10°. The same figure was also 
quoted as a preliminary value by Driscoll and Bender? 
and has been provisionally recommended by the Associa- 
tion of Geomagnetism and Aeronomy*. 
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GEOPHYSICS i 


Self-reversal of Remanent Magnetization of 
Magnetite at Low Temperatures 


Tue intensity of isothermal remanent magnetization 
of a ferromagnetic body usually increases with its cooling 
in non-magnetic space, owing to increase in spontaneous 
magnetization. We have found, however, that the 
direction of isothermal remanent magnetization of a single 
crystal of magnetite produced at room temperature is 
reversed at about — 143° C in a cooling process in non- 
magnetic space. The sample examined by us was a single 
crystal of magnetite collected from Mituisi, Japan. The 
chemical composition (less than 0-3 per cent titanium 
dioxide content) and the X-ray data, (a =8-391 A) of this 
sample indicate that it is nearly stoichiometric magnetite. . 

A. disk of single crystal magnetite (diameter =1-3 cm, 
thickness = 0-3 cm) was magnetized in a magnetic field of 
H=5,000 œ at the room temperature and then was cooled 
to —196° C in non-magnetic space. Fig. la shows the 
change of the remanent magnetization with temperature. 
In this figure the remanent magnetization vanishes at 
about —143° C and then re-appears into the opposite 
direction on further cooling. When the magnetite is 
reheated to room temperature in non-magnetic space, the 
direction of the remanent magnetization is again reversed . 
to the original one at the same critical temperature 
(Type 1 curve in Fig. la). i 

In order to explain this self-reversal of remanent 
magnetization at — 143° C, it may be assumed that there 
are two different kinds of magnetic domains which are 
coupled with each other by magneto-static force. The 
following two experiments seem to justify this assumption. 

(A) Field cooling experiment. The isothermal remanent 
magnetization was produced on the sample at room tem- 
perature and afterwards the sample was cooled to — 196° C 
in a magnetic field of which direction was parallel to that 
of the original isothermal remanent magnetization. It is 
found that the magnetic field of 0-5 ce is sufficient to 
suppress the self-reversal phenomenon. The experiment 


shows. that the interaction between the two components 
should be of the order of 1 cersted. This weak interaction 
seems to rule out the possibility of the exchange inter- 
action observed in Haruna-type self-reversal! and supports 
the assumption of the magneto-static coupling. 

(B) Shape effect of the sample on the self-reversal. A 
single crystal of magnetite was cut into a flat rectangle 
of various dimension ratios (thickness, 0-3 em; width, 
a, 0-8 em; length, b). The isothermal remanent magnet- 
ization is then produced along the length of the rectangle 
in H=5,000 œ at room temperature. It was found that 
the reversal phenomenon was critically dependent on the, 
shape of the sample; that is, the shorter the sample, the 
more pronounced was the reversal phenomenon. When 
the sample was long enough, the reversal phenomenon did 
not occur, the remanent magnetization decreasing without 
changing the sign on cooling to —196° C. The remanent 
magnetization reduced at low temperatures recovered to a 

_ certain percentage of the original intensity on reheating to 
room. temperature (type 2 curve, Fig. 1b). If the magneto- 
static coupling is assumed to exist between types A and 
B, the demagnetizing field acting on the type A can be 
expressed as NJ, where N is the bulk demagnetizing 
factor and Jg the specific magnetization of type B. 
As the sample became shortened, the demagnetizing 
factor N increased to result in a larger demagnetizing 
field, approaching the condition which caused self- 
reversal phenomenon. 
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Fig. 1. Change of temperature of isothermal remanent magnetization 


With regard to the nature of the two different kinds of 
types A and B, it may be assumed that the coercivity of 
type A domains is mainly controlled by crystal anisotropy 
energy*, while that of the type B by other factors such as 
internal stress, although the two types of domains may 
have the same chemical composition. Types A then 
become free to move at the low temperatures, as the 
anisotropy energy vanishes at — 143° C, while the types B 
remain undisturbed at low temperatures. When the 
specimen. is cooled, the intensity of the original isothermal 
remanent magnetization decreases as types A are easily 
demagnetized because of the decreasing coercivity. On 
further cooling, the once-demagnetized types A are re- 
magnetized in the opposite direction to the original one 
under the influence of the demagnetizing field of the 
persistent types B. The remagnetized types A are then 
frozen in as the coercivity of types A again increase 
sharply on further cooling below — 143° C (ref. 3). 

It is also interesting to note that ‘the remanent mag- 
netization after recovery (once cooled to —196° C, then 
heated to room temperature) is magnetically much 
stronger than that of the original remanent magnetization. 
This fact seems to support the assumption that the 
magnetite has two components: a magnetically soft 
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crystal anisotropy energy, and a magnetically hard com- 
ponent of which coercivity is controlled by the internal 
stresses. The majority of the recovered isothermal 
remanent magnetization is therefore presumed to be of 
the B types. 

From these experimental results, it may be ‘expected 
that any magnetite sample may show the self-reversal 
phenomenon. provided the sample has an optional bulk 
demagnetizing factor and internal stress distribution. 
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METEOROLOGY 


Relation between Atmospheric Ozone and 
Geomagnetic Disturbances 


Many attempts have been made in the past without 
much success to establish a relationship between anoma- 
lous solar activity such as solar flares, the consequent 
geomagnetic disturbances, etc., and atmospheric ozone. 
Most of the investigations made were of a statistical 
nature from observations at a single station. Recently, 
Sekihara‘ statistically concluded that there was a small 
increase in ozone on the eighth day after the key day of a 
magnetic storm. He used the data of total ozone amount 
mostly for stations between 10° N. and 47° N. This 
communication gives the results of the behaviour of 
the mean meridional distribution of total ozone over 
European stations during severe magnetic storms. 

The observations of total ozone amount were taken from 
those published by the World Meteorological Organization. 
for I.G.Y. and I.G.C., and were analysed for the fourteen 
‘severe’ geomagnetic disturbances during 1957, 1958 and. 
1959. A disturbance was considered as ‘severe’ when the 
‘K’ index was 8 or 9. The data of 15 stations, in the 
latitude-range of 38°—78° N., were used in constructing the 
isopleths of equal ozone values for a period of about a 
week on either side of a magnetic storm, and this was done 
for all such storms occurring in the period. Typical of the 
latitudinal distribution of ozone associated with severe 
geomagnetic disturbances is that which occurred during 
three storms in June and July 1958, and presented in 
Fig. I. 

It is interesting to note that about 24 h after the 
occurrence of a magnetic storm the latitudinal gradient 
of ozone decreases to a minimum, the amount of ozone 
tending to become more or less the same at all latitudes. 
This involves, in general, a decrease of ozone in 50°-65° N. 
region and an increase south of about 50° N. Two or three 
days after the magnetic storm, the ozone amount increases 
in the 50°-65° N region, and the latitudinal distribution of 
ozone becomes more or less the same as it was before the 
storm. In almost all cases analysed it appears that the 
breakdown of the established gradient takes place about 
24 h after the occurrence of the storm. 

In Fig. 2 are given the latitudinal mean amounts of 
total ozone at different latitudes three days before and , 
after the occurrence of individual magnetic disturbances. 
Also included is the mean latitudinal distribution of 
ozone on the day of the storm or the next after. The 
following points are of interest: 

(1) In all the cases, ozone has decreased in the region of 
50°-65° N. On some occasions (for example, February 11 
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Fig, 2. x, Three days before the storm; O, the same day or 24 h after 'the storm; A, three 
days after the storm 








(2) In ten cases, ozone has increased. 
in regions below 50° N., and on no 
occasion has it decreased in the region 
below about 45° N. The increase of 
ozone below 50° N. is of magnitude 
0:025 cm. In the three instarices 
during winter-spring months a greater 
increase in ozone of the order of 0-040 
cm seems to have taken place in the 
region below 50° N., andintwo of these 
cases the trend was maintained during: 
the subsequent days. 

(3) The latitudinal distribution of 
total ozone three days after the storm 
usually seems to become more or less 
as it was before the storma, allowing, 
of course, for possible changes in 
ozone due to changes in upper level 
flow patterns. 

(1) and (2) together suggest a 
redistribution of total ozone content 
during a magnetic storm. 

Virtually all those who have 
attempted to reason on the subject of 
solar-weather relationships have as- 
sumed that solar activity affects 
primarily the high atmosphere which 
in turn affects the lower atmosphere. 
Many mechanisms have been sug- 
gested which could propagate energy 
derived from anomalous solar radia- 
tions from higher to lower levels appar- 
ently with no conclusive evidence as 
to which of the mechanisms actually 
operates. The present investigation 
may throw some light on this aspect. 

In the absence of measurements of 
vertical distribution of ozone around a 
magnetic storm, we are obliged to 
speculate as to the level in which these 
changes in ozone occur. As almost 
all investigations into the relationships 
between circulation at the 100 mb 
level and solar activity have been 
inconeclusive?, it is unlikely that 
changes in total ozone could have been 
brought about by the changes in the 
circulation of the lower stratosphere 
below about 25 km. Also the magni- 
tude of the change in ozone. of about 
0-050 cm during a storm could scarcely 
be accounted for by changes in ozone 
above 35 km in the photochemical 


and June 29, 1958, and April 9 and May 11, 1959) ozone region where the estimated value of ozone is only about 
not only has decreased at 70° N but also indicates a 10 per cent of the total ozone. 

decrease at higher latitudes. The magnitude of decrease Factors which may have some influence on the observed 
in ozone is about 0-050 em. changes in the latitudinal ozone pattern include increased. 


likely to be small, and changes in the circulation above 
25 km induced by sudden heating. 
R. N. KULKARNI * 
C.S.I.R.O. Division of Meteorological Physics, 
Aspendale, S.13, Victoria. 
* On leave from the Tata Institute of Fundamental Research, Bombay. 
1Sekihara, Kyo, Papers in Met. and Geophys., 39, 315 (1961). 
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Oceanog., New York Univ. Coll. Eng. Res. Div. (1959). 


CERAMICS 


Differential Thermal and X-Ray Analysis of 
Opal 

PUBLISHED differential thermal analysis curves of opal 
show a marked rounded endotherm with the peak near 
130° C, although one example shows a very small peak at 
this temperature?. Curves we have obtained from the 
differential thermal analysis of some thirty naturally 
occurring opaline silicas can be broadly classified into 
three groups with: (1) a very small, or no apparent 
endotherm between 100° C and 200° C; (2) a prominent 
rounded endotherm starting at about 90°, with a peak 
temperature in the range 125°-140° C; (3) a strong, sharp 
endotherm, starting at 90° C, with a peak temperature of 
140° C. 
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Fig. 1. Differential thermal analysis of opal and quartz. 1, Milky opal, 

White Cliffs, New South Wales; 2, brown common opal, Sunbury, 

Victoria; 3, brown opal, locality unknown; 4, quartz, run at the 
same sensitivity as the opals 


Typical traces are shown in Fig. 1. Most glassy opals 
(including precious varieties) fell into group (1); opals of 
group (2) were commonly opaque. Only two samples have 
been found in group (3) and these were somewhat glassy 
red and brown opals from different localities. They gave 
identical differential thermal analysis traces. 

Thermal analysis at 50° C/h of typical samples of each 
group showed rates of weight loss corresponding to the 
nature of the differential thermal analysis peaks. Opals of 
group (1) were still losing water at 500° C; but those of 
group (3) were almost dehydrated by 200° C. 

All samples were analysed for silica and water content 
(determined as-loss on ignition) but no correlation was 
apparent ‘between composition and differential thermal 
analysis results. 

X-ray powder patterns of more than 100 samples from 
widely varying localities and occurrences were taken. In 
confirmation and extension of the findings of Flérke? and 
others? these showed all gradations from essentially 
amorphous materiel, through disordered tridymite- 
cristobalite with or without quartz, to well-crystallized 
x-cristobalite. No correlation between degree of crystal- 
linity and chemical data was apparent. All amorphous 
opals fell into differential thermal analysis group (1), but 
no such correlation could be made for erystalline opals. 
Three tentative generalizations can be made: (a) opals 
from any one occurrence, regardless of appearance, give 
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amorphous; (c) most hyalites are near amorphous. 

Our results strongly indicate that most of the water is 
not chemically bound in opa}. The manner in which the 
water is held is being further investigated by detailed 
thermal, X-ray, infra-red, and electron micrographic 
analysis. 

J. B. JONES 
School of Geology, 
University of Adelaide. 
E. R. SEGNIT 
Norma M. NICKSON 


C.S.I.R.O. Division of Building Research, 
Melbourne. 
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CHEMISTRY 


Partial Differentiation, with Special Reference 
to Thermodynamics 


THIs communication is based on the idea that certain 
difficulties in thermodynamics are the direct result of 
defects in the standard and indeed universal definition of a 
partial differential coefficient. A new definition is therefore 
proposed which is more correct and more helpful in 
thermodynamics and possibly in other branches of science. 

For the purpose of exposition it will be sufficiently 
general to consider a differentiable function, z, of three 
variables, 2, £s, a, and we write therefore: 

z=LT(xy, Los Xs) (1) 
(although of course z is also variable, to avoid confusion in 
what follows the term variable is reserved for a, %, 2). 
If now the variables of (1) are allowed to change and if 


these changes are sufficiently small dz will be given by a 
simple linear equation: 


dz=a.da,+b.dv,+c¢.da, (2) 


This follows because products of small quantities may 
be neglected. 

, According to the standard definition', the partial differen- 
tial coefficient 0z/d2, is simply the rate of change of z with 
respect to xv, when the other variables, £a» 73, are held 
constant, and it is obtained by the ordinary rules of 
differentiation on this assumption. Thus it follows that 
dz/0z, equals the limiting value of the coefficient a as 
dz—>0. 

The new definition shifts the emphasis by defining the 
partial differentials directly as the coefficients, a, b, c of 
equation (2) for infinitesimal changes. We therefore have 
three defining equations of which the first is : 


dz — b.da, — c.dax, 
ai, (3) 


for infinitesimal changes. If there is only one variable, x, 
a becomes the ordinary differential coefficient dz/da,. 

The advantages of the new definition are as follows: 

(1) The new definition includes both ordinary and 
partial differential coefficients. 

(2) The standard definition may give cause to error 





zjx, = a= 


` because although sufficient it is not entirely necessary. A 


glance at equations (2) or (3) shows that dz/dx, becomes 
equal to a whenever the sum b.dx,-+edx, equals zero. This 
may happen in many ways besides making xz, and 2, 
constant. 

(3) The new definition gives a better expression of the 
essential causative nature of the idea of partial differen- 
tiation. Equation (3) shows that dz/da, is the rate of 
change of z with x, after correcting for the effects of the 
accompanying changes of the other variables. It is in 
fact the rate of change of z due to the change in a, alone. 

e 


Onj0a, the rave OI cnange OL tne molar number, n, due to 
the change of surface area, A, alone is at once interpretable 
as the surface excess or amount adsorbed per unit area. 

(4) The new definition is essential when the variables are 
dependent, and it is much to be preferred when dealing 
with variables which are independent with difficulty. 
Many such cases occur in thermodynamics. For example, 
the fundamental equation for the reversible energy change, 
dÆ, of a simple one-component system is: : 

d#=T.dS — P.A V + u.dn (4) 

However, if we wish to determine 0£/0S by the standard 
definition we must first enclose the system in a rigid 
enclosure so that the entropy, S, may be changed by 
reversible heating without altering the volume, V, or the 
molar number, n. If we wish to determine 0#/0V by the 
same method, the rigid enclosure must be a perfect 
thermal insulator to keep S constant and it must have a 
piston frictionless and also thermally insulating to change 
V reversibly. With the new definition these details need 
scarcely trouble us. Further, if we wish to determine 
dH /on according to the standard definition, an insuperable 
difficulty arises since we cannot increase n reversibly 
without at the same time causing volume and entropy 
changes. We are forced, therefore, to correct the amount 
d# due to the material, the entropy and the volume added 
unavoidably in one process, by subtracting the energy 
increments, 7.dS and —P.dV, due to the entropy and 
volume changes respectively. This is exactly the process 
described in more general terms by equation (3). In this 
case we are forced to use the new definition. 


l G. A. ELLIOTT 
Department of Chemistry, 
University of Western Australia, 

Nedlands. 


+ For example, see Kirkwood, J. G., and Oppenheim, I., Chemical Thermo- 
dynamics, 249 (McGraw-Hill Co. -» 196 en. 


Delayed Fluorescence Spectrum of Pyrene 
Solutions at Low Temperatures 


Parker and Hatchard! have convincingly demonstrated 
that delayed fluorescence exhibited by dissolved aromatic 
hydrocarbons A originates in the interaction of two triplet 
States, and that at low light intensities the overall process 
1, followed by 2, is controlled by the first-order process 3 
which is almost entirely responsible for triplet state decay 
under these conditions. 


1443414 *4+4 

1A *—>A + hyu (2) 

sA—>A (3) 

To account for the presence of the dimer band in the 
delayed fluorescence spectrum of pyrene’, these authors? 


suggest that process 1 involves Colpa’s doubly-excited 
state 14, * * and the excimer 14, * as intermediates, that is: 


b 
SAIA > tA, ** -> 1A, > ALA (1) 


where the energy-dependent process le competes with 
excimer fluorescence, process (4). 

1A,*->(A,) +hvp (4) 
This mechanism accounts for the observation® that the 
ratio of intensities Ip/ľm of dimer to monomer bands 
in the delayed spectrum approaches a limiting non-zero 
value at zero concentration of A at room temperature; 
moreover, it requires a negative temperature coefficient 
of In/Im which is indeed observed above 0° © as shown 
~in Fig. 1. 

At lower temperatures, however, the ratio J. D/L. m has a 
positive temperature coefficient and as shown in Fig. 1 
this ratio is higher at —72° C than at 71° © for a 10° M 
solution in ethanol. Since the singlet-triplet splitting in 
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Fig. 1. Microdensitometer traces of plates exposed to delayed fluor- 
escence-of pyrene (1:44 x 10-3 M in ethanol) at temperatures shown 


pyrene is some 10,000 cm-t, this is unlikely to be due 
to a thermal repopulation of the fluorescent from the 
triplet states which in any event would lead to a negative 
temperature coefficient of Ip/I in this region. 

The dominance of the monomer band in the delayed 
fluorescence spectrum at lower temperatures (and higher 
viscosities) may be understood if process 1 can occur 
directly at greater distances than those required for the 
formation of dimeric intermediates by processes la and 1b, 
and if the latter processes are suppressed under these con- 
ditions due to energy requirements. This mechanism 
would require that the ratio Ip/Im approach zero at zero 
concentration since photoassociation would follow rather 
than precede the formation of the excited singlet state; 
this aspect is being currently investigated. 

Long-range triplet-triplet state interaction has been 
suggested by Muel‘ to account for the square-law intensity | 
dependence of delayed fluorescence exhibited by 3,4- 
benzpyrene in rigid media, while Nieman and Robinson® 
have recently demonstrated the occurrence of long-range 
energy migration between triplet state traps in ODs- -doped 
crystals of benzene at very low temperatures. 

This work is being supported by the U.S. Department of 
Army through its European Office. 

C. TANAKA 

J. TANAKA 

E. HUTTON 
Department of Chemistry, B. STEVENS 
University of Sheffield. 
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Annealing of Pyrolytic Graphite under 
Pressure 


PREVIOUS measurements on specimens of eee 


. graphite have indicated p-type semiconduction in the 


c-axis direction! with predominantly n-type metallic 
conduction in the a-axis direction, conferring a net elec- 
trical anisotropy (-/pa) of about 5,000. The thermal 
conductivity is also markedly anisotropic, with K,/K. 
about 250 at room temperature, with values of Ka up to 
five times that of copper, and twice that of diamond?: 
The scientific and technical interest of this anisotropy 
makes it desirable to obtain large specimens of graphite 
with near single crystal perfection in order to investigate 
and exploit these properties. 


To improve the crystal perfection of pyrolytic grupuivo 
deposited at 2,100°-2,500° C, conventional annealing 
techniques have been applied. However, temperatures of 
about 3,500° C are required to achieve satisfactory order- 
ing of the basal planes’. In common with other labora- 
tories we have found two main disadvantages in applying 
such annealing procedures. Thus when the temperature 
of the specimen is raised sufficiently high for grain growth 
by network self-diffusion to occur, evaporation becomes so 
rapid that porous, friable products are obtained, though 
some electrical properties in the direction of the a-axis are 
near the reported single crystal values‘. Secondly, under 
these conditions there is little driving force to promote the 
further re-orientation of the crystallites in the partly 
annealed graphites. 

These disadvantages are largely overcome within the 
innermost layers of thick pyrolytic deposits where the rise 
in temperature combined with shearing effects promotes 
the alignment of the growing crystallites’, but this pro- 
cedure is erratic in its effects and is unsatisfactory for 
obtaining specimens thicker than about 1 mm in the 
c-axis direction. 

We have established that by applying a controlled 
uniaxial pressure of about 400-500 kg/em? in the c-axis 
direction to disks of pyrolytic graphite during heating to 
temperatures around 2,800° C, the disks adhere, forming 
material in which the dispersion of the c-axes about the 
pressing direction is regularly less than 4° throughout the 
volume of the specimen. These pressing operations 
produce a moderate shear at right angles to the force 
applied, supplying a controlled driving force which 
orients the c-axes within a narrow range and yields 
graphite characterized by a mirror-like finish, with 
density and other physical properties indistinguishable 
from those established for single crystals (see Table 1). 


Table 1. PROPERTIES OF HOT-PRESSED ANNEALED GRAPHITE COMPARED 


WITH THE PRODUCTS OF CONVENTIONAL ANNEALING 


Pyrolytic Pyrolytic 
graphite graphite 
Property conventional hot-pressed at Single 
annealing 800° C and crystal 
at > 3,500° C 400 kg/cm? 
Density (g/em’) _ 2-22-2255 2265 2-287 
Electrical resistivity at room 
temperature: 
e-direction (ohm-cm) 0-16-0-22 0-25 up to 1-0 
a-direction (10-5 ohm-cm) 35-45 — 40 
Thermal conductivity in c- 
direction (watt/cm ° C) 0-070-0-085 0:070 — 
Thermal electrical power 
(uV]° C) +1:5-6°5 +4-6 — 


7 

Misorlentation angle at half- 
maximum intensity of (002) 
reflexion * 1° 4° es. 


* Not corrected for instrumental broadening. 


These annealing operations are carried out in an induc- 
tion furnace? adapted for hot-pressing. Hydraulic rams 
serve to transmit the pressure to the graphite by means of 
4-in. steel rotary shaft vacuum seals and fired pyrophyllite 
insulation. Using thermal insulating materials described 
previously’ the high temperatures required can be obtained 
under clean conditions, with a minimum of inconvenience. 
To avoid excessive radial flow of the pyrolytic graphite 
under uniaxial pressure, it is necessary to contain it in a 
graphite die, which also serves as the susceptor for induc- 
tion heating. Under these conditions, diameter increases 
of up to 13 per cent are obtained during hot-pressing, 
accompanied by shrinkages in the pressing direction 
(c-axis) of up to 23 per cent, but the right-cylindrical 
shape of the stacked disks is preserved, facilitating 
measurements of the physical properties. 

The c-axis dispersion in the specimens examined was 
determined by measuring the spatial distribution of the 
intensity of the 002 reflexion, and densities were measured 
on samples weighing more than 2 g, by displacement of 
water. 

Electrical and thermal properties were measured using a 
4-terminal method. Specimens annealed by conventional 
methods in the absence of any: constraint were not more 


had c-dimensions up to 20 mm with a diameter or adeus 
12 mm; though with this procedure there is no obvious 
limit to the size of specimen in either c-axis or a-axis 
directions. 

Table 1 shows that the bulk density of hot-pressed 
pyrolytic graphite is within 0-1 per cent of the calculated 
density of ideal hexagonal graphite, and the c-axis align- 
ment is essentially perfect. Such material should have 
many other properties approximating those of graphite 
single crystals, even though the a-axis ordering is at 
present random in these large specimens. The more 
variable values for the material recrystallized by conven- 
tional methods probably arise from thermal defects and 
greater c-axis misorientation. 

We thank the Central Electricity Generating Board for 
supporting this work. One of us (A. W. M.) is the holder 
of a Rothermere fellowship. 
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Structure of Guanine Hydrochloride Dihydrate 


In the structure determination of deoxyribonucleic acid 
(DNA), the method of molecular model building must be 
combined with that of X-ray diffraction because of the 
overlap and weakness of the small spacing spots on the 
DNA X-ray diffraction pattern’*. For this reason, 
accurate knowledge of the component parts of the DNA 
molecule is necessary. The dimensions of the guanine 
molecule have now been determined with high accuracy 
from a study of the structure of its hydrochloride. 

The crystal structure of guanine hydrochloride dihyd- 
rate (C;N,OH, : H.Cl : 2H,O) has been determined from 
X-ray diffraction data by Patterson syntheses together 
with trial and error methods. Full three-dimensional data 
obtained with copper [Ka-radiation were used, and the 
atomic co-ordinates have been refined by the three-dimen- 
sional least squares method. The agreement between 
observed and calculated structure factors is given by 
R(= l| Fol —|Fe||/Z| Fol) = 0-081, for 1,600 independent 
reflexions. Anisotropic temperature factors were used 
and hydrogen positions were determined from three 
dimensional difference Fouriers with the hydrogen 
parameters omitted from the calculation of Fc. Full 
details of the investigation will be reported elsewhere; 
here we present the molecular dimensions and the hydro- 
gen bonding system. . 

The unit cell and space group have been reported by 
Broomhead’, who determined the structure of the mono- 
hydrate. Broomhead’s monohydrate structure is based 
on only two projections and in one of these there is 
serious overlapping of the atoms so the bond-lengths and 
bond-angles are only approximations. 

The crystals of the dihydrate are monoclinic with unit 
cell dimensions as follows, a= 14-69, b= 13-40, c= 4-84 A, 
B= 93-8°; space group P2,/a. 

The bond-lengths, bond-angles and deviations of the 
atoms from the mean plane of the carbon, nitrogen and 
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Fig. 1, Bond-lengths (A), bond-angles and deviations (A) from mean plane of guanine molecule. Hydrogen bonds are shown by dashed lines 


oxygen atoms of the guanine molecule are shown in Fig. 1. 
Fig. 2 gives the arrangement of intermolecular hydrogen 
bonds as seen in the projection down the c axis. There is a 
remarkable arrangement of two guanine molecules linked 





Fig. 2. Projection on plane (001) showing hydrogen bonds (dashed lines) between neighbouring molecules 


by hydrogen bonds forming a centrosymmetric dimer 
linked to four water molecules and two chlorine atoms to 
form a planar unit which packs into the crystal in a set of 
interlocking layers linked by hydrogen bonds. 
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The maximum standard deviation of a bond length is 
0-0062 A, so that differences of 0-02 A between bonds are 
highly significant. The standard deviations of angles are 
approximately 0-3°. The guanine molecule is usually 
shown with a double bond between atoms C, and C, but the 
observed length 1-373 A does not indicate such a bond. 
On the other hand the shortest bond. 1-317 A (C,-N,), must 
have a large percentage of double-bond character. 

In addition to Broomhead’s structure determination of 
the monohydrate, Pauling and Corey* and Spencer® have 
derived probable structures for guanine from an analysis 
of the structures of various purines. The probable struc- 
ture derived by Spencer is that used by Wilkins and his 
group in their DNA structure determination!*. The bond- 
lengths of the molecule in the present structure are in 
better agreement with Spencer’s derived structure than 
with Broomhead’s or with that of Pauling and Corey. 
Only three bonds differ from Spencer’s model by more than 
0-02 A. These are N,-C, (less in the present. structure by 
0-022 A), C,-N, and N,-C, (greater by 0-037 A and 0-025 A 
respectively). However, four of the angles differ by more 
than 4° from Spencer's model. 

Pauling and Corey, as well as Spencer, make the C,—-O 
and C,—-N,» bonds symmetrical with respect to the six- 
membered ring, but in the present structure, as can be 
seen in Fig. 1, this is not the case. 

All the hydrogen bonds, except two, lie within the 
range of standard deviations given by Fuller*. The excep- 
tions are the short hydrogen bonds between N, and a 
water molecule, and between N, and a water molecule. 
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addition, we thank Mr. David Guthrie for his assistance 
throughout the investigation. 
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Reaction of Atomic Oxygen with Carbon 


RECENT reports! have indicated that the reaction of 
atomic oxygen with carbonaceous materials proceeds 
rapidly at room temperature and that the reaction has a 
zero activation energy. Investigations in this laboratory 
using several carbons have not confirmed these previous 
results. In the work recorded here, atomic oxygen was 
formed in a flow system (335 cm? h s.7.P., 0-13 mm 
mercury pressure) by the action of a high-frequency 
(28 Me/s) electrode-less discharge. The oxygen gas was of 
British Oxygen Co. medical quality and was used without 
further purification. During the discharge the plasma was 
found to extend considerable distances down-stream from 
the generator coil. The extent of spread of the plasma 
could be limited by wrapping the glass tubing on either 
side of the generator coil with earthed aluminium foil. 
The concentration of atomic oxygen at the position of the 
carbon specimen was about 10 per cent. This concentra- 
tion was measured calorimetrically using the method 
described by Schiff‘. The carbon was contained in a 
silica boat and suspended in a silica reaction vessel. 
Foailities were available far anteassine the earhon at 900° C 
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to pressures less than 10-* mm mercury before reaction. 
The carbons used included purified Ticonderoga graphite 
crystals’, pyrolytic graphite, and various pure amorphous 
carbons. 

When the plasma was restricted to prevent it covering 
the Ticonderoga graphite no oxidation of the graphite by 
atomic oxygen could be measured over a period of three 
hours. No significant weight change could be detected 
and the structure of the surface as studied using replicating 
techniques and an electron microscope was unchanged. 
(Fig. 1). However, when the temperature of the Ticon- 
deroga graphite was raised to 100° C and 200° C and again. 
with the plasma restricted there was evidence of oxidation. 
There was oxidation of the basal planes producing pitting 
over almost the entire surface (Figs. 2 and 3) (ref. 6). The 
extent of this surface pitting was found to be temperature- 





Fig. 1. Surface of Ticonderoga graphite after ec ng with atomic 
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Surface of Ticonderoga graphite after reaction with atomic 
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Fig. 4. Surface of Ticonderoga graphite after reaction in the plasma 
at 200° C for 1 h 
dependent. These results indicate that the reaction 


under these experimental conditions is slower at room 
temperature than previously reported. Some simul- 
taneous kinetic measurements, using a carbon prepared 
from polyvinylidene chloride, also confirm that the reac- 
tion proceeds very slowly at room temperature and that 
there is a small activation energy in the temperature 
range 20°-350° C. 

Further, when the reaction was examined with the 
carbon immersed in the plasma, oxidation did occur at 
room temperature. On raising the temperature of the 
carbon to 200° C the rate of oxidation was again increased 
as shown by weight changes and much more extensive 
pitting of the surface (Fig. 4). This pitting differed in 
detail from the pitting produced by oxidation outside the 
plasma. To account for these facts it may be that the 


concentration of atomic oxygen in the plasma is much 
greater than when the plasma is restricted. Unfortunately 
the calorimetric method of measurement of concentration 
of atomic oxygen cannot be used in the plasma because 
of the presence of other active species and the lack of the 
specificity of the method in these conditions. The de- 
activation of these active species on the carbon surface 
may provide sufficient thermal energy to produce reaction 
rates which exceed those obtained when the carbon is 
shielded from the plasma. 
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Relation between Stereochemistry and 
Reactivity of Organic Free-radicals 


In a recent paper’, it was reported that the cis-chloride 
is formed in preference to the trans-chloride when 4-tert- 
butyleyclohexyl radicals react with the corresponding 
carbinyl hypochlorite. This specificity was interpreted in 
terms of a preferred pyramidal arrangement of groups 
about the free-radical carbon such that the unpaired 
electron occupies an orbital having considerable carbon 
2s-character. No reason was given, however, for the 
preference of one of these pyramidal arrangements over 
the other’. 

The purpose of this communication is to recall that 
recent investigations of aliphatic radicals by electron spin 
resonance spectroscopy make it highly probable that such 
radicals are either planar or very nearly so, and to offer 
an alternative explanation for the observed specificity. 

Evidence for the planarity of methyl radicals, which 
stems primarily from carbon-13 hyperfine coupling 
constants*, is compelling and seems to be generally 
accepted. Equally compelling is the evidence for the 
planarity of a wide range of substituted radicals trapped 
in irradiated single crystals, which stems primarily from 
the hyperfine coupling tensors of «-protons. Hence a 
pattern of results has been accumulated and self-consistent 
explanations for the hyperfine couplings to «- and 6-pro- 
tons for a wide range of radicals have been forthcoming 
which would be very difficult to accommodate if the 
radicals concerned deviated far from planarity at the free- 
radical centre*. Furthermore, in the few instances of 
radicals having their unpaired electrons in orbitals having 
large atomic s-character, hyperfine coupling to «-protons 
is very different from that for planar z-radicals*. 

It might be argued that the situation would be different 
for cyclic radicals, but results of Fessenden® for cyclohexyl] 
radicals are in good accord with expectation if these 
radicals are planar. Thus the «-proton hyperfine coupling 
of 21 gauss is quite normal for aliphatic radicals and the 
large coupling of 46 gauss to two of the $-protons is 
exactly in accord with expectation for the two axial 
protons. Similarly the very small coupling of 0-67 gauss 
to the remaining protons is understandable if these lie 
very close to the nodal plane of the unpaired electron, as is 
expected for the two equatorial 8-protons. 

It is extremely hard to understand how these results 
could be accommodated if these radicals deviate far from 
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local planarity at the radical centre, and hence we con- 
clude that 4-tertbutyleyclohexyl radicals are also almost 
certain to be planar. 

If this is the case then an alternative explanation for the 
interesting reaction studied by Greene et al. must be 
sought. As these authors stress, a consideration of steric 
factors alone leads to the conclusion that the trans- 
product would be favoured, in contrast with experiment. 

In searching for an electronic factor which might 
influence the direction of attack, attention is directed to 
the very large hyperfine coupling to the two axial protons 
in the cyclohexyl radical®. If, as is generally supposed, 
this interaction occurs by hyperconjugation®, then there 
is a real delocalization of the axial carbon—hydrogen 
a-electrons to the extent that there is positive spin density 
on the protons, which in this case confers nearly 10 per 
cent hydrogen atom character on each proton. This 
delocalization, involving five electrons, will result in an 
asymmetric distribution of charge such that the electron- 
rich chlorine should attack preferentially on the side 
opposite to the axial protons, thus favouring the cis- 
product, as required. 

This novel interpretation takes no account of carbon- 
carbon hyperconjugation, which would have the reverse 
effect. This interaction, however, is almost certainly 
considerably smaller than that for carbon—hydrogen hyper- 
conjugation’. 
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BIOPHYSICS 


Relation of Sodium to the Bioelectric 
Parameters of Rat Stomach 
Tue potential difference generated by gastric mucosa 
has been known for some time, but the nature of this 
potential has remained uncertain’. In frog gastric 
mucosa, chloride secretion is thought to be responsible for 
bioelectric differences*:*; however, in the lower intestine 
of ratt and of turtle’ a mechanism dependent on sodium 


was shown to be the cause of the potential. Recently it . 


_was reported that the potential difference across the 
gastric mucosa of the rabbit foetus is dependent on sodium’. 
The work recorded here shows by ion substitutions that 
the bioelectric potential of rat stomach’ is dependent on 
sodium ion and that a smaller potential exists which is 
opposite in electrical polarity. 

Bioelectric measurements were performed in a chamber 
similar to that of Ussing and Zerahn’ as modified by 
Vaughan and Cummins*. Rat stomach was stretched on 
a flanged ring and bolted into the chamber to which saline 
solution was added. The solution composition was 146 
mmolar Nat, 5 mmolar K+, 1-5 mmolar Cat, 26 mmolar 
HCO,-, and 128 mmolar Cl-; substituted ions were 
replaced by an electrically equivalent amount of the 
designated ion. The chamber was placed into a 37-5° C 

- water bath at which time 5 per cent carbon dioxide—95 per 

cent oxygen was bubbled through the chamber; the 

bioelectric potential (mucosa negative) was measured with 

a high impedance electrometer by means of matched 

calomel electrodes in contact with the solution through 

saturated potassium chloride bridges. The short circuit 
current was passed through silver-silver chloride electrodes 
into the solution via saturated potassium chloride—agar 
bridges. Residual potential is the electrometer reading 
after nitrogen was bubbled through the chamber for 30 
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min. It amounted to 2-0 mV, a value constant to 0-3 mV 
for the experimental observations. 

Fig. 1 shows the time course of the bioelectrice potential 
of rat stomach: (A) in normal saline solution; (B) in a 
solution in which the sodium was replaced by choline. 
After 30 min in the choline solution, the stomach attains 
a potential which is negative in polarity compared to its 
potential in normal saline, and it reaches a maximum in 
about 1 h. Addition of sodium restores a positive poten- 
tial to the system, indicating that a sodium specific 
mechanism is still operative. Dependence of the sodium 
potential is linear with sodium concentration up to 
50 mmolar®. 

Initially the potential in the choline solution is larger 
than the potential of the stomach in normal saline; this 
is probably due to intracellular sodium moving into the 
sodium-free media. 

Table.1. BIOBLECTRIO STUDIES WITH SUBSTITUTED MEDIA 


Potential Short cir- 
Ton Ton sub- at 60min cuit er out- No. of 
eliminated ituted (mV) (uamp.) put* (uW) exps. 
None None 16-7412 2360+22 100+ 0°04 6 
Chloride Sulphate 21-2442 373+76 1:50£0-7 4 
Potassium 16-3+1-6 231 + 30 10 +025 4 
ium Choline —11+02 -10+18 00002+0001 8 
Both sodium Choline 
and chloride sulphate —0-64+0-4 -—12+1 0-004 + 0-001 6 
S.E.M. indicated. 
* Ref. 8. 


The bioelectric values of gastric mucosa in various 
substituted media are listed in Table 1 along with their 
standard error. These values were obtained by a momen- 
tary short circuit at the end of 1 h in vitro. Bioelectric 
power is the maximum product of short circuit current and 
bioelectrice potential’. Note that there is no chloride 
dependence for any of the bioelectric parameters ; whereas, 
elimination of sodium decreases both the potential and the 
short circuit current to a negative value. In choline media, 
bioelectrice power values are negligible, in comparison to 
those in normal saline. Both the positive and the negative 
potentials are dependent on a source of metabolic energy 
because substitution of nitrogen for oxygen reduces each 
value to the residual potential. When both sodium and 


MINULIGS ure repiced DY CRONE and suiphate there is no 
significant change in the negative potential, indicating that 
the negative polarity is not due to movements of chloride. 
It is surprising that replacement “of potassium does not 
affect bioelectric measurements; however, there may be 
enough potassium leaking from the muscular portion of 
the stomach to ensure maintenance of a finite, local 
concentration; the media, originally potassium-free, 
shows an assayed potassium-level of 0-4 mmolar after 1 h. 

These. results show that the potential difference 
measured across the isolated gastric mucosa is dependent 
on sodium and not. chloride and that the potentials ob- 
served are comparable to those reported by Wright in the 
foetal rabbit“. While a chloride pump probably operates 
in vivo along with a sodium pump, one should note that 
Wright® also gave evidence that hydrochloric acid secre- 
tion is small and restricted to oxyntic cells. The nature 
of the other potential, namely, of —2 mV, must still be 
clarified. This potential, while not dependent on sodium 
or chloride ions from the surrounding media, nevertheless 
is affected by tissue anoxia. Preliminary investigations by 
double label sodium tracers have shown a resultant net 
flux of 6-0: ymoles Na*/h from mucosa to serosa, a value 
which is abolished by nitrogen and which agrees in magni- 
tude with the ionic equivalent of the short circuit current’. 
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Us BIOCHEMISTRY 

: Enzymatic Synthesis of S-Sulphocysteine from 
ooo. ‘Thiosulphate and Serine 

- SULPHATE assimilation in Aspergillus nidulans has been 
shown to involve a step in which thiosulphate reacts with 
a 3-carbon compound, probably serine, to form S-sulpho- 
cysteine as. the immediate precursor of cysteine’. 
However, the enzymatic. mechanism involved in this 
assimilatory step has not yet been elucidated. This 
communication. shows that. an enzyme preparation 
obtained from A. nidulans catalyses the condensation of 


.. thiosulphate. with serine to. form S-sulphocysteine if 


adenosine triphosphate (ATP) and pyridoxal phosphate 
are added as cofactors. . 

-The enzyme preparation used was extracted from ace- 
tone-dried mycelia of A. nidulans by grinding with quartz 
sand. freed from particulate matter by centrifugation at 
105,000g for 90 min, precipitated with. ammonium 
sulphate at 80 per cent saturation, and dialysed against 
I mM tris-hydrochloric acid buffer, pH 8-0. The condensa- 

-tion reaction. was. demonstrated by determining the 
incorporation. of labelled thiosulphate into S-sulpho- 
eysteine after separating the latter by column chroma- 
tography. The complete reaction mixture contained, in a 
total volume of 12-5 mL, the enzyme preparation (90 mg 
of protein), 50 zmoles each of L-serine and thiosulphate 
labelled with sulphur-35 (inner sulphur atom labelled, 
0-1-03 me.) 25 moles of pyridoxal phosphate, 
30 wmoles each of ATP and magnesium chloride, and 125 
umoles of tris-hydrochloric acid buffer, pH 8-0. The 
incubation was carried out aerobically at 30° for 90 min. 

At the end of incubation. 12-5 umoles of N-ethylmale- 
imide in 0:24 ml. of ethanol was added to the reaction 
system to stop the reaction and to protect S-sulpho- 


e 
. 


cysteine from decomposition by thiols, The mixture 
was then mixed with 10 mg of authentic sodium 
S-sulpho-L-cysteine as carrier and deproteinized by gel 
filtration through a ‘Sephadex G-50’ column. The depro- 
teinized solution retaining almost all of the radioactivity 
was applied to a Dowex-1 formate column and eluted with 
1 M pyridine formate buffer‘ at pH. 5-4 as previously 
described*. S-sulphocysteine could thereby be obtained 
in a fraction which was almost free from the other sulphur 
compounds and ninhydrin-positive substances. 

The sulphocysteine fraction thus obtained contained 
7-4 per cent of the original radioactivity, indicating that 
3-7 moles of thiosulphate had been incorporated into the 
sulphocysteine formed. The sulphocysteine was then 
decomposed by performic acid oxidation into inorganic 
sulphate and cysteie acid according to the previously 
described method’. It was thus found that the sulphate 
fraction, which must have been derived from the inner 
sulphur atom of the added thiosulphate, contained about 
80 per cent of the radioactivity of the isolated: sulpho- 
cysteine. The cysteic acid fraction, on the other hand, 
could account for only 2 per cent of the total radio- 
activity. Since the thiosulphate added. had. been labelled 
at the inner sulphur atom, these data indicate: that the 
thiosulphate as such had been incorporated into S-sulpho- 
cysteine without splitting of the disulphide bond.’ oS 


Table 1. INCORPORATION OF LABELLED THIOSULPHATE INTO S-SULPHO: 


CYSTEINE UNDER DIFFERENT CONDITIONS 


Enzyme source Reaction system : ‘Thiosulphate incorporated 
into S-sulphocysteine (umole) 
Wild-type strain Complete 27 EY 
ix a y3 5 (heated enzyme)* 08 
» n os (anaerobic) Od 
sho ee 5 Minus serine ‘ 0 
Me? wa. Sas Minus ATP and MgCl, 0-6 
Pree Minus pyridoxal phosphate 0-5 
Strain 721 Complete 0-8: 
Strain 793 Complete GB. 


* Heated at 80° for 5 min. 


In Table 1 are recorded the results of thiosulphate incor: 
poration experiments conducted under various conditions. _ 
It will be seen that the enzyme system is heat-labile and < 
does not incorporate thiosulphate into S-sulphocysteine in 
the absence of serine. Little incorporation could be 
observed when the reaction was carried out under anaero- 
bic. conditions, but the reasons for this inhibition by 
anaerobiosis are not yet. clear. The most. interesting » 
feature of the condensation reaction may, however, be the. 
fact thet the omission of either ATP (plus magnesium 
chloride) or pyridoxal phosphate from the system results 
in practically no synthesis of S-sulphocysteine. The 
requirement. of ATP strongly suggests that: thiosulphate 
must be activated, probably in a similar way as inthe ease. 
of biclogical sulphate activation’, prior to its condensation » 
with serine. It is also likely that pyridoxal phosphate is 
required as a cofactor in the reaction of the activated 
thiosulphate with serine. ALES 

Table 1 further shows that the thiosulphate-incorporat- 
ing activity is very low in the enzyme preparation obtained 
from strain 721, a mutant of A. nidulans requiring 
S-sulphocysteine, cysteine or methionine “for growth? . 
On the other hand, the preparation extracted from strain 
793, in which the conversion or S-sulphocysteine. to, eys- 
teine is genetically blocked?-*, showed a high activity of 
the condensing enzyme system. These findings indicate: 
clearly that the incorporation of thiosulphate into 
S-sulphocysteine is an essential step in sulphate assimi- 
lation in A. nidulans. 
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Formation of Adenosine by Ultra-violet 
Irradiation of a so of Adenine and 
e 


SEVERAL hypotheses? have linked the origin of life on 
Earth with the gradual formation of chemical compounds 
of biological significance. It is conceivable that the 
proteins and the nucleic acids, or at least their precursors, 
appeared at a very early stage in the evolution of this 

lanet. 
È The formation of some of the amino-acids under simu- 
lated primitive Earth conditions has already been demon- 
strated in the laboratory*-’, Although the literature on 
the production of the nucleic acid components under 
similar conditions is scanty, the synthesis of the purine 
adenine** and the sugar ribose’ has recently been 
established. As ultra-violet radiation from the Sun is 
considered to have been the most abundant source of 
energy available for chemical reactions on the primitive 
Earth", it is perhaps logical to assume that it had an 
important role in the production of the organic milieu 
associated with the origin of life. It has been suggested 
earlier that the Earth’s primitive reducing atmosphere 
was at least slightly transparent between 2400 and 2900 
A, and that activation of ultra-violet-absorbing purines 
and pyrimidines was a possible step in the formation of 
such more complex molecules as nucleosides and nucleo- 
tides'?11, We have, therefore, investigated the possibility 
of synthesizing the nucleoside adenosine by ultra-violet 
irradiation of an aqueous solution of adenine and ribose. 

Adenine-8-"C of specific activity 23-4 uc./mg was 
obtained from Schwarz Bio Research, Orangeburg, New 
York. The ribose was supplied by the California Corpora- 
tion for Biochemical Research, Los Angeles. 

In one experiment 200 ul. of a solution of adenine 
containing 1-5x 10-* moles, and 50 ul. of a solution of 
ribose containing 3x 10-* moles, were sealed together 
in a ‘Vycor’ tube. Dissolved air was first removed by 
bubbling nitrogen through the solution for about 10 min. 
The solution was frozen and the atmosphere above it 
evacuated before sealing. The solution was then exposed 
to a battery of four General Electric ultra-violet germicidal 
lamps, type 782H-10, which emit 95 per cent of their 
light in the Hg line at 2537 A. The ‘Vycor’ glass used for 
the experiment transmitted 80 per cent of the incident 
light at this wave-length. The concentration of adenine 
used is optically thick at 2537 A. The total energy 
absorbed by the solution during the 1 h irradiation 
was ~10* ergs. During the irradiation the temperature 
of the solution was 40° + 2° C. 

In a second experiment 100 ul. of phosphoric acid 
(Baker Chemicals, reagent grade) containing 10x 10-* 
moles were added to the adenine—ribose solution before 
irradiation. 

In a third experiment 10 yl. of ethyl metaphosphate"™ 
were used, rather than phosphoric acid. The ester was 
prepared by dissolving 150 g phosphorus pentoxide in 
300 ml. ethyl ether and refluxing the solution for 12 h 
with 150 ml. chloroform. The excess solvent was then 
removed under vacuum, leaving a syrupy residue of ethyl 
metaphosphate'*. The ethyl metaphosphate thus prepared 
appears to have a complex structure. Nuclear magnetic 
resonance data have been interpreted to show that 25 per 
cent of the total phosphorus is present as end groups, 
72 per cent as middle, and 3 per cent as branching 
units**. 

The reaction products were then co-chromatographed in 
two dimensions with inactive adenosine, on Whatman 
No. 4 paper washed with oxalic acid. The solvents used 
were propanol-ammonia—water'? and butanol—propionic 
acid—water'*. The distribution of radioactivity on the 
chromatograms was recorded autoradiographically, by 
the use of X-ray films. Adenosine was detected with the 
aid of shadowgrams'’. These were prepared by laying 
the chromatogram over Kodagraph contact photographic 





Fig. 1 


paper, and shining a General Electrie type 782H-10 
ultra-violet light over it for 2 sec from a distance of 1 ft. 
The ultra-violet-absorbing areas of the chromatogram 
appeared as well-defined white spots on the dark back- 
ground of the photographic paper. The ultra-violet- 
absorbing areas of the unreacted adenine and the carrier 
adenosine were thus clearly outlined. 

The X-ray film was then laid over the photographic 
paper**. In the second and third experiments one dark 
spot of the X-ray film due to 8-decay of carbon-14 
corresponded exactly in position with the brightening of 
the photographie paper due to ultra-violet absorption by 
adenosine, In addition the shape of the ultra-violet- 
absorbing spot preciscly matched that of the darkened 
area on the X-ray film (Fig. 1). Thus, material was 
synthesized from labelled adenine and cold ribose that 
had the same chromatographic characteristics as the 
carrier adenosine. In the absence of phosphate no 
adenosine was detected. 

The adenosine spot on the chromatogram was then cut 
out, eluted with water, and rechromatographed in two 
other solvent systems: isobutyric acid-ammonia—water*! 
and n-butanol-water’*. The radioactivity once again 
coincided both in position and in shape with the ultra- 
violet absorption due to carrier adenosine on the shadow- 
gram. The radioactivity could have come only from the 
adenine, thereby establishing that some adenine had been 
converted into adenosine by the action of ultra-violet 
radiation in the presence of phosphoric acid or poly- 
phosphate ester. 

Control chromatography of the starting 8-!4C-adenine 
showed no detectable contamination with adenosine. A 
control experiment, where the materials were exposed to 
the same treatment and temperatures, except irradiation. 
produced no detectable adenosine. Autoclaving the sample 
tubes, and sterile filtration and handling of the adenine. 
ribose, phosphoric acid and ethyl metaphosphate produced 
no discernible change in the character of the results. 

The amount of adenosine formed was estimated from a 
count of an aliquot of the elute from the chromatogram by 
liquid scintillation counting, using an internal standard of 
toluene labelled with carbon-14 (ref. 22). The yield was 
about 0-01 per cent with phosphoric acid and with poly- 
phosphate ester. The corresponding quantum yield for 
production of adenosine is then ~ 10-°. When the experi- 
ment was repeated with molecular hydrogen or air above 
the solution in the ‘Vycor’ tube, no significant difference 
in yield was observed. The adenosine synthesis appears 
to be independent of pH. 


were irradiated with ultra-violet light in- the absence 
of phosphorus. This result may possibly confer: a unique 
role on phosphorus in the evolution of compounds of 
biological significance. Because of the unique involvement 
of phosphorus compounds in’ biological reproduction 
and energy exchange, such: a result may not be 
unexpected!?: 118, 28225 

The formation of adenosine by a relatively simple 
-abiological process is significant in the context of the 
-gradual evolution. of life on this planet. over a period of 

‘several hundred million years'’, The result. is all the more 

striking as similar simple processes are effective in the 
production of nucleoside phosphates”*. 
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Gel-filtration of the «-Toxin of Clostridium 
oedematiens Type B 


Clostridium oedematiens is among the most fastidious 
of the pathogenic anaerobes, and it is probably mainly 
for this reason that no chemical investigations on its 
lethal (a-)toxin appear to have been carried out. Other 
reasons for this neglect are to be found among the obser- 
vations made by Walbumand Reymann’, who remarked 
that the toxin is stable only within a narrow range of 
pH values and is quickly destroyed even at moderately 
elevated temperatures. 


PERE ee OR ERR FI RW RR E 


an. additional point of difficulty, namely, the. extreme 
ease with which it undergoes irreversible: adsorption. 
Thus, toxin has been completely lost in attempts to purify: 
it by electrophoresis either in starch gels or on columns of 
cellulose. In the latter caso, failure to recover activity 
was clearly not related to the process of electrophoresis 
as complete loss of toxin occurred whén the sample 
was merely washed through the cellulose column with a 
phosphate buffer. 

Despite the difficulties referred to here, it has proved 
possible to purify the lethal toxin by the following pro- 
cedure: As a preliminary, culture supernatants contain- 
ing 5 units/ml. of «-toxin were concentrated by. the 
use of polyethylene glycol? to provide a solution containing 
80-100 units/ml. In this step, losses wero found to be 
negligible. 

For gel-filtration experiments, a portion (3 ml. ) of the 
concentrated toxin was separated on a column (250 x 37 
mm) of ‘Sephadex G-100’, using phosphate. buffer’ at 
pH 6-8, y = 0-02 as eluant®, Fractions obtained: from 
such experiments were examined for extinction at 280 
my when it became clear that the components of the 
crude toxin bad separated into two main groups (Fig. 1). 
The various fractions from the column were assayed 
for «-toxin by toxin-antitoxin neutralization tests in 
mice. It was found that the activity was localized in a 
small shoulder on the side of the smaller peak (Fig. 1). 


Optical density at 280 my (1 om cells) 


Units of .c-toxin/ml, 





Fraction No. 
Fig. 1. Fractionation of crude toxin of Cl. cedematiens on ‘Sephadex 
G-100'. Curve A, optical density at 280 my; {eurve B, content of 


a-toxin: curve C, position of a-amylase activity 


The recovery of toxin was of the order of 90 per cent 
while the degree of purification was about 80-fold on the 
basis of total nitrogen. From the weight of protein found 
in these experiments to be associated with 1 unit of 

a-toxin, it has been calculated that the minimum lethal 
dose for mice is not more than 1-5 x 10-8 g. This degree 
of toxicity is of a similar order to that quoted for other 
purified anaerobic toxins. 

On examining the fractions for the presence of a- 
amylase, an enzyme detected in Cl. oedematiens by 
Shemanova and ‘Blagov eshchenskii’, the activity was 


detected in the larger of the two peaks, completely separa- 
ted from the toxin. 

If it be assumed that the «-amylase of Cl. cedematiens 
resembles other enzymes of this type in having a molecular 
weight of about 50,000 (ref. 6), it may be inferred that the 
molecular weight of the «-toxin lies between this value 
and 100,000, the quoted exclusion size for the ‘Sephadex’. 
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Chromatographic Separation of Hæmoglobin 

and Myoglobin on ‘Sephadex’ Gel 

Tas separation of bovine carboxyhemoglobin and 
whale carboxymyoglobin by ion exchange chromatography 
on DEAE-cellulose has. been -deseribed.. by Brownt. 
Recently, Flodin? has discussed the fractionation of some 
peptides and: proteins utilizing the molecular sieve action 
of cross-linked dextran gels (‘Sephadex’).. In the course 
of our work on the chromatography and microhetero- 
geneity of myoglobin, we have found that oxyhemoglobin 
and ferrimyoglobin can be easily separated on ‘Sephadex 
G-718 and ‘Sephadex G-50 columns. 

Human oxyhemoglobin was prepared from whole 
blood according to the method of Drabkin’ as modified by 
Huisman and Prins'. Sperm whale ferrimyoglobin was 
purchased from Seravac Laboratories (2 Willow Road, 
Colnbrook, Bucks, England). The sample used was 
Seravae’s Batch No. 2, which in our laboratory assayed 
0-306 per cent iron on a dry weight basis and had a molar 
extinction coefficient at 410 mu of 1-56 x 10° per mole iron. 
‘Sephadex @-75° ‘fine’ and ‘G-50° ‘fine’ powders were 
purchased from Pharmacia (Uppsala, Sweden). 

The columns were packed following the technique 
described by Flodin? and were equilibrated overnight by 
continuous flow of buffer 0-05 M in phosphate pH 7-4, 
0-05 M in sodium chloride, at 4° C. It was necessary to use 
‘fine’ particle size 200-400 mesh, because ‘medium’ particle 
size 100-200 mesh did not accomplish the separation. A 
mixture of volume 0-1 ml./em? of column cross-section 
containing 22 mg/ml. hemoglobin, 4 mg/ml. myoglobin, 
25 per cent sucrose, 0-05 M in phosphate buffer pH 7-4, 
and 0-05 M in sodium chloride was applied to the column. 
The purpose of using sucrose is to raise the density of the 
mixture, so that. the sample can be layered directly on top 
of the gel column below the surface of the supernatant 
buffer?. This technique avoids the need of washing the 
sample into the column and thereby minimizes the spread 
of the band. Cæsium chloride may be used in place of 
sucrose. Various columns of heights 15-93 cm and 
diameters 1-0-2-5 em were used with flow rates ranging 
between 2-0 and 7:0 ml./bh. The columns were eluted with 
buffer 005 M in phosphate pH 7-4, 0-05 M in sodium 
chloride, at 4° C. 

A representative elution profile on ‘Sephadex G-50 is 
shown in Fig. 1. The hemoglobin and myoglobin bands 
are clearly separated and are identified by the absorbancy 
ratios 410 my/280 my and 577 my/280 mp. Similar 
elution. profiles were obtained on ‘Sephadex G-75°. In all 
eases the elution profiles were reproducible. Recoveries 
based on summations of absorbancies at 280 my and 410 
mu were 95 per cent or better. Control runs omitting 
oxyhamoglobin or omitting ferrimyoglobin showed that 
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Fig. 1. Elution profile of oxyhamoglobin and ferrimyoglobin mixture. 
‘Sephadex G-50° ‘fine’ gel column 18 cm diam., 93 cm height, eluted 
with buffer 0-05 Min phosphate pH 7-4, 0-05 M in sodium. chloride, flow- 
rate 44 mL/h. The mixture applied to the column was 0:4 ml. of the 
same buffer containing 8-9 mg human oxyhemoglobin, 1:6 mg sperm 
whale ferrimyoglobin, and 25 per cent sucrose. Recoveries were 95 por 
cent by summation of absorbancies at 280 my and 98 per cent. by 
summation of absorbancies at 410 mu, The abscissa represents elution 
volumes of the fractions collected. The three ordinates lotted against 
this abscissa are: (1) absorbancies at 280 my; (2) the absorbancy 
ratios 577 mu/280 my; (3) the absorbancy ratios 410 mp/280 my. 
For comparison, the absorbancy ratios of oxyhemoglobin. and. ferri- 
myoglobin solutions prior to mixing and passage through the soln. 
are given by the horizontal lines 


the elution pattern of each of the proteins was not affected 
by the presence of the other. A comparison of elution 
volumes obtained in the run shown in Fig. 1 and in a 
separate run, under identical conditions, of a sample of 
bovine y-globulin (Fraction II, Nutritional Biochemicals- 
Corporation) is given in Table 1. ots 


Table 1. COMPARISON OF ELUTION VOLUMES 
Protein Weight of sample Elution volume (mi.) 
(mg) Front Peak ~ 
Ferrimyoglobin 16 114 119 
Oxyhemoglobin 8-9 34 88 
Bovine y-globulin 3d 79 83 


Experimental conditions are given in the legend to Fig. 1. 


Gel filtration provides a useful and. simple tool for 
discriminating between molecules of substantially different 
sizes. The porosities of ‘Sephadex G-75’ and ‘G-50 are 
specified by the manufacturers to be such as to exclude 
totally molecules of sizes greater than 50,000 mol. wt. and 
greater than 10,000 mol. wt. respectively. Our results on 
‘G-15’ are consistent with these porosities, assuming the 
molecular weight of human hemoglobin to be about 
67,000 (ref. 5) and that of sperm whale myoglobin about 
18,000 (ref. 6). It is interesting to note that on ‘G-50° 
hemoglobin is slightly retarded, as compared with bovine 
y-globulin (mol. wt., 150,000 (ref. 7)), and myoglobin is 
only partially excluded from diffusion into the gel particles. 
This effect may be attributed to inhomogeneity of the gel 
network, or to other factors related to the conformation of 
the hemoprotein molecules. Thus the molecular sieve 
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-about molecular shape. These ideas are being applied in 
investigating the dissociation of human hemoglobins in 
concentrated urea solutions and in solutions of high ionic 
strength, = 
This work was supported in part by a Rockefeller 
Research Grant to the American University of Beirut and 
by a U.S. Public Health Service research fellowship HPD 
11508. We thank Prof. George Hanania for advice. 
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Effects of Tricyano-amino-propene on 
Metabolism of Isolated Cerebral Tissue 


Egyhazi and Hyden! have reported that tricyano- 
amino-propene, a dimer of malononitrile, produced sig- 
nificant changes in nucleic acid and protein concentration 
in neurones and oligodendroglia. These results were 
obtained with a microelectrophoretic technique and 
supported previous observations obtained in work on 
malononitrile by Hartelius and Hyden?. In 1948 these 
investigators reported that malononitrile injected into 
rabbits produced an increase in the nucleoprotein content 
of neurones 1-24 h following injection. They also reported 
that malononitrile had a beneficial effect. when adminis- 
© tered to patients suffering from a variety of psychotic and 
depressive illnesses. Attempts to replicate these findings 
‘by a number of. investigators? were not successful. 
< Experiments carried out by Mendelson et al.* showed that 
_the malononitrile preparation used by Hyden was not 
‘similar to freshly prepared solutions used by other investi- 
gators and that malononitrile in aqueous solution under- 
went degradation with formation of a new compound. This 
compound was isolated by Eberts? and was identified as 
1,1,3-tricyano-2-amino-1-propene (tri-a-p). 

The. experiments by Egyhazi and Hyden! indicated 
that tri-a-p administered in dosages of 20 mg/kg produced 
a 25 per cent increase of the RNA and protein content of 
rabbit Deiters’ nucleus nerve cell and a 45 per cent 
decrease of glial RNA. Grenell and Hyden! found that 
tri-a-p produced an increase of the amount of RNA, 

“proteins and free lipids in nerve cells. In addition, they 
found that when the drug was administered for a period of 
6 consecutive days a 700 per cent increase of cytochrome 
oxidase ‘activity occurred. Egyhazi and Hyden! also 
reported a marked increase of cytochrome oxidase activity 
and in ‘addition found a 100 per cent increase of succinic 
oxidase activity following injection of tri-a-p for 5 succes- 

-sive days. 

The aim of this experiment was to determine if tri-a-p 
had an effect on respiration and high-energy phosphate 
ester concentration in cerebral tissue. It was postulated 
that the changes in enzyme activity and protein synthesis 
reported by Egyhazi and Hyden! would be associated with 
alteration of cerebral oxidative metabolism. 

For this work 34 albino female rats weighing 200-300 g 
were killed by decapitation without anesthesia; brains were 
immediately removed and placed in 0-9 per cent saline. 
The cerebral hemispheres were divided and sliced on a 
Manjo-Bunker*® hand microtome. Three slices, each with a 
thickness of approximately 0-25 mm, were obtained from 
each hemisphere. The slices were blotted, weighed and 
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medium. The medium. contained the following com- 
pounds in millimolar concentration: 112 sodium chloride, 
4:75 potassium chloride, 0-6 calcium chloride, 1-2 potas- 
sium dihydrogen phosphate, 1-2. magnesium. sulphate, 
35-7 sodium bicarbonate, 10 sodium pyruvate, and 50 tris 
buffer, pH 7-2. The centre well of each flask contained 
0-1 ml. of 20 per cent potassium hydroxide and the side- 
arm contained tri-a-p in appropriate concentration in 0-2 
ml. of the foregoing medium. For potassium stimulation 
100 millimolar potassium chloride was added to the med- 
ium. The Warburg vessels were allowed to equilibrate at 
37° C for 15-18 min, during which time they were gassed 
with oxygen for 5 min. After equilibration, tri-a-p was 
tipped in and readings were taken at. 15-min intervals for 
a total of 60 min. A group of animals received intra- 
peritoneal injections of tri-a-p (20 mg/kg) for 21 consecu- 
tive days. These animals were killed 1h following the last 
injection, and the brain cortex slices: were prepared. and 
incubated as described here. ; 

For adenosine triphosphate (ATP) analysis: the tissue 
slices. were removed from the Warburg vessel at the end 
of the 60-min interval, weighed. and homogenized in. 5 per 
cent perchloric acid. The homogenate was. centrifuged 
at 0°, 2,500 r.p.m. for 10 min and an aliquot taken: from 
the supernatant fluid was neutralized to pH 7 with cold 
i N potassium hydroxide. The neutralized solution was 
then centrifuged at 0°, 2,500 r.p.m. for 10 min, and the 
supernatant was afterwards frozen for ATP analysis. 
The method of ATP analysis was based on the procedure 
described by McElroy’. ‘This assay is specific for ATP. 
Other phosphorylated compounds have been shown. to be 
completely inactive. Tri-a-p in 0-5-2-0 millimolar con- 
centration had no inhibiting effect on control determ- 
inations of ATP. cid este, 

Tri-a-p in 0-5 millimolar concentration produced a. 60 
per cent increase of uptake of oxygen of unstimulated rat. 
brain cortex (Table 1). Concentrations of 1-0 millimolar 
and 2-0 millimolar produced further small increments of 
respiration. Rat brain cortex slices stimulated with 100 
millimolar potassium chloride showed a 68` per cent 
increase of oxygen uptake over unstimulated control 
slices (Table 1). When 0-5-2-0 mm tri-a-p was added to 
tissue slices stimulated with potassium chloride, a small 


Table 1. EFFECTS OF TRI-A-P ON UPTAKE OF OXYGEN: BY RAT BRAIN 
CORTEX (uL. O,/MG WET WT./H) 
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Table 2. EFFECT oF TRI-A-P ON UPTAKE OF OXYGEN AND ATP-LEVELS 
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but not significant increase of respiration , occurred. 
Fig. 1 shows that the stimulation of uptake of oxygen 
produced by 2 millimolar tri-a-p was comparable with 
that produced by 100 millimolar potassium chloride. The 
increase of uptake of oxygen produced by tri-a-p and 100 
‘millimolar potassium chloride was linear as a function of 
time. The uptake of oxygen by rat brain cortex slices did 
not differ between animals chronically injected with 
tri-a-p and non-injected controls (Table 2). When 2-0 
millimolar tri-a-p was added to rat brain cortex from non- 
injected animals an 88 per cent increase of uptake of 
oxygen occurred. The same concentration added to rat 
brain cortex removed from chronically injected animals 
produced an increase of 108 per cent. There was no signifi- 
cant difference between brain cortex ATP-levels of control 
non-injected and chronically injected animals. Addition 
of 20 millimolar tri-a-p produced a decrease of brain 
ATP-levels in both non-injected and chronically injected 
animals (Table 2). A significant decrease in the ratio of 
micromoles of ATP to micromoles of oxygen consumed 
occurred in both injected and non-injected animals after 
addition of 2 millimolar tri-a-p to brain cortex slices 
(Table 2). ` 

It has been shown that stimulation of oxygen uptake of 
brain cortex slices may be produced by addition of 
potassium chloride or glutamic acid without concomitant 
uncoupling of oxidative phosphorylation. However, 
addition of 2,4-dinitrophenol to cerebral tissue respiring in 
vitro uncouples oxidative phosphorylation, but does not 
stimulate oxygen uptake under a variety of conditions. 
Thus, although the findings of this study are consistent 
with data reported by Eberts” on the uncoupling effects of 
tri-a-p in rat liver mitochondria preparations, no direct 
evidence supports a specific uncoupling effect of tri-a-p in 
brain. ` 

No differences in uptake of oxygen were found between 
animals chronically injected with tri-a-p and non-injected 
controls. Since tri-a-p in low concentration produced 
marked changes of oxygen uptake in vitro, differences 
between in vitro and in vivo effects may be related to 
absorption and degradation of the compound in the intact 
animal as well as its permeability at the blood brain barrier. 

The findings of this experiment offer evidence that 
tri-a-p has a potent effect on in vitro respiratory activity of 
neural tissue. These results may be related to the observed 
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increases of cytochrome and succinic oxidase activity 
reported by Egyhazi and Hyden!. However, since the 
effects of tri-a-p on the rate-determining step for uptake of 
oxygen by these preparations are as yet unknown, no 
definite conclusions can be formulated concerning the 
relationship between increases in enzyme activity and 
in vitro respiratory rate. 

We thank Mrs. A. MacKay and Mr. W. Davidson for 
their assistance in these experiments. Tricyano-amino- 
propene was supplied by the Upjohn Co., Kalamazoo, 
Michigan. This investigation was aided in part by grant 
Nonr 1866 (41) from the Office of Naval Research. 
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Pseudocholinesterase-variants in Germany 
and Czechoslovakia 


In 1953 Forbat et al.4 indicated the inheritance of 
different activities with regard to pseudocholinesterase 
(PChE). In 1957 Kalow et al. indicated that these 
differences mostly were accompanied by differences in the 
Michaelis constant Ky to the substrate and different rates 
of inhibition by dibucaine and other inhibitors. The per- 
centage of inhibition by dibucaine he called ‘dibucaince 
number’. Investigating an arbitrarily defined population 
he could differentiate three groups: one with dibucaine 
numbers between 71 and 85 and normal activity, a second | 
with dibucaine numbers below 20 and decreased activity 
and a third with dibucaine numbers between 43 and 70 
and an almost normal activity. Phenotypes of the 
second group were found in 3—4 per cent cases, those of 
the third were found one among 3-5,000. 

All these results could be explained on the assumption 
of two different enzymes of which the ‘normal’ was found 
in the first group, the other ‘atypical’ in the third and a 
mixture of both in the second ‘heterozygote’ group. The 
quantitative relation of the three groups suggested that 
an autosomal pair of genes would be responsible for the 
formation of the enzyme, so that phenotypes of the first 
group are due to two normal allelic genes, those of the 
third to two atypical alleles and those of the second to a 
mixture of both. In 1962 Liddell e¢ al. were able to 
separate the two assumed enzymes in the serum of 
heterozygotes by column fractionation and paper electro- 
phoresis. 

Introducing the fluoride number by using sodium 
fluoride as inhibitor (normal fluoride number, > 55; 
heterozygote fluoride number, 55-40; atypical fluoride 
number, 20-27) Harris and Whittaker*:* found one group 
of phenotypes with normal dibucaine number and hetero- 
zygote fluoride number and one ‘subgroup’ of the inter- 
mediate phenotype with dibucaine number and fluoride 
number appreciably lower than most of the others of this 
group. Five persons of the latter group belonged to 
families where one parent had to be allied to the first 
group. A second variant of the normal enzyme (and gene) 
is supposed to explain the new phenotypes. z 

Many investigations on distribution of all known pheno- 
types have been published during recent years. Most of 
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Table 1. FREQUENCIES OF PSEUDOCHOLINESTERASE VARIANTS IN VARIOUS POPULATIONS 
No. of normal 
homozygotes No. of heterozygotes No. of atypical Frequency of 
Population Author n homozygotes atypical gene 
DN FN DN ¥N 
Canadians Kalow (ref. 7) 2,017 1,942 —_ 74 — 1 0-018840 
[Canadia Kalow (ref. 7) 2,442 2,321 aap) ee) 
an ms alow (ref. P — at a 
(48%) (017%) 0-025594] 
British Lehmann (ref. 8) 703 676 — PEN ra = 0-019203 
Greek Lehmann (ref. 8) 360 347 ee . 8 = = 0-018056 
Portuguese Lehmann (ref. 8) 179 173 = Ky = = 0-016760 
Moroccans Lehmann (ref. 8) 51 50 = j ki = = 0-009804 
Berber Lehmann (ref. 8) 55 53 = » en m = 0-018182 
ČSR (Praha) the present paper 82 75 75 7 is oe — 0-042683 
South-western Germans the present paper 118 114 ' 113 4 5 : — DN: 0-016940 
(34%) (42%) FN: 0021187 
Total (without the data = 3,565 3,430 = 134 m 1 0-019074 
in brackets) (83-76%) (003%) 








the published results are summarized in Table 1, together 
with our own investigations with sera from Prague and 
south-western Germany. The frequency of the pheno- 
types is in good agreement with the Hardy—Weinberg 
equilibrium. A larger and more detailed investigation, 
also concerning other serum protein polymorphism, will 
be published elsewhere. 

The results show no remarkable deviation concerning 
-the frequency of the heterozygotes within the various 
populations. Those in brackets were taken from mentally 
ill persons; some of them were suffering from paranoia 
and psychoneurotic disorders, where the amount of hetero- 
zygote phenotypes was found to be larger than expected’. 

The high percentage of heterozygotes in the samples 
taken from persons in Prague can be explained by the 
statistically insufficient number of available sera and 
by the fact that we were not able to confirm the limiting 
cases by family investigations. The different numbers of 
heterozygotes in respect of dibucaine and fluoride num- 
bers (data of sera from south-western Germany) seem to 
be caused by one of the phenotypes recently discussed 
by Harris and Whittaker’. 

We thank Dr. M. Kout of Prague for supplying the 
sera, 
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PHYSIOLOGY 


High Salt Content of Western Infant’s 
Diet : Possible Relationship to Hypertension 
in the Adult 


Is support of investigations on the etiological role of 

- chronic excess salt ingestion in human hypertension! we 
have repeatedly induced experimental hypertension in 
rats by chronically feeding a diet high in sodium (chloride), 
similar to that described by Meneely et al.2. We have 
observed that, if high salt intakes are initiated at the time 
of weaning (3 weeks of age), such rats are much more 
prone to develop hypertension than are older animals. 
‘Meneely and Ball? observed, that 2-year-old rats developed 














significantly less hypertension. than did younger rats on the 
same high sodium regimen. Investigations at present in 
progress here to quantify the physiological consequences of 
salt- administration to youthful animals clearly confirm 
these previous experiences. 

These observations on young rats may be pertinent to 
human beings. The evidence outlined here indicates that 
the modern diet for infants may contain concentrations of 
sodium chloride so high as to result in average daily 
intakes comparable (on a body-weight basis) with the 
highest reported in man—-27 gm in the northern Japanese 
among whom hypertension is common and severe’, 
Furthermore, infant foods have the capacity to produce 
experimental hypertension in young rats, as demonstrated 
in this communication. 3 

Starting between the ages of I and 3 months most 
infants, in the United States at least, receive supplemen- 
tary, proprietary foóds consisting usually of strained 
vegetables, meat, chicken, eggs, or fruit, in addition to 
their milk. To all but the fruits, salt is added prior to 
canning. We have analysed the sodium content of 40 
different jars of these foods, purchased on the open 
market under the label of four leading American concerns. 
The sodium concentration in the strained fruits was 
negligible, namely, 0-6-2 mg/100 g, compatible with the 
concentrations we have found in unprocessed fruit‘. 
However, among 16 different samples of strained meats 
(ham, chicken, beef, veal, and lamb), the sodium content 
ranged from 293 to 510 mg/100 g food (average, 359 mg; 
median, 348 mg); among 14 samples of vegetables (green 
beans, carrots, sweet potatoes, creamed spinach and beets) 
and miscellaneous mixtures (creamed cottage cheese with 
pineapple, and cereal and egg yolks with bacon) the 
sodium content ranged from 144 to 357 mg/100 g food 
(average, 244 mg; median, 230 mg). Such concentrations of 
sodium are grossly in excess of those found in unprocessed 
meats and vegetables*. It seemed probable that these 
foods containing added sodium chloride would induce 
experimental hypertension in rats. This possibility was 
therefore tested. 

Among rats from the same strain (Sprague-Dawley), and 
even the same litter, we have observed that while most 
animals would slowly develop hypertension from a high 
sodium chloride diet, some failed to do so whereas a few 
developed fulminating hypertension resulting in death 
within a few months. This was interpreted to indicate that 
genetic factors were responsible for these marked variations 
in response to chronic sodium chloride ingestion. As a 
direct outgrowth of this postulate, by using the genetic 
technique of selective inbreeding, from the same strain 
two lines of rats were developed, one of which was very 
sensitive, the other very resistant, to the development of 
experimental hypertension from a high salt dietë. Members 
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Fig. 1. Effect of feeding proprietary infant foods ( @) as compared with 
low-sodium food (©) on the blood-pressure of 14 female rats; after 4 
months on the diets. 

The mean systolic blood-pressure of the group fed infant-foods was 
165-9 (+ 87-9 S.D.) mm mercury, while that of the control group ‘was 
121-4 (+ 85) mm mercury. Comparison of these means by Student’s 
test gave a t value of 3:026 (P 0-02 > 0-01). Systolic pressures of 

140 mm mercury, or more, exceed the mean value for control an 
on low-sodium diets in our laboratory by nearly three standard devia- 
tions and such values are considered by us as indicative of hypertension 








of the strain sensitive to sodium chloride were used in the 
present work. The use of this strain allowed us to observe 
fewer animals for a much shorter period of time than 
would have been possible previously since a high propor- 
tion of such animals predictably develop hypertension on a 
high salt diet. 14 weanling, female rats were used, of 
which 7 animals served as controls and were fed a low 
sodium chow while the remaining 7 were fed only a mixture 
of the meats and vegetables indicated here to which a 
few drops of a multi-vitamin mixture were added daily; 
water was allowed ad lib. to both groups. Systolic blood 
pressures were measured at monthly intervals by a stan- 
dard technique’, but only the results after 4 months on 
the respective regimens are shown in Fig. 1. Hypertension 
(> 140 mm mercury) developed rapidly in 5 of the 7 
animals fed baby-food but in none of the controls. The 
mean systolic pressures of the two groups are significantly 
different by the ¢ test (P 0-02 > 0-01), and the X? test 
suggests that the distribution of blood-pressures is signifi- 
cantly different in the two groups (P< 0-005). In our 
previous experience with salt-fed rats, pressures of about 
180 mm mercury or more have been associated with 
drastically shortened life expectancy so that we would 
predict the rapid death of at least 3 of the 7 animals fed 
baby-food. 

It seems likely that these investigations are also relevant 
to human beings. For example, a 6-8-kg (15-lb.) infant, 
5 months of age, often consumes 100 g or more of these 
meats and vegetables each day. Calculations based on this 
intake, using the average sodium concentration (305 mg) 
for the 30 samples already cited, indicate that such a child 
would consume the equivalent of about 0-8 g sodium 
chloride per day, from this source alone. In addition, of 
course, the child will drink milk and, in the United States, 
as a rule this will be cows’ milk. Cows’ milk has been 
reported to have up to 2,140 mg sodium/l. although the 
average is about 600 mg*. If it is assumed that the infant 
mentioned drank approximately 11. of such milk daily, 
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the intake of sodium chloride from this source would 
average 1:5 gm. Therefore, from 1 1. of milk and 100 g of 
strained meat or vegetables, such a child might ingest 
about 2-3 g sodium chloride daily: this is equivalent to ` 
23 g/day for a 68 kg (150 Ib.) adult. As mentioned 
earlier, this is a very high daily salt intake. Furthermore, 
since young rats appear to be significantly more suscep- 
tible to the development of hypertension from excess 
dietary salt than are older rats, infants may also be eom- 
mensurately susceptible. Hence, a given equivalent 
intake of salt (mg sodium chloride/kg body-weight) might 
be much more injurious to the infant than to the adult 
human being. 

It has been demonstrated in rats that the consumption 
of a diet high in sodium chloride can induce hypertension 
which becomes self-sustaining after the excess sodium 
chloride is removed from the diet’. Therefore in man it 
seems warranted to give serious consideration to the 
possibility that a high intake of sodium chloride in infancy 
might play an important part in the propagation of hyper- 
tension in adults. 

This work was supported by the U.S. Atomie Energy 
Commission. 

Lewis K. Dany 
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LORRAINE TASSINARI 


Medical Research Center, 
Brookhaven National Laboratory, 
Upton, New York. 
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Volume of the Infarct in the Anterior Lobe 
of the Monkey’s -Pituitary Gland shortly after 
Stalk Section 


In our investigations of the influence of the hypothala- 
mus and pituitary gland on the behaviour and growth of 
various animals, we have shown that in the rati, sheep? 
and goat®, one immediate effect of transection of the 
pituitary stalk is the production of a large infarct in pars 
distalis (the anterior lobe) of the pituitary gland. Surviv- 
ing parenchyma is restricted to a narrow subcapsular rim 
and to a broader band adjacent to the infundibular pro- 
cess (neural or posterior lobe). 

In a quantitative examination of the pituitary glands. 
from animals killed soon after pituitary stalk section, 
using a method in which Simpson’s rule’ is applied to 
determine volumes, we have shown that the infarct 
involves up to 78 per cent of pars distalis in rats®, up to 
90 per cent in goats* and up to 96 per cent in sheep’. 
In man, stalk section has a similar effect and, in one gland. 
which we have assessed quantitatively, the infarct, 30 h 
after operation, involved 90 per cent of the anterior lobe’. 

The size and position of the infarct are explained by the 
peculiar blood supply to pars distalis. In the rat’, sheep1, 
goat? and man 1? the sole blood supply to the lobe is 
derived from two groups of hypophysial portal vessels. 
The first group, the long portal vessels, arise from a prim- 
ary capillary bed in the median eminence and upper 
infundibular stem and run down the pituitary stalk to 
break up into sinusoids which supply blood to the central 
area of the anterior lobe. When the stalk is transected, 
all these long portal vessels are cut across and a large 
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Fig. 1. a, Horizontal section through the mid-part of the pituitary 
gland of a rhesus monkey, 6 days after the pituitary stalk had been 
ransected. Ventral to the neural lobe or infundibular process, IP, 
is pars intermedia, PI. The greater part of the anterior lobe or pars 
distalis, PD, is infarcted. Dorsal to this massive infarct (pale) is the ` 
surviving pars distalis parenchyma, SPD. 6, Similar section through 
more caudal part of gland. Note narrow rim of surviving pars distalis 
parenchyma around the infarct. (Both, hematoxylin and eosin, x 9-7) 


infarct develops. The second group, the short portal 
vessels, arise from a primary capillary bed in the lower 
infundibular stem or in the infundibular process and 
supply a small area of the anterior lobe adjacent to the 
lower infundibular stem and infundibular process (neural 
lobe). As these vessels lie below the level of transection, 
the parenchyma which they supply survives. However, 
since the hypothalamo-hypophysial tract has been cut, the 
primary capillary bed giving origin to the short portal 
‘vessels is denervated and the surviving parenchyma! cells 
‘of pars distalis are deprived of hypothalamic neuro- 
humoral stimulation. 

We have made a preliminary examination of the volume 
‘of the infarct. which develops in the anterior lobe of the 
rhesus monkey shortly after pituitary stalk section. The 
pituitary stalk was cut (using a subtemporal approach) 
and an acrylic plate was inserted to form a barrier between 
the cut ends; 6 days later the animal was killed. The 
pituitary gland was fixed in mercuric formol (90 ml. 
‘mercuric chloride, 10 ml. 40 per cent formaldehyde 
‘solution), embedded in paraffin wax, and serial sections 
were cut in the horizontal plane. Sections at various levels 


were stained with hematoxylin and eosin and the volumes. 


-of the various parts of the gland calculated by the appli- 
cation of Simpson’s rulet. 

The infarct in pars distalis occupied 76 per cent of the 
lobe and the surviving parenchyma was restricted to a 
subcapsular rim and small areas adjacent to the neural 
lobe (Fig. 1). The appearance is very similar to that found 
in an earlier series of stalk-sectioned monkeys’ and also 
‘to that seen soon after pituitary stalk section in the rat, 
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goat, sheep and man. It clearly indicates that the long 
portal vessels in this monkey, as in the other species, were 
the sole source of blood supply to a large part of pars 
distalis, while the surviving parenchymal tissue was 
supplied by short portal vessels which were not interfered 
with by the operation. 

It is of importance to know the size of the infarct 
produced by pituitary stalk section if any study is to be 
made of the regenerative powers of the anterior lobe of the 
pituitary gland after this operation and also if any assess- 
ment is to be made of the functional activity of the 
surviving cells of pars distalis. 

This work was assisted by a grant from the Nuffield 
Foundation. 
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Regional and Directional Differences in the 
Lateral Spread of Retinal Potentials in the 
Octopus 


RECENTLY the visual system of the octopus has been 
investigated by several anatomical and behavioural 
methods. From behavioural. investigations of pattern 
discrimination, Sutherland? has proposed a theory of 
vertical and horizontal coding of pattern information. 
The anatomical complexity required for such neural 
coding is certainly present in the optic lobes. However, 
Young? has described axon collaterals between adjacent 
receptor cells within the retina and has suggested the 
possibility of synaptic influence on the spatial relations 
of the information propagated from the retina. Previous 
work in this laboratory has disclosed that there are two 
responses to light stimulation in the retina of the octopus: 
a sustained negative response on the vitreal surface and a 
sustained positive response in the deeper layer’. The 
two responses behave differently with respect to stimulus 
variables, and thus appear to reflect two potential origins 
rather than a single sink-source generator‘. The deep. 
positive, response has been suggested as arising, at least 
partially, from the receptor cells. In the work reported 
here, it was found that for the deep response there is a 
spread of positivity toward the centre of the retina and a 
spread of negativity toward the periphery;: this might 
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ae 1. Distribution of potentiis as light spot was moved along vertical 

(A) and horizontal (B) lines, passing over active electrode. Insets 

from oscilloscope tracings show wave form of the response at 2-mm 
intervals, Position.of electrode (9 o’clock) shown at upper left 


represent a function of the lateral connexions described 
anatomically’. 

The animals used were Octopus vulgaris. The retina 
was flattened sclera downward on to a plate which con- 
tained the indifferent (silver—silver chloride) electrode. The 
light stimulus was a 3-mm circular spot. A glass capillary 
microelectrode (less than lu tip diameter) was inserted into 
the retina in both the illuminated area and the surrounding 
unilluminated areas. 

Relatively high amplitude positive responses were 
recorded when the electrode was within the illuminated 
area. The spread of potentials into the surrounding 
unilluminated areas, however, showed marked directional 
differences. For example, when the light spot was on the 
left side of the retina (at about 9 o’clock), positive respon- 
ses were recorded from the unilluminated area to the right 
of the spot; and negative responses were recorded from 
the unilluminated area to the left of the spot. Regional 
differences were also found, for when the spot was on the 
right side of the retina (around 3 o’clock), the positive 
responses occurred to the left of the spot and negative 
responses to the right. 

In order to obtain more precise data concerning this 
spread of potential, the active electrode was next inserted 
at a fixed position, and the light spot was presented at 
variable distances around it. In a typical experiment the 
electrode was inserted to a depth which gave a maximum- 
amplitude positive response when the light spot was 
centred on it; then the light spot was moved along a 
horizontal or vertical line which passed over the electrode. 
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Occasionally a second micro-electrode was placed on the 
retinal surface for simultaneous recording of the surface 
(negative) response. Fig. 1 shows the results of such an 
experiment with the active electrode fixed at 9 o’elock. 
As the light spot was moved vertically across the retina, a 
nearly symmetrical distribution of potentials was seen 
(Fig. 14); the positive responses remained when the edge 
of the light spot was slightly beyond the electrode, and 
small negative responses appeared as the spot was moved 
still farther away from the electrode. However, a 
markedly different pattern was seen when the light spot 
was moved horizontally across the retina (Fig. 1B). As 
the light spot approached the electrode from the periphery, 
positive responses appeared considerably before the right 
edge of the spot reached the electrode. But negative 
responses appeared as the left edge of the spot passed the 
electrode; these increased in amplitude as the spot was 
moved toward the centre of the retina. 

When this experiment was repeated with the electrode 
fixed at 3 o’clock on the retina, the horizontal records 
appeared as a mirror image of that shown in Fig. 1B, 
while the vertical records were essentially the same as 
Fig. 14. At 6 o'clock and 12 o'clock the asymmetry 
appeared as the light spot was moved vertically while the 
horizontal records remained symmetrical. To test 
whether this vertical and horizontal asymmetry was in 
fact related to some horizontal—vertical mechanism in the 
octopus retina, similar experiments were performed at 
intermediate positions (1.30, 4.30, etc.). For these experi- 
ments, records were taken at each 1-mm interval within a 
15 x 15 mm array which centred on the active electrode. 
Under these conditions the maximum asymmetry was 
found along the line between the active electrode and the 
centre of the retina. Again symmetrical records were 
found along lines perpendicular to the line of maximum 
asymmetry. 

The finding of asymmetry which was directed toward. 
the centre of the retina suggested that it should be possible 
to find some central portion of the retina around which 
there was symmetry in all directions. By repeating 
experiments of the preceding type and adjusting the 
position of the electrode on the basis of the asymmetry 
observed, it was indeed possible to find such a region in. 
the central area of the retina. This finding of a ‘physio-~ 
logical centre’ is of interest because it shows a functional 
differentiation in this tissue which anatomically is almost 
homogeneous. Although an anatomical analogy with the. 
vertebrate is unéertain®, the regional and directional 
spread of slow potentials certainly suggests a physio- 
logical specialization directed toward (or radiating from). 
the central part of the retina. That this ‘physiological 
centre’ is a functional homologue of the vertebrate fovea, 
being an area favouring maximum visual acuity, appears: 
a reasonable suggestion. 

From these experiments it may be concluded that there- 
are both regional and directional differences in the lateral 
spread of the deep (normally positive) response in the octo- 
pus retina. From an illuminated area there is a spread’ 
of positivity toward the centre of the retina and a spread. 
of negativity toward the periphery. Such regional and 
directional differences are not seen in the spread of the- 
surface (negative) response. This adds further confir- 
mation to the proposal that the two responses of the- 
octopus retina reflect two different processes’. The- 
anatomical basis of the directional differences in 
the spread of the deep responses could well be the- 
lateral connexions from the axons described by Young’. 
The relationship between these retinal mechanisms and: 
pattern vision is not clear. Some spatial transformation 
of a projected image could well occur in the retina, but the- 
type of horizontal-vertical transformations proposed by 
Sutherland! must be imposed more centrally in the visual’ 
system. 

Additional details of these and related experiments are- 
being prepared for subsequent publication. We thank. 
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PHARMACOLOGY 


Post-mortem Increase of Potassium in 
Human Cerebrospinal Fluid 


THE composition of plasma and cerebrospinal fluid is 
similar so far as content of electrolytes is concerned. There 
is also evidence that cerebrospinal fluid can be used as a 
good medium for maintaining in vitro the activity of 
isolated organs: frog heart, for example. But if the 
cerebrospinal fluid of dead, instead of living, subjects is 
used, the frog heart stops working immediately. This 
will also occur with atropinized preparations. Potassium 
‘was supposed to be responsible for this effect. 

Following this hypothesis, we examined the potassium 
content of cerebrospinal fluid from normal and dead 
subjects. Potassium was measured according to the 
standard flame spectrophotometric procedure. 

Potassium-levels in the cerebrospinal fluid of normal 
subjects are about 70 mg/l., whereas those observed in the 
cerebrospinal fluid obtained from 5 different dead subjects 
were 1:12; 1-42; 1:48; 1-52; 1-58 g/l. The cerebrospinal 
fluid was obtained from bodies, kept at the Institute for 
Forensic Medicine, University of Milan, about 24 h after 
death. 

The potassium in the cerebrospinal fluid of dead sub- 
jects may therefore become 20 times greater than in 
living subjects. 

Later we examined how long the potassium takes to 
diffuse post mortem into the cerebrospinal fluid. For this, 
_ different samples of cerebrospinal fluid were taken from 
the same body 8, 12 and 24 h after death. The results 
were as follows: 228 mg at 8 h, 760 mg at 12h, and 1-6 g 
at 24h. These figures show that potassium moves into 


the cerebrospinal fluid progressively, and that the rate of . 


this diffusion is greater between the eighth and the twenty- 
fourth hour after death than between the first and the 
eighth hour. 

- So far as sodium and calcium are concerned, their levels 
were similar in cerebrospinal fluids taken from living and 
dead subjects. 

A Ringer medium having a potassium content similar 
to that of the post-mortem cerebrospinal fluid has an 
almost immediate paralysing effect on the frog heart. The 
functional alterations of frog heart-beats which appear 
when potassium-enriched Ringer diluted with normal 
Ringer is used or similarly diluted post-mortem cerebro- 
spinal fluid are parallel. 

In the last series of experiments we investigated the 
effects in dogs of the addition of potassium to the cerebro- 
spinal fluid in order to reach comparable levels as observed 
24 h post mortem. 

In two dogs 1 ml. of cerebrospinal fluid was sub- 
stituted through the sub-occipital way with 1 ml. of a 
solution containing 5 g/l. of potassium chloride. Pre- 
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liminary investigations, carried out using dyes, showed 
that 1 ml. of solution substituted for 1 ml. of dog cerebro- 
spinal fluid led to rapid mixing with a final dilution of 
about 1:5. The dogs showed a high degree of nervous 
excitation with unco-ordinated and generalized convul- 
sions; in addition to this they struggled, stretching very 
rapidly their forelegs above and to the side of their heads. 
These symptoms lasted for about 15 min, then pro- 
gressively decreased. The animals suffered from dyspnea 
for about 30 min. 

The conclusions which can be drawn from these experi- 
ments are as follows: after death there is a remark- 
able diffusion of potassium into the cerebrospinal fluid; 
potassium concentration in the 24-h post-mortem cerebro- 
spinal fluid is about 20 times greater than that present in 
physiological conditions; the phenomenon is progressive 
with time and therefore may be used from the point of 
view of forensic medicine; there are no significant post- 
mortem variations in sodium- and calcium-levels; a 
potassium concentration in the cerebrospinal fluid of a 
living animal, of a comparable value to that found in 
cerebrospinal fluid post mortem, produces toxic symptoms 
characterized by a very strong and typical central nervous 
excitation. 

F. FRASCHINI 
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‘A Mechanism of Reflexogenic Bradycardia 
produced by Cardiac Glycosides 


Ir has been accepted that the vagal factor is one of the 
most important factors concerning the production of 
bradycardia by cardiac glycosides!*. However, the brady- 
cardia produced by cardiac glycosides was not prevented 
completely by bilateral vagotomy or previous administra- 
tion of atropme*. Gold et al.‘ called the latter factor the 
extravagal factor, which was considered to be a direct 
action of cardiac glycosides on the heart. On the other 
hand, cardiac glycosides did not exert a definite negative 
chronotropic action on the isolated mammalian heart‘. 
In order to elucidate this discrepancy, the following 
experiments were carried out on cats using strospeside as 
the cardiac glycoside. 

After severing vagus nerves, carotid sinus nerves or 
cervical cord, or extirpating stellate ganglia, one-tenth of 
the probable lethal dose of strospeside was administered 
intravenously every 5 min until cardiac arrest was 
confirmed. The electrocardiogram was recorded with 
standard limb lead II and the efferent discharges in 
sympathetic nerve fibres were recorded concomitantly 
throughout the experiments. 

By denervation investigations of anesthetized cats, it 
was observed that bradycardia by strospeside was pre- 
vented almost completely in the following cases: (1) 
severance of both vagi and both carotid sinus nerves; 
(2) severance of both vagi and cervical cord (C3-4); (3) 
severing of both vagi and extirpation of both stellate 
ganglia. Bradycardia was not completely prevented in 
the following cases: (1) severance of both vagi; (2) sever- 
ance of both carotid sinus nerves; (3) transection of 
cervical cord (C3-,); (4) extirpation of both stellate 
ganglia. 

From the foregoing results, the following hypothesis 
concerning the mechanism of bradycardia produced by 
cardiac glycosides may be postulated. There are two 
different pathways of impulses which are quite independ- 
ent of each other in producing the bradycardia by cardiac 
glycosides: one is the vagal pathway, which exerts cardiac 
slowing by vago-vagal reflex, and the other is the carotid 
body-sympathetic nerve system, which exerts cardiac 
slowing by way of the sinus nerves, cervical cord, stellate 
ganglia and the heart (Fig. 1). 
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Fig. 1. Probable pathways of impulses producing bradycardia by 
cardiac glycosides. ~~~, Vagus nervous system; —-~, carotid body- 
sympathetic nervous system 





Fig. 2. Effect of strospeside on the heart-rate and the efferent dis- 
charges in the left postganglionic stellate fibres. Upper record, electro- 
eardiogram (standard limb lead IT); lower record, efferent discharges 
in the left post-ganglionic stellate fibres. a, Before strospeside (heart- 
rate, 146/min); b, after 24 per cent LD of strospeside (heart-rate, 
130/min). The efferent discharges were inhibited markedly by stros- 
peside in the doses capable of producing bradycardia in vagotomized cats 


It was questionable, however, whether the hypothetical 
carotid body~sympathetic nervous system exerted its 
negative chronotropic action by inhibiting the adrenergic 
outflow, or activating the cholinergic outflow in the sym- 
pathetic cardiac nerves. To answer this question, the 
effect of strospeside on the efferent discharges in the pre- 
and post-ganglionic stellate fibres was studied. It was 
eonfirmed that strospeside inhibited the sympathetic 
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discharges synchronously with bradycardia in vagotomized. 
cats (Fig. 2). 

Thus, it is suggested that strospeside inhibits the 
efferent adrenergic outflow in the sympathetic cardiac 
fibres to produce the negative chronotropic action. 

This hypothesis was also confirmed by the fact that 
pre-treatment with dichloroisoproternol’ (0-1 mg/kg) com- 
pletely inhibited the production of the cardiac slowing by 
strospeside in vagotomized cats. : 

From these results, it is suggested that the inhibition of 
the efferent impulses in the sympathetic cardiac fibres is. 
regarded as another important factor in producing the 


bradycardia by strospeside. Thus, the hypothesis offered . 


here was strongly supported and extended at least. 
regarding strospeside-bradycardia. 


I thank Prof. Tsuneyoshi Tanabe for his advice during ` 


this work, and for his help in preparing the manuscript. 
The work was supported by a grant from the Japanese 
Educational Ministry. 
l YASUSHI Asrxo 
Department of Pharmacology, 
Hokkaido University School of Medicine, 
Sapporo, Japan. 
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Failure of Oxytocin to stimulate the Pigeon. 
Crop Gland 


Ir is well known that the crop gland of the pigeon 
proliferates and increases in weight in response to prolactin.. 
This effect of prolactin on the crop gland has been used 
as a qualitative and quantitative assay for this hormonet. 
Recently, Chaudhury and Chaudhury? threw doubt on. 
the specificity of action of prolactin on‘ the pigeon crop 
gland by claiming that intradermal. injections over the- 
crop sac or systemic administration of oxytocin produced 
increases in crop-weight. This contradicts the earlier 
work of Riddle and Bates?, who reported that posterior 
pituitary hormones had no effect on the pigeon crop. 
gland. Chaudhury and Chaudhury? also suggested that. 
oxytocin may induce a release of prolactin in pigeons, 
which is similar to the hypothesis of Benson and Folley® 
in rats. They did not indicate whether typical crop sac 
proliferation was seen in the pigeons. 

The experiment reported here was carried out to test 
further the action of oxytocin on the pigeon crop gland, by 
determining its effects on both crop-weight and crop 
proliferation. A total of 30 White King squabs were- 
divided into three groups of 10 each and treated as follows: 
(1) controls, no injections; (2) intradermal injection over 
each crop sac of 1 I.u. oxytocin (Parke, Davis and Co., 
Detroit, containing 10 I.v./ml.) in 0-1 ml. once daily for: 
4 days; (3) intramuscular injection of 400 mv oxytocin in 


0-2 ml. distilled water once daily for 4 days. Similar doses. ** 


of oxytocin were used by Chaudhury and Chaudhury’. 
The birds were killed on the 5th day, and the entire crop- 
gland was removed and weighed on a Roller-Smith 
balance. The crop sacs were then viewed through trans 
mitted light for signs of cróp epithelial proliferation. The 
results are summarized in Table 1. 

There was no significant difference in crop gland weight 
between the control and injected groups, whether the- 
oxytocin was given systemically, or locally over the crop 
sac. There was also no evidence of epithelial proliferation 
typical for prolactin on the crop gland, although in a few 
eases there was a slight non-specific reaction. From the- 
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Table 1. EFFEOTS OF OXYTOCIN ON CROP-WEIGHT AND PROLIFERATION IN PIGEONS 
Treatment Av. body-wt. (g) Av. crop-wt. (g) Crop-wt. yx 100 Visual ratings ‘P’ value 
Body-wt. (per cent) 
Ri Controls (10) 468+14* 2-375 + 0-087 * 0-507 + 0-008 * 0 
2) Oxytocin-intradermal injections (10) 450419 2:543 + 0-060 0-567 + 0-032 0 10-20 
(3) Oxytocin-intramuscul. injections (10) 45749 2:326 + 0-155 0-508 + 0-031 0 50 
* Mean + S.E. 


present results, we conclude that oxytocin has no effect 
on the pigeon crop gland. 

This work was supported in part by U.S. National 
Institutes of Health, grants C-3448 and A-4784. 
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HISTOCHEMISTRY 


Functional States of the Thyroid Gland and 
the Level of Nucleic Acids and Histones in 
Rabbit Testes and Ovaries 


WHILE carrying out investigations on the nucleic acids 
and histones in the liver and thymus in order to show their 
dependence on the general cell metabolism!, I decided to 
investigate the effect of thyroid gland activity on the 
genital glands. The experiments were carried out on 32 
rabbits, 16 males and 16 females. In order to induce states 
corresponding to hyperthyroidism and hypothyroidism 
the following pharmacological preparations were used: 
thyroxine, tapasol and methylothiouracil. The animals 
were divided into the following groups: 

Group I (4 males and 4 females) received thyroxine in 
the form of an injection in doses of 0-05 mg/kg of body- 
weight. 

Group II (4 males and 4 females) received injections of 
tapasol in doses of 1 mg/kg of body-weight. 

Group TIT (4 males and 4 females) received methylo- 
thiouracil injections in doses of 10 mg/kg of body-weight. 

Group IV was used for control purposes. The number of 
animals in this group was the same as for the previous 
groups. Half the animals in the control group did not 
receive any injections whereas the other half received an 
injection of 0-9 per cent sodium chloride solution in order 
to obviate the possibility of any change being brought 
about by the injections themselves. 

While the experiments were in progress all the animals 
were kept in a room at the same temperature, which did 
not vary more than 2° C, with the same lighting, and they 
were fed with the standard food from which all starchy 
types of food were excluded. The experiments were 
carried out for three weeks after which the animals were 

-killed by air-embolism. While dissecting the animals, I 
removed the genital glands, half of which was then 
fixed in formol for morphological examination and the 
other half in Carnoy’s fluid for histochemical reactions. 
The following reactions were carried out: (1) Basie stain- 
ing (topographical) with hematoxylin and eosin; (2) in 
order to show DNA the Feulgen reaction was performed ; 
(3) in order to show RNA the Brachet reaction was per- 
formed; (4) in order to show histones the F.C.G. reaction 
was performed. For the various types of histochemical 
reactions control preparations were also made. 

The rabbits injected with tapasol and methylothiouracil 
behaved throughout the experiments like the control 


rabbits, whereas the rabbits injected with thyroxine from 
the fifth-sixth day onward became more active and 
excitable, their respiration was accelerated, and some of 
them panted. The body temperature varied individually, 
within a range of 4° C. The body-weight of the rabbits 
from the control group and of those receiving tapasol and 
methylothiouracil either remained within the range of 
weights at the beginning of the experiments or showed a 
certain difference in weight at the end of the experiments, 
varying from + 150 g. In the control group a fall in 
weight to 350-450 g was noted in both the male and 
female animals. 

Before describing the microscopic pictures of the 
testicles and ovaries, I consider it necessary to emphasize 
the fact that the morphological picture of the thyroid in 
the experimental rabbits showed changes character- 
istic for animals receiving thyroxine or methylo- 
thiouracil. This description has been limited to the 
microscopic histochemical pictures of the following 
elements of the genital glands: in the testes, I compared 
only the intensification of the reaction in the spermato- 
gonias, spermatocytes of the first and second order, and 
spermatids. I did not take into consideration the Sertoli 
cells, Leydig cells and the stroma. In the ovaries my 
investigation was limited to the cortical part in which 
I compared the intensification of the reaction in the 
primary vesicles, the growing and mature Graff vesicles. 
The following results were obtained: 

In the control group of rabbits, the reaction to RNA in 
the various vesicles was positive in the granulations of the 
inner and outer theca and in single granules of the granular 
layer. A more intensive reaction was obtained in the 
cells of the granular layer which directly formed the theca 
of the ovigerm. As compared with the controls, the 
Brachet reaction in the preparations made from the 
rabbits which received tapasol and methylothiouracil was 
weaker, particularly in the granular layers of the vesicles. 
The intensity of the reaction in the preparations from 
rabbits to which thyroxine was administered was the 
same as that of the controls. 

The DNA reaction was strongest in the cortical part of 
the ovary. The greatest intensity was noted in the cells 
of the granular layer. In the preparations from the 
control animals and from those to which tapasol and 
methylothiouracil were administered the intensity of the 
reaction was the same for all these groups. A stronger 
reaction was observed in the preparations from the 
rabbits which had received thyroxine. The F.C.G. 
reaction revealed histones, the distribution of which 
corresponded. to the localization of DNA. The intensity 
of the reaction in the various groups also corresponded to 
the Feulgen reaction. 

In the convoluted cannules of the testicles, the DNA and 
RNA reactions were the same for all groups of prepara- 
tions. They were strongest in the spermatids and sperma- 
tozoa, somewhat weaker in the spermatogonias and 
weakest in the spermatocytes of the first and second order. 
The only deviation was noted in the preparations from 
rabbits that had been receiving thyroxine, where a stronger 
reaction to DNA was observed. Histones give a, reaction 
of equal intensity in all the groups. As regards the 
elements of the various convoluted cannules, the strongest 
F.C.G. reaction is noted in the spermatozoa. The inten- 
sities of the various reactions in the genital glands are 
illustrated in Table 1. 
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Table 1. LEVEL OF RNA, DNA AND HISTONES IN THE TESTES AND OVARIES 
OF RABBITS RECEIVING THYROXINE, TAPASOL AND METHYLOTHIOURACIL 
AND OF THE CONTROL GROUP 
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Testes Ovaries 

Group of rab- 

bits receiving RNA DNA Histones RNA DNA Histones 
Tapasol and 

methylo- 

thiouracil ++ ++ ++ + ++ ++ 
Thyroxine ++ +++ ++ ++ +++ +++ 
Control +t t+ ++ $+ ++ TE 


+, Weak reaction; ++, reaction of physiological-control intensity; 


+++, strong reaction. 


The results of these experiments would seem to be in 
accordance with those of certain other authors’ reports, 
who state that the nucleic acids vary with the functional 
state of the cells?*. Other authors, however, are of the 
opinion that nucleic acids do not vary in the genital glands. 
Brachet and Govaert in their work on the primary 
oocytes found the amount of DNA to be unchanging. 
That same quantitative stability was later demonstrated 
by Mulmard‘ in the Acanthoscelides obtectus oocytes. 
Van de Kerkhove‘ in his experiments on rabbits showed 
that the amount of DNA in the ovaries remains unchanged. 
On considering these investigations, the author came to the 
conclusion that, in the genital glands (ovaries), the amount 
of DNA is constant for the given species of mammal. 
Liu’, while studying the effect of interstitial cell-stimulat- 
ing hormone on the genital glands, found distinct differ- 
ences in the quantities of DNA in the nuclei of the inter- 
stitial cells of the testes. Thyroxine, which influences the 
general cell metabolism and also has an effect on the 
genital glands, caused changes in the quantities of DNA 
in the testes and in the quantities of DNA and histones 
in the ovaries. This coincides with the general variations 
in the DNA and histone content which occurs in other 
organs in the presence of an increased or weakened 
metabolism. 

L. REJNIAK 


Department of Pathological Anatomy, 
Białystok Medical Academy, 
Poland. 
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PATHOLOGY 


Cytochemistry of the NK/Ly Lymphoma 


Tue ascites tumour NK/Ly was described in 1960 by 
Németh and Kellner’. We have investigated the cyto- 
chemistry of the tumour cells of this lymphoma. It 
appeared to us that the lymphoma cells have a rather 
characteristic structure (Fig. 1). 

The cells are about 20u in diameter. There is an excent- 
rie nucleus with 1-3 large nucleoli. On one side of the 
nucleus there is a perinuclear field. In the perinuclear 
zone on one side of the nucleus we were able to demon- 
strate high activity of several enzymes, as non-specific 
esterases, aminopeptidase, lactate, 6-hydroxybutyrate-, 
isocitrate- and glucose-6-phosphate-dehydrogenases. In 
this area small foci showing active acid phosphatase were 
also found. The activity of the dehydrogenases was not 
located in granules in this area but a diffuse dense pre- 
cipitate of nitro-blue tetrazolium formazan was present. 
On the other hand, there was a granular (pseudomito- 
chondrial) localization of nitro-blue tetrazolium formazan. 
around this perinuclear zone, around the nucleus and in 
the periphery of the cell along the protoplasma membrane. 
In smears stained with hematoxylin and eosin the peri- 
nuclear area was eosinophilic. Methyl green and pyronine 
staining showed that this zone was almost free of RNA. 
The RNA was located throughout the other part of the 
cellular protoplasm. That the pyroninophylia was based 
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Fig. 1 


on the presence of RNA was tested by RNase pre- 
incubation. 

The nucleoli contained RNA. Only the nucleus 
reacted to Feulgen. Periodic acid—Schiff positive material 
could only be demonstrated in some of the tumour cells, 
also in the perinuclear area. Sudan staining revealed 
small fat droplets in the outer zone of the cell protoplasm, 
which was rich in RNA. 

Activity of alkaline phosphatase and ATPase was very 
low in the tumour cells. There was slight activity of 
5-nucleotidase in the perinuclear zone. 

Németh and Kellner called this ascites tumour a 
lymphoma on morphological criteria. In normal lympho- 
cytes of mice, activity of the enzymes tested is very low. 
There is only a slight activity of non-specific esterase and 
dehydrogenase. This increase in activity of enzymes in a 
malignant tumour compared with the cells from which the 
tumour is supposed to have developed, however, is no 
exception®., 

Since it is known that chemotherapeutic agents have a 
distinct influence on the metabolism of tumour cells this 
ascites tumour promises to be useful in screening of chemo- 
therapeutic agents for their anti-tumour activity’. We 
therefore investigated the activity of the enzymes already 
mentioned in ascites cells after treatment with a single 
dose of mitoxine (nitromustard). We compared the 
enzyme activities in samples of the ascites tumour grown 
in 12 mice taken at 0:4, 8, 24, 48 and 72 h after the appli- 
cation of 0-1 mg mitoxine intraperitoneally. The ascites 
tumour had been transplanted 7 days before the injection 
of mitotoxine. There was a decrease in the activities of 
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Fig. 2 
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non-specific esterases and of the DPN and TPN linked 
dehydrogenases, which started as soon as 4 h after the 
application of the drug, with a minimum activity after 
24h. A quantitative measurement was made by Mendel- 
sohn’s photographic method® modified by den Tonkelaar 
and van Duijn*. An example of the results of this photo- 
graphic method for the activity of isocitrate dehydro- 
genase is given in Fig. 2. 

Analogous curves were obtained not only for the 
activity of isocitrate dehydrogenase, but also for the 
activity of lactate dehydrogenase and glucose-6-phosphate 
dehydrogenase in samples of asGites tumour cells of other 
mice treated with mitoxine. It appears important for 
the sereening of anti-tumour activity that immediately 
after 4 h of the application of a chemotherapeutic the 
effect can be measured already in the decrease of enzyme 
activity. The screening of anti-tumour activity could be 
accelerated by this method. 
$ A. KURNATOWSKI 


Department of Pathology. 
Medical Academy, 
Łódz, Poland. 
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Incubation of Serum with Tissue Extracts as 
a Cause of Chemotaxis of Granulocytes 


Usne a new technique, Boyden! has shown that rabbit 
serum after incubation in vitro with an antigen-antibody 
precipitate becomes strongly chemotactic to rabbit 
granulocytes. Prior heating of the serum to 56° for 30 
min was found to prevent activation of the chemotactic 
principle which, once formed, was relatively heat-stable. 

Hurley and Spector? found in 1961 that normal rat or 
rabbit serum, incubated at 38° for 1-2 h with any one of.a 
variety of tissues, caused immediate massive leucocytic 
emigration from blood vessels when tested intradermally in 
rats. Granulocytes were found capable of ‘activating’ 
serum at lower concentrations than any other organ tested. 
The resemblance in heat stability of this preparation to 
Boyden’s chemotactic principle and the similarity of 
methods used to ‘activate’ serum prompted a study of the 
chemotactic activity of serum known to induce leucocytic 
emigration. . 

Polymorphonuclear leucotyes were obtained from the 
peritoneal cavity of guinea pigs by injecting 10 mg of 
glycogen (B.D.H., Poole, England) contained in 10 ml. 
Hanks’s solution and collecting the exudate 3-6 h later. 
The exudate contained more than 98 per cent granulocytes. 
The cells were centrifuged lightly, washed and suspended in 
the appropriate medium to the concentration indicated 
here. 

Serum from rat, rabbit and guinea pig was ‘activated’ 
by incubation with either minced liver or a suspension of 
granulocytes as described by Hurley and Spector?. 

Leucocytie emigration was assayed by intradermal 
injection of 0-1 ml. fluid into the shaven abdominal skin 
of rats. The animals were killed 40 min later and 
tissues prepared for histological examination as described 
previously*. The responses were graded + ++, ++, + 
and 0. 

Chemotaxis was estimated by Boyden’s method in a 
simplified version of his chamber shown in Fig. 1. “Milli- 
pore’ membrane type SM, pore size 5u, was used. Due to 
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Fig. 1. 4, ‘Perspex’, contains polymorph suspension; B, ‘Pyrex’ glass, 
contains test solution; membrane C is glued to under-surface of A. 
Above, median section; below, plan 


the smaller size of chamber A, the concentration of granu- 
locytes was raised to 4 x 10%/mi. In any one experiment 
serum from the same species was used to suspend the 
granulocytes and in the solutions tested. After incubation 
the inner ‘Perspex’ chamber was removed intact, washed, 
fixed and stained. The ‘Millipore’ cement used softened in 
wbsolute alcohol, and the membrane could then be 
removed, cleared and mounted. Cells in 10 randomly 
selected fields were counted at magnification of 400 times. 
Duplicate chambers were used for each solution. 

Solutions tested and results obtained are shown in 
Table 1, which demonstrates a close correlation between 
the findings in two systems. In each case serum incubated 
with liver, 50 mg/ml., or granulocytes at a concentration 
as low as 3 x 108 cells/ml. is strongly positive, while liver 
(50 mg/ml.) incubated with saline or serum incubated 
alone is inactive. The negative results with serum 
incubated with liver, 5 mg/ml., which weight can be 
calculated to contain approximately 100 x 10° cells of 
mean diameter 10u, show that granulocytes in each system 
are potent ‘activators’ at much lower concentrations than 
liver. The close agreement in the results of all solutions 
tested suggests strongly that the two systems measure in 
different ways the same active principle. 

Until the work of Harrist it was widely assumed, on 
rather slender evidence, that the products of disintegrating 
tissue were chemotactic to granulocytes. Using a method 
in which chemotaxis toward particulate matter could be 
demonstrated readily, Harris was unable to show any 
attractive power by dead tissue fragments, autolysing 
tissue or peptic or tryptic digests toward granulocytes. 
The activation of serum by incubation with minced tissue 
in the present experiments simulates very closely con- 
ditions in vivo in areas of disintegrating tissue such as a 


Table 1 


i Leucocytic 
Solution tested * Chemotactic emigration in 
, activity injected skin 
Liver 50 mg/ml. in 
{a} Rabbit serum {8}t ++ +44 ++ $44 
(b) Rat serum (2) ++ t4+4+ +++ 
(c) Guinea pig serum (4) ++ ++ 
(d) Saline (8) 0 + 0 
Liver 5 mein. in 
KA ae it serum (2) (2) 5 
uinea pig serum 
Granulonytes h 
(a) Rabbit serum 
4 x 105ml. (2) + + 
1 x 10®ml. (2) 0 0 + 
(b) Guinea pig serum 
x Tomi. (2) +++ ++ 
12-5 x 10%/ml. (2) +++ ++ 
_3 x 10*/ml. (2) ++ + 
Rabbit serum incubated 
alone (4) 


0 0 
* AJl solutions were incubated for 2 h at 38°C with agitation before 


testing. 
=f The figures in parenthesis indicate the numbers of chambers tested for 
each solution. 
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recent infarct. Chemotactic activity of such preparations 
is strong evidence that the presence of granulocytes in 
such lesions is due to chemotaxis. Ib appears that the 
active principle is produced by interaction ofserum with 
damaged tissues rather than “by direct liberation from 
injured cells. Granulocytes appear especially potent in 
this process. The negative results obtained by Harrist 
may be due to the absence of serum in the preparations 
tested, but probably his system is unable to demonstrate 
chemotaxis by substances in solution—nothing in this 
state tested by him gave a positive response. 


Further work is in progress to test a wider range of . 


substances and compare properties of the active principles 
in the two systems. 
$ J. V. HURLEY 


Department of Pathology, 

University of Melbourne. 
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Induction of Sarcoma in the Rat by Cadmium 
` Sulphide Pigment 


Two injections of 25: mg cadmium sulphide suspended 
in 0-25 ml. physiological saline were given into the dorsal 
subcutaneous tissue, one on either side of the midline on a 
single occasion, in ten 6-month-old female rats of the 
Chester Beatty. strain. A small, hard, mobile nodule devel- 
oped at each injection site, without evidence of an acute 
inflammatory reaction of the overlying skin. Six months 
after injection one of'these nodules began to grow rapidly 
in size, producing a large tumour. During the succeeding 
four months similar tumours developed at one of the 
two injection sites in four further rats and at both in- 
jection sites in one rat, giving six animals with growing 
tumours from the group of ten which had been injected.: 
These six animals were killed within one year from the 
time of injection, when the tumours had grown to 3-6 em 
in diameter. The remaining four animals died during 
this period without producing such tumours, so that there 
were no survivors after one year. The small nodules in 
the animals which did not develop tumours consisted of 
the injected material embedded in: dense fibrous tissue. 

The tumours were pale pink, firm and circumscribed: 
the cut surfaces showed foci of bright yellow pigment 
and unrelated areas of necrosis. The tumours infiltrated 
the posterior abdominal wall, in one case displacing the 
kidney anteriorly and in another case disseminating freely 
over the peritoneal cavity and omentum. Axillary, 
posterior thoracic or abdominal lymph nodes were en- 
larged and infiltrated with tumour tissue in all six animals. 

The tumours were highly cellular sarcomata, which 
appeared to be of fibroblastic origin (Fig. 1). In some 
areas the cells were moderately well differentiated, spindle 
cells being arranged in interlacing strands, with reticulin 
fibres between the cells. In other areas the cells were 
pleomorphic and bizarre in shape with hyperchromatic 
nuclei, and many cells contained mitotic figures (Fig. 2). 
Many abnormal mitoses were seen, and in some cells the 
chromatic material was fragmented and scattered in the 
cytoplasm. A number of multinucleate giant cells were 
present. Particles which had the appearance of the in- 
jected cadmium sulphide were scattered in the tumour 
tissue, but these did not appear to be intracellular. 
Malignant cells were found invading the striped muscle 
of the chest and abdominal wall. The microscopic appear- 
ance of the metastatic deposits in the lymph nodes was 
similar to that of the primary tumours. 

Cadmium metal has been shown to be carcinogenic by 
Heath, Daniel, Dingle and Webb1, who reported the 
development of rhabdomyosarcoma and fibrosarcoma in 
the thigh muscle of the rat injected locally with 28 mg 
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Fig. 1. Histological appearance of one of the better differentiated areas 
of tumour (hematoxylin and eosin, x 450) 


of cadmium metal powder in a suspension of fowl serum. 
The injection was followed by a severe inflammatory 
reaction which on subsiding left the animals with wasting 
and contracture of the leg muscles. Haddow, Dukes 
and Mitchley* observed tumours at the site of injection 
and also testicular tumours of interstitial-cell origin 
following repeated subcutaneous injection of ‘rat ferritin’ 
contaminated with a cadmium salt. In a further series, 
Dukes et al.* produced similar tumours in rats with the 
repeated injection of small doses of cadmium sulphate. 
The potent carcinogenic action of cadmium sulphide 
described here adds further evidence that cadmium can 
act as a carcinogen. . 

In the experiment recorded here, the tumours were 
related to a single subcutaneous injection of cadmium 
sulphide, equivalent to 20 mg metallic cadmium. Cad- 
mium sulphide is an almost insoluble compound with a 
solubility product in water of 1-4 x 10-28, It is likely 





Fig. 2. Histological appearance of a poorly differentiated area of 
tumour showing its highly cellular nature with pleomorphic cells 
containing hyperchromatic nuclei (hematoxylin and eosin, x 530) 


1214 


that the cells in the vicinity of the injected material 
were subjected to a small, but steady, concentration of 
cadmium over a prolonged period of time. This concentra- 
tion was not of such magnitude as to produce a gross 
acute inflammatory reaction or gross tissue necrosis, 
although sufficient, and locally available for an adequate 
period, to induce a neoplastic change. Powdered metallic 
cobalt and metallic nickel are known to be carcinogenic 
in experimental animals, and recently Gilman* demon- 
strated the carcinogenic property of their sulphides and 
to a lesser extent of their oxides. These also are sparingly 
soluble compounds, and it is suggested that this property 
of allowing the slow release of the substance under 
investigation over a prolonged period of time is one which 
may be particularly useful for the demonstration of 
carcinogenic action. 
. G. KAZANTZIS * 
Department for Research in Industrial Medicine 
(Medical Research Council), 
The London Hospital, 
Whitechapel, K.1. 


* Present address: Medical Research Council Air Pollution Research 


. Unit, St. Bartholomew’s Hospital Medical College, Charterhouse Square, 


London, E.C.1. 
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IMMUNOLOGY 


Resistance to Tuberculosis in Mice immunized 
with BCG disrupted in Oil 


RECENTLY it was shown! that mice develop resistance 
to pulmonary infection with virulent Mycobacterium 
tuberculosis (strain H37Rv) when attenuated tubercle 
bacilli (BCG or H37Ra) are administered either intraven- 
ously or by the aerosol method. Previously, several 
authors? demonstrated that killed organisms suspended 
in mineral oil produce significant changes in experimental 
hosts and Choucron! extracted a fraction (Pmko) with 
mineral oil to which various immunological activities were 
ascribed. Cell walls and cell wall extracts of a variety of 
micro-organisms have been found to produce resistance to 
infection in experimental animals although cytoplasmic 
particles rather than cell wall material have been impli- 
cated as the protective antigen of M. tuberculosis’. Since 
we had been unable to immunize mice ‘either with cell 
walls of attenuated tubercle bacilli which had been 
ruptured in water or with the entire disruption product 
(mixture of cell wall and cytoplasm), investigations were 
initiated to test the potency of BCG bacilli disrupted ‘in 
oil. This method was utilized by D. W. Smith and the 
material was reported to be highly immunogenic in 
guinea pigs (Conference on Immunity and Pathogenesis 
of Mycobacterial Diseases, U.S. National Institutes of 


Table 1. 
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Health, March 1962). The experiment described here 
shows that such products are capable of giving rise to- 
significant protective immunity in mice injected intraven- 
ously with as little as 0-2 mg of material. 

A culture of BOG obtained from the Pasteur Institute 
was grown in Dubos liquid medium at 37° C for 14 days, 
and the collected organisms were washed once with 
distilled water. One aliquot of the cells was suspended in 
mineral oil (light liquid petrolatum N.F.) to give a 
concentration of 20 g wet cells per 100 ml. and ruptured 
in the Sorvall—Ribi refrigerated cell fractionator at a 
pressure of 43,000 lb./in.? at 5°-10° C. The effluent was 
centrifuged in a Sorvall SS-34 rotor at 13,000 r.p.m. 
(20,000g) for 1 h to collect the oil-insoluble products. 
They were washed three times with light mineral oil by 
resuspension and centrifugation. Electron microscopie 
examination of an aliquot of the sediment which had 
been washed with 0-05 per cent ‘Tween 80’ in water and 
then with distilled water to remove the oil indicated that 
all cells were broken. This washed aliquot consisted of 
cell wall segments and aggregates of electron dense 
particles, presumably of protoplasmic origin; however, 
it must be considered that washing with aqueous 
menstruum may have removed water-soluble protoplasmic 
constituents. The final sediment was resuspended in light 
mineral oil and stored at 2° C for 90 days. Prior to testing 
in mice it was collected by centrifugation for 1 h at 2,500g 
and resuspended in saline containing 0-02 per cent 
‘Tween 80’, heated at 65° © for 30 min and was found to 
be sterile on culture for acid-fast organisms, anaerobes, . 
and aerobes. This preparation was termed ‘oil disruption 
product’. 

Another aliquot of the original water-washed cells was 
suspended in water to give a concentration of .20 g wet 
cells per 100 ml. and processed in the cell fractionator. 
The cell walls collected from the éffluent were washed 
twice with 0-05 per cent ‘Tween 80’ in water and twice 
with distilled water by resuspension and centrifugation 
at 27,000g for 1 h (‘water cell walls’). Electron micro- 
scopically, these ‘water cell walls’ were found to be 
essentially free of protoplasmic granules. For use, they 
were resuspended in saline containing 0-02 per cent ‘Tween 
80’, heated at 65° C for 30 min and cultured in the same 
manner as here. In addition, a third sample of the 
original water-washed unbroken cells was similarly 
prepared. Negative cultures were obtained from these 
preparations. 

Mice, in groups of 20 (36-day-old females weighing 
about 23 g from the colony maintained at the Rocky 
Mountain Laboratory), were given intravenous injections 
of ‘oil disruption product’ or heat-killed whole cells in 
0-2 ml. volumes containing graded doses varying from 
0-2 mg to 1-4 mg as determined by dry weight. “Water 
cell walls’ were administered only at a dose-level of 0-6 
mg. Twenty-eight days later 15 mice from each group, 
together with unvaccinated controls, were challenged by 
exposure to virulent tubercle bacilli (H37Rv) in a Middle- 


PROTECTION OF MICE AGAINST AIR-BORNE CHALLENGE WITH VIRULENT TUBERCLE BACILLI BY INTRAVENOUS VACOINATION WITH PRODUCTS 


FROM BCG RUPTURED IN OIL AND IN WATER, AND WITH WHOLE HEAT-KILLED BCG 




















Results following challenge 
Immunization No. of virulent organisms in - 
——_ No. with Spleen 
Group Material Amount (mg) lung lesions No. negative Count No. negative Count 

A. ‘Oil disruption product’ 1-4 Of15 5/5 o 3/5 88 x 10% 
B ‘OU disruption product’ 1-0 0/15 5/5 0 1/5 18 x 10? 
C ‘Oil disruption product’ 0-8 0/15 4/5 7 2/5 11 x 10° 
D ‘Oil disruption product’ 0-6 0/15 2/5 23 x 10! 2/5 78 x 10? 
E ‘Oil disruption product’ 0-4 0/15 - 2/5 41 x 10! 0/5 30 x 10° 
F ‘Oil disruption product’ 0-2 0/15 2/5 18 x 10° 9/5 89 x 10° 
G Whole celis 1-4 0/15 1/5 90 x 1% 0/5 53 x 10! 
H Whole cells 1-0 3/15 0/5 54 x 108 0/5 22 x 105 
I Whole. cells 0-8 3/15 0/5 62 x 10° 0/5 54 x 105 
J Whole cells 0-6 4/15 0/5 35 x 10 0/6 22 x 108 
K Whole cells 0-4 5/15 0/5 40 x 10° 0/5 o 22 x 403 
L Whole cells 0-2 12/15 0/5 60 x 10° 0/5 25 x 10° 
M ‘Water cell walls’ 0-6 11/15 0/5 20 x 10° 0/5 55 x 105 
N Controls none 15/15 0/5 46 x 10t 0/5 i 14 x 10° 

i 1 
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brook a by methods previously described’. Five 
mice from each group were not challenged but were 
retained for autopsy at the time the remainder was 
examined. 

Four weeks after challenge all animals were killed and 
examined for the presence of pulmonary tubercles. The 
spleens and lungs of 5 mice from each group were cultured 
to determine the number of tubercle bacilli present. 
Results of the experiment are shown in Table 1. None of 
the mice which had been immunized but not challenged 
had lesions of significance. Among the mice immunized 
with the ‘oil disruption product’, none of the 90 animals 
had pulmonary lesions at the time of autopsy. Tubercles 
were noted in the lungs of at least 27 of 90-mice (30 per 
cent) given whole killed cells and 11 of 15 mice (73 per 
cent) -given ‘water cell walls’. In comparison, after 
intravenous administration. of viable BCG vaccine 
(Pasteur Institute) 17 of 55 mice (31 per cent) given 5 pg 
and 5 of 55 mice (9 per cent) given 50 ug of vaccine had 
pulmonary: lesions’. 

Culturally, the results were of extreme interest since 
there was evidence of a dose response based on the relation 
of the amount of antigen administered tothe number of 
virulent organisms im the spleens of immunized mice. At 
each dose-level, viable counts from. spleen and lungs of 
mice immunized with the ‘oil disruption product’ averaged 
roughly 2 logs lower than counts from organs of mice 

vaccinated: with whole. cells. Results of cultures. also 
indicated that the degree of resistance stimulated by this 
product was greater than. that usually found after 
immunization with viable BCG. In the last five vaccina- 
tion experiments in this laboratory in which live vaccine 
was used, the average numbers of virulent organisms 
were: spleen, immunized and non-immunized mice, 
respectively, 14x 10° and 31x 10*; lung, for the same 
groups, 12x 104 and 40 x 10°. 

Total water disruption products of BCG previously 
tested in this laboratory consistently failed to stimulate 
significant resistance to tuberculous infection in mice. 
However, the quality of protection of the ‘oil disruption 
product’ compares favourably with that obtained with 
jive BCG, and is superior to that formerly reported for 
extracts from tubercle bacilli such as ‘‘antigene methyl- 
ique’’* or for ‘particulate fractions’ from BCG. of Youmans 
et al..*, The doses of cell walls and of ‘particulate fractions’ 
from BCG used by Kanai and Youmans§® varied from 2 to 
40 mg.. Doses of ‘particulate fractions’ above 5 mg gave 
rise to, protection but evidence of a graded response to 
increased amounts of antigen. was net apparent. Also the 
potency of these antigens did not approach that of viable 
attenuated cells. 

Investigations are in progress to determine the factors 
responsible for the high degree of immunogenicity which 
has been demonstrated in this ‘oil disruption product’. 

This work was supported in part by a research grant 
(#-167-63) from the U.S. National Institutes of Health. 
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Contact Reactivity to Carcinogenic Polycyclic 
Hydrocarbons 


ALTHOUGH the precise steps in chemical carcinogenesis 
are completely unknown, a stable interaction with some 
cellular component may well be an essential primary event 
in the process leading to malignancy. The binding of 
aminoazo dyes and polycyclic hydrocarbons to tissue 
proteins has been extensively investigated by the Millers* 
and by Heidelberger et al.?. With chemical compounds of 
this type, there appears to be a correspondence between 
the degree of protein binding and the ability of an agent to 
function as a carcinogen. 

When reactive chemical groups are conjugated to 
proteins, they are capable of inducing immunological 
reactions, both the immediate and delayed variety?. 
Creech has demonstrated that certain chemical carcino- 
gens behave as haptens when conjugated in vitro to serum 
albumin. Rabbits immunized to the carcinogen—protein 
conjugates developed antibody with some degree of hapten 
specificity’. Alternatively, combination. of a reactive 
chemical group to tissue protein in vivo can lead to sensi- 
tization of the host against autologous conjugates of the 
same chemical. In those animal species, such as guinea 
pigs, capable of exhibiting a high degree of delayed sensi- 
tivity, these reactions can best be demonstrated by contact 
reactivity to the free chemical group’. ; 

The work recorded here was concerned with the capacity 
of 3 carcinogenic polycyclic hydrocarbons, 3-methyl- 
cholanthrene. (MC), 3,4-benzpyrene. (BP). and 9,10-di- 
methyl-1,2-benzanthracene (DMBA), to induce a. high 
degree of contact sensitivity in the guinea pig. The extent 
of cross-reactions among these various carcinogens has 
also been followed. Two polycyclic hydrocarbons without 
demonstrable carcinogenic activity were not. found to 
induce delayed hypersensitivity under identical conditions. 

In these investigations, adult female guinea pigs of the 
Hartley strain were used. The BP and DMBA were highly 
purified preparations kindly provided by Dr. D. Hoffmann, 
Sloan-Kettering Institute. The MC, and 2 non-carcinogenic 
hydrocarbons, anthracene and phenanthrene; were ob- 
tained from Eastman Chemicals and used without further 
purification. The hydrocarbons were dissolved in- com- 
plete Freund’s adjuvant and emulsified with an. equal 
volume of saline. Each animal was immunized once with 
a total of 250y (125y in 0-1 ml. in each front foot pad). 
Two to three weeks following immunization, each guinea 
pig was tested for contact sensitivity. The test was carried 
out by applying one.drop of a serial ten-fold dilution of 
the hydrocarbon (1--0-001 per cent) dissolved in an acetone- 
olive oil diluent to the shaved ventral or dorsal skin. 
24 h later the reactions were recorded. They were graded 
from + + + to negative, according to the degree of indura- 
tion and erythema at the test site, as described previously *, 
The maximal reaction observed in control non-immunized 
animals was a mild erythema, graded +, usually at the 
higher concentration of test compound. In experiments 
dealing with the specificity of the reaction, the animals 
were never tested for cross-reactivity more than once. 

Table 1 illustrates the high degree of delayed sensitivity 
that can be achieved following immunization with either 
BP, MC or DMBA. In each instance, guinea pigs immun- 
ized with one carcinogen were most reactive to test with 
the same carcinogen. Concentrations of carcinogens as 
low as 0-01 per cent (approximately 2-5y total) elicited 
strong contact reactivity in animals specifically sensitized 
to either BP or MC. At the highest concentration of 
chemical carcinogen used for testing, immunized guinea 
pigs exhibited contact reactivity to test with hydro- 
carbons other than that used for sensitization. The pattern ~ 
of cross-reactions among the 3 carcinogenic polycyclic 
hydrocarbons is presented in Table 1. The presence of 
cross-reactivity may be explained by the similarity in 
steric configuration among the carcinogens and suggests 
that analogous areas of the molecule are involved in 
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Table 1. CONTACT SENSITIVITY IN GUINEA PIGS IMMUNIZED WITH 3-METHYLCHOLANTHRENE, 3,4-BENZPYRENE OR 9,10-DIMETHYL-1,2-BENZANTHRACENE 


No. of animals | 















Degree contact reactivity when tested with 








| Sensitiz: 
compoun: tested | MC (%) BP (%) DMBA (%) 
i 1 0-1 0-01 0-001 1 01 0-01 0-001 1 01 001 0-001 
a) MC 6 +++ +++ ++ + +++ + - - +++ + = - 
(2) BP 16 + + - = +++ +++ ++ + +++ + - - 
(3) DMBA 10 + = =< - ++ + = = +++ ++ a = 


















conjugation to host proteins. While these carcinogens 
are undoubtedly not entirely free of contaminants, the 
degree of specific sensitization in each case argues against 
impurities as the sensitizing agents in these reactions. 
The possibility that some of the cross-reactions observed 
may be related to common impurities cannot be com- 
pletely excluded. 

In contrast to the contact sensitivity elicited by BP, 
MC and DMBA, the non-carcinogenic hydrocarbons, 
anthracene and phenanthrene, were not found to be active 
in this respect. The inability of these agents to conjugate 
to protein in vivo could explain this difference. 

The high degree of delayed sensitivity evoked by the 
carcinogenic polycyclic hydrocarbons in the guinea pig 
may be of importance in understanding the resistance of 
animals of this species to chemical carcinogenesis’. In 
this context, it should be mentioned that attempts to 
induce similar delayed sensitivity in mice, a species known 
to show poor or questionable contact sensitivity to reactive 
chemicals, were unsuccessful. Unlike the guinea pig, the 
mouse is highly susceptible to chemical carcinogenesis. 

Humans resemble guinea pigs in their capacity to 
exhibit reactions of the delayed type to chemical sensitizers. 
Thus, prior exposure to chemical carcinogens might be 
expected to induce contact sensitivity similar to that 
observed in guinea pigs. Use might be made of such 
reactivity in evaluating the ubiquity and importance of 
chemical carcinogens in the human environment. 

This work was supported by the American Cancer 
Society, Inc., New York, and the Health Research Council 
of the City of New York under contract J-138. 
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RADIOBIOLOGY 


Radiation Skin Reaction and Depletion 
and Restoration of Body Immune Response 


OBSERVATIONS leading to the reconsideration of the skin 
radiation reaction in which it is shown immunological 
phenomena play a part were made in the course of experi- 
mental work on isolation of biologically active diffusible 
factors in irradiated tissues'*. Jolles et al.* found a vital 
dye useful in this work as an indicator of the optimum 
time of collection of skin perfusates. 

The ‘blue flush effect’. A sharply defined blue flush is 
clearly visible within 2 h and persists for 24 h (it reappears 





with varying intensity 9 and 16 days after irradiation) over 
small areas of a previously depilated rabbit’s flank which 
has been exposed to doses of 800 r. (100 kV, half value 
layer, 0-11-mm copper), followed immediately by an injec- 
tion into the marginal ear vein of pontamine sky blue 
(60 mg/kg, that is, 1-2 ml./kg 5 per cent solution in 0-425 
per cent saline) (Fig. 1). 

The blueing effect immediately after irradiation renders 
visible some hitherto undetectable tissue events in the 
so-called latent period. These seem unrelated to the 
occasionally visible early erythema (Fritherythem) attribu- 
ted to capillary dilatation. It is reasonable to consider the 
leakage of the dye as due also in the case of ionizing 
radiation to an increased capillary permeability common 
to any inflammatory process caused by thermal, chemical 
or bacterial injury. This increase of capillary permeability 
is, according to Miles and Wilhelm*.*, mediated by a factor 
originating outside the vessels as it would be removed by 
circulatory flow from the site of injury if it were intra- 
vascular. The view, therefore, that cellular or tissue 
changes precede any vascular reaction due to radiation 
seems substantiated. The exact confines of irradiated 
areas of skin can thus be satisfactorily explained and the 
visible radiation reaction considered partly as an expres- 
sion of containment of injury by factors* mobilized from 
the neighbourhood almost immediately after irradiation. 
Light on the nature of these was thrown by the following 
series of experiments. 

Abolition of the blue flush effect. The blueing of irradiated 
areas is absent when stock farm-bred albino rabbits of 
average 2-5 kg body-weight, anesthetized with 0-065 g/ml. 
10 per cent alcohol ‘Nembutal’, have received a total-body 
(except for head and hindquarters) irradiation dose of 600 r. 
(200 kV, half value layer, 1-75-mm copper) in 20 min and 
then at different time-intervals after the total-body 
irradiation had small areas of their flanks exposed to a 
single dose of 800 r. at 100 kV followed immediately by 
injection of pontamine sky blue. The blue flush appeared 
only in those in which the second irradiation, followed by 
blueing, was done immediately, or 5-7 days after total- 





Fig. 1. A blue chessboard sppoaring on & rabbit's flank exposed through 

a lead sieve (resting on a ‘Perspex’ disk ensuring a uniform pressure 

over the exposed and lead-protected areas) 1 h after a dose of 800 r. 

followed by injection of Poorana sky blue solution. Forty-eight rabbits 
were used in the two series of experiments 
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body irradiation. No blueing was noted over the irradia- 
ted areas in rabbits which received a total-body dose 1-5 
days: previously. An alkylating agent such as nitrogen 
mustard given systemically was as effective as total-body 
irradiation in abolishing the blue flush ‘effect. In these 
experiments. again no blueing occurred when small areas 
were irradiated and the animals blued 1-5 days. from 
chemotherapy. 
‘The abolition of the blueing effect, that: is,.of the local 
«response “after total-body irradiation or after systemic 
‘treatment with nitrogen mustard, which bring in their 
wake an inadequacy of immune tissue response, demon- 
strates: (a) that the problem of the radiation skin reaction 
-is connected with certain aspects of immunology; (6) that 
in the visible skin radiation reaction, the intensity of which 
depends not only on the dose but also on the perimeter/ 
area ratio’, the flow from the unirradiated neighbourhood 
of ‘recovery’ factors, evoked by tissue demolition products 
acting as antigens, plays a major part: 
It should be- stressed that the unresponsive state of 
~ areas of skin after total-body irradiation or treatment with 
nitrogen mustard is a temporary one as the restoration of 
local reactivity occurs in the described. experimental 
conditions within 6 days. The repletion of immunological 
adequacy will dictate the timing of procedures in experi- 
mental grafting work and immunological studies in general, 
and on occasion may indicate the use of repetitive total- 
body irradiation at lower dose-levels. : 
‘This work is being supported by a grant from the 
British, Empire Cancer Campaign. 
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Increased lodine in Milk as a Countermeasure 
' for lodine-I31 


Levers of iodine-131 in milk during 1962 directed 
attention. to possible courses of action to reduce the 
exposure’ of the human population should circumstances 
warrant. Procedures generally discussed were utilization 
of canned or powdered milk, barn feeding of dairy cows, 
and the possible use of ion-exchange resins to remove the 
iodine-131 from the milk. These procedures could be safe 
and effective, either alone or together, in reducing the 
intake of radio-iodine by human beings. To put any of 
these into practice, however, requires a reserve of readily 
available stored milk, adequate stores of aged cattle 
fodder, and technological readiness. In countries less 
well endowed than the United States or even in all parts 
of this country at all times, it may be impossible to 
initiate or maintain for a long period of time any one or 
combination. of these. procedures. 

As another approach, attention has been directed to the 
possibility of increasing the stable iodine intake of the 
human ‘population, and in that way reducing the uptake 
of iodine-131 by the thyroid gland. The mechanics 
of increasing the stable iodine intake on a population 
basis presents a considerable problem. Naturally, there 
is reluctance to advocate mass self-administration of 
stable iodine solutions or tablets. An apparent solution 
discussed in this communication is to raise the stable 
iodine content of milk by feeding large quantities of 
iodine salts to the cow, or by the direct addition of iodine 
to the milk at processing plants. The interesting features 
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Fig. 1. Effect of adding stable iodine to the diet of cows on the radio- 


iodine and stable iodine secreted into the milk. @, Stable iodine in. 
milk; (J, percentage iodine-181 in milk ` Be 
of this are that the stable iodine would thus reach children: . 
—the segment: of the population getting proportionately. 
the most. iodine-131 and the group most susceptible. to. 
radiation damage. Since milk consumption by children is. 
roughly a function of body-size, the stable iodine intake- 
of the children would tend to be metered according to. 
need. ne ES 
In the course of examining the metabolism of iodine-131 
by the dairy cow, some data were developed that had a. 
bearing on this particular problem. The procedures used! ` 
were those reported previously in that four cows producing: 
about 6-8 litres of milk a day were given iodine-131 twice- 
daily for the entire experimental period?. The control 
period for collection. of milk samples was from- the 7th. 
to about the 15th day of experiment; after. this, the’ 
cows were given 2-8-5 g of iodide. (sodium iodide) for 
another similar..collection period. The results of these: 
experiments are shown in Fig. 1. The radio-iodine recovered, 
in the milk during the control period was equated to 100: 
per cent for each cow in order to demonstrate the effect 
of stable. iodine. addition to the diets. Increasing the: 


‘dietary iodine from the control-level of 15 mg a day caused 


the iodine-131 secreted in the milk to fall at a rate of 
about 13-5 per cent per gram of added iodide. The fall to. 
the new level was. complete within 2. days. and was 
maintained until the end of the experiment—usually 7: 
days. Using isotope dilution principles, the amount of 
stable iodine in the milk was calculated and plotted on the- 
graph. As depicted, increasing iodine in the diet of the- 
cow led to marked increases of stable iodine in milk, in. 
general agreement with older observations’. 

Thyroid counts were made on two of the cows and’ 
showed that feeding of 2 g of iodide per day caused the 
thyroid iodine-131 to decrease with a half-life of 8-7 days: 
while 4 g produced a half-life of 10:7 days even though 
iodine-131 was still being administered. In comparison. 
cows on a low iodine diet (3-5 mg/day) showed a half-life- 
of 28-6 days after a single dose of radio-iodine’. 

It has been estimated that 1-2 mg of iodine a day is the- 
minimal effective dose of iodide required to suppress 


. completely the uptake of radioactive iodine by the 


thyroids of children‘. If it is assumed that a child 

consumes a litre of milk a day, the graph indicates that it 

would require that a dairy cow be fed about 1-0 g of 

iodide a day in its ration to produce milk containing about 

2 mg of stable iodine per litre. This would increase the 

dietary iodine of the cow about 70-fold and would be- 
e 
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the iodine-131 transferred to the milk. It could be 
expected to reduce somewhat the amount of radio-iodine. 
trapped by the thyroid of the cow. = 
Careful investigations have established that marked 
seasonal excursions of the iodine content of milk do occur. 
On. a given intake of iodine, the average per cent iodine 
recovered in the milk of stabled cows ranged from a 
maximum of 20 per cent in March to a minimum of 4 per 
cent in August with some indication that geographical 
‘factors might also interact with season? — 

“In summary, the advantages of the administration of 
stable iodine to the dairy cow would be to reduce the 
uptake of radio-iodine by the thyroid of the cow and to 
dilute the radio-iodine in the tissues of the animal. In 

“go doing, the stable iodine could accelerate the excretion 
. of radio-iodine after a heavy contaminating event and 


. reduce the time needed, to produce milk containing. 


tolerable levels of iodine-131. The reduction of the amount 
of radio-iodine transferred to milk by. the 1-0 g of added 

iodide would appear to be non-significant. The main 
disadvantage of the technique would be the relative lack 
of control of the level of iodine secreted into the milk. 

-.. The addition of the stable iodine to milk at the central 
-i processing plants would make it possible to- control 
¿closely the amount of stable iodine in milk and in turn 

> the level ingested by the consumer. Any advantage at 
the source of production, the cow, must. be forfeited when 

this alternative procedure is used. If remedial action is 


oe ever needed, it is likely that no one method will be 


` suitable for all situations. The attempt here has been to 
present basic information about a possible course of 
action so that a logical decision can be made as to which 
“procedure ‘or procedures will be most effective should the 
_ need ever arise. It is emphasized that the decision to 
< embark on any course of action must be made by respon- 
_ sible authorities who have carefully weighed the adverse 
“consequences that might be expected to arise from any 
“remedial measure designed to reduce intake of iodine-131. 
I thank Dr. C. L. Comar for helpful comments. 
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Determination of Calcium in Biological 
Materials by means of the Plasma-jet 


‘Tue caleium content of tissues may be determined by 
incineration followed by flame photometry or atomic 
absorption spectrophotometry. The variable composi- 
tion. of the ash of these materials and the presence of 
interfering ions preclude the possibility of using synthetic 
standards, and, in these circumstances, it is necessary, 
either to remove the interfering ions completely, to use 
the technique of self-standardization2, or to use an ‘inter- 
ference inhibitor’®. While all these methods are capable 
of giving results of good accuracy and precision they 
are somewhat tedious and time-consuming, particularly 
when a large number of determinations have to be carried 
out. 

The suppressing effect of various anions, and of phos- 
phate in particular, on the emission and absorption of the 
‘spectra of the alkaline earths has been explained in terms 
of the comparatively low rate of volatilization of the solid 
particles resulting when the solvent has been evaporated 
from the spray droplets produced by the atomizer system 
of the flame photometer’. From this it appeared feasible 
to expect that a spectrographic source operating at a tem- 

e 
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perature sufficiently high to loosen the valency bonding of 
the refractory materials formed in conventional flame 
photometric methods would eliminate this type of 
matrix effect completely and permit the direct determina- 
tion of calcium in biological ashes using an. aqueous 
solution of a calcium salt for the purpose of standardiza- 
tion. ie 

The plasma-jet has been used for a number of industrial | 
applications in which high temperatures are required, and 
a modification of the device described. by Owen® and 
operating at an electron temperature of 8,000° K has been - 
used in this laboratory for the direct determination of.. 
calcium in the ash of. various tissues. A diagrammatic 
section of the plasma-jet is shown in Fig. 1, The “Tufnol’ 
outer tube is capped at the top. by a water-cooled holder 
for the cylindrical graphite electrode. This assembly fits 
over a water-cooled. brass holder for the anode, through 
the centre of which is fitted a concentric atomizer in a 
‘Tufnol’ insulator. Argon is fed in tangentially at a flow 
rate of 25 L/min and a flow rate of 2-5 L/min of the same 
gas is used for atomization. The anode consists of a 
graphite cylinder 6 mm in height and 11 mm in diameter 
with a central circular orifice of 6 mm diameter. The 
cathode is similar but with an 8-mm diameter orifice. 
The apparatus is operated at 20-22 amp and an auxiliary 
electrode of thoriated tungsten is positioned 12 mm 
above the cathode and electrically connected to it in 
order to stabilize the discharge and minimize erosion of 
the cathode. 

100 mg of ash is dissolved in 5 ml. of 50 per cent v/v 
hydrochloric acid and made up to 100 ml. with distilled 
water. The plasma-jet is placed in front of an integrating 
flame photometer® and the intensity of the calcium line at 
3933 A is recorded. Aqueous solutions of calcium 
chloride (made from spectrographically pure calcium 
carbonate) corresponding to 0, 1, 2, 5, 10 and 20 p.p.m. of 
calcium are used for the purpose of calibration. 

The source is very stable, and no internal standard has 
been found necessary. The calibration graph is linear 


Table 1 
Percentage calcium in the ash 
Flame Plasma-jet Gravimetrically 
Sample photometry as oxalate 

A Liver ash 6-60 0-68 — 
B Liver (pathological) ash 9-20 8-70 8-90 
C Muscle ash 0-60 O68 _ 
D Liver ash 0-91* 0-72 0-73 
E Muscle ash 1-26 * 1-19 1-10 
F Cow plasma ash 0-72 O74 0-74 


* Calibration graph curved: 
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and the coefficient of variation per determination is 2 
per cent. 

As a check on accuracy the calcium content of various 
samples has been determined gravimetrically as the 
oxalate, by conventional flame photometry using self- 
standardization, and by the method outlined here. The 
results are given in Table 1. 

An investigation into the efficiency of the plasma-jet in 
overcoming other matrix effects might be worth while. 

We thank Dr. G. Harrison, of the Radiobiological 
Research Unit, Medical Research Council, Harwell, for 
supplying biological materials. 
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Effect of Inoculation of Legumes with 
Rhizobium Strain labelled with Phosphorus-32 


EvEN to-day some authors recommend inoculation with 
Rhizobium bacteria only for soils where legumes have 
never been grown or at least not for many years past. 

Although results reported so far support the view that 
inoculation may lead to positive results even if Rhizobia 
of the legume being dealt with are present. we desired to 
trace the Rhizobium bacteria introduced in the soil by 
means of radioactive isotopes. 

A Rhizobium strain of high productivity, isolated from 
red clover and tested previously for efficiency, was used 
which had been incubated for 48 h at 27° C on a bean agar 
surface of 1-5 me. activity per 15 ml. medium. Growth of 
the bacteria on this medium was satisfactory. After 
having inactivated the surface of the bacteria by washing, 
the activity amounted to 40,000 imp./min. For the 
control plants a solution of similar activity has been 
produced that, however, contained no Rhizobium bacteria. 
Both from this solution and from the bacterium suspension 
0-2 ml. was applied to each grain. The test was made in 
plastice pots of alluvial soil which had been proved to 
contain originally a high amount of Rhizobium bacteria. 
In the course of the eighth week of growth every 8-10 
days 2 plants were taken out with roots and subjected 
to autoradiographic examinations by the method recom- 
mended by Bernert? and Manigault?. ‘Technofortix-S’ 
X-ray films were used to produce the radiographs. 


Table 1 

Seeding date Production of the autoradiograph 
Aug 27, 1960 I II HI IV v VI VII 
Plants taken 

out 12.9 19.9 26.9 5.10 14.10 14.10 31.10 
Films put on 

the plant 13.9 20.9 28.9 7.10 19.10 27.10 3.11 
Films 

developed 19.9 4.10 12,10 20.10 12.11 16.11 25.11 


Table 1 presents the date when the plants were uprooted, 
when the film was put on the dry plants and when the 
films were developed. 

In the radiographs of the first sampling only the non- 
inoculated active control plants showed very high activity. 
The inoculated plants proved to be inactive, so no radio- 
graph could be produced from them. In the 20-day old 
plants uprooted at the second sampling, however, the 
plants inoculated with active Rhizobium also showed 
certain activity, but while in the non-inoculated active 
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Fig. 1. Non-inoculated plants after 28 days 





Fig. 2. Inoculated plants showing higher activity at certain centres 
control plants activity was equally very high in roots, 
stems and leaves, in those inoculated with active Rhizobia 
activity was observed only at some centres and concen- 
trated around a few nodules. In the stems and leaves of 
inoculated plants the activity was considerably lower than 
in the non-inoculated controls. The effect of inoculation 
was very evident also in the difference of growth since the 
inoculated plants were more vigorous even after three 
weeks’ growth. Also the radiograph of the 28-day old non- 
inoculated plants showed stronger activity (Fig. 1) 
whereas in the inoculated plants activity appeared 
concentrated in some spots and to a lesser extent (Fig. 2). 
In further samplings the difference in activity between 
inoculated and non-inoculated plants gradually diminished 
and completely disappeared after 8 weeks. 

Thus the results obtained suggest that Rhizobium 
culture injected into the soil is not destroyed but enters 
into competition with the local Rhizobium bacteria 
naturally present in the soil, forming nodules on the roots 
of the plants and taking part in the fixation of nitrogen. 
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Protective Effect of Ozone in “Mice 
against Whole-body X-irradiation 





Mosr of the radiobiological “protection substances 


reported in the past are effective when they are adminis- 
tered during, or just before, irradiation, or when given in 
seriously toxic doses. Therefore, they are of little value 
for practical. purposes except such a case as will be expec- 
„ted preliminarily in medical irradiation. ‘The ideal radio- 
biological protection substance should give longer 
“tolerance to radiation as in the case of an ideal agent 
against infectious disease—vaccine. Betz! and Cronkite 
et al.* have reported the change of the effects of whole- 
body pre-X-irradiation’ resulted in a reduced mortality 
tate in mice, But this previous irradiation should be 


avoided in consideration: of cumulative genetic ‘effect of 





“radiation. We ha , adopted the inhalation of ozone of 
< relatively low concentration as a previously administra- 
tive agent for radiation protection. Ozone is well-known 
but neither a leucopenia nor the 
existence of ozone was determined in the blood of the 
mice exposed in a peony low concentration © of 
“ozone. 

Adult male albino mice (NA. 2 strain) were used 
(18-20 g). The animals were placed in a large exposure 
chamber of 1-5. ft. capacity. The ozone was generated 
sifrom silica-gel ‘dried ‘air in. a commercial ozonizer and 
driven into a mixing chamber where the ozone concen- 

-tration was controlled by introducing the metered fresh 
air. This air-controlled ozone was introduced into the 

‘exposure chamber and exhausted through absorbers. 
-< X-irradiation was carried out using 230 kV, 20 m.amp, 

copper filter 0-5 mm and aluminium filter 0-5 mm, focal 
distance 80 cm, field 650 cm’, r./min measured in air 

80-6. Uniformity of dosage was ensured by rotating the 
- irradiation cage during the irradiation. Some of the 
‘results | obtained in this experiment are shown in Table 1. 






"The mice exposed only once in 1 p.p.m. ozone for 1h, a 


-concentration which caused no apparent injury to them, 
were then X-irradiated to 800 r. after ten days. 60. per 
‘cent of such treated animals survived whereas all the 
untreated animals died within 30 days. The mice pre- 
viously exposed in 2 p.p.m. of ozone for only 0-5 or 0-25 h 
were then irradiated to 550 r.: (LD6oj39 days) after 24 h. 
They ale survived. - 


Table te TOLERANCE TO` WHOLE-BODY X-iRRADIATION BY PREVIOUS 
INHALATION OF OZONE IN MICE 
Pré-exposure to Interval between 
ozone pre-exposure Radia- Mortality 
Animal © Concen- Exposure ‘to ozone and tion Dead No./ 
group tration t X-irradiation dose Exposed No. 
: (p.p.m.) h) (day) (r.) 
Pre-exposed. 2 14 1 550 {20 
Control 550 12/20 
Pre-exposed 2 1/2 1 550 0/20 
ontro 550 12/20 
Pre-exposed 1 1 1 550 0/20 
Contro. 550 12/20 
Pre-exposed. 1 1 10 800 8/20 
Control 800 20/20 


Strictly speaking, the nitrogen dioxide was generated 
under. the same conditions as that of ozone already men- 
tioned, but its concentration was below 0-05 p.p.m. 
whereas that of ozone was 1 p.p.m. Therefore, nitrogen 
dioxide seemed to have no effeet on the results obtained 
even at reasonably high concentrations. 

Tolerance to radiation by previous inhalation of ozone 
lasted 30 days or more. Ifa product of concentration of 
ozone tô exposure time were constant in a range of certain 
value, much lower concentrations of ozone than 1 p.p.m. 
might be used without reducing the capacity of tolerance 
to radiation. Several considerations and experiments for 
species specificity and physiological state are necessary 
with reference to the cross-tolerance development‘ and 
the stress theory; but the rapid development of tolerance 
to radiation and its long duration will be expected by 
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has apparently non-toxic concentration. 
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- Contamination of Leaves by Radioactive 
Fall-out 


Arremprs have been made to evaluate the factors 
relating to the rate of fall-out and the cumulative deposi- 
tion by means of multiple regression. techniques. using 
data for milk! and total diet? obtained over a long period of 
observations. Field and laboratory experiments also 
provided results. 

Leafy vegetables have been proved to be the. main 
passage route of short-lived radionuclides in Japan” in 
contrast to liquid milk: in other countries... Hence. 
emphasis should be also placed on leafy vegetables with 
regard to the entry of long-lived radionuclides into man by 
direct contamination: Foliar contamination with stron- 
tium-90 and cesium-137 could be well interpreted on the 
basis of observations obtained for short-lived radio- 
nuclides such as iodine-131 and zirconium-—niobium-95, in 
which case absorption from soil is negligible.’ 

Measurements were made on the concentrations: of 
iodine-131 and zirconium-niobium-95_ in daily samples of- 
dust and in spinach twice a week obtained from the market 
during the period of September 12-November 14, 1962. 

The averages for the whole period showed 0-48 and 0-54 

pue: of iodine-131 and 0:75 and 2-2 uuc.: of zirconium- 

niobium-95 in 1 m®* air and 1 g fresh spinach, respectively. 
The difference in the ratio of concentrations in spinach to 
air between these radionuclides could ‘be. ascribed to the 
accumulation and decay of the radionuclides in spinach. 
In order to estimate from the observed data, an exponen: 
tial model analogous to the calculation of body-burden 
with radioisotopes has been assumed: 


o= fa- e=) (1) 
in which Q= foliar contamination {uue./g fresh vegetable); 
q=concentration in air (uue. /m?); f= fraction of that in 
air which is retained on the vegetable; A= decay coeffi- 
cient of a radionuclide = 0-693/7, where T is physical half- 
life (day); t=mean exposure time of the vegetable to air 
(day). 

Taking Q and q as observed values, T as 8-1 and 65 days 
for iodine-131 and zirconium—niobium-95, respectively, J 
would be given as a function of ¢ (Fig. 1). If, for the first 
approximation, f were considered to be common to these 
radionuclides, the mean exposure time of spinach to 
contaminated air would be 35 days and the value of 0-10 
would be obtained for f. 

In the case of a radionuclide of longer half-life, such as 
exsium-137 or strontium-90, the foliar contamination 
would be given as: 


Q=fat (2) 


Observed values of the concentration of cæsium-137 
in air for the period of November 1961—June 1962 are 
shown in Table 1. Hence, the foliar contamination with 
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` Fig: 1. Relationships between f and tin iodine-131 and zireonium-95- 
; ; - niobium-95 


exsium-137 in the peak period of April-June 1962 would 
be estimated as 0-035-0-046 uuc./g fresh. The average 
„daily intake by Japanese through foliar contamination 
would be estimated as 2:3-3-0 uue. on the basis of assumed 
average daily intake of 65 g of leafy vegetables which are 
liable to be contaminated directly?. These values are less 
than 0-1 the total daily intake of cesium-137,; which was 
estimated as approximately 30-40 uuc. in the same period*. 


Mable 1: ConceNTHATION IN AIR OF C&SIUM-137 
ee “(To 


Time Concentration in air 
: {auc.jm*) 
Nov, 1961 00014 
fe Det. 1961 0-00087 
Jam, 1962 6-0017 
< Feb. 1962 0:0029 
Mar. 1962 00045 
April: 1962 0-011 
ay- 1962 0-013 
June 1962 0-010 


The extent. to which a radionuclide is retained on 
vegetable (f) may depend on both the extent to which the 
deposited. material is initially retained on the leaves (F) 
and the extent to which the nuclide is removed by rain 
from the edible tissues (fw). Hence, the retention factor f 
used in the foregoing estimation can be expressed as 
F=f. The wash-out factor, fu, is assumed relating to the 
quantity of a radionuclide which has been freshly deposited 
on the leaves, because a laboratory experiment proved 
that older debris on the leaves could not be removed 
easily. : ote ' 

Penetration may occur into edible tissues of deposited 
radionuclides and the rates would: differ between the kind 
of radionuclide. Probably, iodine-131 may enter edible 
tissues a little easier than zirconium—niobium-95, conse- 
quently the wash-out factor, fw, for the former would. be 
smaller than that for the latter. This may cause, assuming 
equal value of T, variable values for the retention factor, f, 
in different radionuclides; smaller f in zirconium—niobium- 
95 than in iodine-131. Accordingly, the mean exposure 
time of spinach might be a little longer than 35 days 
(Fig. 1). : 

Tt:should be noted that both retention factor and mean 
exposure time depend on the nature of plants. Therefore, 
the factor or the mean exposure time obtained for spinach 
or leafy vegetable consumed by man should not be 
immediately applied to pasture plants which cattle con- 
sume. Further observations must be needed for the 
evaluation of factor with regard to the entry into milk. 
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Non-random Distribution of Bull Spermatozoa 
in a Drop of Sperm Suspension 


SPERMATOZOA are usually thought to swim in random 
directions in their suspending medium, seminal plasma, 
sea water, Krebs—Henseleit—Ringer solution, etc., unless, 
as in the spermatozoa of many plants and, possibly, some 
animals, chemotaxis occurs naturally or is induced.» The 
hypothesis of random sperm movement has, in fact, been’ 
the basis for a quantitative study of the block to poly- 
spermy in sea-urchin eggs, the spermatozoa being treated 
as gas molecules which obeyed the classical kinetic theory 
of gases}, : ee 

Spermatozoa are examined visually in what is often 
described as ‘a drop of suspension under the microscope’. 
I thought it might be of interest to study the hypo- 
thesis of random sperm movement in such a drop-in more 
detail than before, this having last. been done in 1949". 
Sea-urchin spermatozoa were used then; but they were’. 
only photographed in one focal plane. To examine a 
sperm suspension under the microscope,.a drop must be 
put on a slide with a glass or quartz coverslip on top of it, 
so that effectively the sperm suspension is ina shallow 
box without any sides. (The surface of the front lens’ of a 
water-immersion objective is equivalent to a coverslip in 
this context.) In the experiments described. below, the: 
box was a Hawksley hemocytometer chamber, 200y. deep. 
The distribution of swimming spermatozoa was determined 
by taking ciné-micrographs (over-all magnification, 1,500) 
at 20u intervals through the chamber, with the optical 
axis of the microscope vertical and horizontal; the ‘top’ 
of the chamber was identified by a scratch, believed to be. 
not more than lù deep, on the inner side of the coverslip. 
Experiments with the optical axis of the microscope 
horizontal obviate any possible effects of gravity in. 
complicating interpretation of the results... In’ addition, 
they avoid the interference caused by dead spermatozoa 
sinking to the bottom of the chamber, which makes obser- 
vations more difficult when the optical axis of the miero- 
scope is vertical. Ciné-micrography is necessary. to dis- 
tinguish between swimming. and intrinsically motionless 
spermatozoa, the latter being considered as dead, Fig. 1 
shows the pooled results of seven independent experi- 
ments, each involving counting about 100 swimming 
spermatozoa, with the optical axis of the microscope 
horizontal... Similar results“ were. obtained when. the 
optical axis was vertical, showing that gravity did not 
affect the. distribution. To investigate the significance 
of the differences in sperm numbers in regions A, B and C 
in Fig. 1, two variables must be examined: — : 


Sp(A) —Sp(B) 
Sp(T) 
and 
Sp(B) — Sp(C) 
Sp(T) 


where Sp(Z) is the number of spermatozoa in the region Z 
and Sp(T) is the total number of spermatozoa’ in the 
sample. The overall mean difference between Sp(A) and 
Sp(B) was highly significant, P<0-001, and the same 
applied to Sp(B) and Sp(C), P< 0-001. 

These results show that bull spermatozoa are ‘attracted’ 
towards the relatively large glass surfaces presented to 
them by the microscope slide and the coverslip. The 
word ‘attraction’ may be made more precise, or inter- 
preted, in the following ways. 

(1) The spermatozoa stick to the glass surfaces (thigmo- 
taxis). If this is the case, the sticking is insufficient to stop 
the spermatozoa swimming. Comparison of sperm velocity 
distributions in regions A and C in Fig. 1, a difficult 
experiment, would show how important this interpreta- 
tion is. It is improbable, however, because regions B and 
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No. of swimming spermatozoa 
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Fig. 1. Distribution of swimming bull spermatozoa (semen diluted 1/30) 

in a Hawksley hemocytometer chamber 200x deep, with the optical 

axis of the microscope horizontal. The vertical lines through each 

point are the 95 per cent fiducial limits. Each horizontal line is an 

estimate of the maximum error in determining the distance, in p, 
from the coverslip 


C are both too far from the coverslip for sticking to be 
possible and yet the differences between the sperm num- 
bers in these regions and in A are significant. 

(2) Positive chemotaxis towards glass. There is no evi- 
dence in support of this interpretation. Moreover, the 
distribution of swimming spermatozoa is not altered by 
coating the glass surfaces with silicone oil or by the use of 
a quartz coverslip. 


No. of spermatozoa 





1-2 20 28 36 44 5-2 
Width of sperm head (x) 


Fig. 2. Black histogram, distribution of sperm head-widths, w, when 
there is a rectangular distribution of the angles, 6, made by a line 
within a sperm head and a horizontal plane. White histogram, observed 
distribution of sperm head-widths. W=5-03n; o(W)=0-184; T=1,; 
o(T), OO4u. The frequencies 5:5 (white) and 8:3 (black) are required 
above 6-24 but cannot be included because the interval is open-ended. 
Similarly, 0 and 2-9 are required below 1-24. Inset, head of bull sperm- 
atozoon showing maximum width and the same head rotated through 
90° around the longitudinal axis 
. 
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(3) Attractive force between a swimming spermatozoon 
and a surface. If the attractive force directly or indirectly 
involves the sperm heads, deviations from a random 
orientation of the heads might be expected. Such devia- 
tions can be investigated by considering the distribution 
of the head width w observed down the microscope. The 
head is shaped roughly like an elliptical disk (Fig. 2, inset), 
so that w= W |cos al +7'\sin 6|, where W is the actual head 
width, 7 is the head thickness and 6 is the angle between 
the glass surfaces and the sperm head. Both W and T 
may be assumed to be normally distributed, but while 
the mean and standard deviation of W can be estimated 
for each sample, the best that can be done with T is to 
take its mean as = ly. Its standard deviation is ex- 
tremely difficult to determine and can only be guessed at. 
The distribution of W, Fig. 2 (black histogram), was 
worked out on Edsac and shows that many of the sperm 
heads appear to have their large surfaces (Fig. 2, 
inset) parallel to the glass surfaces, although in realivy 
their orientation is random relative to the glass surfaces. 
One distribution of observed head widths in a sample of 
bull semen diluted 1/30 is shown in Fig. 2 (white histo- 
gram), in which there are far more than the expected 
number of sperm heads with near-maximum widths. A 
significant deviation from the expected distribution, such 
as that illustrated, was observed in two out of four 
experiments. This finding, together with the lack of 
support for interpretations (1) and (2), suggests that, in 
certain circumstances, there may be a hydrodynamic 
interaction between a swimming spermatozoon and a 
surface (interpretation 3). Alternatively, the observed 
spatial distribution of spermatozoa may be a consequence 
of the absence of elastic collisions between them and the 
glass surfaces. 

I thank Dr. M. V. Wilkes for time on Hdsac. This work 
is supported by the Agricultural Research Council. 
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Longevity in a Polychaete and a Coelenterate 


In December 1949 I collected a small group of the 
serpulid Mercierella enigmatica Fauvel, which lives in 
brackish-water as well as in the sea, growing on reeds in 
Lake Mariout, Alexandria, Egypt. I brought the dozen 
or so of the tube-worms back to London and kept them 
alive for a number of years in a small aquarium containing 
sea-water diluted half-and-half with distilled water. 
Together with the tube-worms were a filamentous green 
alga, Rhizoclonium sp., a brown alga, Ectocarpus sp., and 
a small rissoid gasteropod molluse which went through 
many generations. Nothing was added to the aquarium 
except distilled water occasionally. The Mercierella must 
have fed on flagellate protozoa and perhaps sometimes on 
algal zoospores. The last individual worm died in May 
1962, that is, 12 years and 5 months after capture. During 
captivity the most noticeable change was that the colour 
of the crowns altered from the original light greenish- 
brown to a dark brown. The age of the animals at the time 
of the capture was, of course, unknown, but their length 
of life in captivity seems to be the greatest known for an 
annelid. 

An individual Sabella pavonina Savigny is recorded as 
having lived for 10 years in the Plymouth aquarium! and 
was accidentally thrown away a year later. Nereids seem 
to be short-lived: Nereis diversicolor O.F.M. lives up to 
18 months, until it breeds*, while Perinereis cultrifera 
(Grube) breeds in its third year, changing into a hetero- 
nereis and then dying*, no doubt inevitably. The earthworm 
Allolobophora longa Ude is known to live up to 10 years*; 
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but few individuals of the leeches Erpobdella octoculata 
(ŁL.) and Glossiphonia complanata (L.) survive to 3 
ears’. 

3 Those invertebrates with the longest life-span are found 
among the Coelenterata. The sea anemone Cereus peduncu- 
latus (Pennant) is known to have lived in captivity in 
Edinburgh for more than 78 years*. Also long-lived is the 
anthozoan genus Cerianthus and an individual of C. 
viridis Torelli lived 43 years in the Naples aquarium’. In 
June 1938 the late Mr. F. J. Lambert collected larve of 
©. Uoydii Gosse in the plankton at Southend’ and 
from them raised an individual to the adult state. In 
1958 he showed me the specimen alive; it died in the 
summer of the following year during a period of exception- 
ally hot weather, at the age of 21 years. 


H. Munro Fox 


Queen Mary College, 
University of London. 
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Blood Anlage in Teleostei 


THE mode of origin of blood in Teleosts is considered to 
represent an exception in the development of Vertebrates. 
Since the observations of Swaen and Brachet! the inter- 
mediate cell mass of Oellacher is considered to be the 
earliest primordium of blood and blood-vessels. From 
its primitive situation between the somites and the lateral 
plate this mass will be pushed by the ventral mesoderm 
into the space which is limited on the dorsal side by the 
chorda and scleromyotomes, and by the entoderm on the 
ventral side. 

In order to visualize the blood anlage, living Teleost 
eggs were treated with benzidine and hydrogen peroxide 
according to the technique of Wu-Hsien?, before heart 
pulsations had appeared. In Brachydanio rerio (Cyprini- 
formes), Gasterosteus aculeatus and Pungitius pungitius 
(Gasterosteiformes), the blood appeared in the expected 
area, and only there, which is in the ventral part of the 
embryo in the middle somitic region. In Gobius niger and 
G. paganellus (Perciformes) the pseudo-peroxidase tech- 
nique did not enable me to localize the primitive hæmo- 
poietic area, the blood-corpuscles having been carried 
away from it by the heart pulsations before formation of 
hæmoglobin could be visualized. However, in Lepado- 
gaster candollii, Betta splendens, Blennius gattorugine 
(Perciformes) and Lebistes reticulatus (Cyprinodonti- 
formes) completely unexpected locations of embryonic 
hæmopoiesis were observed. 

(1) In Lepadogaster candollii the benzidine reaction 
becomes positive at the 11-somite stage, in a ring-shaped 
area situated under and behind the end bud. Rapidly 
the reaction also becomes positive within the ring. 24 h 
after the first hemoglobin has been elaborated, the blood 
island is constituted by a large mass of cells, which on the 
ventral side of the embryo is lying on the yolk from the 
region of the 11th somite up to behind the root of trunk 
and tail bud (Fig. 1). 

(2) In Lebistes reticulatus hemoglobin appears at the 
6-somite stage in the ventral border of the blastodisk, the 
latter reaching to the equator of the egg. Along this 
border it rapidly extends dorsally towards the posterior 
extremity of the embryo. A blood-forming rudiment now 
appears in the midline on the ventral side of the embryo. 
At the 13-somite stage it takes the shape of an inverted Y 
the long limb of which is localized ventrally in the midline 
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. 1-4. Eggs treated in toto by benzidine and hydrogen peroxide 
ingi according to the Wa-Hsien technique 


(O Tapadogaser, conde opg some hours before the frst heart-hesds. 
b] rim visible dorsally to the blood anlage does not belong 
to the blood-forming area but represents a cord of pigment cells 


(2) Lebistes at the 13-somite stage. ale the extra- 


reticulatus egg 
embryonic part of the blood anlage is visible 
(3) Betta splendens egg, 2 h before = first heart-beats (14-17 somite 


(4) Blennius gattorugine egg at the 11-somite si . The Rave A 
pitchy black cells are pigment cells. The red ploci celi appear in this 
figure as lighter dots and are located in a deeper level 


of the posterior somitic region, the two branches of the Y 
taking their origin in the posterior part of the extra- 
embryonic hæmopoietic tissue (Fig. 2). 

(3) Betta splendens eggs present a positive benzidine 
reaction at the 1l-somite stage. The blood anlage is com- 
pletely extra-embryonic. It covers the surface of the 
yolk surrounding the head (Fig. 3). Microscopic exam- 
ination reveals a continuity of the heart primordium 
and the blood island in front of the primitive pericardial 
cavities. 

(4) In artificially fertilized eggs of Blennius gatto- 
rugine hemopoiesis appears at the eighth day, in embryos 
with 11 pairs of somites. The hamoglobin-containing 
area is also completely extra-embryonic, but is situated 
around the terminal bud. The same day the blood-cell 
differentiation extends lateral to the embryo in an anter- 
iorly direeted movement upon the surface of the vitelline 
mass up to the level of the second somite. A benzidine- 
negative rim separates the embryo from the blood. Star- 
shaped pigment cells are visible during their migration 
over the surface of the yolk and over the blood-cells 
(Fig. 4). 

From these observations it appears that the problem of 
the blood anlage in bony fishes has only been partially 
solved by Swaen and Brachet, and that blood-cells in all 
Teleosts do not necessarily differentiate in the inter- 
mediate cell mass of Oellacher. A better knowledge of the 
origin of those blood-cells might enable us to establish a 
connexion between the classical ‘dorsal’ origin of blood 
in the fish and its ‘ventral’ origin in other vertebrates. 


A, COLLE-VANDEVELDE 
Department of Human and Comparative Anatomy, 
University of Ghent. 
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Lamarckian Proteins 


_ Crick! once stated explicitly that the stability of the 
nucleic acid molecule ruled out the possibility that 
acquired characteristics might be hereditary—molecular 
biologists, in spite of a curiously detached attitude 
toward the philosophy of biology, have generally tended 
to support Weismann and to reject the views of Lamarck 
and Darwin concerning the effects of the environment on 
heredity. 

But it has become increasingly apparent that the 
inheritance of acquired characters must be considered 
seriously”, and Koshland’, at the Atlantic City meeting 
of the Federated Societies, presented evidence acceptable 
to physical chemists: proving that enzyme action depends 
on the alteration of the conformation of a flexible poly- 
peptide chain of the enzyme by the substrate—a revela- 
tion which makes it essential to reintroduce Lamarckian 
concepts into molecular biology along the lines originally 
suggested by Pauling* and recently exploited by Linde- 
gren® in speculations on ‘the origin of life and the mech- 
anism of gene action. If the conformation of an enzyme- 


< aceous organelle in one generation (by heat denaturation 
-cor by the oxidation of sulphydril groups) would be 
transmitted to the daughter organelles in the succeeding 
generation, if (as Koshland’s theory suggests) the struc- 
ture of the proteins already assembled into the organelle 
controlled the conformation of the protein molecules 
‘subsequently added to the organelle. 
The only protein-containing organelles which could 
be exempted from transmissible environmental hereditary 
effeets would be those which were completely disassembled 
at each generation. The abolition of most Dauermodifi- 
kationen by sexual reproduction®, but not by vegetative 
‘reproduction, suggests that the components of most 
organelles responsible for the transmission of acquired 
hereditary characters are disassembled when gametes 
are formed, but also implies that some sex cells transmit 
some altered daughter organelles in an altered condition 
to the next generation. ` 
Yeast genetics has supplied many examples of genes 
which respond mutagenically and specifically to the 
effects of substrate’*, but the facts have generally been 
discounted in the absence of a theory to justify their 
acceptance. Now that Koshland has demonstrated an 
acceptable mechanism, it is possible to give credence 
to those reports which stipulate that a .carbohydrate 
substrate may direct the mutation of a gene controlling the 
production of an enzyme capable of hydrolysing that 
specific substrate. My receptor®?° hypothesis assumes 
that the receptor (homologous to the activator of McClin- 
tock! and the operator of Jacob and Monod) is a heri- 
table and: mutable protein resembling the enzyme con- 
trolled by the gene. Koshland’s communication at Atlantic 
City was followed by another in which Monod" proposed 
that one component of the gene is a plastic protein, thus 
bringing the: receptor- and the operon-hypothesis into 
closer agreement. 

Pirio' has suggested that biopoiesis might have involved 
an early polyphyletic phase of long duration in which 
organic substances played only a minor part while in- 
organie catalysts were of primary importance. His 
view has been supported by Abelson’s™ evidence indicat- 
ing that the original prebiotic milieu was probably poor 
in amino-acids. It seems possible that primitive forms 
based on inorganic catalysts might have incidentally 
synthesized a pool of amino-acids. 

Fox’s'* experiments indicate that proteins might have 
arisen spontaneously in such a pool simply by exposing 
the mixture to heat. Subsequent to the accumulation of 
a protein-pool, a protein-based biopoiesis might have 
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developed in which the catalysts. were primarily poly- 
peptide chains, and in which adaptability, hereditary 
stability and mutability depended on a folding process 
like that suggested by Pauling and demonstrated by 
Koshland. But one might suppose that the protein- 
based bionts were exceptionally sensitive to environ- 
mental effects and, hence, exceptionally. unstable. 

The development of a more stable living state based on 
nucleic acid must have followed rather than preceded 
the protein-based system, because of the fantastic require- 
ments for proteinaceous enzymes which are imposed 
on an organism for the implementation of nucleic acid 
syntheses. The most primitive nucleic acid-bionts would 
have possessed two important advantages over (and 
would readily have replaced) even the most advanced 
protein-based competitors, first, because the reproductive 
systems of nucleic acid-based: bionts are so much more 
stable and, secondly because nucleic acid-based systems 
are able to store capacities to synthesize adaptive enzymes 
in the form of ‘self-reproducing’ nucleotide sequences over 
long periods during which these capacities are not used. 

This work was supported by a research grant from the 
U.S. Public Health Service CA 04682-04. 
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Electronic Delocalization and Biochemical 
Evolution 


In a stimulating article in Nature Pullman and Pullman? 
direct attention to the fact that many essential biomole- 
cules contain resonance systems with delocalized s-elec- 
trons. The authors are right in stressing their importance 
for the function of these molecules in life processes; but 
the authors’ claim that this.is “one essential, although 
apparently hitherto unnoticed aspect of biochemistry” 
cannot be accepted. I am convinced that many 
biochemists are already quite familiar with it. 

Apart from discussions on its importance for the 
biological role of pyrrole pigments*- I have discussed it in 
a wider frame with reference to polyenes, isoalloxazines, 
pterins, nicotinamide coenzymes, pyrrole and indole 
derivatives and metal chelates, in a lecture of mine 
introducing a symposium on “Animal Pigments” at the 
1939 meeting of the Australian and New Zealand Associa- 
tion for the Advancement of Science’. Later’, I called the 
biomolecules with essential biological functions ‘ergons’— 
they are not all eatalysts—in order to differentiate them 
from life’s fuel substances and building materials. My 
concept was thus somewhat narrower than that of the 
authors; it did not, for example, include proteins and 
nucleic acids. 

To the long list of functions given by the authors in 
which delocalized 1n-electrons play important parts one 
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may add their intimate relationship to the electrons of 
chelated metals evident in such molecules as respiratory 
enzymes, hæmoglobins and chlorophyll; and resonance 
stabilization of monovalent radicals, quoted by the 
authors with reference to pyridoxal phosphate aldimine, 
but probably of far greater significance in the fields of 
photosynthesis and of respiration’. 
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Many authors have noticed the properties of x-electron 
delocalization in one or another group of biomolecules. 
We tried to quote as many of them as we knew about in 
our article to which Prof. Lemberg refers. What we 
considered as being a hitherto unnoticed aspect of bio- 
chemistry is the general observation that “all the essential 
biomolecules which are related to, or perform, the funda- 
mental functions Gd the living matter are constituted of 
completely or, at least, partially conjugated systems, rich 
in delocalized x-electrons”’. sii ia 

We regret having omitted to quote Dr. Lemberg’s 
remarks in this field which were published in Australian 
journals which are difficult to find here. In relation to 
these remarks it must, however, be observed that Dr. 
Lemberg stressed the presence of conjugated x-electrons 
uniquely in the so-called biological ‘pigments’. Neither 
the nucleic acids, nor the proteins, nor the energy-rich 
phosphates, nor any of the group transfer-coenzymes such 
as pyridoxal phosphate, thiamine pyrophosphate, tetra- 
hydrofolic acid, are mentioned by him in connexion with 
this problem. Neither did he explain his view of the role 
of resonance in compounds other than some of the respira- 
tory pigments. His concept of the importance of 
m-electrons in the processes of life is therefore, in our 
view, much more restricted than ours. - 

As to the role of delocalized x-electrons in relationship 
to the electrons of chelated metals or to the stabilization 
and structure of monovalent radicals (for example, in the 
field of respiration) we have discussed this problem par- 
tially in our papers, respectively, on the electronic 
structure of iron-porphyrin complexes? and of the respira- 


tory coenzymes’, 
B. PULLMAN 
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Spiral Thickening in Normal and Compression 
Wood 


Examination of four horizontal branches of each 
of Taxus baccata L. and Torreya californica Torr. showed 
the pith eccentric toward the upper side and on the 
lower side wood similar to compression wood except that 
the fine spiral striations typical of compression wood 
tracheids were not visible. 

The spiral thickening in these tracheids was less 
abundant and less distinct than in comparable normal 
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wood tracheids from the upper side of the specimens. 
Pillow and Luxford' made a similar observation for 
Douglas fir and “a few other conifers’. According to 
them, in pronounced compression wood, the spiral thicken- 
ing was confined wholly to the early spring wood cells, 
whereas, in normal wood, it occurred throughout spring 
wood and in early summer wood. Although such a 
distribution of spiral thickening in normal wood tracheids 
of Douglas fir seems to be the rulet, it should be noted 
that according to these authors the spiral thickening is 
found throughout the width of a growth ring of normal 
wood of Taxus and Torreya while in Picea and Larix 
spiral thickening, when it occurs, is confined to the late 
wood?*. However, in Taxus baccata and Torreya cali- 
fornica the spiral thickening occurred throughout the 
width of a growth ring, both in the normal wood tracheids 
and in those of pronounced compression wood. 

In an investigation of the orientation of the spiral 
thickening in normal wood tracheids of Pseudotsuga 
taxifolia and Taxus baccata, Wardrop and Dadswell® 
found that the angle of inclination of this thickening to the 
longitudinal axis of the cell decreased with the increasing 
cell length from the pith outwards. In the material at 
present under consideration, in the normal wood tracheids 
and fibre-tracheids this angle remained more or less trans- 
verse throughout any growth ring (Fig. 1) from the pith 
outwards. The wood from horizontal roots of these species, 
where compression wood was not found, also showed 
a similar arrangement of the spiral thickening. The 
view? that the angle of the spiral thickening is dependent 
on the width of the cell and the thickness of the cell wall 
suggests that the late wood tracheids have steeper spirals 
than those of the early wood; this does not find support 
from the present observations. Moreover, in the branches 
of Taxus baccata and Torreya californica, the orientation 
of the spiral thickening in the compression wood tracheids 
was about 45° (Fig. 2), paralleling the orientation of the 
elongated pit mouths (see Fig. 2) and also possibly indicat- 
ing the microfibrillar angle in the layer comparable with 
S2 layer, while that of normal wood tracheids was more 
or less transversely oriented and usually associated with 
circular pit mouths, both in branch and root wood. 
When this mouth was elliptical, the long axis of the mouth 
was inclined at about 45° or sometimes at a smaller angle. 
When both the compression and normal wood tracheids 
occurred in the same growth ring, the difference in the 
orientation of the spiral thickening was apparent. 

Pillow and Luxford' stated that the orientation of the 
spiral thickening had no relation to that of the fibrils 





Fig. 1. Taxas baccata. Radial longitudinal section of normal branch 
wood showing the angle of inclinat of the apral thickening to the 
long axis of the cell (= 180) 
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Fig. 2. Taxus baccata. Radial longitudinal section of compression 
wood the angle of inclination of the spiral thickening to the 


long axis of the cell 


the centre an elongated pit mouth can be 
faintly seen (X). 


(x 180) 


. In 
Note the orientation of this pit mouth, 


(sic). Itis likely that the orientation of the spiral thicken- 
ing in normal wood tracheids does not indicate the 
microfibrillar orientation in the S2 layer, as this thickening 
is laid down on the S3 layer in which the microfibrillar 
angle is probably more or less transverse, that is, the same 
as the inclination of the spiral thickening. From the 
observations made here, it appears that the orientation 
of the spiral thickening, both in normal and compression 
wood tracheids, may indicate the microfibrillar angle in 
the secondary wall layer on which such thickening is laid 
down. 

Attention is now being directed to the possible relation 
between the orientation of the spiral thickening and of 
the pit mouths in relation to the microfibrillar angle 
in the secondary wall layer on which the spiral thickening 
is deposited, in the tracheids and the vessels of dicotyle- 
dons. 
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MICROBIOLOGY 


Separation of a Bacterial Proteinase on 
Fritted Glass Filters 


Tue proteinase of Bacillus larvae contains two com- 
ponents separable by paper chromatography in ascending 
phosphate buffer flowt*. Preparative separation of the 
components was achieved with differential adsorption of 
the complex on cellulose powder and activated alumina. 
The chromatographically mobile component (I) was 
isolated following adsorption of the immobile component 
(II) on cellulose. Complete removal of IT required several 
successive treatments with cellulose. The proteinase- 
containing extract could not be clarified by fritted glass 
filters without alteration of the properties of IT. 

The resolution of Bacillus anthracis toxin into two 
fractions? on such filters, coupled with the foregoing obser- 
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vations, prompted efforts to use fritted glass for prep- 
arative separation of the B. larvae proteinase. 

2 g dried honeybee larval residues containing 
about 10'° spores per gram were suspended in 20 ml. 
water. The proteinase was extracted by treatment of the 
suspension in a semi-micro blender for 1 min, followed by 
sedimentation of spores and debris in the centrifuge at 
10,000g/30 min at 25°C. The extract (fraction A) was 
decanted through a thin web of glass wool to remove a 
floating coagulum. 3 ml. of A were passed through a UF 
porosity Corning fritted glass filter and collected as 
fraction B. 1 ml. of B was passed through a second filter 
and collected as C. y 

Filter No. 1 was washed with water until freed of 
unadsorbed proteinase, and extracted with 10 ml. buffer 
(NaHCO,—Na,CO,, 0-1 M, pH 9-6)*. The effluent (D) was 
neutralized with 0-1 N hydrochloric acid. 3 ml. of A were 
passed through a third filter. The filter was washed free of 
unadsorbed proteinase and then extracted with 10 ml. 
phosphate buffer (NaH,PO,-Na,HPO,. 0-1 M, pH 6-6). 
This was fraction Æ (Fig. 1). 
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CRUDE EXT. (A) 


FILTER «1 FILTER +3 


FILTRATE (B) CARBONATE EXT. (0) PHOSPHATE EXT. (E) 


/ 
FILTER #2 


FILTRATE (C) 
Fig. 1. Flow sheet for preparation of fractions of B. larvae proteinase 


Chromatograms of the fractions were prepared on 
10 in. x 10 in. sheets of Whatman No. | paper. 5 ul. of 
A and B, and 20 ul. of C, D, and E were spotted 14 in. 
apart on a line 2 in. from the bottom of the sheet. After 
the spots dried, the sheet was formed into a cylinder 
secured on the side with cellulose tape. The cylinder was 
placed in a 150-mm Petri dish containing 20 ml. phosphate 
buffer; the whole was enclosed in a battery jar. 

When the buffer had risen 5 in. past the starting line, the 
sheet was removed from the jar, the tape detached, and 
excess paper trimmed off at the buffer front. A layer of 
gelatin agar was freshly prepared during development of 
the chromatogram. 2g gelatin and 3g non-nutritive agar 
were melted in 200 ml. water, and poured into an 8 in. x 
12 in. ‘Pyrex’ baking tray. When the agar had solidified, 
the still-damp chromatogram was placed on the surface, 
and the tray inverted and held at 40° C/8 h. Contamina- 
tion of the medium by proteolytic bacteria was minimal, 
and asepsis or use of bacterial inhibitors was not required. 

Residual gelatin was precipitated by flooding the plate 
with acid mercuric chloride’. The results (Fig. 2) show 
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Fig. 2. Ascending paper chromatogram of fractions from B. larvae 
proteinase 
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the separation of the crude activity (A) into two com- 
ponents: I, mobile, and H, immobile, and the progressive 
removal of II by filtration (B, C). As II was removed 
from the complex, the mobility of I increased. Qualitative 
recovery of IT was achieved by extraction of the filter 
with carbonate (D). A portion of I was adsorbed on a 
similar filter as shown by its extraction by the phosphate 
buffer.. Activity could not be removed from the filter by 
carbonate buffer, however, following extraction with 
phosphate, or vice versa. Columns prepared with ‘Scotch- 
lite’ beads adsorbed IT very poorly, and could not be 
substituted for the filter. 
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-Accumulation of Polyene Precursors of 
Neurosporene in Mutant Strains of 
Rhodopseudomonas spheroides 
ENSEN et al. have proposed that the biosynthesis of 
carotenoid pigments in the photosynthetic. bacterium 
. Rhodopseudomonas spheroides proceeds by the following 
sequence of reactions! ?: 








. i a a 
phytoene ->= phytofluene —> %-earotene —> neurosporene pes 
spheroidene 5 spheroidenone 


Mutant strains have been known for several years which 
do not form spheroidene or spheroidenone but accumulate 
precursors in the biosynthetic pathway. One of these 
mutants, strain Ga, accumulates neurosporene and chlor- 
oxanthin. (hydroxyneurosporene)*; a second, strain wv-33, 
accumulates phytoenet. 

Since. no mutant which accumulates phytofluene or 
carotene. was. known and because reactions 1-3 are 
chemically similar dehydrogenations, Jensen et al. proposed 
that.a single enzyme catalyses these three reactions}. 

We report here the isolation of several mutant strains 
which accumulate one or more of the intermediates to be 
expected from. blocks in reactions 1, 2 or 3. These 
strains were obtained by ultra-violet irradiation of Rh. 
spheroides... The results of analyses of the polyenes 
of these mutants are shown in Table 1. 

Tn addition to mutants which accumulate phytofiuene 
(Table 1, No. 3) and {-carotene (Table 1, Nos. 4 and 5), the 
group includes a strain (No. 1) which has no detectable 
C,)-polyene, and a strain similar to wv-33 which accumu- 
lates phytoene. For comparative purposes, analyses of 
strain Ga and the wild-type (strain 2.4.1) are also shown. 

These results clearly support the scheme of biosynthesis 
proposed by Jensen et al. However, the accumulation 
patterns do not support the idea that a single enzyme is 
responsible for all three dehydrogenations. 

Further evidence against the notion of a single enzyme 


is provided by observations on the effect of oxygen on 


neurosporene accumulation in strain PM-9 (No. 5) which 
are shown in. Table.2. It is clear that the presence of 
oxygen causes. a marked alteration in the pattern of 
carotenoid. pigment accumulation which is difficult to 
reconcile: with a single enzyme being responsible for the 
conversion of phytoene to neurosporene. 

In its accumulation of polyene precursors a photo- 
synthetically grown culture of P.7-9 resembles a diphenyl- 
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Table 1. PoLYENE CONTENTS OF ANAEROBIC CULTURES OF MUTANT STRAIN 
OF Rhodopseudomonas apheroides 





i Mutant strain 
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The pigments were extracted into methanol-acetone and transferred to 
petroleum ether. Except in the case of PM-9, the carotenoid pigments 
were determined from the optical densities in the petroleum ether extract 
after removal of bacteriochlorophyll by saponification, The calculations 
included a correction for absorption by the other carotenoid pigments. 
The petroleum ether extract of PM-9 was chromatographed on sugar to 
remove the bacteriochlorophyl! and then on alumina to separate the 
carotenoid pigments; the amount of each was then determined from the 

tical density in petroleum ether. Strain PM-9 was grown under some- 
what different conditions from the rest, which accounta for the higher total 
polyene content. The values include all hydroxy-derivatives and stereo- 

















isomers. 
Table 2. CAROTENOID PIGMENTS IN PHOTOSYNTHETIC AND AEROBIC 
CULTURES OF Rhodopseudomonas spheroides, STRAIN PM-9 
Ba asic cee ea as 
[ Growth condition | 
ETEA n | 
Aerobic dark | Anaerobic light | 
Pigment (5% Og) (2,000 {t.-candles) | 
ugimg Per cent ugeg Percent | 
dry mass dry mass | 
Phytoene TI 24 2-5 a | 
Phytofluene 17 37 38 48. 
¢-Carotene 0-9 20 13 16 
Neurosporene 6-85 19 H 0:35 : 
Total 4-55 100. [795 100 
i of 





The analyses were conducted as described under Table 1. 


amine-treated culture of Rhodospirillum rubrum. In the 
latter case, on removal of diphenylamine, the accumu- 
lated precursors are transformed into the normal ter- 
minal pigments in the absence of net synthesis of caro- 
tenoids’. 
synthetically grown culture of PM-9 is exposed to oxygen 
in buffer (Table 3). It is of interest that the conversion 
occurs even in the presence of chloromycetin, which has 
been shown to inhibit completely net synthesis of both 
carotenoid pigments and bacteriochlorophyll®. Shneour 
has shown that the conversion of spheroidene to spheroi- 
denone also is not inhibited by chloromycetin?. 


Table 3. CONVERSION OF PHYTOENE AND PHYTOFLUENE TO -CAROTENE | 


AND NEUROSPORENE. BY NON-GROWING SUSPENSION OF R. spheroides PM-9 
IN PRESENCE AND ABSENCE OF CHLOROMYCETIN 




















re pigment per 100 zg bacteriochlorophyll 

| Pigment | No chloromycetin 20 ug/ml. chloro- 
fe mycetin | 
nitia: — Sean ae } eae 
l Final | Difference i Final Difference | 
Phytoene 129 2-4 -105 | 23 -106 | 
Phytoftuene 16-7 D4 —7-3 9-6 27i | 
¢-Carotene 4-1 18-4 +143 225 +184 i 
| Neurosporene 0-4 | 25 +21 24 +20 | 








A photosynthetically grown culture was washed and. re-suspended ine 
growth medium without any carbon-source and aerated with 6 per cent 
oxygen-5 per cent carbon disulphide-90 per cent nitrogen for 7 h at 34°. 


All the mutants listed in Table 1, most. significantly 
No. 1, are capable of photosynthetic growth- at rates 
comparable with that of the wild-type. This confirms the 
suggestion made earlier, on the basis of results with strain 
uv-33, that coloured carotenes are not essential for normal 


bacterial photosynthesis’; "and extends it to include all. 


polyenes. ; : 


A similar transformation occurs when a photo- 
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Cells of strain we-33 are killed when exposed to oxygen 
and light. and their bacteriochlorophyll: is destroyed’. 
This is also true for the new mutants including PM-9, 
which suggests that neurosporene is the least-unsaturated 
carotenoid: pigment capable of protecting against. photo- 
oxidations. This confirms the observation of Claes that in 
organic solvents only carotenes with at least 7 conjugated 
double bonds protect chlorophyll æ from photo-oxidation’. 

All the mutant strains reported here, with the exception 
of PM-9, have an in vivo bacteriochlorophyll spectrum 
similar to that of strain uv-33 with a single symmetrical 
absorption band at 870 my’. This supports the proposal 
that carotenoid pigments are associated with the addi- 
tional bacteriochlorophyll absorption at 800 and 850 mu 
of the wild-type and strain Ga (ref. 7). A detailed analysis 
of the spectrum of strain PM-9 suggests, however, that 
earotencid pigments. are not themselves directly 
responsible for these supernumerary bands. This is the 
subject of a separate communication’. 

Strain wv-33 is the only one of these mutants which 
excretes porphyrins related to pheophorbide @ into the 
medium. during growth’. There is no necessary connex- 
ion, therefore; between absence of highly conjugated 
ecarotenes. and porphyrin excretion. Indeed, we have 
recently isolated a new mutant derived from strain Ga 
which excretes. porphyrins similar to those found in 
cultures of we-33 but which contains neurosporene. 


J. B. Crounse 
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R. K. CLAYTON 
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VIROLOGY 


Multiplication, Interferon Production and 
Sensitivity of Virulent and Attenuated Strains 
of the Virus of Foot-and-mouth Disease 


Tae production of an interferon by the virus of foot- 
and-mouth disease was demonstrated by Dinter and 
‘Philipson!. Recently the existence of a relationship 
‘between lack of virulence of a virus and its ability to 
produce and be sensitive to interferon was shown by 
„several workers*-*. Evidence has now been obtained that 
the same relationship may hold for certain strains of the 
virus of foot-and-mouth disease. 

The strains of virus (kindly supplied by Dr. C. Palacios) 
were as follows: (1) Venezuelan strain, type O Vallée 
(O VEN), which is fully virulent for cattle causing lesions 
on the tongue, mouth and four feet. The foregoing strain 
after 95 passages in 1-day-old chicks and six passages in 
9-day-old chick embryos (ATT VI) and after a further 
six passages in 9-day-old chick embryos (ATT XII). 
ATT VI and XII strains have been shown to be avirulent 
for cattle, producing little or no evidence of a lesion, when 
inoculated on the tongue’. (2) Zulia strain, type A Vallée 

e 


> 
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(4 ZUL) which was recovered: from an outbreak of: 
foot-and-mouth disease in Venezuela and is fully virulent 
for cattle (Palacios—-personal . communication). (3) 
Cruzeiro strain, type A Vallée (A CRUZ), which after 35 
passages in 8-day-old chicks and 37 passages in chick 
embryos was avirulent for cattle®. 

Cultures of surviving bovine tongue epithelium? and of 
BHK 21 cells” (kindly supplied by Dr. I. A. Macpherson 
and Prof. M. G. P. Stoker) were used for growth of virus 
and for testing interferon production and sensitivity. 
Minced pieces of epithelium from the tongues of calves 
(crossed Holstein—Zebu, weight 100 kg) were washed four 
times before being placed in roller tubes in a medir? 
consisting of Earle’s saline, lactalbumin hydrolysate 
(0-5 per cent), yeast extract (0-1 per cent) and bovine 
albumin fraction V (0-35 per cent). About 10t? mouse 
ID, of virus was added and the cultures rotated at 37° C. 
Each day for four days three tubes were collected, their 
contents pooled and divided into two lots. The super- 
natant fluid of one lot was titrated by the plaque technique 
on BHK 21 cells". The virus in the supernatant fluid 
of the other lot was inactivated by acid treatment at 
4° © for 24 h and was termed the interferon preparation. 
Control fluids were treated in the same manner. ; 

Interferon preparations wére titrated in cultures of 
surviving tongue epithelium, 0-5 ml. of the preparation 
being added to tubes, which were rotated at 37° C for 24h 
and then inoculated with 10%? plaque-forming units of 
vesicular stomatitis virus, strain Indiana C (VSV). After 
a further 18 h rotation the supernatant fluids were 
titrated for virus content on BHK 21 cells. Plaques were 
counted after 24 h, and the interferon titre expressed as 
the log, difference between the amount of virus produced 
in control tubes and that produced in interferon-treated 
tubes. 

In BHK 21 cells interferon was prepared by acid treat- 
ment from collections of cultures infected with 10% plaque- 
forming units of the appropriate virus and collected when 
all cells were destroyed. The interferon preparations were 
tested in tubes against bovine enterovirus M6 (ref. 12). 
To test interferon sensitivity, 0-4 ml. of interferon prepared 
from 4 day collections of BHK 21 cultures infected with 
the French neurotropic or 17D strains of yellow fever: 
virus was added to BHK 21 monolayers followed by 0-2 
ml. of virus sufficient to give 20-120 plaques. After 
addition of an overlay, the cultures were incubated at 
37° C for 48 h; the interferon titre was expressed as the 
difference in log titre between the plaque count in the 
control and that in the interferon-treated cultures. 

In preliminary experiments with surviving tongue 
epithelial cultures the O VEN strain collected on the 
fourth day had a virus titre of 10+? plaque-forming 
units/ml. and caused a 0-5 log reduction in virus titre. 
ATT VI strain collected at the same time gave a virus 
titre of 10%% plaque-forming units/ml. and a 3-2 log 
reduction in VSV titre. It was thus apparent that the 
attenuated strain had produced more interferon than the 
virulent strain; but, on the other hand, the virulent strain 
might have produced interferon to a greater extent at 
some other time in its growth cycle. Therefore virus and 
interferon production of the strains were compared during 
the course of a growth curve. 

Table 1 shows the results of such experiments. All 
strains tested multiplied, but overall the titre reached was 
higher with the virulent strains (0 VEN and A ZUL) 
than with the attenuated strains (ATT VI, ATT XLII 
and A CRUZ). Some interferon was produced by the 
virulent strains, causing at the most (O VEN) a 17-fold 
reduction in the amount of VSV produced. With the 
avirulent strains the reduction in VSV titre was greater. 
ATT VI caused a 4-5 log reduction, ATT XII a 3-0 log 
reduction and A CRUZ a 1-3 log reduction. In compara- 
tive experiments A CRUZ produced less interferon than 
ATT VI. Interferon production generally was a day 
behind virus production, and time of maximum interferon 
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Table 1. TITRES OF VIRUS AND INTERFERON PRODUCED AFTER INOCULATION 
OF SURVIVING CALF TONGUE EPITHELIAL CULTURES 


2 Virus strain Day 1 Day 2 Day 3 Day 4 
Exp.1 OVEN vr 6-2 6-2 5-5 4-9 
I 0 02 1:2 0 
OATT VI Vv 57 54 51 5-0 
I 12 45 2-5 2-0 
Exp.2 O VEN Vv 6-25 5-95 52 45 
I 0 10 09 0 
O ATT VI y 45 5-2 5-0 45 
I 0 2-0 1:3 29 
OATT XIE V 46 5-1 4:9 4:6 
I 0 3-0 13 0-9 
Exp.3- AZUL Vv 6:7 67 6-5 
I 0 0-4 0 
A CRUZ EN 5-8 5:7 5-5 
, I 0 13 0-7 
* Virus titre expressed as logio plaque-forming units/ml. 


f Interferon titre expressed as log.. VSV production in control minus 
login VSV production in interferon-treated cultures, 


titre varied, being in some experiments on the second day 
and in others on the fourth. The absolute amounts of 
interferon varied from experiment to experiment, and this 
variation may be due to differing susceptibility of tongue 
tissue. However, within experiments on the same source 
of tongue tissue production of interferon by the virulent 
strains was less than that by the attenuated strains. 

The sensitivity of O VEN and ATT VI strains to 
interferon was tested using interferon produced by 
infection of surviving tongue epithelial cultures with 
Semliki forest virus (SF V). The amount of O VEN virus 
produced was slightly higher in SF V-interferon-treated 
cultures than in controls, but in interferon-treated cultures 
there was a 3-5-fold reduction in ATT VI virus produced, 
although the same preparation caused a 20-fold 
reduction in VSV titre. In auto-interference experiments 
ATT VI interferon brought about a 6-fold reduction in 
titre of ATT VI challenge virus, but had no effect on the 
virulent strain. 

Preparations of O VEN and ATT VI interferons in 
BHK 21 cells had no effect against bovine enterovirus 
M6. However, French neurotropic and 17D interferons 
inhibited plaque formation by all strains, but the number 
of plaques was reduced to a greater extent in the case of 
ATT XII and A CRUZ strains (Table 2). No experiments 
were made to determine a correlation between avirulence 
for hamsters and interferon sensitivity in BHK 21 cells. 
Table 2. SENSITIVITY OF VIRULENT AND ATTENUATED STRAINS TO INTER- 

FERON PRODUCED IN BHK 21 CELLS . 


Interferon produced by: Tested against: Log reduction in 
plaque count 


Exp. 1 Yellow fever—17D O VEN 0-7 
O ATT XII 21 

Yellow fever—French 
neurotropic (FN) O VEN 0-6 
O ATT XII 16 
Exp. 2 Yellow fever—17D AZUL 0-6 
CRUZ 15 
Yellow fever—FN AZUL 0-3 
A CRUZ 0-8 


Owing to the use of fragments of surviving bovine 
tongue tissue discussion of the mechanism of interferon 
production is difficult. It generally occurred after virus 
production, but the amount of interferon present in the 
cells was not determined. More precise knowledge of the 
sequence of events might be obtained by the use of single 
cell suspensions infected with a known virus-cell ratio. 
However, despite this there appears to be a correlation 
between lack of virulence in cattle and reduced multi- 
plication with increased interferon production and 
sensitivity in surviving cattle tongue epithelium. Since 
surviving tongue epithelial cultures are most closely 
related to tissues in the animal, it is reasonable to suppose 
that inoculation of the tongue with an avirulent strain 
leads to production of interferon, thus inhibiting lesion 
development. The sensitivity of the attenuated strain to 
its own interferon was less than that of VSV, but possibly 
interferon concentration in the tongue of the inoculated 
animal may be higher than in tissue cultures owing to the 
dilution factor of the medium. Other factors, however, 
are probably involved in lack of virulence®. 
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Since a desirable attenuated strain for use as a vaccine 
is considered to be one that contains virus that multiplies 
without production of lesions, an application of these 
findings would be the use of enhanced interferon produc- 
tion as a marker. Reversion to virulence could also be 
investigated by measuring interferon production after 
passage of attenuated strains in surviving tongue 
epithelial-cultures. 

Although the pattern of virus multiplication was 
comparatively constant in the experiments, yields of 
interferon varied. Variation in response of cattle to 
intradermal tongue inoculation of attenuated strains has 
been noted within and between breeds*14. This may 
have been due to virulent virus in the attenuated strain, 
but it could have been variation in the ability to produce 
interferon. This might be tested by examining interferon 
production in tongue cultures from different breeds of 
cattle. : 
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Nomenclature of Isolates of Virus from 
Trachoma and Inclusion Blennorrhea 


Tue system of nomenclature proposed for strains 
of trachoma/inclusion conjunctivitis (T'RIC) agents! 
provides the essential information with reasonable 
economy of symbols. Nevertheless, the fact that the 
full designations are rather cumbersome may militate 
against their general adoption. It should therefore 
be pointed out that when writing about a given strain 
the full designation need not be given after the first 
mention; thereafter it can be referred to by ‘element 
(dy only. Thus TPRIC/2/SAU/HAR-2/OT becomes 


HAM-A L. H. COLLIER 
Lister Institute of Preventive Medicine, 
Chelsea Bridge Road, 
London, 8.W.1. 


1 Gear, J. H. S., Gordon, F. B., Jones, B. R., and Bell, jun., S. D., Nature, 
197, 26 (1963). 


MISCELLANEOUS 


A New System for Thin-layer 
Chromatography 


In a relatively short time paper chromatography has 
become an indispensable tool for separating and analysing 
the most varying kinds of chemical compounds. In the 
past few years a valuable modification of this method has 
been developed, namely,thin-layer chromatography. 

Stahl, to whom much credit for the success of this 
method is due, has recently edited a comprehensive collec- 
tion of the experiences gained so far’. Randerath? deals 
extensively with the various modes of procedures used by 
different authors. Still more recently, Truter has written 
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an excellent treatise on the subject to which the reader is 
referred’. 

I have also found thin-layer chromatography to be a 
most valuable improvement compared with the use of 
free-hanging paper. The main advantages are: shorter 
developing times (30-60 min in most cases); better 
separation into more distinct spots; greater sensitivity 
{therefore needing smaller amounts). 

An application that might be especially emphasized is 
the use of cellulose-coated plates for electrophoresis. In 
my experience this works very well. It also offers a 
‘convenient way of combining the method of electrophoresis 
an one direction with chromatography in the other. 

A point of special importance in thin-layer chromato- 
graphy is the coating of the glass plates. Various devices 
for this are to be found on the market. Some of these 
work comparatively well, but are rather complicated 
and/or expensive. Some do not work so well, indeed, but 
may still be quite expensive. 

In this laboratory I have constructed and tested a new 
spreading device. I have also adopted another system of 
glass plates than the thick, polished 20 cm x 20 cm 
plates usually recommended. Instead of these plates, the 
‘price and dimensions of which raise certain problems, I 
use discarded photographic plates 9 em x 12 cm or 
12cm x 16cm. These are made of good glass and vary 
in size and thickness only to a negligible degree. They 
may usually be obtained -without cost in large quantities 
from commercial photographers. 

The spreader,-a ‘Perspex’ prototype of which is shown in 
Fig. 1, is built like a frame with the same dimensions as a 
12 cm x 16 cm plate. The inner, lower edges of the 
long-sides have been cut out to form grooves guiding the 
spreader side-ways when it slides over the glass plates put 
in a long row on the desk (Fig. 2). 

When the spreader is to be used, it is placed at the end 
of the row of glass plates. It is then filled with a suitable 
amount of suspension of silica-gel, polyamide, cellulose 
powder, or what is to be used, and drawn at a slow, steady 
speed along the row. It is then resting on its shorter 
sides.- The front side is sliding on the glass surface. In 
order to facilitate the movement, especially if the glass 
plates vary a little in thickness, the lower front edge is 
rounded somewhat like a sleigh. 

The long sides do not fit tightly against the glass. There 
is a gap of about 0-5 mm, but due to the viscosity of the 
suspension very little will leak out that way. 

The back side is lifted up a certain distance from the 
glass surface by means of two adjustable pins, thus forming 
: a slit through which the suspension may flow when the 
spreader is pulled along. In this way the plates are covered 
with a thin layer, the thickness of which is determined by 
the protruding pin-tips. If the distance from the pin-tips 
to the lower back edge is about 7-8 mm, the tracks formed 
by the pins are filled with suspension again and do not 
cause any trouble. 

When the slit is to be adjusted, the spreader is placed 
on a glass plate. Two suitable gauges, for example, spark 








Fig. 1. Principle of the ‘Perspex spreader’. A, Longitudinal section, 
arrow indicating the direction of movement; B, transverse section. 
The thickness of the glass plates is exaggerated for the sake of clearness. 


NATURE 


June 22, 1963 vor. 198 





Fig. 2. Arrangement of the glass plates on the desk for coating. The 
spreader being 12 cm broad, 12 om x 160m, 9 cm x 12 em and 
4cm x 12 cm plates may be coated at the same time 


plug gauges or pieces of metal wire of known thickness, 
are placed between the back side and the glass. The 
screws holding the pins are then loosened, the pins fixed 
into contact with the glass surface and fixed again with the 
screws. This is a very simple operation, and has only to 
be repeated when the thickness of the layer is to be 
changed. 

The principle of this spreader probably is the simplest 
one possible. It has no critical parts. It is very easy to 
handle. But in spite of this it gives as fine and even 
layers as any other kind of spreader tested by me. 

It is important—also with other types of spreading 
devices—that the movement is absolutely smooth, with- 
out jerks or interruptions. As soon as there is a change of 
speed the back side will leave a transverse mark in the 
layer. 

When the front side passes from one plate to another, 
a jerk in the movement will occur. As the length of the 
spreader is made equal to that of the plates, however, the 
marks formed in this way will be situated close to the 
edges of the plates, thus not posing any problems. 

A great advantage with the type of spreader described is 
that the thickness of the layer will be practically inde- 
pendent of variations in the thickness of the glass plates. 
Variations within a few tenths of a millimetre do not 
cause any trouble. 

Another perhaps still greater advantage is that the 
number of plates which may be covered at any moment is 
not limited; for example, five. With the spreading device 
described here the number of plates is practically limited 
only by the length of the available desk. If this is 3 m or 
10 ft., one may cover 18 plates 12 cm x 16 em, or 32 
plates 9cm x 12 cm, or 72 strips 4em x 12cm. 

If the surface of the desk is smooth enough, for example, 
if it is covered by some kind of linoleum or plastic material, 
the plates may be put directly on it. If the surface is 
uneven, or if it is difficult to clean carefully, it may be 
better to have a roll of thin plastic flooring which can be 
put on the desk when needed. 

In order to keep the plates from sliding they are put on 
a few drops of water. This water spreads under the plates 
and after some minutes the latter are as a rule very firmly 
attached to the desk surface. When dry, they are easily 
lifted up with the finger-nail. 

Special care must be exercised to ensure that the plates 
form a straight line. For this purpose it is useful to have 
a long ruler, simply consisting of a metal strip, against 
which the plates are placed. 

Nits Nyspow 

Balsgard Fruit Breeding Institute, 

Fjälkestad, Sweden. 
i Stahl, E., Dinnschicht-Chromatographie (Springer, Berlin, 1962). 
2 Randerath, K., Diinnachicht-Chromatographie (Verlag Chemie, Weinheim. 
1962); Thin-Layer Chromatography (Academic Press, London, 1963). 


$ Truter, E. V., Thin Film Chromatography (Cleaver-Hume Press, Ltd., 
London, 1963). 
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“FORTHCOMING EVENTS 


Tuesday, June 25 


PARLIAMENTARY AND SCIENTIFIC COMMITTEE, GENERAL COMMITTEE (in 
Committee Room 9, House of Commons, Westminster, London, S.W.1), 
at 5.30 p.m.—Prof. J. R. N. Stone, C.B.E., “Use of Computers in Economic 
Investigations”. 


Tuesday, June 25—Thursday, June 27 


Road RESEAROH LABORATORY, DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH (at the Federation of British Industries, 21 Tothill 
Street, London, S.W.1), at 9 a.m. on Tuesday and 9.80 a.m. on Wednesday 
and ey second International Symposium on “The Theory of Road 
Traffic Flow”. 


Thursday, june 27 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP 
(at 1 Birdcage Walk, Westminster, London, 8.W.1), at 10.15 a.m.—Sym- 
posium on “Berkeley and Bradwell Nuclear Power Stations”. 


Thursday, June 27—Friday, June 28 


BIOOHEMIOAL SOCIETY (in the Department of Physics, University College 
of North Wales, Bangor, North Wales), at 1.45 p.m. on Thursday—Collo- 
quium on “Toxic Substances Present in Plants and their Effect on Grazing 
Animals”; 10.10 a.m. on Friday—Ordinary Meeting for the reading of 
Original Communications. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned: . 

ASSISTANT LECTURER (with a good honours degree or diploma in tech- 
nology, a special interest in invertebrates, and preferably relevant industrial 
or research experience) IN ZOOLOGY——-The Academic Registrar, Brunel 
College, Woodlands Avenue, Acton, London, W.3 (June 28). 

ASSISTANT LECTURER (with research interest in geophysics) IN THE 
DEPARTMENT OF GEOLOGY—The Registrar, University College of Swansea, 
Singleton Park, Swansea (June 28). 

JUNIOR LECTURER; and a RESEARCH ASSISTANT IN THE DEPARTMENT 
OF CHEMICAL ParHoLoagy—Professor of Chemical Pathology, Westminster 
Medical School (University of London), 17 Horseferry Road, London, 
S.W.1 (June 28). : 

LECTURER (preferably with research experience) IN PALEHZONTOLOGY— 
The Registrar and Secretary, Durham Colleges in the University of Durham, 
88 North Bailey, Durham (June 28). — 

LECTURER (with an honours degree in physics or geology, research ex- 
perience in geophysics, and preferably an interest in’marine geophysics) 
IN GwHopHysios—The Registrar and Secretary, Durham Colleges in the 
University of Durham, 38 North Bailey, Durham (June 28). 

LEOTURERS/SENIOR LECTURERS (men, at least 21 on June 1, 1963, with 
an honours degree or equivalent, in an appropriate subject) IN MATHE- 
MATIOS (one post); PHYSIOS (one post); and APPLIED MEOHANICS AND 
APPLIED ELECTRICITY (two posts) at Britannia Royal Naval College, Dart- 
mouth, Devon—Civil Service Commission, 23 Savile Row, London, W.1, 
quoting Ref. 5704/63 (June 28). 

SENIOR LECTURER or LECTURER (graduate with appropriate qualifications 
and a, with responsibility for SuB-DmPaRTMENT OF COMPUTATION 
—The Registrar, The University, Hull (June 28). 

RESHAROH DEMONSTRATOR (with research interests in paleontology and/or 
stratigraphy) IN THE DEPARTMENT OF GrOLOGY—The Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea (June 28). 

ASSISTANT EXPERIMENTAL OFFICERS (2) (with a degree in science, horti- 
culture or agriculture or equivalent), one in the BIOOHEMISTRY SECTION, 
to assist in studies on the role of potassium in plant nutrition; and one 
in the PLANT PATHOLOGY SEOTION, to assist the Head of the Section in 
research on Fusarium and Verticillium wilt diseases—The Secretary, National 
Vegetable Research Station, Wellesbourne, Warwick (June 29). 

LECTURER IN PHysics—The Registrar, The University, Sheffield (June 29). 

LECTURER or ASSISTANT LECTURER (with a medical or scientific qualifica- 
tion) IN VrroLoGy—The Registrar, The University, Manchester 18 (June 29). 

SENIOR LECTURER IN CHEMISTRY; LECTURERS (5) IN CHEMISTRY; 
LECTURERS (2) IN MATHEMATIOS (Pure or Applied); a LECTURER IN PHYSICS; 
a LECTURER IN STATISTICS; a LECTURER or ASSISTANT IN PSYCHOLOGY; 
and an ASSISTANT IN PHysios—The Secretary, University of St. Andrews, 
Queen’s College, Dundee (June 29). 

Assistant LECTURER IN ZooLOGy—-T[he Registrar, The University, 
Sheffield (July H 
_, EDUCATIONAL PSYCHOLOGIST (with an honours degree in psychology or- 
its equivalent, and preferably teaching and clinical experience}—Chief 
Education Oficer, Manchester Education Committee, P.O. Box 480, Educa- 
tion Offices, Manchester 3 (July 1). 

JUNIOR LECTURER (graduate with medical qualifications) IN ANATOMY 
wos & ae King’s College (University of London), Strand, London, 

C, y 1). 

LECTURER (Grade TI) IN PHARMACOLOGY, to have teaching responsibility 
for the course in pharmacology for veterinary students—The Registrar 
and Secretary, The University, Bristol (July 1). 

Assistant LECTURER (with a good honours degree in zoology, with an 
interest in invertebrate physiology) IN ZooLoGy—The Registrar, King’s 
College (University of London), Strand, London, W.C.2 (July 5). 

TANT LECTURER IN GENETICS—The Registrar, The University, 
Sheffield (July 6). , t- 

ASSISTANT LECTURER (with qualifications in the field of applied mathe- 
matics) IN THR DEPARTMENT OF MATHEMATICS; and a LEOTURER or 
ASSISTANT LECTURER (with qualifications in pure mathematics) IN THE 
DEPARTMENT OF MATHEMATIOS—The Registrar, The University, Man- 
chester 13 (July 6). 

ASSISTANT (with some knowledges of, and interest in, chemistry and 

hysiology) IN ZOOLOGY, in the field of experimental parasitology—The 
ecretary of University Gourt, The University, Glasgow (July 6). 

LECTURER IN CHEMISTRY (Physical-Organic) in St. Salvator’s College— 
The Secretary, The University, St. Andrews, Fife (July 6). 

LECTURER IN PHILOSOPHY OF SOKENCE—The Registrar, University College 
of Wales, Aberystwyth (July 6). 
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LeorureR (with special interests in igneous or metamorphic petrology) 
IN THE DEPARTMENT OF GEOLOGY—The Secretary, The University, Edin- 
burgh (July 6). 

LEOTURER IN ANTHROPOLOGY IN THE DEPARTMENT OF GEOGRAPHY 
The Registrar and Secretary, The Durham Colleges in the University of 
Durham, 38 North Bailey, Durham (July 8). 

LECTURER IN PaTHOLOGY—The Registrar, Trinity College, Dublin 2, 
Republic of Ireland (July 8). . ee 

TECHNICAL OFFICER (with graduate qualifications in chemistry or physics 
or electrical engineering or other approved subject) IN THE DEPARTMENT 
OF CHEMICAL ENGINEERING, to assist in all aspects of the experimental 
work of the Department with particular reference to the devising of new 
techniques and the design, development and application of instrumentation 
especially electronic) in research and teaching—Secretary of the Chemical 

gineering Syndicate, Department of Chemical Engineering, The Univer- 
sity, Pembroke Street, Cambridge guy 10). J 

WORKSHOP TECHNICIAN (preferably with experience in cryogenic work) 
IN THE DEPARTMENT OF PHYSICS, St. Salvator’s College, St. Andrews-—-The 
Secretary, The University, College Gate, St. Andrews, Fife (July 15). 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER (with some 
years of experience in metallurgy or physics and preferably experience of 
an electron-microscope or micro-probe analyser) IN THE DEPARTMENT OF 
METALLURGY, to assist in work on creep in precipitation hardening alloys, 
with particular reference to electron-microscopy—The Registrar, The 
University, Manchester 18 (July 17). 

PLANT PHYSIOLOGIST at the Welsh Plant Breeding Station, to be respon- 
sible for pasture studies and to collaborate with research officers in other 
disciplines concerned with the improvement of herbage crops—The Regis- 
trar, University College of Wales, Aberystwyth (July 20). 

PRINCIPAL LECTURER; SENIOR LECTURERS; LECTURERS; and ASSISTANT 
LEOTURERS IN THE DEPARTMENT OF CIVIL ENGINEERING—The Registrar, 
Dept. 73/E, Bradford Institute of Technology, Bradford 7 (July 22), 

LEOTURER IN ANTHROPOLOGY at the University of Sydney, Australia— 
The Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, 5.W.1 (Australia 
and London, July 26). a 

LECTURER/SENIOR LECTURER (preferably with experience in the fields 
of large-scale automatic data processing, non-numerical applications of 
computers and/or application of computers to problems in operations 
research) IN PHYSIOS IN THE BASSER COMPUTING DEPARTMENT within the 
School of Physics, University of Sydney—The Secretary, Association of 
Universities of the British Commonwealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, July 26). 

SENIOR TUTOR IN ANTHROPOLOGY at the University of Sydney, Australia 
—The Secretary, Association of Universities of the British Commonwealth 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1- (Australia 


EOTURER IN PsycHoLocy at the University of 
Sydney, Australia—The Secretary, Association of Universities of the British 
Commonwealth (Branch Office), Marlborough House, Pall Mall, London, 


POstT-DOCTORAL RESEARCH FELLOW (preferably with a knowledge of 
many-electron atom theory and of computing) IN THEORETICAL C TRY, 
to work with Dr. H. O. Pritchard on exact calculations for lithium and 
beryllium using the Atlas computer—The Registrar, The University, 
Manchester 13 (July 31). 

SENIOR LECTURER IN PATHOLOGY (Morbid Anatomy and Histology); 
and a SENIOR LECTURER IN PaTHOLOGY (Hematology and Blood Group 
Serology) at the University of Otago, Dunedin, New Zealand—The Secretary, 
Association of Universities of the British Commonwealth (Branch Office), 
Mariborough House, Pall Mall, London, §.W.1 (London and New Zealand, 

uly $1). 

SENIOR LECTURER IN PHYSIOLOGY with emphasis on Histology-—Secre- 
tary of University Court, The University, Glasgow (August 15). 


2 
KELVIN CHAIR OF NATURAL PHILOSOPHY—The Secretary of University” 


Court, The University, Glasgow (September 30). A 
ASSISTANT LECTURER, Grade (graduate, preferably with teaching 
experience or teacher training) IN Paystios, to teach in the range G.C.E. 
“A” level to H.N.D. in applied hyste Tio Principal, Mid-Essex Technical 
College and School of Art, Market Road, Chelmsford, Essex. 
GRADUATE RESEARCH ASSISTANT IN THE DEPARTMENT OF CHEMICAL 


ENGINEERING, for chemical and biochemical studies on phospholipids and ` 


lipoproteins extracted from normal and cancerous human lungs—~The 
Seoretary, University College, Gower Street, London, W.C.1. +» : 

LECTURER IN GEOGRAPHY; and a LECTURER IN EpuoATION—The Prin- 
cipal, Bede College, Durham. r 

LECTURER (with good academic qualifications and preferably previous 
experience of teaching, research or industry) IN MATHEMATIOS-—-Ihe 
Academic Registrar, Loughborough College of Technology, Loughborough, 
Leicestershire, quoting Ref. 113G. 

MASTER TO TEAOH MAINLY BroLoey with some Chemistry, Physics or 
Ma be eect Headmaster, Campbell College, Belfast, Northern 

reland. 

POST-DOCTORAL RESEAROH ASSOCIATE IN EXPERIMENTAL SPECTROSCOPY 
Personnel Office, Harvard University, 1352 Massachusetts Avenue, Cam- 
bridge 38, Mass., U.S.A. : 

PRINCIPAL LECTURER IN ORGANIO CHEMISTRY; and a LECTURER (prefer- 
ably with industrial experience) IN PHYSICAL CHEMISTRY—Clerk to the 
Governing Body, Battersea College of Technology, London, 8.W.11. 

RESEARCH ASSISTANT (with a good honours degree, and preferably ex- 
perience in electronies or magnetism) IN PHYSICS OR ELECTRONICS, to work 
on one of a number of projects, which will together provide apparatus 
intended to read normal printed matter and reproduce it audibly, as read 
by a human reader, for the benefit of a blind person—The Registrar, Dept. 
69/J, Bradford Institute of Technology, Bradford 7. 

RESEARCH FELLOW IN ENDOCRINOLOGY IN THE DEPARTMENT OF ANATOMY, 
to study the influence of environmental and other factors on seasonal 
changes in the ferret—Dr, W. P. Dallas Ross, The Medical School, The 
University, Birmingham 15. 

SENIOR TECHNICIAN or TECHNICIAN (with instrument or physics work- 
shop experience) IN THE RADIOTHERAPY DEPARTMENT, for duties which 
include Physics Workshop, Isotope Laboratory, Radium and Mould Room 
work-—The Group Secretary, Oldchurch Hospital, Romford, Essex, quoting 
Ref, No. 19/182. ¢ 

WHOLE-TIME RESEARCH ASSISTANT (with a good honours degree with 
some research experience or preferably a higher degree) IN THE CLINICAL 
CHEMISTRY LABORATORY OF THE DEPARTMENT OF PATHOLOGY, St. Andrews 
University, at the Royal Infirmary, Dundee, to conduct and initiate in- 
vestigations of some aspects of renal calculi formation—Dr. H. G. Morgan, 
Royal Infirmary, Dundee. 

e 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Scientific Proceedings of the Royal Dublin Society. Series A, Nee 1, 
No. 11: Becent peer Studies on Hypomagnesemia. By Dr. M. 
McAleese. Pp. 297-318. 5s. Series A, Vol. 1, No. 12: The Nature of “Our 
Brassica Crops, Part 1: Nomenclature and Cytolo; By P, L. Curran. 
Pp. 319-336 + plate 12. 4s. Series B, Vo 1, No. aa servations on Native 
Sand-Lucerne (Medicago g varia Martyn). By Farragher and P. L. 
Curran. . 59-66. (Dublin: Royal Dublin Bice, 1962.) [273 

z atirat on of atria Engineers: Electronics Division. Convention on 

H.F. Communication, 25-27 March, 1963—-Proceedings. Pp. 444. 
(London: Institution of Electrical Engineers, 1963.) [273 

Geological Society of London. Memoir No. 3: The Barr and Lower 
Ardmillan Series (Caradoc) of the Girvan District, South-West Ayrshire, 
with Descriptions of the Brachiopoda. By Prof. Alwyn Williams. Pp: 
267 +25 plates. (London: Geological Society of London; and H. K. Lewis 
and Co., Ltd., 1962.) 100s. [273 

Ambassade de France: Service de Presse ot d’Information. Decentralisation 
of the Universities in France. Pp. 10. (London: Ambassade de France, 
Service de Presse ot d’Information, 1963.) [273 

The Worshipful Society of Apothecaries of London and the Eyolution of 
the Family Doctor. By Sir Zachary Cope. aoe 15. (London: Faculty of 
the History of Medicine and Pharmacy, 1062.) 2s bars 273 

Silicones for Use in Medicine. Pp. 35. ( hadwell Heath: Ho kin and 
Wiliams, Ltd., 1963. ‘Published jointly with Midland Silicones, Ltd.). [273 
soormel College—Prospectus 1962-63. Pp. 68. (London: Brunel. Gong, 

A Bibliography of Farm Buildings Research. Part 3: Buildings for 
Poultry—Ist Supplement, 1958-1961. Pp. 71 (London: Agricultural 
Research Council, 1968.) 48. 273 

Report of the Rugby School Natural History Society for the year 1962. 
Pp. 22+ 1 plate. (Bueby: Fugby 8 School Natural History Society, 1963. ) [278 

Government of Northern Ireland: Ministry of Agriculture. Leaflet 
15: Suitable Varieties of Fruit. Pp. 15. Leaflet. No. 141: Metabolic Disorders 
of Cattle and Sheep, (Acetonmmia, Milk ao Hypomagnesemic Tetany). 

. 7. (Belfast: Ministry of Agriculture, 1963.) 

‘National Society for Clean Air. Proceedings of the 20th Annual epics: 
Harrogate, 2 October, 1962. Pp. 112. (London: National Society 
for Clean Air, 1963.) 15s. 273 

A Unified Approach to Mathematics. By Prof. J. W. Oraggs. (An 
Inau; 1 Lecture delivered in the University of eeds a on November un 
1962.) Pp. 13. (Leeds: The University Press, 1962.) 2s. 6d {27 

Commonwealt! pee cal Institute. Mycolo; peel Pa erty No: 85: N 
Supplementary List of Fungi and Plant Diseases, S. A. J. Tarr. 
Pp. 31. 108, net. Biyoologieal Papers, No. 86: The Genera Scopulariopsis 
Bainier, Microascus Zukal, and Doratomyces Corda. By F. J. Morton and 
G. cen Pp. 96. 30s. net. (Kew: Commonwealth Mycological anaes 


1963.) 

The United Steel Companies, Ltd. Review of Progress, 1962: A Report 
covering the period October 1, 1961 to September 30, 1962 for all Employees 
ong, Met Families. Pp. 46. (Sheffield: e United Steel Companies, ae 


British Broadcasting iCorporation.. BBC Engineering Monograph No. rhe 
The APolication of Transistors to Sound Broadcasting. By 8. D. Berry. 
Pp. 20. (London: British Broadcasting Corporation, 1963.) 5s. [273 

"british Antarctic Survey (formerly Falkland Islands Dependencies Suryey). 
ae Ae Reports, T No. ri Analysis-of Auroral Observations, Halley B: 

heret. Pp. 33+6 plates. (London: British "Anbarotle 

barnes. 1963.) 15e. net. {273 
British ‘Railways Board. The Reshaping of British Railways. Part 1: 
Report. Pp. i+148. Part 2: Maps. (London: H.M. Stationery Office, 
1063.) om net. [2 73 


Other Countries 


Forest Research Institute, Dehra Dun. Indian Forest Leafiet No. 155: 
Types of Timber. Eeesoning Küns Suitable for Drying Indian Wood. By 
M. A. Rehman and D. D. Tewary. Pp. ii+9. (Delhi: Manager of Publica- 
tions, 1962.) Rs, nD: 70nP.; 18 8d. {273 
g „The Pasteur Institute of Southern India, Coonoor. Annual Report of the 
Director, 1961, and Scientific Report, 1962, Pp. 121. (Coonoor: Pasteur 
Institute, of Southern India, 1963. 7 [273 

Food and Agriculture Organization of the United Nations. mao Agricul- 
tural Studies, No. 58: Second Report of the Joint FAO, O Expert 

Committee on Meat Hygiene. 87. (Issued also as O Technical 

Report Series, No. 241.) (Rome: ‘ood and Agriculture Organization of the 

Umted Nations, 1 962.) Ae 

Report and Accounts of the National Botanic Gardens of South ica 

(Kirstenbosch, Newlands, Cape; Karoo Garden, Worcester; and Harold 

Porter Botanic Reserve, Betty" 8 Bay), for the financial year ended March $1, 

1962. Pp. 27. (Kirstenbosch, Newlands, near Cape Town: National Botanie 

Gardens, 1963 [273 

Smithsonian Miscellaneous Collections, Vol. 145, No. 4: Uniformity 

Among Growth Layers in Three Ponderosa Pine. By Waldo $., Glock, Paul 

J. Germann and S. B. n pare. Pp. xiv+375+18 plates. (Publication No, 

4508.) (Washington, D.C.: Smithsonian Institution, 1963.) 3 

British Territories in Borneo: Geological Survey Department. Memoir 

No. 14: The Geology and Mineral Resources of the Semporna Peninsula, 

North Borneo. By Dr. H. J. ©. Kirk. . Xlili+ 178+ 46 plates. (Kuching, 

Sarawak: Government Printer, 1962.) 6 jalayan dollars; 14s. [273 

The Standards Association of Australia, Sydney. Power Surve Report— 

PS.3: A Report on the Coal Resources of the Commonwealth of Australia. 

Ereparod 1 by the Coal and Lignite Panels of the Power Survey Sectional 

Foummittee toe Pp. vili+106. (Sydney: Standards Association of Anstraus, 


Proceedings `of the Fifth Israel Annual Conference on Aviation and 
Astronautics, February 27-28, 1963, Tel Aviv and Haifa. Pp. 151. 
(Jerusalem: Jerusalem Academic Press, Ltd., 1963.) [273 

East African Common Services Organization. East African Trypano- 

somiasis Research Organization Report, January—December, 1961. Pp. 
i + a, 080) de , Uganda: East African Trypanosomiasis Research Oran 

on, 
East African Common Services Organization, East African Virus Research 


X 


Institute Report, July, 1961-June, 1962. Pp. ii+68. (Entebbe: East 
African Virus Research Institute, 1962.) 5s. ic [273 
United States Department of the Inferior : ‘Geological Survey. Bulletin 


1112-G: Geology and Mineral Deposits of the Area South of Telluride, 
Colorado, Pp. iv+209-310+plates 16-22. Bulletin 1120: Coal Reserves 
» 
e 


NATURE n 


; Baid, Newfoundlan 


June 22, 1963 


of Eastern Kentucky. By J. W. Huddle, J. Lyons, H. L. Smith and 
J.C. Ferm. Pp. x+247+15 ae Builetia 1162-C : Selenium in Some 
Oxidized Sandstone-type Uranium Deposits. By D. F. Davidson. Pp. 
iv+33. Water-Supply Paper 1539-0: Hydrogeologic Reconnaissance of 
San Nicolas Island, California. By W. L. Burnham, Fred Kunkel, orcas 
Hofmann and W. C. Peterson. Pp. iv+43+plate 1. (Washington, D 
Government Printing Office, 1962 and 19638), és 

United States Department of the Interior: Geological Survey. 
Supply Paper 1582: Geology and Ground-Water Resources in 

» Texas. By Sergio Garza and John B. Wess 

ead 2.75 Bolle: Water-Supply Paper 1601 : Saline-Water 

ew Mexico. By James W. Hood and Lester R. Kister. Pp. iv+70+8 
plates. Water-Supply Paper. 1650 B: Floods of December 1965-—-January 
1956 in the Far Western States. Part 2: Streamflow Data. By Walter 
Hofmann and 8. Rantz. Pp. iv+6580. Professional Paper 434-B : 
Autocorrelation of EAA and Streamflow Minimums. By Nicholas C. 
Matalas. Pp. iii+10. Professional Paper 440-G: Data of Geochemistry. 
Chapter G: Chemical Composition of Rivers and Lakes. By Daniel A. 


VOL. 198 


Livingstone. Sixth edition. Pp. vii+64. Professional Paper 454-B, 
C: ven Lavas, 1: Intrusive Layered Lava Pods and Pillowed. Lavas, 
Unalaska Island, Alaska ; Poe Pillowed Lavas, 2: A Review of Selected 


Recent Literature. By e L. Snyder and George D. Fraser. Pp. 
vy +23 +i +7. eop aiet A ateos; No. 194 (March 1963). By James 
W. Clarke, Dorothy B. Vitaliano, Virginia 8S. Neuschel, and others. Pp. 
lil+189-286. 35 cents. (W: ashington, D.C. : Government Printing Omics, 
1962 and 1963). 3 [65 

Research Institute for Advanced Studies, Baltimore. RIAS, 1962— 
Summary of the year’s activities. . 6. (Baltimore, Md.: Research 
Institute. for Advanced Studies, 1963. 

Bulletin of the Museum of Comparative Zoology at Harvard donde 
Vol. 128, No. 5, (January 14, 1963); Birds of Tikal, Guatemala, By Frank 
B. Smithie and Raymond A. Paynter, Jr. Pp. 245-324 (1 plate). Vol 128, 
No. 6, (January 30, 1963): Miscellaneous Nautilid Type Species of f Alpheus 
Hyatt. By Bernhard Kummel. Pp. 325-368 +30 plates. Vol. 128, No. 7, 
(January 31, 1963): The Genus Stizoides (Hymenoptera : Sphecidae : 
Stizini) in North America, with Notes on the Old World Fauna. By James 
E. Gillaspy. . 869-391. Vol. 128, No. 8, (February 18,1963): Land and 
evans T Mor usks o Po Cookea Tsland reps Bahamas. By wien 


(Cambridge, Mass. : 


ag ) 
useum of Comparative Zoology at Harvard College. Breviora. No. ike 
ieee 1, 1968): he ege Notes in the Land Snails of the Genus 
Tomocyclus (Gyclophoridae), y Fred G. Thompson. Pp. 11 (1_ plate). 
No. 182, (February 1, 1963): By irda from Flores, Lesser Sunda Islands. 
By Baymond A. Paynter, Jr. Pp. 5. No. 183, (March 12, 1963): Australian 
Carabid Beetles XU1—Further Notes on Agonini, and the Genus of Licinini 
New to Australia. By P. J. Darlington, Jr. . 10.. Annual Report of the 
Museum of Comparative Zoology, 1961-1962. Pp. 32 (2 plates). ambridge, 
Mass.: Museum of Comparative Zoology at Harvard College, 1993. » [65 
Annals of the New York Academy of Sciences. Vol 104, Article 3: 
Hepatoxicity of Therapeutic Agents. By Felix Wróblewski, "Howard E. 
Ticktin and 81 other authors. Pp. 819-1092. (New York: New York 
Academy of Sciences, 1963.) 65 
Transactions of the American Philosophical Society. New Series,Vol. 
53, Part 1: The Juntura Basin—Studies in Earth History and ce te 


By J. Arnold Shotwell. With contributions by R.G. Bowen, W. L. G 
D. C. Gregory, D. E. Russell and Dwight Taylor. Pp. 77. (Phiiadelphie 
American Philosophical Society, 1963.) À 85 


International Atomic Energy Agency. Publications in the Nuclear 
Sciences 1963—a Complete Catalogue of the Publications of the Inter- 
national Atomic Energy Agency. Pp. 100. (Vienna: International 
Atomic Energy Apene, 1963.) 65 

Tostitute on Religion in an Age of Science. A Ten-Year View, 1953- 
1963. Pp. (Brookline, Mass.: Institute on Religion in an Age f 
Science, Pes. 5 [65 

Canada: Department of Mines and Technical Surveys. Bulletin No. 
84: Palaeomagnetism of Part of the Purcell System of Southwestern Alberta 
and Southeastern British Columbia. By R. F. Black. Pp. x+31. 75 cents. 
Paper 62-24: Leaf River Map-Area, New Quebec. By I. M. Stevenson. 
Pp. i+5. 50 cents. Paper 62-26: Triassic Stratigraphy of the Rocky 
ae and Foothills, Peace River District, British Columbia, By 

È. Pelletier. Pp. 1i+43. 75 cents. Paper 62-28 : Sandy Lake (East 
d. By E. R. W. Neale and W. A. N: ashe Pp H440. 
50 cents. (Ottawa : qa een’s Printer, 1983.) [65 

Commonwealth of Australia: Department of National Development. 
Bureau of Mineral Resources, Geology and Geophysics moe Resources 
of Australia, Summary Report No, 42: Salt. By Z. Kalix. Pp, 27, (Can- 
berra: Commonwealth Government Printer, 1962.) [65 

Sandia Corporation Monograph (SCR- -501) : Tables. of Roots of the 
First Ten Thousand Integers. By C. B. Bailey and G. E. Reis. Pp, 237. 
(Albuquerque, New Mexico: Sandia Corporation, 1963. ‘Available from 
ae ome Pe Technical Services, Department of Commerce, Washington, 

.C.). collars. 

Museum of Comparative Zoology at Harvard College. 
179. (January 16, 1963): 


[65 
Breviora. No. 
The Holothurians of Clipperton Island in the 
Eastern Tropical Pacific. By Elizabeth Deichmann. fs No. 180, 
(January 17, 1968): A New Fresh-Water A mphipod Crustacean from 
Oregon. By E. L, “Bousfield. Pp. 6. (Cambridge, Mass.: Museum of 
Comparative Zoology at Harvard College, 1963.) . [65 


_ Editorial and Publishing Offices of *‘NATURE”’ 
MACMILLAN & CO., LTD. 
ST. MARTIN’S STREET, LONDON, W.C.2 
Telephone Number : Whitehall 883!. Telegrams : Phusis Lesquare London. 


Advertisements only should be addressed to 
`T. G. Seott¥& Son, Ltd., | Clement’s inn, London, W.C.2. 
Telephone Number : Holborn 4743 


All rights reserved. Registered as a newspaper at the General Post Office 


Ms 


June 22, 1963 NATURE axix 





SWIFT | | 


AUTOMATIC* 


for the | 
volumetric analysis 
of 
micro-preparations 


* A single movement of one finger :— 
I. Records the constituent observed on - 
the cross-lines 


2. Adds the individual count to the 
totaliser 


3. Moves the specimen to the next 
observation point 


IN THE Write or phone for free brochure 


HILGER’ JAMES SWIFT & SON LTD. 
AWATTS/ 113-1152 Camberwell Road, 
6 rou Pp London,S.E.5. RODney 5441 














HEATHWAY 
FOR GLASS WORKING LATHES 


£500 AYEAR | 
TAX FREE 





















i You can protect your family’s future at little * 
= cost by a special plan with the Equitable. & 

Should you die within a period of 20 years : 

your dependants will receive £500 a yeartax & 

free for the balance of the period. : i 
& You pay premiums for only 15 years and if 

you aré 30 now the cost isas lowas £15.15,0. Ñ 
# a year—about 6/- a week. E 
& The Equitable offers attractive terms be- Ẹ 
| cause it has no shareholders to take any part = & 

of the profits and pays no commission for E 

the introduction of business, i A 6} bore lathe of the latest design 

‘ with foot drum control 

I H E E QU l I AB L E Ha All the HEATHWAY range 

- i of lathes have che following features : 
i K Robust Construction and lasting accuracy 

a FO R A B ETTE R D EA L Bi * Efficient variable speed and easily accessible controls 
She Peete Os ead to ae Bee oT tame Fe ee STE, K Smooth traverses essential to good glassworking 
E The Equrraste Life Assurance Society, - May we send you details of our range of lathes and equipment 
G 19, Coleman Street, London, E.C.2. ey. y g quipment. - 
g e é » Fo write or phone: 
E Please send me full details of the ‘Income for Dependants'’ By The HEATHWAY:MACHINERY CO. 
m Hee Hi UXBRIDGE ROAD, HILLINGDON, MIDDX. 
ga Pomded 1762 Nome o. an at. ATE en ae ce, COR TEL: UXB 36345/6 ; ai 
oe Sonia = en re gq Orfcontact one of our Overseas Agents : oe z 
E g E Canada: L. J. Bardwell—Toronto France: Ets. L. Richoux—Paris 
gs . er aie eaa Holland & Belgium: A. Bruyaux—Amsterdam Italy: Richoux—Milan 
Æ Date of Birth : Ni Scandinavia; Kebo—Stockholm ii ISA Bethlehem—Hellertown AP. 
HERR RRR REE REPS Switzerland & Germany: Ernst Keller—Basle 


ATE DE SI RSE EIT ETE EE I SIC ES 
e 
ad 


dxx 


CLASSIFIED ADVERTISEMENTS 


are charged at 12s. for the first line and 
6s. per line thereafter. Lines in capitals or 
containing words in capitals 12s. per line. 
Semi-displayed £4 16s. per single column 
inch. Colour (orange) £15 extra. 1s. is 
charged for the re-direction of replies to 


advertisements with a box number, 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO: T, G. Scott and Son, 
Limited, 1 Clement’s Inn, Strand, London, 
W.C.2. Telephone: HOLborn 4743. Tele- 
grams: Textualist, Estrand, London. 


APPOINTMENTS VACANT 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GEOLOGY— 
LECTURESHIP 


Applications are invited for the post of Lec- 


turer in the above Department. Applicants 
should have special interests in igneous or meta- 
morphic petrology. Salary scale: £1,250 by £60 
to £1,490, bar, £1,550 by £60 to £1,670 by £80 
to £2,150 per annum, with placement according 
to qualifications and experience, and with super- 
annuation benefit and family allowance where 
applicable. The successful candidate will be ex- 
pected to take up duty on October 1, 1963. 
Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two referees, should be 
lodged not later than July 6, 1963. 
CHARLES H. STEWART, 
Secretary to the University. 


UNIVERSITY OF BRITISH 


COLUMBIA 
INSTITUTE OF OCEANOGRAPHY 
VANCOUVER, CANADA 

Applications are invited for an appointment in 
chemical oceanography, effective September 1, 
1963, at the level of Instructor (minimum $5,500) 
or Assistant Professor (minimum $7,000) in both 
cases with superannuation, insurance, and medi- 
cal benefits. Duties will include presenting intro- 
ductory and advanced courses in chemical 
oceanography and supervision of graduate stu- 
dents. A considerable proportion of time will be 
available for research for which a laboratory is 
established with standard equipment plus a 
Barber-Colman gas chromatograph. 

Applications, together with curriculum vitae, 
including a list of publications, an outline of 
present and proposed research activities, and the 
names of three referees, should be addressed to 
Director, Institute of Oceanography, University 
of British Columbia, Vancouver, 8, B.C., Canada. 


UNIVERSITY COLLEGE OF 


SWANSEA 
DEPARTMENT OF GEOLOGY 
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THE! BRITISH DRUG HOUSES LIMITED 


invite applications for a position as 


SECTION HEAD 
(PHARMACOLOGY) 


in the Biological Research Department at Godalming, Surrey. 


This is one of several newly created positions resulting’ from reorganization and 
expansion of the Department, and the successful applicant will be required to lead 


a team of Junior Graduates and Assistants. 


The Company's research interests are 


very wide, and the particular responsibilities of the post will be related, as far as 


possibile, to the interests and previous experience of the person appointed. 


The 


publication of results and attendance at scientific meetings will be encouraged. 


Applicants should have had at least three years’ postgraduate research experience, 
either industrial or academic, relevant to the discovery and development of new drugs 


for the treatment of human disease. 


Some previous experience in a supervisory 
capacity would be an additional advantage. 


An attractive starting salary will be paid and it will be reviewed annually on a 


merit basis. 


The position also offers excellent prospects for future advancement. A 


contributory pension and life assurance scheme is one of several additional benefits 


operated by fhe Company. 


Applications, giving full details of career to date, should be addressed to: 
Personnel Manager, The British Drug Houses Ltd., 
Graham Street, City Road, London, N.I. 


RESEARCH ASSOCIATE 


invited for a Postdoctoral Research Associate in 
The position carries an annual salary of 


Applications are 
experimental spectroscopy. 


$9,000 and is tenable for one to three years. 


The research programme at the Harvard College Observatory is directed 
toward fundamental wavelength and intensity measurements in the 
wavelength region extending from 8,000 A through the vacuum ultra- 
violet. The basic spectroscopic source is the aerodynamic shock tube. 
Spectrographs available are : 


0.5 meter Ebert scanning spectrometer. 
0.5 meter Seya vacuum spectrometer. 
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1.0 meter normal incidence vacuum spectrograph. 
1.5 meter concave grating Eagle spectrograph. 
3.0 meter normal incidence vacuum spectrograph. 


Applicants should include a list of publications with their résumé. 
Résumé should be sent to: 
Personnel Office 


HARVARD UNIVERSITY 


1352 Massachusetts Ave. 
Cambridge 38, Mass., U.S.A. 


An equal opportunity employer 


Applications are invited from suitably qualified 
candidates for the post of Assistant Lecturer. 
Candidates should have a research interest. in 
geophysics Salary scale: £1,000 to £1,150 per 
annum. F.S.S.U. benefits and family allowances. 

Further particulars may be obtained from the 
Registrar, University College of Swansea; Single- 
ton Park, Swansea, to whom applications (six 
sopia, mst be sent not later than Friday, June 








UNIVERSITY OF CAMBRIDGE 


DEPARTMENT OF . 
CHEMICAL ENGINEERING 
There is a vacancy for a 


TECHNICAL OFFICER 


with graduate qualifications in Chemistry or 
Physics or Electrical Engineering or other 
approved subject. His ‘duties will be to 
assist in all aspects of the experimental 
work of the Department with particular 
reference to the devising of new techniques 
and the design, development and applica- 
tion of instrumentation (especially elec- 
tronic) in research and teaching. There 
will be facilities for independent research. 
The annual prime stipend is £1,250, in- 
cTeasing annually by £60 to £1,670. An 
allowance of £50 is payable for each child 
who is under 16 or receiving full-time 
education. 

Application forms and further informa- 
tion from the Secretary of the Chemical 
Engineering Syndicate, Department of 
Chemical Engineering, Pembroke Street, 
Cambridge. Closing date July 10, 1963. 











DURHAM COLLEGES 
IN THE UNIVERSITY OF DURHAM 
Applications are invited for the post of Lec- 
turer in Palaeontology. Research experience is 
desirable. The appointment will be made from 
October 1, 1963, or the nearest possible date. 
Applications (nine copies), together with the 
names of three referees, should be sent, not later 
than June 28, 1963, to the Registrar and Secre- 
tary, 38 North Bailey, Durham, from whom fur- 
ther particulars may be obtained. ` 


HOSPITAL BIOCHEMIST (BASIC GRADE) 
required for Chemical Pathology Department in 
large general hospital near London. Salary 
(Whitley Council Scale), £720 to £1,345 plus 
London Weighting. Candidates should hold a 
degree, or equivalent qualifications in chemistry 
or biochemistry. No previous experience of hos- 
pital biochemistry is necessary; training will be 
given in all modern techniques including the use 
“of radioisotopes.—Further particulars from, and 
applications, to Chemical Pathologist, West 
Middlesex Hospital, Isleworth, Middlesex. 








UNIVERSITY OF SOUTHAMPTON 


Applications are invited for the post of Elec- 
tron Microscope Research Assistant in the De- 
partment of Physiology and Biochemistry. 
Candidates should have a first degree in zoology, 
physiology, or some related subject. The suc- 
cessful applicant will be trained in the appropri- 
ate techniques. 

Applications (in duplicate), with full details of 
age and qualifications and names of two referees, 
should be sent to the Secretary and Registrar, 
The University, Southampton. 


ne 

RESEARCH ASSISTANT (POULTRY) RE- 
quired for unit-situated at research and experi- 
mental station near Tadworth, Surrey. Duties 
will include co-ordination of feeding trials and 
supervision of experimental work on the unit. 
Suitably qualified applicants are invited to apply. 
Graduate preferred but other applicants with 
experience of experimental work in poultry con- 
sidered.—Please apply to Assistant Personnel 
Manager, Vitamins Ltd., Upper Mall, W.6, 
quoting reference PL/RA. 
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REORGANIZING THE BRITISH RAILWAYS 


.LTHOUGH the policy recommended in Dr. Beech- 
ing’s Report on The Reshaping of British Railways * 
could affect profoundly the location of scientific and 
technological institutions and the operation and efficiency 
of existing institutions, the Report’s immediate interest is 
economic and social rather than scientific. On the tech- 
nological side it has nothing like so much to say as the 
earlier report on the modernization of the railways, and 
although its impressive and even startling figures about 
the present usage of the railways hold little hope that 
much of the system can be made profitable in the economic 
sense by changes in operating methods, it is possible that 
technological considerations are dismissed too lightly. 
Nor was this aspect challenged to any extent in the 
debates in the House of Commons on April 29 and 30 or 
in the House of Lords on May 1 and 2, although in the 
latter debate Lord Champion commented on the absence of 
any evidence that the railways were making greater use 
of scientific staff. 

In his foreword to the Report, Dr. Beeching quotes the 
Prime Minister’s words in the House of Commons on 
March 10, 1960, that the industry must be of a size and 
pattern suited to modern conditions and prospects, and, 
in particular, the railway system must be remodelled to 
meet present-day needs, and the modernization plan must 
be adapted to this new shape. His Report is based on a 
massive collection of information made in just over a 
year, and throughout these investigations and in pre- 
paring the Report the British Railways Board had it in 
mind that its duty was to use the assets vested in it, 
and develop or modify them, to the best advantage of 
the nation. The ultimate choice of what is considered 
most advantageous must clearly be made by the nation, 
and hence the importance of the Parliamentary debates. 
However, that makes it the more imperative that the 
Board should discharge adequately its basic responsibility 
of providing as objectively and comprehensively as 
possible the information essential for a wise choice and 
firm decisions. 

Admittedly, in the field of transport, the judgment of 
some factors is largely subjective, nor can competitive 
forms of transport be assessed wisely purely on an econo- 
mic or financial basis from this national point of 
view. It is not, however, a weakness in the Beeching 
Report that its major proposals for reshaping the railway 
system are based on attempts to judge between ratios of 
quality to cost for competitive systems of transport. Nor is 
it a weakness that the proposals are intended to shape the 
railways to meet present-day requirements by developing 
to the full those parts of the system and those services 
which can be made to meet traffic requirements more 
efficiently and satisfactorily than any available alternative 
form of transport, and towards eliminating only those 
services which, by their very nature, railways are ill- 
suited to provide. It may, however, prove to be a weak- 
ness that no novel assumptions have been made about 
the future distribution of population and industry in 
Britain as a whole, and that instead it has been assumed 
that the pattern’ will continue to be basically similar to 
the existing pattern. 


* British Railways Board. The Reshaping of British Railways. Part 1: 
Report. Pp. ii + 148. Part 2: Maps. (London : H.M.S.0.,1968.) 208. net. 


The Report is essentially designed to deal with the 
great shifts in the use of the railway system during the 
past fifty years. The existing distribution of industry 
and population would have been very different without 
the present system and the pattern or density of use 
can tell us very little as to what the distribution would 
be in the absence of a railway system at all. It was no 
part of Dr. Beeching’s responsibility to consider or predict 
the social costs of such closure, or the possibility that 
building practically from scratch a non-existent alterna- 
tive transport system—as would be necessary north and 
west of Inverness if effective actions were given to his 
proposals—might involve the nation in expenditure many 
times exceeding any savings affected by the closure of 
partial lines. The Report admits that it might pay to 
run railways at a loss to prevent the incidence of even 
greater costs elsewhere if the railways were closed. How- 
ever, the discussions on the Report already suggest that 
it is over-optimistic tò think that none of the firm pro- 
posals of the Report would be altered by the introduction 
of new factors for judging overall social benefit. Likewise, 
the effect of the implemented proposals on the re-location 
of industry could well be far more substantial and detri- 
mental than the Report admits, while Lord Mabane 
argued that the effect on the iraportant tourist industry, 
which contributed more than £300 million a year to the 
balance of payments, could be extremely serious. 

The Report begins by pointing out that the railways 
emerged from the War at a fairly high level of activity, 
but in a poor physical state. Until 1952 they were able 
to pay their way because road-transport facilities were 
still limited, and from then on the surplus on operating 
account declined progressively, disappearing after 1955 
and reaching deficits of £67-7 million in 1960 and £86-9 
million in 1961. The modernization plan of 1955 was 
concerned with modernization equipment and envisaged 
no basic changes in the scope of railway services or in 
the general mode of operation of the railway system. 
Meanwhile, burdening good traffic with costs arising from 
bad ones has led to the transfer to road of a considerable 
volume of traffic which could be handled better by rail- 
ways. . d 

The analysis of the problem presented in this Report 
seeks first to determine the basic characteristics which 
distinguish railways as a mode of traffic, the conditions 
which enable railways to be the best available form of 
transport, and the parts of the national pattern of trans- 
port requirements to which these conditions apply, and 
then to shape the railway route system and services so as 
to take advantage of favourable circumstances wherever 
they exist. The picture displayed by the analysis is 
impressive. One-third of the route-mileage carries 0-8 per 
cent of passenger miles and 1-5 per cent of freight-train 
mileage, and a third of the stations produced 1 per cent 
of passenger receipts and 0-6 per cent of freight receipts. 
One-half of the stations produced only 2 per cent of 
passenger receipts and less than 3 per cent of goods 
receipts, while at the other end of the scale 34 stations 
(out of some 7,000) produced 26 per cent of the passenger 
receipts, and 1 per cent of the track carries 18 per cent 
of the passenger miles—a figure which is worth com- 
paring with the Road Research Laboratory’s estimate 
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that the busiest 1 per cent of the roads carries 17 per cent of 
road traffic. Both in passenger traffic and in freight, losses 
are highest on stopping trains, which derive little advant- 
age in speed of movement and tend to be lightly loaded. 

While the assumptions of the Report as to the suit- 
ability of bus services as substitute for stopping-train 
services cannot be accepted entirely without question, 
the figures given for maintenance demonstrate con- 
clusively the impracticability of some suggestions for 
alternative use of even single-line tracks by rail buses, at 
least on an economic basis alone. From the wider angle 
of social cost, some further enquiry on this point may be 
worth pursuing, for radical changes in the design of buses 
and in the timing and operating of bus services are 
imperative if they are to take the place of rail services, 
for example, in country districts, to holiday resorts, or 
for transport of the elderly. The closure of a railway line 
may mean no travel far more than is recognized in the 
reference to hardship or special difficulty in this Report. 
In particular, high-peak traffic at holiday periods is very 
unremunerative, and while the Report proposes to damp 
down seasonal peaks of passenger traffic and withdraw 
corridor coaching stock held for the purpose of covering 
them at present, neither road capacity nor coaches are at 
present capable of serving many holiday resorts. Any 
such curtailment of railway services should clearly be in 
step with the staggering of holiday periods if the social 
consequences in holiday resorts are not to be catastrophic. 

With this discontinuance of many stopping passenger 
services and transfer of the modern multiple-unit stock 
displaced to continuing services and with the closure to 
passenger traffic of many small stations, the selective 
improvement is proposed of the potentially profitably fast 
and semi-fast inter-city passenger services and also the 
rationalization of the routes. Suburban services feeding 
London come close to covering their full expenses but 
give no margin to provide costly increases in capacity, 
although they are overloaded and demand continues 
to increase. Elsewhere suburban services incur serious losses, 
and the Report proposes that these services should be 
co-ordinated with bus services and charges in collabora- 
tion with municipal authorities, with the alternative 
of increased fares and closure of services. Nevertheless, 
even co-ordination by itself may be an inadequate 
solution and what is required is the long-term planning 
of regional development and use of land stressed by 
Sir Keith Joseph, Minister of Housing and Local Govern- 
ment, in his address to the County Councils’ Association 
on May 22. 

This was, in fact, admitted by Mr. E. Marples, the 
Minister of Transport, in the debate on April 29, when 
he said that the Government was determined that trans- 
port policy should be related to national planning, growth 
and the movement of industry and population, and, on 
April 30, he pointed out that the Hall Group’s Report on 
The Transport Needs of Great Britain in the Next Twenty 
Years took into account the assumptions of a growth of 
the economy, first of 3 per cent per annum, and secondly 
of 4 per cent. The Hall Group, on which the National 
Economic Development Council’s office was represented, 
presented its Report about a month before Dr. Beeching’s 
Report was published, and the Council, of which Dr. 
Beeching was himself a member, was fully entitled to 
consider the Beeching Report, though Mr. Marples did 
not agree with the Leader of the Opposition that all 
action need be delayed until such further study had been 
made. Over much of the railway system the case for 
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action was so fully established that it was imperative 
Britain should stop wasting her resources as at present. 
Even if the whole of the one-third of the railway system - 
was closed as recommended, the traffic thus diverted to 
the roads would not add I per cent to the total traffic of 
Britain as a whole. Lord Chesham in the House of Lords 
debate on May 1 added that if the railways succeeded in 
gaining the whole of the goods traffic visualized in the 
Report the total road traffic would be reduced by 1 per 
cent. 

The difficulty is, of course, that such total percentages 
are meaningless in regard to particular situations, as, for 
example, the lines north of Inverness, where the alterna- 
tive road systems do not exist, and it was largely with 
such situations that speakers in the debate were con- 
cerned, even though most of them supported the Report 
in general. There may well be situations in which the 
closure of a railway on which £8,000 a year is lost may 
involve expenditure of £250,000 on road improvement 
and the provision of alternative services, apart from 
possible subsidization of bus services and recurrent 
upkeep maintenance or the social and economic costs of 
road congestion, accidents, etc. Of Britain’s total expendi- 
ture on transport generally, which stands at about £4,000 
million—one-sixth of the value of the total national 
output—sbout £3,000 million represents expenditure on 
roads, and road transport and travel, including £100 
million a year on maintenance, and some £170 million on 
road accidents in 1962. Expenditure on goods transport 
alone accounts for some 10 per cent of the total value of 
trade and production, and, serious as is the present con- 
tinuing loss of £150 million a year on the railways, that loss 
has to be set in its full economic context, including the 
effect of the proposals on the efficiency of road and other 
forms of transport. Britain’s road system is already 
recognized as inadequate, and little use is being made of 
the existing waterways. However, at least one speaker in 
the debate directed attention to their potential value as 
alternatives to road transport when speed or time were 
not important factors in delivery. Inland waterways and 
coastal shipping were strongly pressed by Lord Rea in 
the Lords debate, but in conceding that more loads could 
be water-borne, Lord Hailsham pointed out that big 
loads could not be carried by inland waterways without 
extensive alterations to existing tunnels and bridges. 

The Hall Report itself pointed out that no systematic 
studies had yet been completed of the transport situation 
in cities of the United Kingdom and far too little was yet 
known about the factors generating demand for either 
goods or passenger transport in urban areas. Even total 
transport demand, in the long term, depended on indus- 
trial location as well as the level of industrial output, 
while at the same time industrial location is itself influenced 
to some extent by the availability of transport facilities. 
No simple statement was possible, therefore, about the 
way in which transport, travel and industrial location will 
interact in the future, and, in the view of the Hall Group, 
this emphasized the importance of local or regional studies 
of transport in relation to changes in population and 
industry. 

Mr. Marples fully recognized this in his speech on 
April 29. Besides the Beeching Report and the Hall 
Report already before him, a study had been authorized 
of transport in the south-east and how far it could meet 
requirements. Six area studies are being made as a result 
of the Jack Report on Rural Buses, and a survey of 
London traffic is being undertaken jointly by the Ministry 
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of Transport and the London County Council. There are 
also the conurbation studies being made in co-operation 
with local authorities as in Manchester and in Newcastle. 
Social benefit studies have also been carried out, for 
example, on the Victoria to Walthamstow line, and the 
question of the electrification of the Great Northern 
suburban line was being investigated on the same basis. 
Mr. Marples said that Mr. C. D. Buchanan had started 
his investigation into road transport before Dr. Beeching 
began his, and the Report was expected to be published 
in November. 

Even on the part of members most closely concerned 
with social effects of closing lines serving sparsely popu- 
lated areas, including holiday resorts, there was no failure 
to recognize the need for change. What was emphasized 
was the magnitude of the alternative expenditure that 
might be involved and the possibility that social dis- 
ruption might result in some areas without any gain to 
the nation as a whole. The Minister for Transport fully 
accepted the Government’s responsibility in regard to 


_ closures and undertook to make his decision on any 


proposal entirely on the merits and circumstances. 

The proposals for closure not unnaturally attracted 
major attention in the debate, but they are not to be 
considered apart from the other proposals, for the various 
lines of action, as the Report stresses, are strongly inter- 
dependent. Co-ordination of passenger parcels services 
with the Post Office is proposed, and the block-train 
movement of coal is to be increased by inducing the 
National Coal Board to provide train-loading facilities at 
collieries and encouraging the establishment of coal con- 
centration depots, in collaboration with the National Coal 
Board and the distributors. These latter proposals 
exemplify a tendency in the Report to advocate the 
contracting out by the railways of costs which must in 
consequence be borne ultimately, as Mr. G. R. Straus 
pointed out, by the public or by others—in this instance, 
the National Coal Board. It is also proposed to reduce 
the uneconomic freight traffic passing through small 
stations by closing them progressively, but with regard 
to the preservation of potentially good railway traffic and 
by adjustment to charges. More siding-to-siding traffic 
suitable for through-train movement is to be attracted by 
operating such trains at the expense of the wagon for- 
warding system and by providing time-tabled trains of 
special stock to meet the requirements of customers. 

The outstanding proposal in this connexion is the study 
and development of a network of ‘liner train’ services 
to carry flows of traffic which, though dense, consist of 
consignments too small in themselves to justify through- 
train operation. These trains are intended to take the 
maximum advantage of the low cost of fast through- 
traffic movement and will link the main centres of industry 
and population by fast, regularly scheduled through-trains 
composed of specially designed, permanently coupled low 
flat wagons taking large containers of the newly recom- 
mended international cross-section of 8 ft. x 8 ft. in 
length nodules of 10, 20 and 30 ft. Besides these advan- 
tages of fast working and easy loading, they eliminate 
expensive double handling and wagon movement on rail 
to assemble freight from small terminals, drastically reduce 
documentation and door-to-door costs for distances of 
100 miles or more and offer freedom from pilferage. The 
system is expected to be in operation in 1964. 

Freight sundries traffic is to be concentrated on about 
100 main depots, many associated with liner train depots, 
and carriage of main flows of sundries of liner trains will 
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probably be coupled: with passenger parcels and possibly 
Post Office parcels and letters. Freight wagons will be 
rapidly and progressively withdrawn over the next three 
years and steam locomotives replaced by Diesel loco- 
motives for main-line traction up to a probable require- 
ment of some 4,000, while the composition and use of the 
railways’ road cartage fleet will be rationalized. These 
proposals are supported by an impressive series of 
traffic studies and maps which fully substantiate, at 
least from the purely economic point of view, the bulk 
of the proposals. However, the validity of the sampling 
has been questioned in some instances, and some un- 
easiness may be felt as to whether sometimes the rail- 
ways have not deliberately priced themselves out of 
particular services. Low standards of service result in 
disuse, and if the extent of use in some lines were not so 
microscopic, reservations as to the magnitude of the use 
and demand for a reasonably efficient rail service might 
well be entertained. It is not solely of services in Scotland 
that the remark of the Earl of Cromartie on May 1 is 
true, that British Railways in the past have sometimes 
actively tried to discourage the use of railways, or Lord 
Ferrier’s remark that the inconvenience of some services 
made them unattractive as they stand at present. 

The other major aspect of the Report which received 
particular attention in the debate was that of staff and 
redundancy, and to this two sections are devoted. Leaving 
this question, however, with the comment that, as was 
generally recognized in both Houses of Parliament, what- 
ever charges may be brought against industry generally 
for failure to foresee and deal with redundancy they 
cannot fairly be made against the proposals of the Beeching 
Report. The Report faces these issues essentially on the 
lines recommended in a study of redundancy by the 
Acton Society Trust some five years ago. Whether the 
other major proposals of the Report should all be accepted 
for immediate action may well be a matter of opinion. 
The calculations of the operating costs ofstopping passenger 
services have been criticized by some economists, although 
others on the staff of the National Institute of Economic 
and Social Research estimate that implementation of the 
proposals will offer net savings to the nation of £25-£30 
million a year. Against present costs on the railways of 
£40-£47 million a year they estimate that transfer to 
roads of this traffic should cost no more than £14-5 
million a year. More detailed calculations by Mr. D. L. , 
Mumby in an article in the June issue of the Journal of 
Industrial Economics, while agreeing that it is absurd to 
think of retaining trains carrying less than twenty people 
at 2d. and then only when they do not bear more than 
the direct movement costs, suggests that it might be 
helpful to examine more carefully train loading rather 
than flows of traffic. He quotes figures on the basis of 
the Beeching Report to indicate conditions which could 
be brought about under which healthy train services 
could be run more widely than the Report admits, and it 
may be doubted whether the scientific analysis of the 
problem is quite complete, as the Lords debate in par- 
ticular appeared to accept. While there is an almost 
overwhelming case for action on many individual pro- 
posals, there are manifestly others on which there is a 
decided difference of opinion. Moreover, it is important 
that the procedure adopted should provide every oppor- 
tunity for effective prior representation to be made by 
interests concerned which may sometimes have a vital 
bearing on the economic as well as the social welfare of 
the whole community. 
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COMPARATIVE ENDOCRINOLOGY 


Animal Hormones 

A Comparative Survey. By Dr. Penelope M. Jenkin. 
Part 1: Kinetic and Metabolic Hormones. (International 
Series of Monographs on Pure and Applied Biology. 
Division: Zoology, Vol. 6.) Pp. xv+310. (London and 
New York: Pergamon Press, 1962.) 45s. net. 


URING recent years the study of comparative 
endocrinology has attracted an increasingly large 
number of workers, and the data that they have gathered 
begin to form an adequate foundation for general- 
izations about groups of hormones and their action. 
In her book, Dr. Jenkin abandons the traditional approach 
to endocrinology, namely, that of listing endocrine organs 
and their hormones; in favour of a more physiological 
approach. She classifies hormones according to their 
action and thus deals with endocrine activity under the 
three main headings of kinetic, metabolic and morpho- 
genetic hormones. Her work is planned in two volumes, 
and this, the first, deals with kinetic and metabolic 
hormones. It is a pity that it was not possible to publish 
both volumes simultaneously since the actions of meta- 
bolic and morphogenetic hormones are closely integrated 
in growth and development. 

The history of the endocrinology of vertebrates and 
that of invertebrates differ in one very important respect. 
Vertebrate endocrinology was based on morphology; 
the structure of the endocrine organs was known before 
their function was established. Endocrine function in 
the invertebrates, however, was established experimen- 
tally before the sources of the hormones had been determ- 
ined precisely. Many of the early experiments, especially 
on invertebrates, involved reciprocal injections of crude 
extracts between animals of different species and even 
phyla. Dr. Jenkin very wisely avoids these on the 
grounds that they are apt to lead to unsound physiological 
deductions. She has instead chosen separate instances of 
endocrine control in members of different phyla and 
placed these side by side to show that unrelated animals 
may have hormones with similar actions. 

Since it is the expressed intention of the book to 
point to similarities in hormones by classifying them 
according to the functions which they control, it is 
therefore pertinent to enquire whether the comparative 
and physiological approach does, in fact, in our present 
state of knowledge, tend to reveal similarities. Certainly 
there are broad resemblances in the effect of hormones, 
yet it is clear that many hormones which have somewhat 
similar effects may have little else in common. For 
example, the ‘kinetic’ hormones, which are defined here 
as those which act on effectors in ways which often resemble 
the effects of nerve stimulation, seem to include small 
and large molecules of very different chemical structure; 
they are derived from modified nervous tissue, non- 
nervous ectoderm or endoderm; moreover, some appear 
to be excitatory and some inhibitory in their effects on 
their target organs. : 

In the hands of a skilful and experienced teacher 
like Dr. Jenkin, or as an adjunct to a more traditional 
book on endoerinology, this book could prove valuable 
and stimulating. The text is clear and there are useful 
tables and some very helpful illustrations. It is not 
surprising, in view of the wide field of knowledge en- 
compassed, that there are some misleading statements. 
For example, the text suggests that vasopressin and 
antidiuretic hormone are two distinct entities, and it is a 
pity that the pituitary of the rabbit has been chosen as an 
example to illustrate the blood supply to this organ as the 
condition in this species is not typical of mammals as a 
whole. There is also, perhaps, a certain unevenness of 
treatment, with too great an emphasis on invertebrate 
endocrine control, and the attempt to present a complete 
comparative account has led to a somewhat fragmentary 
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presentation which makes the book more suitable as a 
reference manual than as a text-book. Dr. Jenkin has, 
however, performe 1a very valuable service by presenting 
to endocrinologists a comparative survey which contains 
a great deal of material which is not available in other 
books on endocrinology. The comparative physiological 
approach is thought-provoking and a necessary prelimi- 
nary to a consideration of whether, at the biochemical 
level, there may be certain fundamental features of 
endocrine control. Francis KNOWLES 


_ PROBLEMS IN CANCER 
RESEARCH 


Progress in Experimental Tumor Research 
Vol. 3. Edited by F. Homburger. Pp. xvi+456. (Basel 
and New York: S. Karger, 1963.) 81 Swiss Francs. 


HE third volume of this series is, if anything, of a 

higher standard and of greater interest than its 
predecessors. It is dedicated to the late and universally 
respected Francisco Duran-Reynals, and contains an 
excellent review on the combined effects of chemical 
agents and viruses by his widow and co-worker. Experi- 
mental work in this interesting field from 1923 until the 
present day is critically discussed and the chapter as 
a whole provides an excellent background for the one 
which follows by Kotin and Wiseley. The latter provide 
a well-illustrated account of their experimental induction 
of squamous cell carcinomas in the lungs of mice by 
inhalation-exposure to 3 strains of influenza virus .and 
aerosols of hydrocarbons. Stansly discusses the similari- 
ties and differences of Various virus-induced leukemias 
and related diseases of mice. Among the points he em- 
phasizes at the end of his account are: (1) that some of 
these agents are antigenic, and others not; (2) that a given 
preparation of ‘an agent’ may induce histologically differ- ` 
ent lesions, and that it is not known whether this is due to 
multiplicity of agents or pluripotentiality of a single 
agent ; (3) that electron microscope studies show these 
agents to be of similar structure whereas biochemical and 
biological studies indicate marked differences. 

Dmochowski, as is typical of him, provides a long and 
competent chapter on tumour viruses with particular 
reference to the electron microscopic view of virus—host 
relationship. An important conclusion of this contributor 
is that: “There is a striking similarity between oncogenic 
and infectious viruses in respect of their structure and the 
mode and sites of their replication”. Bernhard covers 
some of the same ground in his chapter, “Some Problems 
of Fine Structure in Tumour Cells”. However, the main 
emphasis here is on the variety of cellular alterations 
observed during the development of oncogenic agents. 
The author writes : “Not only are the structure and size 
of these agents quite different, but also their location in 
the cells and the primary or secondary lesions which they 
induce. .. . It is hardly conceivable that the lesions which 
are visible in the electron microscope are, per se, respons- 
ible for the oncogenic process... .”” Bernhard looks to 
such methods as marking viral nucleic acids with radio- 
active tracers and combining autoradiography with 
electron microscopy to provide further advances in this 
field. - 

The strength of radiotherapy as compared with chemo- 
therapy as a weapon in cancer treatment depends on the 
elaboration of techniques for delivering its lethal effects 
at, and only at, the required points. Its weakness is its 
failure to discriminate between normal and cancerous 
tissues. In his chapter on the “Experimental Radio- 
therapy of Malignant Tissues”, Sikov devotes only a short 
space to the efforts made towards overcoming this weak 
ness. The transplantable rat hepatoma 5123, of Morris, 
has been described by Van Potter and others as an example 
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of a “minimum deviation tumour”. Tt was hoped that the 
study of such a tumour in comparison with the corre- 
sponding normal tissue would reveal important informa- 
tion concerning the fundamental nature of the cancerous 
change. In his chapter Morris describes the biological, 
morphological and biochemical characteristics of this 
and two other -similar tumours, and despite the many 
‘deviations’ from normal now observed concludes that the 
outlook for the discovery of key changes in neoplastic 
growth is “truly promising”. 

Bischoff’s chapter on the carcinogenesis of cholesterol 
leaves little more to be said on the subject unless and until 
tests for its carcinogenicity other than by subcutaneous 
injection into small rodents are developed. For in the 
light of the evidence gained from the use of this technique 
no one can reasonably doubt that positive results are 
obtainable when cholesterol is injected in this situation. 
However, the relevance of tumours obtained in such tests 
is open to question. Costa’s chapter entitled ‘“Cachexia, 
the Metabolic Component of Neoplastic Diseases” brings 
together many interesting aspects of tumour—host 
relations and makes stimulating reading. It is a pity 
though that he failed even to mention the related and 
topical problem of the carcinomatous neuropathies 
and myopathies. In particular the phenomenon, de- 
scribed by Croft}, of the abnormal sensitivity of some 
patients with a carcinomatous neuropathy. to muscle- 
relaxant drugs of the type used in anesthesia deserved 
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` mention. 


- All in all, this is an exceptionally useful and interesting 
volume and one which many workers in the cancer field 
will wish to read and have available for reference. 

F. J. C. Roz 
1 Croft, P. B., Brit. Med. J., i, 181 (1958). 


STEROID DRUGS 


Steroid Drugs 

By Norman Applezweig. Pp. xv+742. (New York: 
McGraw-Hill Book Company, Inc. ; London : McGraw- 
Hill Publishing Company, Ltd., 1962.) 194s. 


ROBABLY no field of investigation concerning natural 

products has given rise to a more extensive and inten- 
sive study than that of the steroids and closely related com- 
pounds. Although the correct structure for cholesterol, 
one of the most readily available steroids, was not defined 
until 1932, the volume of publications associated with this 
field has developed so rapidly as to be an almost intoler- 
able burden to the practising chemist, biochemist or 
pharmacologist interested in the various ramifications 
of this intriguing subject. 

The book Steroid Drugs by Norman Applezweig had its 
origins in a review published in the Chemical Week in 
1957. The popularity of this review indicated the real 
demands for an expanded version of it, which has been 
provided to meet the needs of “business men, pharma- 
ceutical executives, stockbrokers, some chemists, some 
teachers and perhaps even an occasional biologist and 
clinician’. Approximately one-third of the volume deals 
with a wide range of aspects of steroid drugs, including 
their chemistry and industrial developments, their 
biological and pharmacological activity. Obviously 
such a wide field can be covered only in a superficial 
manner, but none the less the author has provided within 
his terms of reference one of the most useful compilations 
available between the covers of a single book of the physio- 
logical, chemical and medical information concerning this 
most important group of compounds. 

The remaining two-thirds of the volume are perhaps 
even more valuable in many respects than the first part 
since they contain a vast source of information, in the 
form of tables, concerning the structures, biological 
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action, literature referencés, etc., of an extensive range of 
biologically active steroids. 

The book is written in the author’s own highly indivi- 
dual, pungent and somewhat unorthodox style and the 
result can only be regarded as a popular rather than a 
truly scientific exposition of the subject. But his long 
association with this field since its earliest developments 
has enabled him to furnish much interesting and normally 
difficultly accessible information concerning, for example, 
the political and economic background which has domi- 
nated the development of the present marketing organiza- 
tion for steroid drugs. While this information cannot be 
regarded as scientific, none the less it provides an appro- 
priate addendum to the total information which he has 
endeavoured to supply for the type of audience defined 
within his terms of reference. 

To those generally interested in the field of steroid 
drugs, it seems safe to say that the major use of this 
work will be as a reference volume. The book is well 
produced but unfortunately has a relatively high 
price, even by present-day standards. 

W. B. WHALLEY 


ELECTRON MICROSCOPY FOR 
METALLURGISTS 


Transmission Electron Microscopy of Metals 

By Prof. Gareth Thomas. (Wiley Series on the Science 
and Technology of Materials.) Pp. xiv+299. (New York 
and London: John Wiley and Sons, Inc., 1962.) 87s. 


ISTORIANS often find it convenient to divide the 
history of man into periods according to the materials 
which he is using during the age considered, such as the 
‘Stone Age’, ‘Bronze Age’, ‘Iron Age’. Modern man 
requires very sophisticated materials to meet his techno- 
logical demands; in fact his machines for producing energy 
and movement are limited in their capacity only in the 
quality of materials available for their construction, 
unlike primitive man where motive power was the chief 
limitation. As a result of this great interest in materials, 
a large proportion of modern research has been devoted 
to the investigation and development of new materials, 
particularly metals. 

The investigation of materials was set on a rational 
basis with the discovery of X-ray diffraction and the 
consequent development of modern crystallography by 
Laue, Bragg, Pauling, Hume-Rothery and many other 
well-known workers. The structure of the common metals 
and alloys and the rules governing their formation were 
determined soon after the end of the First World War, 
but ,these were not sufficient to explain fully all the 
properties of the metals. Many of the so-called ‘structure 
sensitive’ properties, such as work-hardening, slip, and 
erystal growth, vary with different metals in a way not 
easily explicable by the concepts of symmetry, packing 
and binding forces used for perfect crystals. Hence the 
investigation of imperfections in the crystals became very 
important. Imperfections and their properties were 
postulated by many early workers, such as Taylor}, but 
it was not until the advent of high-resolution electron 
microscopy that direct observation of these imperfections 
was obtained. 

Electron microscopy has been used for high-resolution 
investigations of biological materials by thin-sectioning 
using ultra-microtomes since 1942. Metals being far more 
opaque to electrons have usually been investigated by 
replication methods, mainly using carbon, but as these 
only reveal surface detail they are not suitable to observe 
details of imperfections. The techniques for thinning 
metals sufficiently to obtain transmission pictures have 
only been successfully devoloped in the past four years, 
and these techniques are usually considered very difficult. 
It is therefore with pleasure that we must welcome this 
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very readable and excellent book on transmission electron 
microscopy of metals by Prof. Gareth Thomas. 

Those of us who have taught electron microscopy to 
metallurgists for years know the difficulty of explaining 
many technical points which are perhaps not so obvious 
to the research worker with little teaching experience. It 
is at once obvious that Prof. Thomas is a good teacher as 
well as an experienced research worker, since those very 
difficult points, such as the theory of electron scattering 
and image formation, are discussed in some detail and 
at a comprehensible level. The section on specimen 
preparation should be very valuable and contains much 
useful information in a conveniently tabulated form. The 
limitation of the discussion to metals, with exception of 
a few paragraphs in the chapter on “Applications”, seems 
to restrict the scope of the book unnecessarily. 

There are a number of minor technical blemishes which 
in no way spoil the book, but those worthy of mention are 
(1) the explanation of Bragg’s law on page eleven does 
not clarify the reinforcement condition sufficiently well, 
especially as he refers to the lines b A b’, a C d’, first as 
normals, then as rays. If they are rays then they can 
never interact as their paths never cross. (2) In a discussion 
of electron diffraction which extends throughout the 
book Prof. Thomas never emphasizes the important fact 
that electron diffraction is best performed in a special 
apparatus and not in an electron microscope; this may 
explain why he states in the introduction that “probably 
the chief reason for the less rapid development of electron 
diffraction is that the interpretation of diffraction 
patterns . . . [is] out of the experience of many elec- 
tron microscopists”. It may well be that preparation 
of the more usual glancing angle specimens to give a good 
pattern is the real reason for the laggardly development 
of electron diffraction as compared with electron micro- 
scopy or X-ray diffraction. (3) In his list of electron 
microscopes on p. 100 the omission of the excellent and 
cheap Akashi seems serious. (4) The description of the use 
of ultra-microtomes for sectioning metals on p. 182 is far 
too brief. (5) His statement on p. 133 that ‘more people 
will want to use thin foils rather than replicas” may well 
not be true for the ordinary metallurgist, particularly in 
view of his dubious justification (p. 188) that thin metal 
films observed in strong electron beams really ‘represent 
bulk metals in their properties. 

A more serious defect of the book lies in the fact that 
the scientist cannot be without responsibility for the 
social and economic implications of his work. In this 
respect, Dr. Thomas suffers from the usual scientist’s 
blind spot of over-enthusiasm for his work regardless of 
expense: and application to the needs of industry and 
technology. For example, on p. 263 he states “‘that electron 
microscopes will soon be as widely used as light micro- 
scopes, even allowing for the fact that they are con- 
siderably more expensive”. It is difficult to -discuss 
prophecy until after the events forecast, but this statement 
surely just cannot be true. Electron microscopes are not 
only expensive in themselves but require extensive 
laboratory space and skilled staff. Can the problems which 
they are able to help solve in metals or related fields justify 
their expense to any but the larger research organizations, 
and sometimes not even there? It is very significant 
that on looking through Dr. Thomas’s list of references 
a very high proportion of them are British, mostly from 
workers in colleges and nationalized research institutions, 
and that the main application of transmission electron 
microscopy, estimating from the chapter on “Applica- 
tions”, is the investigation of dislocations in metals. Can 
the economist draw conclusions from this concerning 
the slow growth of British industry, especially some 
of the metal-using industries, like shipbuilding, and 
the poor performance of British scientific development 
in contributing to industrial profitability generally? 

` D. Lews 
2? Taylor, G.I, Proe. Roy. Soe., A, 145, 362 (1934). 
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PLANNING A NEW LABORATORY 


Laboratory Planning for Chemistry and Chemical 

Engineering i 
Edited by Dr. Harry F. Lewis. Pp. xiii+522. (New 
York: Reinhold Publishing Corporation; London: Chap- 
man and Hall, Ltd., 1962.) 160s. net. 


Ne most scientists who reach a fair degree 
of seniority in their profession are called on at some 
time to plan or to help to plan a new laboratory. On the 
first occasion, they usually tackle this with enthusiasm, 
pride and little else, other than their own prejudices or 
knowledge of the deficiencies of the laboratories they 
have themselves worked in. This book will help them to 
do & better job—even if they are not doing it for the first 
time. 

Prepared by a committee of the U.S. National Academy 
of Sciences, assisted by many contributors, it explores the 
various areas of knowledge and skill that have to be co- 
ordinated to build a modern laboratory. They have the 
laboratory planner in mind, not the architect, designer, or 
builder, although all these should learn something from 
it to help them in their tasks. One should not look for 
discussion of the principles behind laboratory plan- 
ning so much as useful factual data on how to go about 
it. 

The first section deals with the organization of a project 
of this sort, the relationships between sponsors, planners, 
architects, ete., and the information required from the 
planner in presenting his functional specification. The 
second contains chapters on such general considerations as 
site selection, materials of construction and flow-pattern 
within the building, while the third is concerned with 
engineering services and laboratory furniture. <A section 
is then devoted to health and safety factors—-a most 
desirable feature, as all too frequently such matters are 
not given the importance they deserve at an early stage 
in laboratory design. 

The main section goes much more deeply into the 
requirements, and engineering solution of the specific 
problems, of different types of laboratories such as pilot 
plant, hospital research (in which, unfortunately, no 
reference is made to requirements of careful air-flow and 
air filtration), high-pressure, air-conditioned rooms (but 
without reference to dust-free conditions as required in 
many modern laboratories) and different types of labora- 
tories using radioactive materials. This section contains 
a wealth of carefully prepared information and sets a 
high standard in detailed planning. This is followed by a 
similar treatment of university and college laboratories, 


, while. a final section describes a number of industrial, 


Government and university laboratories built since 1950— 
not particularly useful except to remind us how unimagina- 
tive has been the response of architects to the challenge 
of laboratory building. 

All chapters have ample references which add consider- 
ably to their usefulness and editorially the work is success- 
ful in that an immense amount of information and com- 
ment is co-ordinated and controlled without appreciable 
overlapping or lack of balance. 

Being an American work its main concern is with those 
mammoth laboratory projects which proliferate in the 
United States but seldom occur outside Government 
establishments in Great Britain, and, of course, it refers 
to American engineering standards and practice. Also 
the reader will have the usual difficulty with American 
usage of the language—thus “laboratory planning for the 
academic function” instead of “planning teaching labora- . 
tories”. . 

The greatest value of this work will be in reminding the 
laboratory planner of the type and scope of the questions 
he has to ask, and the depth to which he has to explore 
them, before he knows what'he wants and how to ask for 
it. P. A. F. WETE 
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“THE RAYS ARE NOT COLOURED’’™* 
By Pror. W. D. WRIGHT 


Imperial College of Science and Technology, 
University of London 


NE of the advantages of writing about some great 
figure of the past is that you feel under an obligation 
to make a proper study of his works. Certainly, for this 
occasion, I have read Newton’s Opticks with greater care 
than ever before, and I have found it a very revealing 
experience. It is-so easy to be misled by popular miscon- 
ceptions. If we were asked how many colours Newton 
found in the spectrum, I imagine most of us would 
reply “seven”. In fact he stated: “The Spectrum did 
appear tinged with this Series of Colours, violet, indigo, 
blue, green, yellow, orange, red, together with all their 
intermediate Degrees in a continual Succession perpetually 
varying. So that there appeared as many Degrees of 
Colours, as there were sorts of Rays differing in Refrangi- 
bility”. This almost reads as if Newton had just finished 
measuring his wave-length discrimination curve on the 
colorimeter in our Optics Section, although the sensitivity 
of the eye to differences of colour cannot really compete 
with the chromatic resolving power of the modern spectro- 
scope. 

Newton’s Opticks consists in the main of a series of 
propositions, theorems and descriptions of experiments, 
but after some 100 pages mainly devoted to prisms and 
refrattion and the examination of the spectrum, we 
suddenly encounter a definition. I find this rather 
puzzling. It is almost as if Newton needed to reassure 
himself about the nature of light and colour before he 
could make further progress. The definition is this: 


“The homogeneal Light and Rays which appear red, or 
rather make Objects appear so, I call Rubrifick or Red-making ; 
those which make Objects appear yellow, green, blue, and 
violet, I call Yellow-making, Green-making, Blue-making, 
Violet-making, and so of the rest. And if at any time I speak 
of Light and Rays as coloured or endued with Colours, I would 
be understood to speak not philosophically and properly, but 
grossly, and accordingly to such Conceptions as vulgar People 
in seeing all these Experiments would be apt to frame. For 
the Rays to speak properly are not coloured. In them there is 
nothing else than a certain Power and Disposition to stir up a 
Sensation of this or that Colour. For as Sound in a Bell or 
musical String, or other sounding Body, is nothing but a 
trembling Motion, and in the Air nothing but that Motion 
propagated from the Object, and in the Sensorium ’tis a Sense 
of that Motion under the Form of Sound; so Colours in the 
Object are nothing but a Disposition to reflect this or that sort 
of Rays more copiously than the rest; in the Rays they are 
nothing but their Dispositions to propagate this or that Motion 
into the Sensorium, and in the Sensorium they are Sensations 
of those Motions under the Forms of Colours.” 


It is, of course, from this definition that I have taken 
my title “The Rays are not Coloured”—a title which I 
might have extended to include objects as well as rays. 
In many ways this is a model definition, for it is precise 
yet tolerant. Newton rightly insists that the rays are 
not coloured, yet he admits that he may at times speak 
of them as such, even as vulgar people do. 

If the rays are not coloured, what are they ? In modern 
terminology we might describe them as carriers of informa- 
tion—information about the disposition of an object to 
reflect this or that sort of ray more copiously than the 
rest. 


* Substance of the first Newton Lecture of the Colour Group (Great 
Britain), delivered on April 3. 


We have been hearing a great-deal recently about the 
possibilities of transmitting information using an optical 
maser. It is claimed, for example, that it .would be 
possible to transmit 20 television or 20,000 voice channels 
simultaneously even over an incoherent infra-red beam. 
Something vastly greater than this may be possible once 
a way has been found to modulate the highly coherent 
light from an optical maser used as a single carrier. 

There is, however, a striking contrast between this 
process and the one with which we are concerned in the 
Colour Group. The value of the maser beam as a trans- 
mitter of information lies in the fact that it provides a 
strictly monochromatic, highly coherent, wave motion. 
For information about the colour of an object we require 
exactly the opposite—an illuminant giving a highly 
incoherent, highly non-monochromatic radiation—a beam 
of ordinary white light, in fact. 

When a coloured surface is illuminated, some of the 
incident energy is absorbed and some is reflected back after 
penetrating into the colorant layer. It is the absorption or 
subtraction of the energy in specific parts of the spectrum 
which gives the surface its colour. We might compare 
this to making a footprint in the sand, the spectral 
absorption of the surface making its characteristic depres- 
sion or imprint on the energy distribution of the illuminant. 

This analogy is instructive to the extent that you get a 
clearer impression on the sand when the surface of the 
sand. is smooth, just as you get a more correct record òf 
the characteristic absorption of the coloured surface when 
the illuminant has a smooth energy distribution curve. 

However, it is only partly correct to say that the colour 
of a surface is determined by the subtraction of energy at 
specific parts of the spectrum. In the sense that energy is 
removed from the incident illumination by absorption, 
this may be described as subtraction. But it is not sub- 
traction in the sense of arithmetical subtraction, for it 
is not a given amount of energy that is removed but a 
given fraction or proportion of the incident energy. This 
means that the light which enters our eyes contains the 
characteristic imprints of both the illuminant and the 
surface. , 

This is the heart of the colour-rendering problem. We 
are familiar with the dramatic change in colour which 
occurs with certain green dyed materials when they are 
viewed first in daylight and then under tungsten illumina- 
tion. Some dyes give a high reflexion in both the green 
part of the spectrum and at the far red end; and it is this 
property, taken in conjunction with the steep rise at the 
red end of the tungsten spectrum, which causes the material 
to change in appearance from green to brown. 

This only happens with unusual dyes; but the experi- 
ment demonstrates the distorted colour rendering that 
can sometimes occur under tungsten lighting because of 
its excess red energy. In general, however, the tungsten 
distortions are far smaller and more acceptable than 
we have any right to expect, and we must attribute this 
partly to the capacity of the eye to adapt to the prevailing 
illumination and partly to the smooth energy distribution 
curve of the tungsten source. 

The colour rendering of fluorescent lamps presents more 
intricate problems, as our lighting engineers know only 
too well. In this case the energy distribution is more 
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Fig. 1. Relative spectral energy distribution of typical ‘Deluxe’ 


uorescent lamp (6,500° K) 


spiky and irregular than that of a Planckian radiator, 
being a combination of the radiations from the phosphors 
in the tube and of the mercury line spectrum (Fig. 1). 
The imprint of the illuminant may then become a more 
noticeable characteristic of the light entering our -eyes 
than the imprint of the surface. 

This does not necessarily mean that the fluorescent lamp 
has poorer colour-rendering properties than the tungsten 
lamp, and I would like to refer to one current application, 
on which I was approached for advice recently, where this 
is not the case. This is the question of which is the best 
illuminant to use in the clinical study of cyanosis. Cyano- 
sis is the bluish hue acquired by certain parts of the body 
such as the lips or the finger-nails or the lobes of the ears 
when. the amount of oxygen in the blood decreases. It is 
due to a fall in the proportion of oxyhemoglobin and a 
corresponding rise in the reduced hemoglobin of the 
capillary blood. 

Medical men are agreed that the assessment of cyanosis 
is more difficult in tungsten light than by daylight. 
Bluish lips, for example, tend to look darker rather than 
bluer, because there is insufficient blue energy in the 
tungsten spectrum for the reflexion characteristics of the 
lips to make an adequate impression. A source with 
better colour rendering is therefore required. 

Does the fluorescent lamp provide such a source ? 
The answer could well be “Yes’, since there is no shortage 
of energy at the short-wave end of the spectrum, but it 
depends on whether the absorption characteristics of 
oxyhemoglobin and reduced hemoglobin can be effec- 
tively impressed on the fluorescent energy distribution. 


Hemoglobin has some rather sharp absorption bands in. 


the visible spectrum and the change in absorption in 
passing from the oxy to the reduced form might be con- 
cealed or distorted by the spiky fluorescent spectrum. 
Thus the spectral transmission curves of two concentra- 
tions of both oxyhzemoglobin and reduced hemoglobin 
are shown in Fig. 2. (Transmission curves have been taken 
to highlight the problem, although in the clinical detection 
of cyanosis we are dealing with the reflexion of light by 
the lips, ears, etc.). If the energy curve in Fig. 1 is multi- 
plied by the transmission curves in Fig. 2, and the product 
for the reduced hemoglobin is subtracted from that for the 
oxybxmoglobin, we obtain the difference curves shown 
in Fig. 3 for the two concentrations. These difference 
curves, which contain both the imprint of the hemoglobin 
and of the illuminant, have to lead to the appropriate 
change in colour associated with cyanosis if the source 
illustrated in Fig. 1 is to be acceptable as an illuminant. 
At least I hope that my lighting friends will agree that 


this is a problem which calls for more exact treatment 
-o 
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than that afforded by the spectral band method of assess- 
ing the colour-rendering properties of fluorescent lamps. 
This is too coarse a tool for the purpose, and a more 
refined technique, combining spectroradiometry with 
colorimetry, might well bring out the special merits of the 
fluorescent lamp as a medical illuminant. 

This applies also to the assessment of the merits of 
fluorescent lighting for general use in hospitals, where we 
are concerned with other colour changes besides that due 
to cyanosis. Since we are all potential raw material for 
hospitalization, we have a very personal interest in ensur- 
ing that the type of lighting which is used is capable of 
carrying the correct information from the skin of the 
patient to the sensorium of the doctor or the nurse. 

The operating theatre poses special lighting problems, 
too, and I have always understood that one of the re- 
sponsibilities of the anesthetist is to watch for any change 
in colour of the patient. However, to judge from a recent 
television programme in the series “Your Life in Their 
Hands”, the anesthetist is becoming increasingly mechan- 
ized, and I can only hope that he, or she as it was in this 
programme, can spare an occasional glance for the patient. 
I still have very considerable faith in the sensitivity of the 
human eye and the intelligence of the human brain. 

I would like to turn now to another aspect of illumina- 
tion. I referred earlier to the light from an optical maser. 
Now the maser beam is not only highly monochromatic, 
but is also extremely parallel. It is the closest approach 
to a uni-directional beam of light which has so far been 
produced, very much more directional than a searchlight 
beam, for example. | 

This is quite different from the normal situation in 
which we live and work and play. In a lecture theatre, 
for example, there may be at least 50 separate primary 
sources of light and one is also surrounded by a continuous 
array of secondary sources—ceiling, walls, panelling, 
benches, floor and so on—extending virtually over á solid 
angle of 4x. It is scarcely possible (and certainly I am 
not going to attempt it) to compute the vast amount of 
information about the world around us which is being 
contributed by this multi-directional illumination. Still 
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Fig. 2. Spectral transmission curves of oxyhwmoglobin and reduced 
hemoglobin. The upper curves refer to hemoglobin diluted 1 to 1,600; 
the lower curves to a dilution of 1 to 100 (ref. 1) 
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less would I be prepared to contrast this information 
with the amount that can be transmitted over a uni- 
directional maser beam. It is enough to realize that both 
are very great. 

Yet I want to illustrate the type of information we 
receive by a very simple example—a polished metal object, 
for example. How do we know it is metal ? Mainly by 
its specular reflexion—the high-lights and the low-lights 
reflecting the light and dark objects and sources in its 
neighbourhood; and if it happens to be a coloured metal 
like copper or gold, then the high-lights will be coloured 
by-the characteristic hue of the metal, unlike the colour- 
less high-lights in most other types of specular surface. 
Perhaps it may seem strange to suggest that we. need 
multi-directional illumination to recognize the specular 
reflexion of a metal, for when we have an illumination 
which is completely diffuse, the distinction between a 
glossy and matt surface disappears. Yet what we have to 
remember is that when we look at a surface we do so from 
a given direction. Our viewing is uni-directional. Thus 
if I had a flat polished metal plate on the lecture bench, 
and illuminated it, say, by the light from one of the pro- 
jectors in the projection booth at the back of the lecture 
theatre, it would appear quite dark to my audience. In 
fact, if we were able to prevent other objects in the room 
from being illuminated, the audience would be unable to 
distinguish the metal plate from a piece of black paper. 
Yet identification of the plate as polished metal would 
immediately become possible, once you could see the 
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blackboard and other furnishings beyond the plate 
mirrored in its surface. 

We are familiar enough with these secondary reflexions 
when we are looking at a shiny metal object; but we tend 
to ignore them in the case of more diffuse surfaces. The 
primary source of light in a room may be a tungsten lamp 
or @ fluorescent lamp; but the illumination on any given 
object in the room will be compounded from this primary 
source together with the light reflected from all the other 
surfaces in the room. In fact, the spectral composition of 
the illumination will vary from object to object, depending 
on the proximity of other coloured objects acting as 
secondary sources. If we stopped to think where the light 
had been before it entered our eyes, we should be too 
baffled to interpret the pattern we see. As it is, out of all 
this complexity,. our brains extract the essential reality 
before us—a Constable painting, a bowl of fruit, a pretty 
girl in a red dress—as the case may be. 

I am now in danger of devoting the rest of this article 
to metaphysics—to the nature of reality. It is interesting 
that this is where Newton’s definition has led us—or at 
least where it has led me—but I am aware that specula- 
tions of this kind may not be very profitable. So let me 
return to optics. 

I had occasion last year to make an investigation of 
structural colours in Nature—colours due to light scatter- 
ing and to thin film interference as distinct from pigment 
coloration. There are some remarkable examples of this 
among birds and beetles and butterflies, and I would like 
to refer to some of the measurements which I tried to make. 

Interference colours are very familiar to us in soap 
bubbles and in the films of oil we see on the road. They 
arise because of the optical path difference D between the 
reflexion at the two surfaces of the film, where D = 2nd 
eos @ {n is the refractive index of the film, d its thickness, 
6 the angle of incidence within the film). This path 
difference gives rise to a difference of phase § between the 


2 
= . 2nd cos 0. There will also be 


an additional phase retardation of m for a reflexion at a 
denser medium. 

Since the two beams will be in phase for some wave- 
lengths and out of phase for others, the intensity of the 
reflected light will vary through the spectrum, hence the 
production of interference colours. If the film varies in 
thickness, a series of colours are seen which have the 
appearance of a succession of spectra, strongly coloured 
in the first-order spectrum where the film is thinnest but 
becoming paler and desaturated in the higher-order 
spectra. These colours were, of course, known to Newton 
and described by him, and in more recent times have been 
plotted on the Commission Internationale de l'éclairage 
chromaticity chart. 

This is a straightforward piece of physics; but because 
only some 3 or 4 per cent of light is reflected at each of 
the surfaces of a thin film of oil, the intensity of the 
reflected light is relatively low, so that the colours will 
only show up strongly when seen against a dark back- 
ground, as with an oil film on a road surface. The inten- 
sity of reflexion becomes much higher, however, in a 
structure consisting of a series of thin laminations of 
transparent media of alternate high and low refractive 
index. The reflected light then consists of a series of 
multiple reflexions of diminishing intensities and increas- 
ing phase retardations. 

The theoretical analysis of multilayer interference is 
complex, and I thank Dr. W. T. Welford for some valuable 
discussions on this subject?. In general it may be said 
that for the case of a periodic stricture consisting of a 
two-layer sequence repeated many times, the wave-length 
of maximum reflexion is the same as that for a single two- 
layer element, but the multiple beams unite to give a very 
much higher reflexion. 

The spectral reflexion curve consists of a central band 
of high reflexion viin subsidiary bands at wave-lengths 


two beams, where § = 
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band is a function of the difference in refractive index of 
the alternating layers, thè smaller the index difference 
the narrower the band-width. The intensity and distribu- 
tion of the subsidiary bands are, however, affected to a 
marked extent by the nature of the bounding media of 
the lamination. 

As the direction of illumination becomes more oblique, 
the wave-length of maximum reflexion moves down the 
spectrum so that a thin film may change in colour from 
green to blue or violet in passing from normal to grazing 
incidence. The effect with multilayer films is particularly 
striking because of their high reflexion. An example of 
this effect is provided by the beetle Chrysochroa fulminans, 
where the colour may range from a gold to a green. This 
variation is due to the curvature over the body of the 
beetle and the consequent change in direction of the 
incidence and reflexion of the light. 

I measured the spectral luminance factors for two angles 
of incidence and the curves obtained correspond to what 
would be expected for multilayer interference*. Indeed, 
from the shift in the wave-length of maximum reflexion 
from 0:573p to 0:524u. with change in angle of incidence 
from 10° to 45° it is possible to calculate that this change 
would be expected in a film of refractive index of about 
1:4. 

You may have noticed that I described the colour of the 
reflexion as gold. This is, I think, a fair description and 
it justifies the term ‘metallic reflexion’ which, as I men- 
tioned earlier, we associate with surfaces having a high 
specular reflexion which is also coloured, even though 
there is no metal in the beetle’s scales. 

In another type of beetle, Heterorrhina elegans, we 
again have a very high green reflexion with a very narrow 
spectral reflexion curve’. This must be due to multi- 
layer interference, and I have no-doubt our commercial 
colorists wish they could emulate Nature in producing 
such a brilliant, spectrally pure, green reflexion. It not 
only has the merits of brilliance but also of permanence. 
I believe the green scarab beetles which were used to 
decorate the ancient Egyptian tombs were of this type. 
There is, however, something odd about this particular 
beetle, since the top surface specular reflexion is colour- 
less, suggesting that the multilayer must lie some way 
below the surface. This suggestion is supported by the 
observation that, as you move your head, the illuminated 
green area appears to move, giving it an ‘enamelled’ 
appearance. Attempts by Masont some 30 years or so 
ago to unravel the structure of the surface by examination 
under the microscope did not reveal any laminations, but 
this may have been due to the small difference in refractive 
index between the layers which is indicated by the narrow 
reflexion curve. Perhaps a modern interference or phase 
contrast microscope might reveal them. Mason did, 
however, observe some fine rod-like structures normal 
to the surface which may be responsible for the enamelled 
appearance. 

The most remarkable specimen I have measured was 
the South American Morpho butterfly the wings of which 
are a brilliant iridescent blue. This is very familiar, if 
not in the form of a butterfly, at least in the form of 
brooches and other decorations for which its wings are 
often used. When we look at the wing, what do we see ? 
A brilliant blue reflexion which changes to violet as we 
view it at grazing incidence. Surely an example of multi- 
layer interference, a conclusion which would at first 
seem to be confirmed from measurements of the spectral 
reflexion curves for different angles of incidence’. 

But with a flat multilayer film, such as a dichroic 
mirror, light incident at a given angle will be reflected in 
a given direction on the other side of the normal, accord- 
ing to the ordinary laws of reflexion. Yet when you hold 
the wing up to the light, the brilliant high-light seems to 
extend over an unexpectedly wide range of angles. In 
fact, for each angle of incidence, it is possible to measure 
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a series of spectral reflexion curves at increasing angles 
to the normal. 

I wish, however, that before I had taken any measure- 
ments I had made a more adequate study of the polar 
reflexion characteristics of the Morpho wing, since this 
would have affected my selection of illumination and 
viewing conditions. 

For a thorough examination we need to illuminate the 
wing with a parallel beam of light at a given angle of 
incidence and then measure the luminance of the wing at 
various angles and orientations to the normal. The whole 
experiment then has to be repeated for other angles of 
incidence and for other planes of incidence: and if the 
investigation is to be really complete, each measurement 
should be repeated for a series of wave-lengths through 
the spectrum. 

In an attempt to short-circuit this very massive pro- 
gramme, I arranged for Mr. Kitchen to construct a hemi- 
spherical viewer (Fig. 4). The wing is mounted in a 
holder on an optical bench stand so that it can be located 
at the centre of curvature of the sphere. It can also be 
rotated about either a vertical or a horizontal axis. 
Illumination of the specimen is provided by a beam of 
light entering through a small aperture in the mid-point 
of the hemisphere on the axis of the system. ‘The inside 
of the sphere is whitened, and the light reflected from the 


wing can then be seen projected on the inner wall of the 
sphere. 
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Fig. 4. Hemispherical viewer for studying the polar distribution of the 
light reflected from the Morpho butterfly wing and other specimens 


In this way, you can very quickly obtain a general idea 
of the polar reflexion characteristics, both for different 
incidence angles and for different planes of incidence: 
and, in the case of the Morpho wing, the result is most 
instructive and surprising. 

You find that the specular reflexion, if we can call it 
that, occurs not in a single direction but is spread out 
over a band. Further, the colour changes from blue- 
green in the centre of the band to violet at either end. 
Also, the plane of the band is displaced by 10 or 20 
degrees from the normal when the incident light is normal 
to the plane of the wing. Most impressive of all, perhaps, 
is the intensity of the reflexion. 

All this can be seen almost at a glance, while if you 
look at the wing itself outside the reflexion band, you see 
that its colour is merely a dull velvety brown corre- 
sponding to the substratum of melanin. Clearly, these 
effects cannot be due to any simple multilayer interference 
and examination of the wing under the microscope is 
obviously called for. A low-power objective reveals a series 
of scales arranged in rows rather like the wooden shingles 
that one sometimes sees on country cottages, while a 
higher-power objective shows that each scale is covered 
by an array of fine ribs spaced lu or 2u apart. A check 
on the ribs confirms, as you would expect, that they 
run at right angles to the direction of the reflexion 
band. 

Surely, then, we are not dealing with a thin film inter- 
ference effect after all, but with a diffraction phenomenon 
in which the ribs are acting as a reflexion grating spreading 
the light out into a band, corresponding to the variation 
of the diffraction angle with wave-length. There are, 
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however, two objections to this theory. In the first place, 
with an ordinary reflexion grating, there should be an 
uncoloured reflexion for the specularly reflected light in 
which all the wave-lengths are in phase, although this 
objection would not apply if the structure behaved like 
an echelette or blazed grating. Secondly, the longer 
wave-lengths should be diffracted over the wider angle, 
whereas with the Morpho wing, the wave-length sequence 
is in the reverse order. 

If I were asked to deduce the structure of the wing 
from our observations alone I would conclude that the 
ribs were more or less semi-circular in cross-section and 
were built up of multilayers to give the high reflexion. 
For normal incidence and reflexion, the path difference 
would be a maximum and could correspond to @ wave- 
length maximum in the blue-green or blue. For light 
incident on either side of the ribs, the light would be 
reflected away from the normal and the path difference 
in the layers would be less, in agreement with the observed 
violet reflexion. The difficulty I see in this suggestion is 
whether space is available for all the layers that would 
be required to give the high-intensity multiple reflexion, 
seeing that the ribs are only about ly or 2u apart. This 
depends in part, of course, on the refractive index, and it 
would be useful if this could be measured. 

One point I have checked is that if the wing is illumin- 
ated with plane polarized light, the reflected beam is 
elliptically polarized. This means that the elongated 
structure of the scales, not surprisingly, is doubly refract- 
ing, and a rough measurement gave an optical path 
retardation of about 0:15 between the component with 
its vibration direction parallel to the rib and that with its 
vibration at right angles to them. 

So far as I have been able to discover, these spectral 
reflexion curves and polar reflexion characteristics of the 
Morpho are the first to have been reported, although some 
early measurements with a visual spectrophotometer 
have been mentioned®. I think the reason must be that 
most spectrophotometers are not easily adapted to 
measurements made for various directions of illumination 
and collection. The non-recording spectrophotometer in 
our colour laboratory* has, however, proved quite flexible 
in this respect. Also, we have a freedom to illuminate 
either a small area of the specimen down to 1 or 2 mm? to 
larger areas of 1 or 2 em?, 

I must, however, hasten to correct the impression that 
we are the first to have made any optical studies of the 
Morpho wing. Quite the reverse is the case. Many 
people have concerned themselves with the problem, 
including Michelson and Lord Rayleigh, and very exhaus- 
tive studies were made, particularly by Mason‘ and by 
others. The type of tests that have been applied has been 
the observation of the colour changes when the structure 
of the scales has been penetrated by various liquids of 
known refractive index, the changes when the structure 
has been swollen by exposure to certain vapours and the 
reverse colour changes when the structure has been com- 
pressed. Individual ribs or vanes have been examined 
and have shown the full range of colour, implying that the 
colour originates from within the ribs and not from inter- 
ference between them. Fox’ has given an instructive 
summary of these studies. 

The most detailed study of the structure of the scales 
has been that by Anderson and Richards? using the 
electron microscope. Their reconstruction of the ribs 
showed an extremely elaborate structure (Fig. 5), and 
they concluded that the coloration came from the multiple 
reflexions at the twelve or so longitudinal mullions in 
each of the hundreds of iridescent vanes. The inclination 
of the plane of these mullions to the plane of the scales 
would be responsible for the deflexion of the reflexion 
band from the normal. 

If this structure is essentially correct then I doubt 
whether we are really justified in describing the coloration 
as due to multilayer interference or at least solely to multi- 


NATURE 


1243 





Fig. 5. Structure of ribs on scale of Morpho butterfly wing as deduced | 
by Anderson and Richards (ref. 8) from their electron microscope ; 
investigations 


layer interference. It would seem rather pointless to 
argue, as has been the case in the past, that the effect 
must be due either to multilayer interference or to diffrac- 
tion, for he would certainly be a bold man who was pre- 
pared to say categorically that in a structure of that kind 
diffraction did not play some, part in the light distribution. 
It seems to me that each rib is itself a kind of three- 
dimensional diffraction grating, with a smaller separation 
between the vertical vanes than that between the hori- 
zontal mullions. This may account for the impression 
in our hemispherical viewer that there are really two 
parts to the reflexion band—a blue-green or blue central 
strip with rather distinct violet ends. More exact meas- 
urements of the polar reflexion curves for a series of wave- 
lengths at the short-wave end of the spectrum are clearly 
called for. 

One point that Anderson and Richards! made was that 
the thickness of the horizontal mullions increases towards 
the base of the vanes. This means that the theoretical 
analysis of the multiple reflexions will be even more 
complex than if it were a periodic structure consisting of 
exactly the same two-layer sequence repeated a number 
of times. : 

All this suggests to me that the Morpho wing would 
make a nice subject of investigation indeed for a budding 
Ph.D. student. The field of investigation is clearly de- 
fined, yet the results might well have wide implications. 
The work would involve a variety of experimental tech- 


-niques and there are a number of distinct questions to be 


answered. There is one type of question which I have 
not yet mentioned, namely, the function of the scales. Are 
they for adornment or do they have some function as 
optical filters, reflecting and rejecting the short-wave end 
of the spectrum but allowing the long-wave red light to be 
transmitted through to the underlying melanin layer ? 
Or is their primary function not concerned at all with the 
visible spectrum but with the infra-red or the ultra-violet 
regions ? There seems no end to the questions to be 
answered, and the whole field is full of promise for a lively 
and exciting collaboration between the biologist and the 
colorimetrist. 

Yot our spectrophotometer has its limitations. One 
of the specimens I have measured is the peacock’s feather, 
since the blue-green and purple colours in the ‘eye’ of the 
peacock’s wing also arise from multiple interference. In 
my measurements I illuminated an area some 2 mm wide 
by 8 mm long and obtained a reasonable spectral reflexion 
curve’, 

However, in the case of a feather, the colour arises from 
interference in laminæ located in the barbules of the 
feathers and these inevitably form a discontinuous series 
of reflecting elements at various inclinations to the general 
plane of the feather. Any spectral reflexion curve meas- | 
ured on our spectrophotometer is therefore much broader, 
and the values of luminance factor lower, than if in- 
dividual iridescent points on the feather had been 
measured. 
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For investigations on this microscopic scale it is neces- 
sary to link the-spectrophotometer to a microscope, as 
reported, for example, by Greenewalt, Brandt and Friol?’ 
in @ paper on the iridescent colours of hummingbird 
feathers. Their results confirm that the colours in this 
case are certainly due to multilayer interference and arise 
in platelets which are stacked 7-15 deep in the barbules 
of the feathers. 

We seem to have come a long way from. Newton’s 
definition about colour—or have we? What does the 
definition say: ‘‘Colours in the Object are nothing but a 
Disposition to reflect this or that sort of Rays more copi- 
ously than the rest”. That seems an excellent way to 
summarize how the particular beetles and butterflies 
and birds which I have mentioned get their colour. At 
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the same time, I think the ‘vulgar people’ are also right 
when they describe these beetles and butterflies as 
coloured. They certainly look coloured to me and I 
think they are intended to look coloured. But that is 
another story. 
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FUNCTION OF BIOLUMINESCENCE IN MESOPELAGIC ORGANISMS 


By Dr. WILLIAM D. CLARKE 


General Motors Defence Research Laboratories, Santa Barbara, California 


HE function of the photophores of mesopelagic 

organisms has intrigued biologists for many years. 
The photophores, despite variations in arrangements 
from species to species, are generally more numerous 
on the ventral surfaces of the body and characteristic- 
ally shine downwards in the actively swimming meso- 
- pelagic organisms such as squids, crustaceans and fishes. 
Secondly, the photophores which have evolved in these 
phylogenetically diverse groups are remarkable in their 
structural similarity. These photophores are typically 
cup-shaped organs situated in the surface tissues of 
the body. The open end of the cup is capped by alens 
or in some instances several lenes (for example, the 
sergestid shrimp). The inner surface of the cup is lined 
with a reflecting layer, while the light-producing cells lie 
in the cavity of the cup. Sometimes there are masking 
pigments present that can be drawn across the back 
surface of the lens to regulate the amount and colour of 
the light emitted by the photophores?. 

The question arises: Why should structurally similar 
photophores, predominantly ventrally located, evolve 
independently in squids, crustaceans and fish? The 
convergence suggests a common environmental factor or 
set of factors acting to produce similar structural modifica- 
tions in these organisms. The hypothesis advanced here 
offers a possible explanation for this convergence. Also, 
it would interrelate in a logical way three phenomena 
limited principally to the mesopelagic zone. They are 
the deep scattering layers, diurnal -migrations and bio- 
luminescence. Most of the evidence so far available 
suggests that the deep scattering layers as well as the 
organisms performing extensive vertical migrations are 
limited to the upper 500 to 800 m of the ocean®?. This 
is also the region of the ocean where bioluminescence is 
most highly developed in a wide variety of organisms. 
To quote Marshall* on this point: “Living between 
depths of 100 and 500 m is a community characterized 
more than anything else by luminescence... ”. The 
hypothesis propounded here suggests that there is a 
definite relationship between the light environment of 
the organisms of the scattering layers and their lumin- 
escence. The movements of the deep scattering layers 
and the organisms performing diurnal migrations appear 
to be most closely correlated with fluctuations in the 
amount of solar light reaching depth’. It is proposed 
here that the light produced by these animals in their 
darkened environment is used as a form of counter- 
shading to aid in their concealment from predators. 
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The ventral position and downward. orientation of the 
photophores on the body surfaces in many mesopelagic 
organisms strongly suggest a countershading pattern. 
In the translucent to nearly transparent euphausiid 
shrimp, the photophores are widely spaced along the 
ventral surface of the body. The point to be noted, 
however, is that the photophores are located under those 
structures that are least transparent, the organs of the 
cephalothorax and the gut. In the ‘more heavily pig- 
mented fish which are often opaque to transmitted light, 
the photophores are more numerous and closely spaced. 
The hatchet fish (Sternoptychiidae), for example, has the 
photophoros arranged in tightly packed rows along the 
ventral keel of the body, while the lateral photophores 
shine down silvery channels along the lower sides of the 
body. “Moreover, in some species of Argyropelecus, the 
one ventral portion of the body which is not provided with 
photophores occurs in the precaudal region where there 
is no pigmentation (Fig. 1). The lantern fish (Myctophidae) 
shows similar though less-complicated arrangements of the 
photophores, and species of Cyclothone have photophore 
patterns which show a very strong correlation in their 
placement with pigmented structures found in the body 
(Fig. 2). This arrangement suggests that they function 
to eliminate the shadowed area that would form on the 
ventral surfaces of the body in directional light. 

Considerable evidence has been gathered to indicate that 
protective coloration, of which countershading is a form, 
can be a distinct advantage to organisms®. This works 
both for prey and predator. <A protectively coloured 
organism can hide more effectively from predators; but 
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Fig. 1. Photophore distribution on a species of hatchet fish (Argyro- ` 
pelecus). Note that the photophores are predominantly ventrally located 
and shine downwards 
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Fig. 2. Photophore distribution on a species of Cyclothone. Note that 
the photophores lie under the heavily pigmented structures in the body 


at the same time a well-camouflaged predator can more 
easily approach its prey without detection. The question 
arises: How can light be used to make an animal less 
conspicuous ? ` 

Animals of the deep scattering layers spend the daylight 
hours at depths where the light-level is very low, 10-4 yW7/ 
em! and less. However, even under these low-level light 
conditions they are not completely hidden by the darkness 
of the environment. It would appear from recent in- 
vestigations that deep-sea fish have functional vision at 
light-levels as low as 10-° wW/cm? (refs. 7 and 8). This is 
far below the levels of light found in the environment 
of the deep scattering layers and there is no reason for 
believing that other animal groups associated with these 
layers do not have functional vision too. Light is still 
directional in the clearest oceanic waters at a depth of 
1,000 m (ref. 8) and so it seems likely that light is direc- 
tional throughout the mesopelagic realm during the mid- 
day hours. Under these conditions an animal when 
seen from below would appear as a dark spot in the down- 
coming light. For visual detection, viewing an object 
from underneath would be the optimal situation. A large 
number of fish living in this environment appear to hunt 
from below as indicated by their permanently upward- 
directed eyes. This suggests that they are taking maxi- 
mum advantage of the directional qualities of the light to 
silhouette their prey. Probably most of the predators in 
this environment, using visual means to locate their 
prey, hunt from underneath. A prey organism, however, 
could minimize this silhouette effect by using its photo- 
phores to match the light on its ventral surface with the 
downcoming light. A first reaction to this idea may be 





Fig. 3. Demonstration of the use of photophores in eliminating the body 

silhouette. Hold a hand-lens close to the eye so that it cannot focus 

sharply except on objects yery nearby. When the distance between 

the figure and the observer is small, both of the silhouettes can be seen, 

As the distance increases between the figure and the observer, the 

silhouette with photophores disappears muck sooner than the solid one 
oes 
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unfavourable if the bright flashés given off by luminescent 
organisms are recalled. Thesé strong flashes, far from 
concealing, probably serve other purposes such as recog- 
nition or-warning. It is proposed that continuous low- 
level luminescence is used for eliminating the body 
shadow. 

There has been some doubt expressed in the literature 
that luminescent organisms are capable of producing a 
continuous glow from their light organs. A closer scrutiny 
of the literature, however, reveals some evidence of light 
production for long periods. Specimens of the fish, 
Ohauliodus sloani, taken in the Mediterranean have been 
observed to produce a continuous blue light for periods 
up to 45 min’. The luminous organ of the interesting 
little mollusc, Spirula, has been observed to glow unin- 
terruptedly for hours!®, Although not marine, a lumines- 
cent millipede has been reported in the literature which 
glows continuously over the 24-h period of the day™. 
I have also observed a specimen of the fish, Porichthys 
notatus, producing low-level luminescence for almost 1 h 
after being injected with adrenaline. It would appear 
then that long-period, low-level luminescence does occur 
in light-producing organisms. - 

Equally important to the argument for this hypothesis 
is tho fact that the luminescent mesopelagic organisms 
which have been investigated produce light that is the 
same colour as the solar light reaching the depths where 
they dwell—blue light peaking at 478 my. The spectral 
composition of the luminescence of two species of euphau- 
siid shrimp has been investigated, and both species have 
demonstrated primary peaks in their luminescence very 
close to 478 my (ref. 12). Thysanoessa raschit has a 
primary emission peak at 476 mu, while Euphausia pacifica 
has a primary emission peak at 472 mp. “The lantern 
fish, Myctophum punctatum, has been shown to have its 
maximum emission at about 470 my (ref. 13). Actually 
the primary emission peak may be at a somewhat longer 
wave-length; but the selection of filters in this particular 
experiment did not permit the measurement of the energy 


. flux in this part of the light spectrum. This matching of 


bioluminescent light with the environmental light seems 
more than a coincidence. Considered in conjunction with 
the countershading arrangement of the photophores, it 
makes the hypothesis advanced here appear even more 
feasible. - 

An objection might be raised to the use of luminescence 
as a countershading mechanism since the photophores 
are point sources of light and because of this would negate 
any advantage gained in producing light to match that 
of the environment. This objection cannot be considered 
a serious one, however, when. the visual capacities of some 
of the mesopelagic organisms are examined. Teleost 
fish. in general, have been shown to be near-sighted", 
which is understandable from the inherent restrictions 
imposed on vision by the aquatic environment. Image 
formation, falls entirely to the lens, which dué to its high 
optical density and spherical shape results in great resolv- 
ing powers but limited depth of focus. In many of the 
deep-water fish, accommodation of the lens is limited or 


` 


absent, indicating that they only can see nearby objects . 


sharply. Moreover, there are no cones in the eyes of 
these fish, and it has been shown experimentally that 
cones are essential for sharp visión. Therefore, so long 
as a prey organism can remain outside the region of sharp 
focus, its photophores will merge and not appear as point 
sources. This sort of vision makes the photophores ideally 
suited for masking the body shddow which otherwise 
would be visible at a greater distance even though not in 
focus. It can be shown experimentally with models that 
a solid silhouette is detectable at a much greater distance 
than a photophore-illuminated silhouette when the eye is 
held out of focus. This can be demonstrated by looking 
at Fig. 3 while holding a hand-lens close to the eye so that 
it cannot, focus sharply except on objects very nearby. 
When the distance between the figure and the observer is 
e 
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small, both the silhouettes can be seen. By gradually 
increasing the distance between the figure and the observer 
while keeping the hand'lens close to the eye, it will be 
seen that the silhouette with photophores disappears 


much sooner than the solid one does. The visual powers: 


of mesopelagic squid and crustaceans have not been 
examined, and it may be that they can resolve point 
sources of light at greater distances than fish. However, 
at the low. ambient light-levels where these creatures 
exist even the partial breaking up of the silhouette by the 
photophores will be more effective in concealing the 
organism than no photophores at all. 

For luminescent countershading to be effective, the 
daily fluctuations of solar light at depth must be taken 
into consideration. There is a continual shifting of the 
light’s depth of penetration away from and towards the 
surface of the ocean during the day. Kampa and Boden’ 
have shown that the organisms of the deep scattering 
layers appear to follow a certain light régime during their 
daily migrations to and from the surface and although 
there are slight colour shifts in this radiation as the Sun 
changes position in the sky, the quantity and quality of 
the light remain about the same at the level where the 
deep scattering layers occur. This seeking of a certain 
light level by the organisms is what would be expected 
if they are to take maximum advantage of their lumines- 
cence for countershading. It is obvious that if they 
dropped down into darker strata of water, their photo- 
phores would be of little or no use in eliminating the body 
shadow. In fact, they might make the organism more 
conspicuous. On the other hand, if they rose up into 
waters which”were more brightly illuminated, they would 
become visible to their predators due to the higher ambient 
light-level. 

One other objection might be raised to this hypothesis, 
namely, that photophore countershading would be 
effective only when the animal is in a horizontal position. 
During times of active migration, the body is inclined at 
some angle to the horizontal and because of this the photo- 
phores would not shine in the same direction. as the down- 
ward flux of light. This would make the photophores less 
effective in countershading the body. However, the 
recent discovery that the euphausiid shrimp can control 
the direction of the photophores and rotate them so that 
they shine forward, ventrally or backward makes this 
objection seem less serious!®. This finding indicates that 
when the shrimp assumes some angle to the horizontal 
during its migrations, the photophores can be moved 
correspondingly so that they still shine downwards and 
mask the shadow of the body. f 

In summary, the hypothesis proposes that the organ- 
isms of the deep scattering layers actively seek a certain 
light-level to which they are best able to match their 
own. luminescence for the purpose of concealment from 
predators. The complex photophores for light production 
which have evolved in a number of phylogenetically 
diverse groups and their arrangements strongly suggestive 
of countershading all lend support to the use of low-level 
bioluminescence for this purpose. 

Various other theories have been advanced to explain 
the functions of photophores in mesopelagic animals. 
It has been suggested that the photophores are used for 
species recognition, for sex recognition and as blinding or 
distraction devices to foil prodators!®-17, 

The use of photophore patterns for species recognition 
seems quite likely in a number of mesopelagic fish groups 
as well as the luminescent squid, since these patterns are 
quite distinct from species to species and so constant 
within a species that they can be used as taxonomic 
characters. This is not the case, however, with the 
euphausiid shrimp. The photophore pattern appears to 
be the same in all the species examined!® and the only 
way that the light organs could possibly function for 
species recognition is through coded pulsings much as is 
done by different species of North American fireflies!®»?°. 
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In some of the mesopelagic fish, there also appear to be 
secondary sexual differences in addition to the specific 
differences in the photophore pattern?!. Whether or not 
these differences serve for sexual recognition is uncertain. 

The use of photophores as blinding or distraction 
devices to foil predators seerss a very likely possibility**.?”. 
A brilliant flash of light will rapidly reduce the efficiency 
of the retinal elements of the dark adapted eye. From 
this knowledge it is conceivable that the predator using 
visual cues to close in on its prey would be blinded 
momentarily by the bright flash of the prey’s photo- 
phores, thus affording the latter a greater possibility for 
escape. 

The use of a flash of light as a distraction device to 
hold the predator’s attention seems still another possibility 
that would work to the prey’s advantage in eluding its 
predators. A short flash from the prey’s photophores 
would momentarily fix its position for the predator. The 
predator then is assumed to move towards the last known 
position of the prey (that is, where it flashed) while the 
prey swims off rapidly in another direction. This strata- 
gem appears to have been carried one step further by a 
number of deep-water organisms. The bathypelagic 
shrimp, Heterocarpus alfonsi and Plesiopenaeus corruscana, 
are known to discharge luminous clouds from the green 
glands of the antennæ??, while the squid, Heteroteuthis 
dispar, ejects a luminous material from its ink sac 
rather than the usual ink cloud of shallow-water species**, 
The copepod, Metridia lucens, also gives off a luminous 
discharge**. These luminous clouds are thought to hold 
the predator’s attention while the organisms producing 
them effect their escapet. 

All the uses for bioluminescence indicated here are 
possible; however, from the available evidence, that is, 
the orientation and arrangement of the photophores 
under the pigmented structures in the body and the close 
matching in colour of luminescence with environmental 
light, it would seem that the countershading hypothesis 
is a more likely possibility for the actively migrating 
mesopelagic organisms of the deep scattering layers. 
Moreover, this use of bioluminescence is compatible with 
the other suggested uses of bioluminescence and leaves 
open the possibility that the photophores may have 
different functions in different environmental situations. 

I thank Sir Alister Hardy for his help and encourage- 
ment in the publication of this paper. 
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FIFTY YEARS OF ECOLOGY 


HE British Ecological Society celebrated its fiftieth 

jubilee by a meeting at Queen Elizabeth College, 
London, during March 28-30, 1963. Sir Edward Salisbury, 
one of the founder members, described how the British 
Ecological Society grew out of an earlier body, the Central 
Committee for the Study and Survey of British Vegeta- 
tion, which included such notable ecologists as W. G. 
Smith, and until his premature death his brother Robert 
Smith, T. W. Woodhead, C. E. Moss and A. G. Tansley. 
Growing interest in the British Vegetation Committee, 
and the need for a medium for the publication of ecological 
papers, caused the founding of the British Ecological 
Society in 1913, with W; G. Smith as the prime mover, 
and A. G. Tansley as the first president. i 

This account of the origins of the British Ecological 
Society was followed by the jubilee address, given by the 
chairman of the meeting, Prof. W. H. Pearsall, on ““The 
Development of Ecology in Britain”. Prof. Pearsall 
dealt with changing ecological ideas, and showed how 
British ecology, after directing much attention in its early 
years to the description and survey of vegetation, later 
became more analytic and more experimental. The years 
since the Second World War have seen the establishment 
of the Nature Conservancy, and its development as a 
major influence on British ecology, both in the research 
it sponsors, and also in the facilities provided for ecologi- 
cal research in national nature reserves. Prof. Pearsall 
drew together the various themes of his talk by discussing 
the natural ecosystem as a productive unit. 

The mature ecosystem is characterized by great species 
diversity, a high level of productivity and considerable 
inertia. In a highly productive ecosystem, like tropical 
rain forest, the elements of stability, or inertia, lie in the 
dynamic parts of the system, the living organisms them- 
selves and the processes which break down the residual 
deposits. In temperate or cold ecosystems, more of the 
organic biomass resides in the soil. The characteristics 
of natural ecosystems become important in land manage- 
ment, not on the more fertile sites where agriculture 
achieves high levels of production, but in the harder 
habitats, the marginal areas which are rapidly becoming 
Britain’s only resources of land but where the level of 
biological production is held to be too low to justify a 
great expenditure. 

Much of the discussion of conservation relates to such 
marginal areas, and the opening session of the meeting 
was devoted to three papers on the relationship between 
ecology and conservation, under the chairmanship of 
Mr. E. M. Nicholson, director-general of the Nature 
Conservancy. Prof. H. M. Raup (Harvard) illustrated 
his paper by reference to the Harvard Forest. The 
management of this area in the early decades of this 
century was designed to restore the rich productive forest 
assumed to have existed before settlement. Prof. Raup, 
however, demonstrated that the pre-settlement forest was 
essentially similar to that existing to-day, which, so far 
from representing a self-perpetuating climax, consists 
mainly of even-aged stands which originate after a 
hurricane has destroyed the previous stand. The in- 
stability of the habitat previously assumed stable finds an 
exact parallel in the instability of the economy, and 
the timber market in particular. Prof. Raup concluded 
that forest management and conservation should work 
with short-term plans flexible enough to meet changing 
and unpredictable external circumstances. 

Management was also the theme of Dr. J. D. Ovington 
(Nature Conservancy), who outlined the problems involved 
in managing woodland Nature reserves in Britain. The 
reserves must first be selected and surveyed, and the 
various aims of management defined. Research and man- 
agement are complementary activities in Nature reserves, 


and research is gradually providing answers to many 
of the management problems, such as how to obtain: 
hardwood regeneration in certain woods, the development 
of diversity, and the encouragement of self-perpetuation. 

The session was concluded by Dr. F. Fraser Darling, 
who put the conservation movement in its historical 
context, both in the United States and in Britain. He 
laid stress on the importance of rapid energy flux, and a 
complex and diverse structure of niches in maintaining 
the stability of ecosystems. 

The session devoted to quaternary ecology, under the 
chairmanship of Prof. H. Godwin (Cambridge), was 
opened by Dr. R. G. West (Cambridge), who discussed the 
inter-relations of ecology and quaternary paleobotany. 
Ecological information, particularly that concerning the 
present distribution and climatic tolerance of species- 
found fossil, is necessary for the interpretation of paleo- 
botanical data. Conversely, quaternary paleobotany 
contributes to ecological studies, in particular to ideas 
about the nature of climatic climax vegetation. 

Prof. M. Degerbgl (Copenhagen) discussed the Late- 
glacial and Post-glacial vertebrate fauna of northern 
Europe. Reindeer were probably abundant in Denmark 
during the Late-glacial, though most of the finds are 
attributable to the Older or Younger Dryas periods, 
and very few, if any, to the more temperate Allerød 
period, when birch forest predominated. Reindeer dis- 
appeared from Denmark at the end of the Younger Dryas 
period, although open country persisted into the following 
Pre-boreal period. It seems likely that reindeer distribu- 
tion was determined by summer temperature rather than 
by the change in vegetation. 

Similarly, tundra bison (differing from the present 
European woodland bison) are in Denmark almost all 
confined to the Late-glacial period. The most recently 
investigated mammal in Denmark is the urus (Bos 
primigenius), which apparently immigrated into Denmark 
in the Younger Dryas period and was abundant during 
the Pre-boreal and Boreal periods but diminished in the 
Atlantic period, possibly when the forests became more 
dense. 

A second distinguished visitor from Denmark, Dr. J. 
Iversen (Charlottenlund), discussed evidence for retro- 
gressive vegetational succession in the Post-glacial. Such 
succession, due mainly to soil leaching, is irreversible 
under the prevailing climate, and leads to ecosystems 
with permanently reduced organic productivity. The 
evidence comes from pollen analyses of deep mor humus 
(up to 1 m) in the Draved forest. Tilia, Corylus and 
Alnus have their highest values at the base of the mor, 
and there appears to have been a succession from a lime- 
oak forest on a grey-brown podsolic soil to a nearly pure 
oak forest on a podsol. This is clearly distinguishable 
from subsequent and more drastic human effects. Con- 
versely another shallower mor profile, on a gley-podsol 
site, received pollen rain from a mull-gley site a few 
metres to the west, and shows no significant change in 
forest composition except the immigration of beech. 
In regional pollen diagrams, from Jake or bog sediments, 
these local changes (in the Sub-boreal and Sub-atlantic 
periods) are masked by human influences. 

Finally, Mr. B. W. Sparks (Cambridge) discussed the 
interpretation of assemblages of non-marine Mollusca 
found in quaternary deposits. Despite various difficulties 
in quantitative extraction and complete identification, 
the Mollusca are useful ecological indicators, especially 
in deposits which do not contain much pollen. 

A series of papers on experimental and single species 
studies under the chairmanship of Prof. A. R. Clapham 
(Sheffield) repeatedly demonstrated the affinity between 
problems in animal and plant ecology. Prof. J. L. Harper 
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(Bangor) illustrated by some striking examples from the 
duckweeds, docks, poppies, cereals and from clovers that 
experiments on the performance (under varying environ- 
mental conditions) of single species in isolation give very 
little indication as to how these will fare when competing 
with related species in culture and in Nature. In the 
first group, for example, the growth rates in pure culture 
were unrelated to the factors which bestowed success in 
competition, while among poppies there are some species 
which do better in mixed culture than among their 
own kind, while other species show the opposite con- 
dition. 

Dr. David Lack (Oxford) discussed the factors determ- 
ining population size in the great tit over a period of 
seventeen years. Populations as far apart as Oxfordshire 
and Holland fluctuated in unison with each other and 
with blue tit populations. The greatest mortality in the 
great tit occurs just after the young leave the nest, and this 
mortality is numerically—but so far not causally—corre- 
lated with the beechmast crop in. the subsequent autumn. 
Dr. Lack’s findings contradict the generally accepted 
theories about the operation and significance of territorial 
behaviour, at least so far as this species is concerned. 
` Dr. C. D. Pigott (Cambridge) described the work that 
he and Mr. K. Taylor had done on the nutrient require- 
ments of the nettle (Urtica dioica) in wooded limestone 
soils in which it competes with Mercurialis perennis. 
Under these conditions phosphate and not nitrogen proves 
to be the critical factor in determining both seedling 
establishment and growth in the nettle. This finding, 
which contradicts widely held assumptions, is supported 
by field nutrient measurements, by comparative sowing 
experiments in natural soils and by enrichment experi- 
ments in which seedling establishment and successful 
growth were found to be dependent on the addition of 
phosphate. Finally, by the addition of nutrients to field 
plots the same effect was demonstrated. 

The fourth paper in this session was by Dr. T. B. Reynold- 
son (Bangor), who illustrated, by means of his work on field 
populations of triclads, the theme that present disputes 
about the relative significance of biotic and physical 
factors in population ‘control’ may be largely due to 
arguments being based on limited and contrasting sets of 
examples. The three species of flatworm investigated 
certainly encounter extreme seasonal food shortage, but 
these animals react to starvation by shrinkage rather than 
mortality and this instantaneous regulation mechanism 
operates to prevent fluctuations in numbers. 

Prof. W. H. Pearsall took the chair at a session on 
production ecology. The primary productivity of the 
oceans was discussed by Dr. E. Steemann Nielsen (Copen- 
hagen), who mentioned recent applications and improve- 
ments in the carbon-14 technique which he first introduced 
a decade ago. The relative merit of this and earlier 
methods of measuring rates of carbon fixation by plankton 
have been disputed ever since. While Nielsen recognized 
that filtration losses of the smallest algae can result in 
underestimates by the carbon-14 technique, he maintained 
that other methods are also subject to serious errors 
and that, when these are allowed for, all major discrepancies 
ean be effectively resolved. His results also provide 
striking evidence for the compensating mechanism 
which renders plankton production largely independent 
of incident illumination. 

Dr. J. S. Olson (Oak Ridge) discussed gross and net 
production of terrestrial vegetation and indicated how 
the rates and cumulative changes in photosynthesis, net 
assimilation and dry-matter production can be related 
to one another by means of an analogue computer cireuit. 
This involves accurate definitions of the terms involved. 
Total photosynthesis refers to carbon, carbon dioxide 
or energy fixed by plants. Net assimilation refers to the 
rate of photosynthesis minus the rate of plant respiration, 
while dry matter production is less than net assimilation 
due to other losses such as dying of plant parts, litter 


NATURE 


June 29, 1963 


. 4 

fall and grazing. Using various types of data, some 
of them from forestry and agriculture, it is possible to fit 
together the various parameters of dry matter production, 
consumption and decomposition in ecosystems. One 
important physiological problem is whether respiration 
rates, messured in the dark, are valid for the light. In 
general, in erecting these computer models, the assumption 
is made that the rates of loss and transfer are constant 
fractions of the source compartment in a stable system, 
though of course this need not be the case. 

Prof. L. B. Slobodkin (Ann Arbor) discussed a series of 
experiments on the efficiency of Hydra populations sup- 
plied with superabundant food and subject to artificial 
‘predation’, that is, proportionate removal of population. 
increase. The maximum sustainable levels of predation 
were determined and calorific measurements of both food 
and Hydra yield used to calculate efficiency. Among other 
interesting conclusions it was shown that: (a) Hydra 
populations appear not to achieve higher densities than 
the number of food particles consumed per day, that is, 
one-particle per mouth per day is the maximum number 
of Hydra; (b) maintenance costs, growth efficiencies and 
ecological efficiencies are similar in brown Hydra and 
in Daphnia populations. However, (c) the ecological 
efficiency of Chlorohydra viridissima is about four times 
as high as other species investigated, and this casts doubt 
on present-day views on the role of algal symbionts. 

Dr. A. S. Watt (Cambridge) took the chair at a session. 
on the community concept and introduced this theme by 
showing that the historical argument between the follow- 
ers of Clements and those of Gleason is no longer valid. 
While the former contended that the community is 
analogous with an organism in structure and function the 
latter stressed causal effects of site factors on plant distri- 
bution and repudiated Clements’s analogy. Watt's own 
work has shown that plant pattern at a given time de- 
pends on interactions between species, often showing 
consistent cycles of growth, degeneration and replacement, 
and it is in this way that we can reconcile both Clements’s 
emphasis on dynamic properties of communities and 
Gleason’s on the determinants of distribution. 

Prof. M. E. D. Poore (Kuala Lumpur) followed with a 
further reconciliation, this time between the continental 
phytosociological and the Anglo-Saxon analytical ap- 
proaches to community analysis. This was illustrated 
by an investigation of-tropical rain forest. The community 
and the nodum (the abstract sociological class to which 
particular instances can be ascribed) are analysed in 
terms of their uniformity, their floristic richness and their 
intrinsic pattern size, and it is shown how the illusive 
concept of community integration can be synthesized 
in terms of these three criteria. 

Finally, recent work on animal community organiza- 
tion was reviewed by Prof. N. G. Hairston (Ann Arbor), 
who considered particularly the relations between num- 
bers of species and individuals and the implications of 
competition in community structure. The debate between. 
Elton and Williams on competition between related species 
was examined, the biological validity of the latter’s 
assumptions denied and the whole approach con- 
demned. The applicability of mathematical models 
(particularly MacArthur’s elegant ‘stick’ model) was 
shown to be limited. Three analyses of community 
organization as measured by the variance ratio of species 
abundance were then discussed and related to a general 
theory of control mechanisms operating at different 
trophic levels. 

As a deliberate attempt to arrange that plant and 
animal ecologists should debate the same topics this last 
session revealed striking contradictions in the use of words 
such as community and competition, but it also empha- 
sized a field which is ripe for synthesis when the ideas 
behind the words are carefully scrutinized. 

A. MAOFADYEN 
P. J. NewBoup 
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OBITUARIES 


Prof. C. G. Douglas, C.M.G., F.R.S. 


Ir is a habit of Oxford men to accept without due 
acknowledgment the help which they have received from 
two sets of people, to wit, their tutors and their scouts. 
This obituary notice, in the compilation of which I have 
been greatly helped by one of his distinguished pupils, 
enables me at least to repay in some small measure my 
personal indebtedness to Prof. Douglas, whose thorough- 
ness in his teaching and demonstrating contributed so 
much to my happiness in the years immediately following 
the First World War. He was born on February 26, 
1882, the son of Claude Douglas, but he himself never 
married. Ho was educated at Wellington College and 


Wyggeston School, Leicester, and was elected to an. 


Open Science Exhibition at New College in 1900, and 
to an Open Science Demyship at Magdalen College in the 
same year. In 1905 he was awarded the University 
Scholarship to Guy’s Hospital, and in 1907 was elected 
Fellow of St. John’s College. In 1921 there followed 
the Radcliffe Prize, which is open to all Oxford 
graduates proceeding to a medical degree. During the 
First World War he served as temporary Lieut.-Col., 
R.A.M.C., being mentioned four times in dispatches and 
being awarded the 0.M.G. and the M.€. In 1927 he was 
Oliver-Sharpey lecturer at the Royal College of Physi- 
cians, and in 1945 he was awarded the Osler Memorial 
Medal. 

Douglas was a very conscientious tutor who made his 
pupils read and work for themselves. He demanded a 
high standard, and seldom if ever expressed satisfaction 
with his pupils’ efforts. The only occasions on which he 
did so were in the end of term collections, when he would 
inform the President of St. John’s of his complete satis- 
faction with one’s progress. He was personally very 
austere and a little aloof, but basically very friendly 
beneath that exterior. 

He had a wide knowledge of the literature, but for 
various reasons fought shy of the central nervous system. 
The general metabolism school at Oxford enormously 
advanced knowledge of respiratory function and, what 
is important, did their work on human beings, namely, 
themselves. In the opinion of some, there have been no 
really significant advances in knowledge since then. 
Odd bits have been polished, nerve impulses recorded, 
new terms invented (which have confused the modern 
student not a little); but the principles they devel- 
oped still stand, a tribute to the quality of their 
work. 

Douglas’s practical classes were excellent. The prepara- 
tions for them all were made by his own hands; for years 
he had no technical help whatever. He must have had a 
great love of teaching to have spent laborious hours 
cleaning and preparing the blood and gas analysis appara- 
tus for the frequent misuse by the undergraduates. 
Although his carefully prepared apparatus was frequently 
spoiled, he seldom lost his temper, though once he threw 
a particular student out of the class-room for spilling 
over the pyro a second time, but that was the only occasion 
of which my informant can think. 

His pupils presented him with an excellent portrait, 
which now hangs in the Senior Common Room at St. 
John’s College, Oxford. 

Prof. Douglas died on March 23, aged eighty-one. 

K. J. FRANKLIN 


Prof. S. H. Piper 


Pror. STEPHEN Harvey PIPER, professor emeritus in 
physics in the University of Bristol, died at his home in 
south London on March 5 at the age of seventy-five. 

He was born in 1887, the son of Alfred Towry Piper, 
and was educated at King’s College School and proceeded 
to King’s College, London, where he gained a first-class 
honours degree in physics in 1910. After a year as a 
research scholar he was appointed lecturer in physics at 
University College, Nottingham, a post which he occupied 
until the outbreak of the First World War. 

In 1914, Piper joined the Sherwood Foresters direct 
from University College, Nottingham, and he served 
with distinction throughout the War until its conclusion 
in 1918. He was wounded in the Gallipoli campaign, 
was three times mentioried in dispatches, and was awarded 
the D.S.O. After the War, Piper returned for a short time 
to Nottingham but in 1921 he was appointed as lecturer in 
physics in the University of Bristol and it was there, for 
thirty-two years, that he spent the remainder of his 
academic life, becoming reader in 1933 and professor of 
physics in 1951. 

When he first arrived in Bristol, A. M. Tyndall had 
recently been appointed to the chair of physics, and he 
and Piper established a close friendship. This association 
was an important element in establishing an atmosphere 
in the Department which was to prove highly conducive 
to originality and enterprise as the laboratory grew rapidly 
in size. During his early years in Bristol, Piper commanded 
the Officers’ Training Corps. When he left it in 1926 he 
had made it into an efficient body at full strength, a 
remarkable tribute to his personality and drive, for at 
that time the total student population was only about 
600. His active interest in the undergraduate population 
continued throughout his career, and by his tact and under- 
standing he made an invaluable contribution to the rela- 
tions between the university authorities and the students. 

Piper’s part in the development of the physics laboratory 
was especially valuable after it was transferred in 1927 
to its present site in the gardens of the Royal Fort. He 
was the principal support of Tyndall in a situation which 
was not always made easy by a growing body of eager and 
sensitive young men, sometimes a little temperamental, 
which the laboratory was beginning to attract. 

They found in Piper a kind of safety-valve through 
which they could relieve their minds by blowing off steam, 
well knowing that he was a man who would never take 
advantage of a confidence. His gay and unsentimental 
temperament made him admirably fitted for this role, and 
there are many stories from this period of his quick and 
adroit wit, whereby without administering a personal 
affront he could prick the bubble of arrogance, turn 
tension into laughter, or administer a mild rebuke. On 
one occasion while demonstrating in a makeshift labora- 
tory, part of which was curtained off to permit experiments 
on optics, there was heard the unmistakable sound of a 
kiss. Without hesitation he put his head round the 
curtain and said to an embarrassed young man: “I must 
emphasize to you, here and now, that I am the demon- 
strator in this laboratory”. A second story from the early 
days of the present laboratory relates that, on a Saturday 
morning, Piper had been engaged in the very dirty job of 
cleaning a Leybold pump. This had taken him until well 
after one o’clock so that he was left alone in the building. 
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When a ring came from the front door bell he answered it 
to find outside an immaculately dressed young man who 
looked at his appearance with manifest distaste and asked: 
“Are you the caretaker?” “No”, said Piper, “have you 
brought his dinner ?” 

Most of Piper’s scientific work was in the field of X-rays. 
When he arrived in Bristol in 1921, McBain was professor 
of physical chemistry. Piper became interested in some 
of the soaps on which McBain was working, and made a 
determination by X-ray diffraction of the structure of their 
sodium salts. This was the first account of the observa- 
tions of reflexions from atomic planes with a separation as 
large as 40 A units. This work was extended to a study of 
the hydrocarbons from paraffin wax and to salts of fatty 
acids; and from 1931 until the Second World War he was 
closely associated with A. C. Chibnall in experiments on 
the synthesis and crystal spacing of the wax constituents 
of apples, forage grasses and other natural products. In 
some of this work he was closely associated with Thomas 
Malkin of the Chemistry Department of the University, 
who was responsible for the chemical separations involved 
in it. 

Piper also worked for a period in Bristol with H. W. B. 
Skinner, who had been appointed, together with L. C. 
Jackson, at the time of the expansion into the new build- 
ing in 1927. In Cambridge, Skinner had studied the 
polarization of light excited in gases by electron impact, 
and on coming to Bristol he began a series of ambitious 
experiments, with Piper’s support, on the radiations 
emitted by a single crystal of beryllium under bombard- 
ment by electrons. It was just before ‘Pyrex’ glass had 
been widely introduced in physical laboratories, and the 
experiment called for the construction of a very compli- 
cated apparatus in a soda-glass envelope, a task of great 
difficulty at the time and one calling for long and per- 
sistent attempts. I can remember how, in the early 
hours of one morning in 1929, the twelfth flask in which 
the apparatus was being assembled fractured while the 
last of the many side tubes was being inserted and Skinner 
and Piper immediately started on the next. Piper was 
deeply impressed by the great persistence which Skinner 
showed during this collaboration and a long friendship 
between them resulted from it. 

That the early promise of Piper’s scientific work was 
not fully exploited by him was essentially due to his 
publie spirit and his high sense of duty. Apart from the 
stress imposed on him by the long years of his War 
service, and the interruption in his work which it entailed, 
he always regarded the laboratory as a community and 
not merely as a research institution, and many of his 
colleagues were assisted in their own careers, more than 
they knew, by the kind reception always extended by 
him and his wife at their home. ©. F. POWELL 


Prof. G. J. van Oordt 


THE sudden and unexpected death of Prof. G. J. van 
Oordt, coming so soon after his retirement from the chair 
of general zoology and endocrinology in the University of 
Utrecht, has been a great shock to his many friends in 
Britain. He was a man of very wide interests, and it was 
his active support of international co-operation in the 
biological sciences that led him to become so well known in 
Britain and indeed throughout the world. 

During his life the main stream of his research was 
concerned with reproduction in the vertebrates. As a 
postgraduate student his work actually began in the 
field of comparative embryology when, for his doctorate, 
he described the early development of the scaly ant-eater 
from material collected in Java by Prof. Hubrecht. 
However, before he even obtained his doctorate he was 
already interested in the physiology of reproduction and 
in one of his earliest papers he discussed the internal 
secretions of the mammalian gonads. Although he 
continued for some time to study the structure and 
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histology of reproductive systems, particularly in the 
lower vertebrates, his main interest slowly but steadily 
shifted towards an experimental and ultimately an 
endocrinological approach to vertebrate reproduction. 
Only last autumn, in giving the opening address to the 
Conference of European Comparative Endocrinologists in 
London, he reviewed the results obtained and the changing 
opinions held during his own lifetime on the comparative 
endocrinology of reproduction in vertebrates. Much of 
the material included came from his own work or was 
the work of the many biologists who, throughout the years, 
had been members of the research group which he founded 
and encouraged in the Zoology Department in Utrecht. 

It will be noted that under van Oordt’s direction the 
Utrecht school of endocrinology has always paid most 
attention to the problems of the non-mammalian verte- 
brates. The mammalian and clinical aspects of endo- 
crinology have, of course, been studied extensively 
throughout the world ; it was van Oordt’s unique contribu- 
tion to found what was perhaps the first significant re- 
search school in comparative vertebrate endocrinology. 

Inextricably mixed with his interest in hormones and 
breeding cycles was his life-long interest in wild birds, and 
no appreciation of van Oordt would be complete without 
mention of this delightful aspect of his character. He was 
a field ornithologist as a youth, and it was on a bird- 
watching expedition that he died. It was always one of 
his greatest pleasures to take his friends, and especially 
perhaps his friends from overseas, to see the various 
Dutch nature reserves. On these happy occasions his 
enthusiasm and his deep feeling for the wild animals and 
plants of his native country were delightfully obvious. 

It was undoubtedly his love for birds and for the open 
air that led to his becoming such a prominent figure in 
Nature preservation in the Netherlands. For more than 
twenty-five years he was a member of the Council of the 
Netherlands Society for the Protection of Birds and when, 
following the initial action of private individuals, the 
Netherlands Government established State Nature Re- 
serves, van Oordt was appointed to the controlling Advis- 
ory Board, and in 1949 he became its chairman. In 
1957 he was made president of the highest official com- 
mittee, the Nature Preservation Council of the Nether- 
lands. Later still, in 1959, when a Research Institute for 
Nature Preservation was established, its Advisory Com- 
mittee also sat under his chairmanship. In appreciation 
of his long years of work for Nature preservation in the 
Netherlands the Government appointed him in 1954 a 
knight of the “Orde van de Nederlandse Leeuw”. . 

Yet another side of van Oordt’s character that must be 
stressed, was his love of travel abroad. This took him to 
endocrinological conferences all over the world, where 
he acted not only as a scientist but also as a most able 
representative of his country. His travels also enabled 
him to visit famous nature reserves, for example, in 
North America and South Africa, and his love of birds 
even took him as far as Antarctica. 

Among those British biologists who do not share his 
research interests he may perhaps be most widely remem- 
bered for his invitation to the Society for Experimental 
Biology, just after the War, to hold a joint meeting with 
the Dutch biologists in the Utrecht Zoology Department. 
This meeting, which will always be gratefully remembered. 
by those who took part, was so successful that it led to his 
further happy suggestion that such joint meetings should 
be held regularly, alternately in Britain and in the 
Netherlands. 

As a person van Oordt’s outstanding characteristics 
were his: friendliness, his energy and his restlessness. 
It was always a stimulus and a delight to be in his company 
and, above all, to enjoy his great hospitality in his delight- 
ful home in Bilthoven. The sympathy of biologists in 
Britain will go out to his family and also to his many old 
friends and colleagues, especially in Utrecht. 

W. 5. Buttoves 
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NEWS and VIEWS 


Veterinary Surgery at Liverpool: Prof. J. G. Wright 


Ar the end of the present session, Prof. John George 
Wright retires from the chair of veterinary surgery in the 
University of Liverpool, which he has held since its 
foundation in 1941. During this period, Prof. Wright has 
been head of a Department which comprised veterinary 
surgery, obstetrics and medicine, and also animal hus- 
bandry. From 1941 until the School became a Faculty in 
1952 Prof. Wright was chairman of the Board of Veterinary 
Studies, and from then until 1961 he was Dean of the 
Faculty. In 1928, five years after qualifying as a veterinary 
surgeon, he was appointed professor of materia medica in 
the Royal Veterinary College and later professor of surgery. 
After making distinguished contributions to small-animal 
surgery and anesthesia, he turned, when the Second 
World War broke out, to farm livestock and threw himself 
with characteristic energy and enthusiasm into teaching 
veterinary students on farms and at a temporary field 
station in Berkshire. He was elected to the Council of 
the Royal College of Veterinary Surgeons in 1939 and has 
served continuously on the Council ever since, being 
president for two years. At Liverpool he established the 
first permanent veterinary field station, sited in the 
Wirral peninsula in Cheshire. With his retirement, the 
Liverpool School loses a great teacher and one who taught 
students not only how to carry out the technical pro- 
cedures which veterinary practice requires but also 
instilled in them the highest standards of professional 
conduct. He has impressed staff and students alike by 
his energy, enthusiasm, absolute honesty and integrity, 
and his whole-hearted devotion to teaching others how to 
treat sick animals and restore them to health and pro- 
ductivity. 

Dr. R. J. Fitzpatrick 


Dr. R. J. Firzpatriox, senior lecturer in pharmacology 
in the University of Bristol, succeeds Prof. J. G. Wright 
at the beginning of next session. Dr. Fitzpatrick qualified 
as a veterinary surgeon in London in 1944, and after a 
time in practice he took the honours course in physiology 
at University College, London, and then spent the years 
1948-50 as a demonstrator there, working with Prof. 
Schild and Prof. Nixon on the effect of drugs on the 
pregnant and non-pregnant uterus. When the new 
Veterinary School was established at Bristol, Dr. Fitz- 
patrick joined the staff as lecturer in pharmacology and 
has been responsible for teaching pharmacology to 
veterinary students and bridging the gap between the 
theoretical and clinical aspects of therapeutics. He has 
continued his study of the response of the uterus to 
hormones and has an international reputation in this 
field. He has been visiting research professor of obstetrics 
in the Medical School of the University of Uruguay, an 
invited speaker at international conferences in Britain 
and overseas, and he is a member of the Main Committee 
of the British Veterinary Codex and chairman of the 
Technical Advisory Committee to the Jockey Club 
Stewards and National Hunt Stewards on Doping in 
Racehorses. Dr. Fitzpatrick is likely to stimulate clinical 
research over a wide field and to extend the activities of 
his Department when the large-scale building programme 
envisaged at the Veterinary Field Station is approved 
and completed. Dr. Fitzpatrick is interested in veterinary 
education as a whole and in the welfare of students, 
having for some years acted as a tutor in Bristol. 


C.S.1.R.O. Division of Plant Industry: Dr. J. E. Falk 


Dr. J. E. FALK has been appointed chief of the 
Commonwealth Scigntific and Industrial Organization’s 
Division of Plant Industry (Australia) in succession to 


Dr. O. H. Frankel, who was appointed to the C.8.I.R.0. 
Executive last year (Nature, 193, 1026; 1962). The 
Division of Plant Industry has headquarters in Canberra 
and laboratories and field stations in Western Australia, 
Tasmania, New South Wales and Queensland. The 
Division has a staff of nearly 500 people and an annual 
budget close to £1,000,000. Its work encompasses genetics 
and plant breeding, plant introduction, microbiology, 
general chemistry, plant nutrition, plant biochemistry and 
biophysics, ecology, agricultural physics and agronomy. 
Dr. Falk, who is forty-five years of age, graduated from 
the University of Sydney in 1942. In 1949 he won a 
Nuffield fellowship which enabled him to work at Univer- 
sity College Hospital Medical School in London with Prof. 
C. Rimington on pyrrole pigment metabolism; he was 
awarded the Ph.D. degree of the University of London 
in 1951. In 1953 he was awarded the Foulerton research 
fellowship of the Royal Society. Dr. Falk joined C.8.I.R.O. 
in 1955 as leader of the biochemistry team in the Division 
of Plant Industry. He has carried out research into 
several aspects of the chemistry and biochemistry of por- 
phyrins and their metal complexes, and in recent years 
his work has contributed to the understanding of the 
natural hemoproteins. His research achievements were 
recognized by his election in 1961 to a fellowship of the 
Australian Academy of Science. Dr. Falk will be assisted 
by four senior scientists, who will be designated assistant 
chiefs; they are Drs. J. B. Langridge, R. M. Moore, 
F. H. W. Morley and J. R. Philip. j 


Metallurgy at the University of the Witwatersrand: 
Prof. D. D. Howat 


Pror. D. D. Howat, who was seconded to the University 
of the Witwatersrand by the Transvaal and Orange Free 
State Chamber of Mines to enable him to hold the chair of 
metallurgy for the period March 1-December 31, 1962, has 
been appointed to the permanent staff of the University as 
professor of metallurgy and head of the Department. He 
was formerly director of the Central Metallurgical 
Laboratory of the Anglo-American Corporation of South 
Africa Ltd., where he was responsible for thé direction of 
numerous projects dealing with new metallurgical pro- 
cesses and techniques. These included the recovery of 
uranium oxide by pressure leaching of ores, the extraction 
of vanadium pentoxide from the ores of the Bushveld 
Complex, and the production of high-purity gold on the 
reduction plants by the chlorination of Merrill slimes. Prof. 
Howat, who is a graduate of the University of Glasgow, 
obtained his Ph.D. in 1934. During the Second World 
War he was in charge of metallurgical operations at two 
Royal Ordnance factories in Wales and in 1946 returned to 
the Royal College of Science and Technology, Glasgow, to 
resume his duties as senior lecturer, a post he had held 
since 1937. In 1956 he went to South Africa on being 
appointed director of the Central Metallurgical Laboratory. 


The Royal Society and Nuffield Foundation Common- 
wealth Bursaries Scheme 


Tae ninth annual report of the Royal Society and 
Nuffield Foundation Commonwealth Bursaries Scheme 
records three bursars from the United Kingdom to Aus- 
tralia in 1963 and two to New Zealand from the end of 
1962 (Pp. 8. London: The Royal Society and the 
Nuffield Foundation, 1963). Four bursars from Australia 


.are recorded as visiting the United Kingdom in 1963 and 


one each from Canada and India. Four other bursars 

are reported: one from Australia to Canada and one from 

Canada to Australia; one from Rhodesia and Nyasaland 

to Australia; and one from the West Indies to Australia. 
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Medical Research Council Metabolic Reactions Research 

Unit 

Tuer Medical Research Council is to establish, in 1964, 
a Metabolic Reactions Research Unit under the honorary 
direction of Prof. E. B. Chain in the new Department of 
Biochemistry, which is at present under construction at 
the Imperial College of Science and Technology, London. 
The Unit’s programme of research will be concerned with 
the problems of metabolic reactions in the tissues of 
higher animals, including man, and in micro-organisms. 
The main subjects of study will be the mode of action of 
certain hormones, patterns of metabolic pathways in 
normal and pathological conditions, the metabolism of 
nervous tissue, the metabolism of mammalian cells in 
tissue culture, and the isolation and biosynthesis of 
microbial metabolites of biological interest. 


The European Society for Biochemical Pharmacology 


Wir the view of promoting collaboration and personal 
contacts between scientists engaged in work on the 
borderline between biochemistry and pharmacology, the 
European Society for Biochemical Pharmacology has 
been formed. The constitutional meeting of the Society 
was held at the Istituto Superiore di Sanità in Rome on 
February 6. Prof. E. B. Chain, professor of biochemistry, 
Imperial College of Science and Technology, London, and 
scientific director of the International Centre for General 
Biochemistry and Chemical Microbiology, Istituto 
Superiore di Sanità, was elected president. The Organ- 
izing Committee consists of the following: Prof. Z. M. 
Bacq and Prof. C. Heymans (Belgium); Dr. J. M. Barnes, 
Dr. E. ©. Dalgliesh, Prof. C. E. Dodds, Prof. A. Haddow 
and Dr. A. Spinks (United Kingdom); Prof. P. Desnuelle, 
Dr. J. Jacob and Dr. J. Thuillier (France); Prof. P. Holtz, 
Prof. H. Maske and Prof. R. Pfleger (Germany); Prof. 
G. B. Marini Bettolo, Prof. A. Di Macco, Prof. S. Garattini, 
Prof. G. Giacomello, Prof. A. Soldi and Prof. E. Trabucchi 
(Italy); Prof. B. Uvnas (Sweden); Dr. H. Lanz and Dr. 
A. Pletscher (Switzerland). Applications for membership 
and all other enquiries should be addressed to the secre- 
tary, Prof. Rodolfo Paoletti, Institute of Pharmacology, 
University of Milan, Via A. del Sarto 21, Milan. The first 
general meeting is planned to be held in Milan in spring 
1964. 


The Research Institute for Advanced Studies 


THE report for 1962 of the Research Institute for 
Advanced Studies, Baltimore, established in 1955 by the 
Martin Company “to observe phenomena of Nature and 
to encourage, promote and support investigations in 
search of underlying knowledge of these phenomena; to 
conduct theoretical and experimental studies, to discover 
the fundamental laws which affect them and to evolve 
new technical concepts for the improvement and welfare 
of mankind”, records good progress by each of its four 
technical groups—physics, biosciences, mathematics and 
metallurgy (Pp. 66. Baltimore, Md.: Research Institute 
for Advanced Studies, 1962). The Mathematics Group 
has extended its original concentration on non-linear 
differential equations to the theory of the control and 
stability of systems. In the biological sciences, investiga- 
tions in photosynthesis have been extended to embrace 
studies in cell differentiation, and in metallurgy empirical 
evidence has been obtained in support of theories of the 
causes and nature of embrittlement by liquid metals. 
Lists of publications are included in the sectional reports 
and there are also lists of technical reports issued by the 
Institute and of lectures given by its staff and visiting 
scientists. 


The Manchester Public Libraries 


Tse 110th annual report of the Libraries Committee 
of the Manchester Public Libraries for the year ended 
March 31, 1962, records no significant change in the 
pattern of use over recent years: fiction reading decreased 
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slightly, serious reading increased, and the use of the 
reference library increased by more than 10 per cent (Pp. 
39. Manchester: The Publie Libraries, 1963). More 
facilities are required for the serious reader, particularly 
for students of all ages and types. The greatest difficulty 
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` was in retaining staff, and although récruiting new staff 


was easier than elsewhere the turnover was high. The 
book stock at the end of the year was 1,186,707 and 
issues increased to 7,180,191, reference library issues 
increasing by 226,899 to 2,056,124. The embarrassing 
success of the reorganized Technical Library continued 
and readers totalled 794,440 and the number of items 
issued 969,122. The largest increase was in patent 
specifications (29,272), and the Library now holds 89,824 
microstats and includes 1,200 titles of scientific and 
technical periodicals. 


Industrial Monuments Survey 


INDUSTRIAL monuments, especially those dating from 
the Industrial Revolution, are the subject of a national 
survey now being carried out by the Ministry of Public 
Building and Works in collaboration with the Council of 
British Archeology. Mr. Rex Wailes, Davidge Cottage, 
Knotty Green, Beaconsfield, Bucks., is acting as consultant 
to the scheme and would welcome details of rélevant 
buildings, plant or equipment which illustrate the begin- 
nings and evolution of industrial and technological 
processes. ` 


The Council for the Preservation of Rural Wales 

TE eighteenth annual report of the Council for the 
Preservation of Rural Wales, Caernarvonshire Branch, 
covering the year ended March 1963, welcomes the pro- 
posal of the Nature Conservancy to include some 6,000 
acres of the Snowdon area as a Nature Reserve while 
protecting existing public access, and also a further area 
of access agreements between the County Council and 
landowners, with the introduction of a full warden service 
(Pp. 26. Ymwlch Fawr, Criccieth: Leslie Bonnet, Acting 
Hon. Secretary, Council for the Preservation of Rural 
Wales, Caernarvonshire Branch, 1963). There is in- 
creasing concern over the use of land and, for the first 
time, the Branch opposed the County Planning Authority 
at a public enquiry at Bangor into the County Council’s 
proposals for the industrialization of the Llandegai valley. 
Special reference is made to continuing inroads of the 
Central Electricity Generating Board: both 400-kV lines 
from Wylfa to Connah’s Quay via a sub-station at Pentir, 
Bangor, and a further line from Pentir to Trawsfynydd 
have been accepted by the Minister, although the cables 
across the Glaslyn Estuary and the Aber Gorge are to go 
underground. 


The Cape Provincial Museums 

Tue Annals of the Cape Provincial Museums are pub- 
lished jointly and annually by the five Museums situated 
at East London, Grahamstown, Kimberley, King William’s 
Town and Port Elizabeth. The current issue (2; August 
1962) records the proceedings of a symposium on the 
causes and problems of animal distribution with special 
reference to South Africa. Twenty-seven papers are 
included, and these collectively provide a more compre- 
hensive review of modern zoogeographical research in the 
sub-continent than has ever been assembled before. 


Recent Studies on Feldspars 


In June 1962 an international symposium on recent 
advances in the study of feldspars was convened by 
Prof. T. F. W. Barth of the University of Oslo, with the 
support of the Scientific Affairs Division of NATO, the 
U.S. National Science Foundation and the Norges Almen- 
videnskapelige Forskningsråd. A well-produced volume 
of the scientific papers presented to this meeting has 
recently been published for the Nerwegian Geological 
Society, under the editorship of Dr. Olaf Christie (Norsk 
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Geologisk Tidsskrift, Feldspar Volume, 42 (2). Pp. 660. 
Fr. Bagges Kgl. Hofbogtrykkeri, Copenhagen, 1963. 
Price 60s.). It contains 40 contributions relating to the 
structures and properties of feldspars and to the applica- 
tion of these data in the study of natural rocks. There is 
an introduction by the late Dr. Paul Rosbaud, by whose 
untimely death on January 28, 1963, “many contributors 
to this volume have lost a dear and admired friend’’ and 
to whom the work thus becomes a singularly fitting 
memorial (see also Nature, 197, 1051; 1963). 


Centrifugal Liquid Nitrogen Pump 


ENGINEERS at Dounreay, in collaboration with D. A. 
Gunn (Engineering), Ltd., have developed a centrifugal 
pump which can handle liquid nitrogen or oxygen at 
about 500 gal/h for long periods. Previously available 
pumps had short lives mainly because they could not 
cope with the highly abrasive ice which is present in 
these liquefied gases. The new pump was developed to 
overcome this limitation and one veteran, is still running 
well even after 3,500 h of continuous operation. The 
pump, manufactured mainly of stainless steel, uses bear- 
ings and a rotor of unusual design made of a polytetra- 
fluoroethylene base material. It is submersible and is 
lubricated by the liquefied gas. A long driving-shaft and 
thermal barriers reduce unwanted heat-transfer between 
the motor and the pump. The rotor material does not 
need lubrication, and is compatible with most acids and 
alkalis over a wide range of temperature. Hence, in 
addition to the low-temperature application for which it 
was designed, the pump should be valuable in applications 
where greases and oils must not be used. The length of 
the driving shaft also brings advantages, since it isolates 
the motor from splashes, thus protecting it from corrosion. 
The pump is the subject of a recent patent application 
by the U.K. Atomic Energy Authority and will be manu- 


, factured under licence by D. A. Gunn (Engineering), Ltd., 


Clydesdale Works, Park Road North, Acton, London, 
W.3. 


Use of Radioactive Materials 


Aw explanatory memorandum relating to the Radio- 
active Substances Act, 1960, has been published for the 
guidance of persons who keep or use radioactive materials 
(Ministry of Housing and Local Government. Scottish 
Development Department; Ministry of Health and Local 
Government, Northern Ireland. Radioactive Substances 
Act 1960: an Explanatory Memorandum for Persons 
Keeping or Using Radioactive Materials. Pp. 26. London: 
H.M.S.O., 1963. ls. 6d. net). Part 1 describes briefly the 
principal provisions of the Act and the procedures to be 
followed under the Act, and Part 2 gives advice on 
methods of disposing of radioactive wastes. The Act 
comes into force on December 1, 1963. The primary 
purpose of the Act is stated to be to ensure effective 
control over radioactive wastes. Other matters, such as 
the protection of persons working with radioactive 
materials, or the carriage of radioactive materials, are 
dealt with under regulations made under other legislation. 


Education and Training of the Mentally Subnormal 
Child ` 


An illustrated booklet by H. ©. Gunzburg, issued by 
the National Association for Mental Health, outlinos the 
principles which should govern the education and training 
of mentally subnormal and severely subnormal children 
in Junior Training Centres and Hospitals, many of whom 
can be prepared to live and work in the community when 
grown up (Mental Subnormality Series. No. 2: Junior 
Training Centres—an Outline of the Principles and Prac- 


tices of Social Education and Training of the Mentally: 


Subnormal Child. Pp. 20. London: National Association 
for Mental Health, 1963. 3s. 6d.). Besides a diagram 
indicating the existing provision for children and young 
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people below normal intelligence, the booklet includes a 
useful list of books on mental subnormality, and it should 
prove most useful to parents as well as to workers in this 
field. 


Worm Parasites of Dogs and Cats in Thailand 


ZACARIAS DE JESUS, South East Asia Treaty Organiza- 
tion professor of veterinary medicine, Kasetsart Univer- 
sity, Thailand, has written a booklet, based on materials 
from animals in Bangkok, entitled Dog’s and Cai’s Worm 
Parasites Transmissible to Man and other Prevalent 
Species (Pp. 3845 plates. Bangkok: Harry L, Frederick 
at the Post Publishing Co., Ltd., 1962). This is a useful 
account from a survey in this part of Asia. It forms the 
third part of a project on parasites of domesticated 
animals in Thailand. 


lHegal Trade in Orang-Utans 


Tu Fauna Preservation Society has indicated its deep 
concern about the illegal export of young orang-utans 
from Sumatra and Borneo. The apes are usually smuggled 
into transit ports by poachers who shoot the mother 
animals in order to obtain the young. As only one out of 
every two baby orangs captured usually manages to 
survive transportation to a zoo, the total world population 
of these animals (at present estimated at between three 
and four thousand) is declining rapidly. Many of the 
orangs were smuggled into Singapore and re-exported 
via a clearing house in Bangkok, which has beon 
located and closed down by the vigorous efforts of Dr. 
Boon Song Lekagul of the International Union for the 
Conservation of Nature. It transpired that the Singa- 
pore ring of dealers had had some 85 animals on their 
hands for some time. Their position had been made 
moro difficult by the recent action of the local customs 
authorities, who refused permits for export unless 
import licences could be shown. The old trick of 
exporting young orangs among batches of monkeys wag 
too well known to be practicable. Unfortunately, it 
has now been learnt that a new clearing centre for smuggled. 
orangs has been established at an unspecified port in. 
Japan. It is to be hoped that steps will be taken to ferret. 
out this centre and annihilate it. In conjunction with the 
World Wildlife Fund and the International Union for the 
Conservation of Nature, the Fauna Preservation Society 
is now in correspondence with Mr. Tom Harrisson, the 
curator of the Sarawak Museum, and authorities in 
Singapore in a determined effort to re-establish the 
‘orphaned’ orangs in sanctuaries. 


The Linnean Society of London 


Ar the anniversary meeting of the Linnean Society of 
London, held on May 24, the following were elected 
officers for the session 1963—64: President, Prof. T. M. 
Harris; Treasurer, The Earl of Cranbrook; Secretaries, 
Prof. C. T. Ingold (botany) and Dr. H. G. Vevers (zoology) ; 
Editorial Secretary, Dr. J. Smart; Vice-Presidents, The 
Earl of Cranbrook, Mr. P. R. Bell, Mr. J. B. Gillett and Dr. 
E. I. White. New Members of Council elected: Dr. K. L. 
Alvin, Mr. P. S. B. Digby, Prof. H. R. Hewer, Mr. R. W. J. 
Keay and Mr. R. Ross. The following awards were made: 
Linnean Gold Medals, Dr. Sidnie M. Manton and Prof. 
W. H. Pearsall; The H. H. Bloomer Award, Mr. J. E. 
Lousley. Foreign Members elected were: Prof. P. P. 
Grassé, Prof. C. H. Lindroth and Prof. C. D. Michener 
Mr. R. W. Hayman was elected associate honoris causa 


The Lady Tata Memorial Trust 


Tue Trustees of the Lady Tata Memorial Trust for 
research in leukæmia and allied diseases, on the recommen- 
dation of the (European) Scientific Advisory Committee, 
have made the following International Awards for the 
Academic Year 1963-64: Fellowship, Dr. J. de Maeyer- 
Guignard, Department of Virology, University of Louvain. 
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Expenses Grants, Dr. R. L. Blakley, John Curtin School of 
Medical Research, Canberra; Dr. S. Itzhaki, Department 
of Radiotherapeutics, University of Cambridge; Dr. J. H. 
Hale, Public Health Laboratory, General Hospital, 
Newcastle upon Tyne; Dr. K. M. Laurence, Department of 
Paediatric Pathology, Welsh National School of Medicine, 
Penarth; Dr. B. Pedersen, University Institute of 
Genetics, Copenhagen; Dr. B. Lagerlöf, Department of 
Pathology, Karolinska Sjukhuset, Stockholm 60. 


The Netherlands Society for the History of Medicine 
and Science 


On the occasion of the fiftieth anniversary meeting of 
the Netherlands Society for the History of Medicine and 
Science (“Genootschap voor de Geschiedenis der Genees- 
kund, Wiskunde en Natuurwetenschappen’’), which was 
held at Gorinchem during June 8-9, medals were awarded 
to Dr. E. D. Baumann (for his writings on the history of 
medicine), to Dr. Maria Rooseboom (for her work as a 
long-time council member of the Society and her merits in 
developing the National Museum for the History of 
Science at Leyden) and to Prof. F. Verdoorn (for the 
establishment and development of the new Biohistorical 
Institute of the University of Utrecht, in which the 
former Chronica Botanica Library and Archives have been 
incorporated). 


The Royal Statistical Society 


At the annual general meeting of the Royal Statistical 
Society on June 19, Dr. J. O. Irwin was re-elected presi- 
dent for the ensuing year. Prof. P. Armitage, Mr. B. P. 
Emmett and Miss S. V. Cunliffe were re-elected honorary 
secretaries and Mr. C. T. Saunders was re-elected honorary 
treasurer. Sir Harold Jeffreys was awarded the Society’s 
Guy Medal in gold and Dr. P. V. Sukhatme the Society’s 
Guy Medal in silver. $ 


The Iron and Steel Institute 


Tue following changes are announced in the Council 
of the Iron and Steel Institute: Honorary Vice-Presidents, 
Dr. L. B. Pfeil (vice-chairman, International Nickel Co. 
(Mond), Ltd.) and Sir Richard Summers (chairman, John 
Summers and Sons, Ltd.); Vice-President, T. R. Craig 
(managing director (sales), Colvilles, Ltd.); Members of 
Council, Prof. J. Nutting (professor of metallurgy, 
University of Leeds), F. J. Somers (chairman, Walter 
Somers, Ltd.), and R. P. Towndrow (managing director 
(works), Colvilles, Ltd.); Chairman, Engineering Com- 
mittee and Honorary Member of Council, J. A. Kilby 
(director and chief engineer, Colvilles, Ltd.); Additional 
Honorary Members of Council, E. Davies (managing 
director, Brymbo Steel Works, and director, Guest, Keen 
and Nettlefolds Steel Co., Ltd.), and T. R. Middleton 
{director of research, English Steel Corporation, Ltd.). 


Scientific Esperanto Meetings 


Mrrtines of the following scientific societies are 
scheduled to be held in the course of the Forty-eighth 
International Esperanto Congress, this year to be held in 
Sofia, Bulgaria, during August 3-10: ‘‘Universala Medi- 
cina Esperanto-Asocio” (corresponding secretary, D-rino 
M. Jarnuszkiewicz, Mazowiecka 69, Kraków 2, Poland); 
“Internacia Geografa Asocio”? (corresponding secretary, 
D-ro J. M. `Mabesoone, Pythagorasstr. 122, Amsterdam, 
Netherlands); “Internacia Scienca Asocio Esperantista” 
(corresponding secretary, Prof. B. Popović, Zagrebačka 24, 
Sarajevo, Yugoslavia). Further information can also be 
obtained from Prof. R. A. Lewin, University of California, 
La Jolla, California. 


Announcements 


Dr. F. J. Marna, American astronautical pioneer, has 
been appointed to succeed the late Dr. Théodore von 
Kármán as director of the International Academy of 
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Astronautics until the bi-annual meeting of the Academy 
in Paris during September. 


Pror. H. J. B. Arxuys, professor ‘of surgery in the 
University of London at Guy’s Hospital Medical School, 
and Prof. W. D. M. Paton, professor of pharmacology 
in the University of Oxford, have been appointed mem- 
bers, and Sir Hugh Linstead reappointed a member,, of 
the Medical Research Council as from October 1. 


Mr. Cameron Smam, managing director of Carrs 
Biscuit Co., Ltd., Carlisle, has been awarded the Bowen 
Prize of the Society of Instrument Technology for his 
paper “Automation in the Process Industries with Par- 
ticular Reference to the Biscuit Industry”. 
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Tas sixth International Congress of Nutrition, organ- 
ized by the Nutrition Society, will be held in Edinburgh 
during August 9-15. Further information can be obtained 
from the honorary organizing secretary, Miss A. D. 
Watson, Department of Clinical Chemistry, Royal 
Infirmary, Edinburgh. 


A symposium on “Inter-relationships between Nutri- 
ents”, arranged jointly by the Nutrition Sociéty and the 
Nutrition Society of Canada, will be held at the University 
Laboratory of Physiology, Oxford, during July 26-27. 
Further information can be obtained from Mr. I. Mac- 
donald, Physiological Laboratory, Guy’s Hospital, Lon- 
don, S.E.1. 


A symeostum on “Solvation Phenomena”, organized 
by the Physical and Organic Chemistry Division of the 
Chemical Institute of Canada, will be held at the Univer- 
sity of Alberta, Calgary, during August 29-30. Further 
information can be obtained from Dr. P. J. Krueger, 
Solvation Symposium, Department of Chemistry, Univer- 
sity of Alberta, Calgary, Canada. 


A symposrom on the “Tonospheric Propagation of Very- 
low-frequency Electromagnetic Waves’ will be held at 
the Central Radio Propagation Laboratory, National 
Bureau of Standards, Boulder, Colorado, during August 
12-14. Further information can be obtained from the 
secretary, Mrs. D. Belsher, VLF Symposium, National 
Bureau of Standards, Boulder, Colorado. 


A CONFERENCE on “Veterinary Toxicology”’ will be held 
by the Section of Biological and Medical Sciences of the 
New York Academy of Sciences, and the American 
College of Veterinary Toxicologists, at the Henry Hudson 
Hotel, New York, during July 25-26. Further information 
ean be obtained from the Executive Director, the New 
York Academy of Sciences, 2 East Sixty-Third Street, 
New York 21, N.Y. 


Tue third International Symposium on Biology in 
Saclay on “Activation Analysis and its Applications to the 
Biological Sciences (Medicine, Agronomy and Biology)” 
will be held at the Institut des Sciences et Techniques 
Nucléaires of the Centre d’Etudes Nucléaires, Saclay, 
during September 26-28. Further information can be 
obtained from the Secretary of the Symposium, CEN/S, 
Biology Department, B.P. No. 2, Gif-sur-Yvette (8. and 
O.). 

Tue third international meeting of the Biochemical 
Society will be held at Oxford during July 18~20. The 
programme will include: July 18, the Fourth Hopkins 
Memorial Lecture, “Nucleoside Diphosphate Sugars and 
Saccharide Synthesis”, by Prof. L. F. Leloir (College of 
Technology, Headington). July 19, a discussion sym- 
posium on “The Control of Lipid Metabolism” (University 
Museum Lecture Theatre); a colloquium on “The Study of 
Nucleotide Sequences” (Physiology Lecture Theatre); 
a colloquium on “Vitamin B,, Metabolism in Micro- 
Organisms” (Physiology Lecture Theatre). Further 
information can be obtained from Dr. H. R. V. Arnstein, 
the National Institute for Medical Research, the Ridge- 
way, Mill Hill, London, N.W.7. $ 
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TEACHING OF CHEMISTRY AT SCHOOLS 


TCE third Salters’ conference of schoolmasters was 

organized and held during April 1-5, at the University 
of Bristol, with the help of Prof. D. H. Everett, Dr. F. H. 
Pollard and Dr. P. Woodward of the Department of 
Chemistry, and Dr. H. Knowles and Mr. W. S. James of 
the Department of Education. The aim of these con- 
ferences is to use the surroundings and facilities of univer- 
sity residence, to bring together a number of schoolmasters 
and schoolmistresses and to promote public and informal 
discussions about the great variety of present-day problems 
in the teaching of chemistry in schools. Forty-three 
members attended from public and grammar schools 
throughout the British Isles, and met members of the 
University of Bristol also concerned with these prob- 
lems. Specialist lectures were given by Dr. F. H. Pollard 
on the “Chromatography of Inorganic Compounds”, 
by Mr. G. R. Hall (Imperial College of Science and 
Technology) on ‘‘Radio-Chemistry for Schools”, by 
Dr. J. T. Martin (University of Bristol) on ‘Insecti- 
cides”, by Prof. A. R. Battersby (University of Liverpool) 
on “The Winds of Change”, and by Prof. D. H. 
Everett on “The Use of Models in the Teaching of 
Chemistry”. 

Lectures which were intended to provide a basis for 
more general discussion were also given by Sir Willis 
Jackson (Imperial College of Science and Technology) on 
“The Importance of Chemistry to the Progress of Electrical 
Engineering”, Prof. Ben Morris (University of Bristol) on 
‘Science in Education”, Mr. H. F. Halliwell (Nuffield 


ROLE OF BENTONITE IN CONCRETE 


HE 1,000-ft. long twin-tunnel underpass at Hyde 

Park Corner, London, is the major feature of the 
Hyde Park Corner-Marble Arch traffic improvement 
scheme carried out under the auspices of the London 
County Council and formally opened in October 1962. 
The construction of this tunnel presented some formidable 
problems, not the least of which were those due to proxim- 
ity of the escalator shaft of Hyde Park Corner under- 
ground station and of St. George’s Hospital to the line 
of the underpass, and the paramount importance of noise- 
control so far as practicable for the sake of patients in 
the Hospital. To this end, the plan adopted was to 
construct the Piccadilly and Knightsbridge ‘extremes’ 
first; secondly, the tunnel sections in front of Apsley 
House and St. George’s Hospital; finally, the ‘linking’ 
stations. The noisy method of pile-driving normal to a 
road-engineering project of this magnitude in the type of 
sub-soil characteristic of this part of London had, in 
these special circumstances, to be drastically restrained. 
The method actually adopted, with considerable success, 
in building the conerete retaining walls for subsequent 
open-cut tunnel excavation was what is known as the ICOS 
process, developed by the Impressa Costruzione Opere 
Spezializzate of Milan. This, in many respects novel, 
procedure is based on the use of bentonite, an inter- 
nationally well known but commercially rather lodsely 
described ‘plastic clay’. 

Bentonite is the name originally given to a specific 
type of,clay occurring in the Cretaceous Fort Benton 
shale at Rock Creek, Wyoming, by W. C. Knight in 1898. 
Since that time it has been established that it was formed 
by devitrification and accompanying chemical alteration 
of a glassy voleanic ash, at least in its original native 
environment. Further, that the operative clay-mineral 


Research Fellow for chemical education) on “Some 
Problems of Chemistry Teaching in Schools”, Dr. van 
Praagh (Christs Hospital) on “Research Projects in 
School Chemistry”, Mr. E. R. Coulson (chairman of the 
Association for Scientific Education’s Chemistry Panel) 
on “The Aims and Objects of the New ‘A’ Level Chemistry 
Syllabuses”; and Mr. M. G. Brown (University of Notting- 
ham) on “Examinations”. In discussion, the subjects of 
“Examination Syllabuses” and “The Modern Approach 
to Chemistry Teaching? were debated at length and 
illustrated by members of the conference from personal 
experience. 

To help them maintain a progressive outlook, many of 
the teachers of chemistry in schools, stimulated by discus- 
sions at this conference, voiced two general needs, both 
associated with the work of universities. One need is 
for the enlargement of provisions for sabbatical leave 
schemes, to enable a schoolteacher to return to the 
university, for a period of fresh stimulation and fresh 
grasp of his subjects. A second need is for more sustained 
contact with teachers in the universities in related subjects, 
in order to keep abreast of those modern developments 
in chemistry that are suitable for inclusion in school 
syllabuses, and in order to promote discussions of problems 
that arise in the teaching of chemistry. The view was 
expressed that the teacher of chemistry in a school is a 
person often isolated from the mainstream of scientific 
contact with university, industrial and Government 
establishments. 


RETAINING WALL CONSTRUCTION 


in this material is montmorillonite, as is the case in 
Fuller’s Earth, but in the constitution of bentonite, 
possessing strong moisture-absorption properties, making 
for plasticity and, with excess of water, bulk swelling and 
slime formation. It is in this last connexion that its value 
is exploited in the ICOS process which proved so beneficial 
in constructing the Hyde Park Corner underpass. 

Briefly, the technique involved is to construct a con- 
crete-lined guide trench, in this case 3 ft. 6 in.—4 ft. deep, 
laid out on the line of work. This acts as a guide for the 
grabs and also as a reservoir for bentonite mud emplaced 
therein. In the present instance, according to Concrete 
Quarterly (No. 56, p. 6; 1963), “A trench excavation, 
20 in. wide and as much as 70 ft. deep in certain places, 
was then dug by special grabs, while the trench was kept 
filled with bentonite mud. This had the effect of stabilising 
the sides throughout the operation. Next, steel reinforcing 
cages were lowered into the bentonite-filled trench, and 
concreted by means of a tremic pipe displacing the 
bentonite suspension. Concreting was done in 16-ft. 
bays, a special pipe being used as a stop end for each bay”. 
Once the retaining walls are thus concreted, the tunnel 
excavations can proceed, a specially dense concrete being 
used to ensure absolute water-tightness. . 

It is worthy of note that the southern leg of the under- 
pass involved excavation within 2 ft. of the escalator shaft 
of Hyde Park Corner underground station and of the 
foundations of St. George’s Hospital, which are only 12 ft. 
deep. The delicacy with which the excavations were 
accomplished resulted in only }-in. settlement of the 
hospital building and the maximum movement in the 
escalator shaft was never at any time greater than $ in., 
truly a remarkable achievement in the circumstances. 

H. B. MONER 
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MINERAL TECHNOLOGY 


pee SES of curricula in the teaching of natural 
and applied sciences issued periodically by British 
university and technical training establishments are 
usually framed on what can reasonably be termed ‘cata- 
logue’ lines. The would-be undergraduate and doubtless 
his or her parents spend many anxious hours perusing 
these vital records, to find the answers to precisely what 
are the subjects to be taught in the career course selected, 
how the three or four years ahead of them after entry are 
likely to be spent, and probably of lesser interest at the 
initial stage, who in the select academy are going to be 
responsible for their advanced education. 

It is particularly refreshing to read and, incidentally, 
review, @ departure from the hide-bound prospectus 
tradition, in the recent brochure Mineral Technology at 
the Royal School of Mines, Imperial College of Science 
and Technology (University of London), South Kensing- 
ton, London, 8.W.7*. In this publication we have in 
the most modern format (reminiscent of some of the 
artistic jand colourful magazines issued as house-organs 
by our major oil companies and other industrial organ- 
izations, deserving a far wider circulation), which 
completely reverses the purport of a cut-and-dried 
prospectus. 

Mineral technology, as here portrayed, is an invitation. 
It seeks, most successfully and, let it be said, without 
ostentation and only a modicum of advertisement (surely 
blameless all circumstances considered), to tell the 
doubting aspirant, equally those whose vocational minds 
are already fixed, what indeed lies ahead of a career in 


,.."Imperial College of Science and Technology (University of London). 
Mineral Technology at the Royal School of Mines. Pp. 16. (London: : Imperial 
College of Science and Technology, 1963.) 


applied geology and ‘classical mineralogy’, an inspired 
term in the present context. H 

The message is in this quotation, 4dequately summariz- 
ing the purpose of this issue: “Mineral technology 
embraces both engineering and scientific aspects of the 
separation of valuable mineral constituents from their 
ores. It is concerned with minerals.in the sense that 
chemical engineering is concerned with chemicals and 
metallurgical engineering with metals, and has much in 
common with these subjects. Together with the mining 
geologist and the mining engineer who discover and 
excavate the ore, the mineral technologist supplies mineral 
products to the primary consumer either in finished form 
or as suitable raw material for chemical and metallurgical 
industry”. 

Mineral technology as interpreted here covers the 
essential modern ideas and practices designed to its most 
comprehensive fulfilment, in outline, as necessarily 
restricted within its modest sixteen pages and supplement- 
ary syllabus for the undergraduate course in this subject. 
The vista embraces-liberation and concentration of ores, 
involving physical methods, physico-chemical methods, 
chemical methods, auxiliary operations and research. The 
syllabus for intending students at the Royal School of 
Mines in this vocation is fully detailed, as also is tho 
advice on opportunities for graduates in this basic mining 
industry : research, development, production, management 
and engineering “. . . in all countries conscious of the 
need to develop their mineral resources”. This publication 
is a most praiseworthy effort and could with great 
educational advantage be emulated in other spheres of 
learning concerned, with attracting candidates to work in 
applied natural sciences. H. B. MILNER 


NATURE OF THE LUNAR MARIA 


By Dr. GILBERT FIELDER 


University of London Observatory, Mill Hill Park, 
London, N.W.7 


Ta question as to the physical and chemical nature 
of the lunar mare is becoming increasingly important 
to space scientists. New results reported here are used to 
discriminate between the various specific origins of maria 
which have been proposed (Table 1). 

Estimates of the age of the maria have been made by 
several authors'-*. Their estimates may be split into three 
groups (Fig. 1) and these groups give ages which differ 
grossly. Such large discrepancies are unacceptable for 
practical purposes. 


Table 1. PROPOSED ‘ORIGINS OF MARIA 


Author Origin Material 
Peal (1897) Accretion of meteorites and Thin dust layer 
Warner (1961) erosional detritus from slopes 
Gold (1955) Accretion and erosional detritus Thick dust 
infilling impact craters 
Spurr (1944) Igneous sinks 
Baldwin (1949) Lava. flows initiated by impact 
in Mare Imbrium 
Urey (1952) Lavas derived from low-velocity 
impacts Lava 
Kuiper (1954) Lava flows initiated by several 
dividual impacts 
von Bülow (1957) 
Khabakov (1963) Igneous basins 
Fielder (1963, - 
Wilson (1962 ~ Asphalt 


Hydrocarbon content of lunar 
rocks 
s 
e 


As the maria have a lower crater density than the lunar 
continents it is clear that the maria post-date the older 
features of the continents. In principle, crater counts 
may be used to date the maria relative to the continents. 
Many of the so-called continental regions are invaded by 
mare material and, for the count, it is necessary to select 
a ‘pure’ continental area. 

The area of 2-9 x 10° km? defined in Fig. 2 was selected 
and used to show (Fig. 3) that: 


N, = 3:2 x 104. A-2, | 20 < 4< 50 km (1) 


where N, is the number of continental craters contained 
in the diameter range (A — 1-25) to (A + 1-25) km. 

For craters which are clearly post-mare, it is found 
(Fig. 3) that, in an area of 6-4 x 10° km? covering most 
of the important maria: 


Nom = 5 x 10°. A~*, | 10 < 4 < 60 km (2) 


where Npm is the number of post-mare craters in the 
range (A — 1-25) to (A + 1-25) km. Young’s data? were 
used in the construction of Figs. 3 and 4 and the counts 
were restricted to those regions within 70° of the topo- 
centre. i 
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Fig. 1. Age estimates of the lunar maria, according to different authors. 
The blacked-in rectangles show estimated range of age. Fielder’s 
: estimates are upper limits 
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Fig. 2. Southern hemisphere of the Moon in zenithal equal area pro- 
jection. The shaded area gones te 5 uro. continental region referred 
e tex 


The inverse-square relationship between N and A fits 
well for all craters between about 15 and 55 km in dia- 
meter. The lower limit of diameter stems from a deficit 
in the numbers of the smallest craters because of observa- 
tional incompleteness. It is important to note that, over 
the stipulated range of size, the same form of law relates 
N and A for both post-mare (young) craters, and all the 
continental craters (of all ages). There is clearly a case 
for interpreting Figs. 2 and 3 in terms of a constant rate 
of production of craters of a given size group. 

As the ares, covered by a crater is proportional to A? 
and the number of craters per unit range of diameter is 
proportional to A-*, it follows that the total fractional 
area covered by craters within any fixed diameter-range 
lying between 15 and 55 km is constant in a given area. 
The constant differs for the continental and post-mare 
craters because the integration times differ, and the ratio 


Table 2. RELATIVE AGES OF MARIA 


$ Area of count Area (km*)of Reciprocal of 
Marial region (1 unit = 10° post-marecraters age of mare 
km?) per 10° km? (continent = 1) 
1. M. Tranquillitatis 44 8,130 . 7 
2. Lacus Mortus and 
L. Somniorum L7 7,130 7 
3. M. Foecunditatis 3 5,850 9 
4, M. Frigoris and Sinus 
Roris 4-2 4,110 13 
5. M. Cristum 13 3,310 16 
6. M. Nectaris 1-0 080 17 
7. M. Imbrium 9-2 2,820 19 
8. O. Procellarum 14:0 2,600 20 
9. M. Humorum “13 2,000 27 
10. M. Nubium ë 5-8 1,890 28 
11. M. Serenitatis s1 1,020 50 
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of the fractional areas covered by craters in any two 
regions may be regarded as a measure of the relative age 
of those regions. 

Young” pointed this out, and I believe that he was 
substantially correct in estimating the age of the maria 
as 1/14 of the age of the continents. However, this is 
an averaged result which need not apply to individual 
maria. I have therefore applied the same method to 
different marial areas and the results are listed in Table 2. 

One may take 4-5 x 10° years as an upper limit for the 
age of the continental craters. Even the oldest maria 
appear to be only one-seventh of the age of the continents, 
so it is unlikely that any mare is older than 7 x 10° years. 
This illustrates quantitatively that the Group 1 estimates 
of Fig. 1 are not likely to be correct. 

Mare Tranquillitatis turns out to be one of the oldest 
maria, yet it is readily recognized as a mare. Therefore 
it cannot be argued that still older maria would have been 
obliterated by later craters or erosion, and one is forced to 
admit that the phenomenon of mare formation spanned 
& narrow part of the time spectrum—several 10° years— 
at a late stage in the Moon’s history. 

If the assumption that craters of a given size are being 
formed at a steady rate is correct, one would expect to 
find more ante-mare craters in a recent mare than in an 
old one. Data on ante-mare craters are given in Table 
3 and, indeed, the area of the young Mare Nubium 
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Fig. 3. Logarithmic plot ef number of continental (all ages) and post- 


mare (young) craters against diameter. Small arrows show where 
counts for the smaller craters are incomplete 
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Upper limit of age in 10° years On this interpretation, the matimum 
s 2-4 09 heating occurred relatively recently in the 
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Fig. 4. Heat factors for various maria plotted against their relative age (lower scale). 
i scale based on an assumed age of 4-5 x 10° 
years for the continental regions. The thick curve represents the heat generated in 


The upper horizontal scale gives a time- 


unit time 


covered by ante-mare craters is nearly six times as great 
as that covered by post-mare craters whereas, for the old 
Mare Tranquillitatis, the corresponding factor is only 
one-half. 

Agreement between the ages found from post-mare 
craters and age estimates using ante-mare craters is not 
always so good as this. The differences may be regarded. 
as a measure of the past heat content of the various maria: 
of two contemporaneous maria, that at the higher tempera- 
ture, or that which was deeper, would tend to retain fewer 
traces of ante-mare craters. Thus while the post-mare 
craters may be used to measure the time which has elapsed 
since a particular mare solidified, the ante-mare craters 
give some information on the quantity of heat, g, contained 
beneath unit surface area during the melting phase of a 
mare of given age. Assuming that Schroter’s rule held 
for ante-mare craters prior to the melting phase, then 
qax l/a, when a is the fractional area of ante-mare craters. 
One may therefore define a heat factor, Q, as: 


Q = kAjap (3) 


where p is the fractional area of post-mare craters in & 
marial area A, and k is a constant. 

The method is crude for several reasons; there will be 
statistical errors due to the small number of craters, and 
the heat factor will be underestimated for the central 
regions of a mare in which the ante-mare craters are con- 
centrated around the edges, as in Mare Nectaris; but I 
think the results show that the middle-aged Mare Imbrium 
carried by far the greatest amount of heat. 
curve (Fig. 4) rises from the cooler, older maria to the hot 
Mare Imbrium and then declines to the recent maria. 
I believe that the explanation is that the Moon was heated 
by the decay of long-lived radioactive isotopes and that 
the melting phase reached a climax with the formation of 
Mare Imbrium. 


Table 3. HRAT FACTORS OF MARIA 


Area (km?) of (area am craters) 
Marial region ante-mare craters + (area Q dogarithmic 
_ {see Table 2) per 10° km? craters units) 
1 4,280 0-53 1-0 
2 6,350 0-82 05 
3 4,410 0-75 11 
4 1,060 0-26 20 
5 6,820 2-06 0-8 
6 10,420 3-37 0-5 
7 805 0-21 47 
8 4,167 1:60 21 
9 1,455 0-73 17 
10 10,970 5-80 14 
11 1,820 178 22 





The heat 


Moon’s history and little large-scale surface 
melting occurred prior to the formation 
of Mare Tranquillitatis. The end of the 
melting phase seems to have been marked 
by the induration of the surface of Mare 
Serenitatis. 

Certain characteristic differences between 
the maria now find a natural explanation. 
For example, Mare Tranquillitatis is com- 
posed of a dark material which reflects a 
higher proportion of green light than the 
recent maria. The material extends around 
the border of Mare Serenitatis and some 
‘poor explanations have been offered in 
the ‘literature. The later melting of the 
lighter-coloured central parts of Mare Sereni- 
tatis, however, provides a ready explanation 
of the dark border. Possibly Mare Serenita- 
tis was melted twice, and the melting did 
not extend to the edges on the second 
oceasion. In believing that the lighter- 
coloured material came from Mare Serenitatis 
itself I differ from Baldwin? and other 
authors who have suggested that the 
light material flowed from another mare. 

That Mare Imbrium has been the seat of maximum 
heating is consistent with the great overall depth of 
6-7 km found by Baldwin!; a thick basaltic lava would 
sink to attain isostatic equilibrium. Baldwin’ and 
Cameron and O’Keefe!* have argued that the maria do 
show evidence of compensation. Again, the present theory 
is consistent with my deduction!* that Mare- Imbrium 
developed its prominent sub-radial system of lineaments 
during a period of protracted growth. i 

Repeatedly, students of the physical properties of the 
maria have found similarities to terrestrial lavas!4. The 
maria have albedos of the order of 5 per cent and such 
low reflectivities suggest that they are composed of a 
substance as dark as some volcanic lavas. The spectral 
reflectivities of maria, their polarization characteristics 
and their thermal properties, may again be explained in 
terms of a porous lava. 

Orlova"® showed that the way in which maria scatter 
light is inconsistent with a uniform dust cover, and I 
regard this evidence as conclusive. Irregularities at 
centimetric wave-lengths have been found by Hughes?*, 
Evans!’, and Gear and Bastin}*. Terrestrial lava flows 
often have extremely rough surfaces. 

As a result of the lower lunar gravity and lack of atmo- 
spheric pressure, & gas bubble at a depth of 1 km in a 
terrestrial lava in hydrostatic equilibrium would expand 
to more than six times its volume if the lava column were 
transferred to the Moon. At a depth of 1 m the bubble 
would have 30 times its terrestrial volume and even this 
relative volume would increase by a factor of ten at several 
centimetres below the Moon’s surface. The degassing of 
a lava would thus soon convert the few centimetres close 
to the surface into a rock froth. Coupled with the effects 
of meteorites, lava fields provide just that porous structure 
which has been revealed by physical measurements. Thus, 
not only selenology but also the physical properties of the 
Moon require the maria to have light-absorbent surfaces 
composed of materials akin to spongy lavas. 

Of the theories identified in Table 1, I cannot accept 
the views of Wilson!® and Gold’; although there may 
be some carbon content in the materials of the maria, 
and there will surely be some rock dust (produced by 
meteorites, for example) adhering to larger irregulari- 
ties. 

The time-scales of Baldwin, Kuiper, Urey, Opik, and 
Shoemaker, Hackman and Eggleton all seem to be incor- 
rect. I believe that Young’s method of dating one region 
relative to another, which I have used in this article, is 
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much more reliable than any estimates of age based on 
counts of terrestrial impact craters or of interplanetary 
objects. Not only are our counts of the present number of 
such objects incomplete; we have no knowledge of the 
past frequency of such objects. 

I have used asteroidal data corrected for incompleteness 
of observation to calculate how many large lunar craters 
are likely to be produced in the lifetime of the Moon. 
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‘With realistic estimates of the uncertainties carried 


through such a calculation it appears that one may, or 
may not, obtain the observed crater density. Estimates 
based on the number of terrestrial impact craters at 
present established may be less misleading. 

Opik?-?° and Shoemaker et al.8 have used these methods 
and obtained mare ages which are too great by a factor of 
at least 10. These authors have discussed well-estab- 
lished and probable terrestrial impact craters but not well- 
established terrestrial igneous craters. Recent discussions 
of large terrestrial rings will be found in communications 
by Crawford?!, Moore” and McCall**. There are no known 
impact structures on the Earth as large as the igneous 
structures (up to 90 km in diameter) found by Crawford 
in southern Australia. I mention this because it seems to 
me that the problem of lunar crater origin is seldom 
considered in the proper perspective. 

Urey* has emphasized that we cannot be certain that 
the Moon as a whole has ever melted. He prefers to 
supply most of the heat to melt the maria from the kinetic 
energy released at the impact of large, low-velocity objects, 
all of which fell in the same early epoch and marked the 
terminal stages of the Moon’s accumulation. Any hypo- 
thesis which involves an assumption that there was an 
anomalous era during which most of the craters were 


` formed (or one during which few craters were formed) is 


ad hoc; in accepting it one would have to make further 
questionable assumptions about the laws of crater growth 
in order to ensure the parallelism of the lines given by 
equations (1) and (2). Furthermore, if the maria 
had been impact scars, no ante-mare craters would 
remain. 

Baldwin’s estimate? of age was based on his observation 
that the maria preserve a fossil bulge. Now that Runcorn** 
has proposed a convecting Moon there is no longer great 
difficulty in maintaining a non-spherical lunar surface. 
Moreover, it seems that convection currents are required, 
to account for the lunar global system of strike-slip 
faults?; and the currents would also carry heat to the 
surface. = 

Hartmann and Kuiper’! have recently made some 
nteresting observations of the relative radii of the 
arcuate walls of individual maria. In general, a given 
mare has several such rings which are usually partial and 
occupy different ranges of azimuth measured from the 
centre of a mare. The measurements of Hartmann and 
Kuiper show that the radii of successive arcs tend to 
increase in geometric progression with the constant 
factor equal to 4/2. No explanation is given of this 
property, but the authors believe that the observations 
are not inconsistent with the hypothesis of an impact 
origin for the mare basins. Negative evidence does not 
serve to establish a hypothesis. In a high-velocity impact, 
point symmetry would be expected, and this is not 
observed. In low-velocity encounters a systematic pro- 
gression in the radii of any arcuate walls that might be 
formed is scarcely to be expected. On the other hand, a 
ready explanation of the sequence of arcs follows from the 
igneous basin theory which has been proposed in various 
forms by Spurr?’, von Bülow?!, and Khabakov?*. Indeed, 
Hartmann and Kuiper have themselves said of maria that 
“tectonic processes may be called upon to explain many 
of the surrounding structures”. Having made this sug- 
gestion, I find it difficult to see why they have considered 
advocating a dualistic theory in which vast basins are 
formed by impact and then flooded with lava in a later 
period. e 
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Consider a heavy, downfaulted block of the Moon’s 
crust resting on a less viscous (warmer) substratum but 
built-in to rigid country rocks around the periphery. 
The region of the Altai fault scarp may be viewed as an 
example. The dropped block, of radius 7,, will deform 
under its own weight over a long period of time—a process 
that will be accompanied by radial flow and extrusion of 
the substratum. It is not difficult to see that, with these 
conditions, there will be a reversal of sign of the radial 
bending moment at some radius 0 < 7, < 7} The surface 
of the block will be compressed in the central regions 
0 <r <r, and the base will be compressed in the outer 
zone fy <7 < Tra} Continued warming of the basement 
is likely to lead to further faulting and the faults will 
occur at or near to r= 7,; that is, where the radial 
compressive stress is small enough, at all depths in 
the block, for normal faults to be initiated. Lance 
and Onat have shown experimentally that, for a 
plastic-rigid circular plate that obeys Tresca’s yield con- 
dition and flow rule, r, œ r, 4/2; and Hopkins and 
Prager! have pointed out that, in such a case, the equa- 
tions of equilibrium are independent of the mechanical 
properties of the material. 

Once initiated, the fault zone would be channelled by 
stoping, the central block would commence to drop and 
magmas, becoming mobile as a result of pressure release 
and the nucleation and growth of bubbles, would be 
extruded under hydrostatic pressure. Direct observation 
of the high incidence of small craters in the tops of in- 
dividual eminences comprising a mare-arc confirms that 
these arcs were built up by volcanic action. Detailed 
observation also shows that the arcs are composed of 
lineaments which sympathize with regional tectonic 
trends: this phenomenon is in part responsible for the 
characteristic polygonal mare. 

With renewed accumulation of heat, the process of 
downfaulting might be repeated after some considerable 
time. If the last, innermost arc to be produced is of radius 
To then one would expect to have: 


fajro = 2 (4) 


where rp is the radius of the nth are outside the first. 

The relative radii of ares predicted by equation (4) 
show good agreement with the measurements of Hart- 
mann and Kuiper (Table 4). 


Table 4 
Mare Observed ratio with inner ring 
Nectaris 1 1-6 21 -= = 
Humorum 1 1:35 1-7 _ — 
Imbrium 1 1-46 2-0 kpa apt 
Orientale 1 15 19 29 41 
Calculated 1 1-4 2-0 2:8 4:0 


It may be noted that, on this theory, extrusion occurs 
around a ring which splits the area contained by the older 
ring into equal parts. Inner-ring volcanoes can thus tap 
the thermal sources provided by a large volume of base- 
ment even if the sources are not very deep. 

Warner’s conclusion*®* that the dark colour of the maria 
is a superficial layer underlain by lunarite is based on the 


` observation that the exposed faces of mare-faults are 


always bright. It is important to consider that. normal 
faulting may be accompanied by heating and that heat 
may whiten the materials. In addition, the faults in 
question. are only found towards the edges of maria, where 
the thickness of lava might in any event be least. It is, 
of course, possible that early impacts were followed by 
comparatively recent flooding but, even if this ad hoc 
assumption is correct, it does not alter the conclusion 
that the maria, as we see them now, are essentially lava 
fields. 
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AN APPLICATION OF PALÆOMAGNETISM IN ESTIMATING THE AGE OF ROCKS 
' By A. LAROCHELLE and R. F. BLACK 


Geological Survey of Canada, Ottawa 


ESPITE the enormous amount of paleomagnetic 
data published over the past decade, there still exist 
considerable gaps on the polar wandering curves, which 
need to be re-adjusted before paleomagnetism can be 
claimed as a proved method of age determination of rocks. 
Nevertheless, even at this early stage, attempts to estimate 
the age of Palzozoic or younger rocks should not be under- 
estimated, mainly in view of the striking coherency that 
characterizes most of the paleomagnetic measurements 
carried out so far. 

The data presented in this article were derived from a 
suite of 20 oriented samples that were collected from 
undisturbed diabasic rocks from Ellef Ringnes Island at 
latitude 78° 45’ N. and longitude 103° 45’ W. (Fig. 1). 
An estimate of the time of intrusion of these rocks was 
obtained from a comparison of the pole position derived 
from their palaomagnetism with other dated pole positions 
for the North American continent. 

The diabase rocks are known! to intrude Paleozoic and 
Mesozoic formations throughout the Canadian Arctic 
Archipelago. In the immediate vicinity of the sampling 
area, they intrude the Deer Bay Formation (Lowermost 











Fig. 1. 


Sampling area 
F, fossil locality; @, Sampling ites. Hatched, undisturbed Cretaceous 


sediments; white, diabase and gabbro 


Table 1. MEAN MAGNETIZATION DIRECTIONS FOR COLLEOTING SITES 
Magnetization directions 
Initial magnetization after alternating field 
directions treatment 
Collecting 
site N S D I R ; D I R 
1 2 4 2920 +720 3.99 2900 +685 3°99 
2 2 4 2938-5 +755 4:00 2465 +775 3-94 
3 2 4 094-0 +775 8-80 110°5 + 83-0 3-73 
4 2 4 291-5 + 83-0 3-99 2530 +3880 3°92 
5 2 4 1015 +860 392 1925 +830 3-91 
-6 2 4 027-5 + 85-0 3-98 0520 +880 3'88 
7 2 4 3105 +770 392 290:0 +820 3-96 
8 2 4 2085 +570 3-98 2920 +520 3-97 
9 2 4 3060 +715 4-00 3025 +700 4-00 
10 2 4 3045 +745 3-90 2650 +725 3-80 


N, number of sam ples collected at each site; S, number of specimens 
from each site; D, mean site declination of magnetization; J, mean site 
inolination of magnetization; R, resultant of four magnetization vectors at 
each site. 


Cretaceous) as dykes and sills, whereas they cover the 
lower part of the Isachsen Formation (Lower Cretaceous) 
as sheets’. The upper age-limit of the diabase is not 
clearly defined, however, since there is no direct evidence 
indicating their relationship with respect to Tertiary 
sediments, although they are unconformably overlain by 
unconsolidated Pleistocene deposits. Up to now, the 
probable age of the diabase has been estimated as Lower 
or Upper Cretaceous on the basis that they have not been 
observed to intrude any of the Tertiary bedst. 

For the collection, samples were oriented in situ with 
the aid of a solar compass and clinometer. At each of the 
ten sites visited (location shown in Fig. 1), two samples of 
unweathered rock were collected. Two l-in. cubical 
specimens were cut out from each sample, two faces of 
each cube being parallel to the orientation mark and 
perpendicular to the collecting surface. 

The natural remanent magnetization of each cube was 
determined both in intensity and direction by means of a 
spinner-type magnetometer recently developed at the 
Geological Survey of Canada. 

The magnetic stability of the rocks was tested in an 
alternating field of 300 œrsteds (peak value). The change 
assumed by the mean directions of magnetization for 
each site as a result of this treatment was relatively 
insignificant, as may be verified from a comparison of 
columns 4 and 5 and columns 7 and 8 of Table 1. The 
mean directions of magnetization for each of the 20 
samples before and after the alternating field treatment 
are plotted in Figs. 2A and B respectively. In the second 
of these groups of measurements the intensities of mag- 
netization were lower than in the first group by about 10 
per cent. It was concluded from these facts that the 
natural remanent magnetization of the rocks dealt with is 
predominantly of thermoremanent nature. On this basis, 
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the mean direction of magnetization of 
the whole suite after the alternating field 
treatment was considered as indicative 
of the Earth’s field attitude at the time 
the rocks were cooled from magmatic to 
normal surface temperatures. 

With the assumption of a geocentric 
dipole field, the collecting site co-latitude 
was computed and the ancient pole 
position was derived from these data in 
terms of present geographic co-ordinates. 
The results of these computations are 
listed in Table 2 along with the half- 
angle of the cone of, confidence at the 
95 per cent probability-level*. 

Among the published pole positions 
derived from North American rocks, 
B there appears to be a sharp break in the 
; . location of Tertiary with respect to Cre- 
x K R taceous poles. As may be verified from 
Fig. 3 and Table 2, the Tertiary poles are 






















BEFORE TREATMENT (A) 6.5 28 193 liv located at latitudes 80°-87° N 
- enerally loca: at latitudes — vy 

AFTER TREATMENT {B 8 i 
tI rs 2° ets whereas the two Cretaceous poles avail- 
ae * s eee A able are located at latitudes in the vicinity 

g. 2. reographic projections of the directions of magnetization and circles of con- e Ameri 

: fidence before (4) and after (B) alternating field demagnetization of 70° N. One of the two North American 
@, Vectors pointing downward; +, mean direction of magnetization Cretaceous poles is based on Runcorn’s 
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Fig. 3. Polar stqgeographic projection of Northern Hemisphere showing Cretaceous and Tertiary (+) pole positions and related ovals of con- 
fidence for poles 2 and 8. 1, Dakota sandstone; 2, Isachsen dlabase; 3, Mount Megantic basic intrusives 
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Table 2. SUMMARY OF PALZOMAGNETIC DATA Fc 
> Collection site 
Formation Age Lat. Long. D I 
Dakota sandstone ¢ Cretaceous 34N. 110 W. 1590 -—605 
Isachsen diabase Cretaceous ? TON. 104 W. 288:5 +795 2 acu W. 1 
Basic intrusives h i 
Mount Megantic Cretaceous 455 N. 71W. 1570 —52-0 12 24 6-5 44 68-5 N. 171-5 E. 8-9 6-1 
Canadian basalts * Late Tertiary 61 N 1845 W. 3485 +75 46 — 4 28 85 N. 145 B. 72 6-7 
Payette * Miocene ky 
7 Plocene (?) 43 N. 1155W 15 +625 13 — 2-5 258 88:5 N 60 W. 4 3 

Columbia River basalts* Miocene 46-5 N. 120 W. 3-5 +695 73 == 8 4 83 N. 105 W. 13:5 115 
Ellensburg * Late Miocene 

Early Pliocene 46-5 N. 120-5 W 05 +685 23 — 9 12 8N. 115 W. 15:5 13 
Duchesne River * Tertiary 40-5 N. 110 W. 2 +65 24 85 5 14 83 N. 99 W. 8 6 
Laney Shale* Eocene 41-5 N. 1095 W. 3535 462-5 19 — 6 30 85 N, 170 W. %5 75 
Green River* Eocene 39-5 N. 108 W. 3455 +650 7 —- 45 168 77-5 N. 158 W. 7 6 
‘Wasatch * Eocene 445 N. 109 W. 3515 +635 4 — 17 30 84:5 N, 180 E. 26:5 21 


N, number of samples; S, number of specimens; a, radius of the circle of confidence at the 95 per cent level of probability; K, estimate of the 


precision parameter; dy, dy, semi-axes of the oval of confidence; *, 
of the three reversely polarized samples reported by Runcorn (ref. 4). 


measurements of the Dakota Sandstone’. Runcorn con- 
sidered that only the three reversely polarized samples of 
the six measured by him were magnetically stable. The 
mean magnetization direction was recomputed by us for 
these three samples, the mean of the first sample being 
based on four specimens, that of the second one on three 
specimens, and that of the third on two specimens. The 
recomputed mean direction for this group and the corre- 
sponding pole position are given in Table 2. The second 
Cretaceous pole available in the literature is based on the 
magnetization measurements of 12 samples’ from the 
magnetically stable basic intrusive rocks of Mount 
Megantic. The age of these rocks has been established as 
Cretaceous by potassium/argon age determination’. 

The proximity of the poles derived from the Isachsen 
diabase and the Mount Megantic rocks, the magnetic 
stability of the rocks in both cases, and the general 
departure of these two poles and of the pole derived from 
the Dakota Sandstone from the Tertiary poles all indicate 
that the Isachsen diabase rocks are probably of Cretaceous 
age. Furthermore, this interpretation is not in contradic- 


as reported by Cox and Doell (ref. 7); 


f, as calculated by us from the means 


tion with the date postulated by the available geological 
field evidence. 

We thank the Director of the Geological Survey of 
Canada, for allowing publication of this article and Mr. J. 
Babbin, of the Polar Continental Shelf Project, for collect- 


“ing the Isachsen diabase samples. 


Note added in proof. Since the manuscript for this 
article was first submitted, potassium/argon, (whole rock) 
analyses were made for samples from sites 1 and 10. The 
ages obtained were 24] and 249 m.y. respectively, which 
would set the age of the dykes as Permian. This indica- 
tion is fully incompatible with the biostratigraphic and 
palxomagnetic data (100 + 25 m.y.) and no reasonable 
explanation has been found so far for this incompatibility. 
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DECOMPOSITION OF SINGLE CRYSTALS OF LEAD HYDROXIDE 
IN THE ELECTRON MICROSCOPE 


By Dr. M. J. SOLE* and Dr. A. D. YOFFE 
Physics and Chemistry of Solids, Cavendish Laboratory, University of Cambridge 


le recent years there have been a number of investi- 
gations into the way in which solids decompose in the 
highly ionizing beam of the electron microscope. Com- 
pounds which have been examined include silver azide}, 
magnesium hydroxide*, silver iodide*, lead iodide’ and 
silver cyanamide®. This article describes some observa- 
tions on the behaviour of lead hydroxide. This compound 
decomposes in an interesting manner with the formation 
.of both crystallographic cavities and crystallographic 
nuclei of decomposition product. 

The investigation arose out of a more general investi- 
gation of the structure and stability of lead and other 
inorganic cyanamides’. During the preparation of single 
crystals of lead cyanamide for examination in the electron 
microscope crystals of lead hydroxide are also formed. 
The latter are particularly suited for examination by 
transmission electron microscopy and by electron diffrac- 
tion. 


Preparation of Crystals 


The preparation of crystals involved slow precipitation 
in alkaline solution. This was achieved by allowing 
ammonia gas to diffuse through a layer of ether covering 
a solution of lead cyanamide in dilute acetic acid. Before 
adding the ether, an evaporated carbon film was floated 
on to the surface of the acid solution and gold electron 


* Present address: Metallurgy Division, Atomic Energy Research Estab- 
lishment, Harwell. 


microscope grids (500 mesh) were placed in the solution 
on platinum gauze supports. Hther was then added to a 
depth of about 5 mm. The carbon film remained at the 
interface, though some of its coherence was lost. The 
vessel and its contents were then placed in a large 
desiccator containing a beaker of 880.ammonia. After 
15-30 min a yellow precipitate of lead cyanamide was 
clearly visible and the vessel was then removed. Some 
crystals (not visible) are formed on the carbon film and 
this was then caught up over the grids by raising the 
support gauze through the film. Most of the liquid 
adhering to the grids was removed with filter paper, and, 
after drying, the grids were ready for examination in the 
microscope. This was a Siemens-Elmiskop I electron 
microscope operated at 80 kV. 

Crystals of both lead cyanamide and lead hydroxide are 
to be found on the carbon support film. The former were 
identified by their electron diffraction pattern’. 

The crystals of lead hydroxide were clearly distinguish- 
able both by their appearance and by their hexagonal 
diffraction patterns, which showed them to be in the 
(0001) orientation®. They were generally sufficiently thin 
for extinction contours to be visible and were hexagonal 
in shape (though the hexagons were seldom complete). 
Because of a strong tendency towards overgrowth, Moiré 
patterns were frequently observed, but dislocations were 
rarely seen. The possibility that the crystals were a basic 
lead salt seems unlikely as crysta#s with the same 
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These observations bave been reported since they 
indicate that these phenomena are perhaps general to the 
decomposition of layer structures in which there is a fair 
degree of covalent bonding. It would be of interest to 
pursue the possibility that bonding along certain direc- 
tions has a direct influence on the course of solid-state 
reactions of the general type: 


solid A—+solid B+ gas C 


Electron microscopy and diffraction provide a conveni- 
ent way for such an examination. 
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DOUBLE PROBE MEASUREMENTS OF ELECTRON TEMPERATURES 
IN A SHOCK TUBE 


By T. I. McLAREN, J. N. FOX and Dr. R. M. HOBSON 
Clarke, Chapman and Co.,'Ltd., Victoria Works, Gateshead 


EASUREMENTS of electron temperatures and 
concentrations by means of Langmuir probes are 
particularly attractive in studying the transient shock 
generated plasmas in shock tubes as, with proper arrange- 
ment, they provide spatial and temporal resolution not 
available from other techniques such as optical, micro- 
wave, expelled flux, etc. However, the results reported 
so far by, among others, Lin, Resler and Kantrowitz', 
Hollyer?, Hand and Kistiakowsky’, have indicated the 
difficulties of obtaining reproducible probe measurements 
which agree to within a reasonable factor of the theoretic- 
ally predicted parameters. Furthermore, attempts have 
been made by Sakuntala, Von Engel and Fowler‘, Lin, 
Resler and Kantrowitz1, Pain and Smy®, Nagamatsu and 
Sheer*, to measure the conductivity of partially ionized 
plasmas flowing through magnetic fields by the applica- 
tion of what is effectively a double-probe technique. In- 
consistencies in these measurements are not surprising 
in view of the previous results in which the probe collec- 
tion mechanisms were not complicated by the presence of a 
magnetic field. 
The measurements reported here form part of the 


initial diagnostics in a programme to examine the inter- 


action of partially ionized plasmas with the magnetic 
fields through which they are flowing. The physics of 
these processes will at a later stage be applied to the 
problems of engineering design in magneto-hydrodynamic 
power generators. 

The electrically driven 2-em shock tube in which these 
experiments have been carried out has been previously 
described by Hobson and McLaren’. The double probe 
technique of Johnston and Malter? has been adapted as 
indicated in Fig. 1 to the transient measurement require- 
ments of the shock tube. 

Initial experiments using copper, tungsten and gold 
probes outlined the difficulty of obtaining reproducible 
signal amplitudes from subsequent identical experimental 
conditions and this is indicated in Fig. 2. This attenuation 
in signal was attributed to alterations in the surface condi- 
tions of the probe at successive shocks. Mechanical 
cleaning, chemical etching, and glow-discharge cleaning 
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Fig. 1. Basic double-probe circuit 
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Fig. 2. a, Response of a gold double plane probe. b, Response of same 
probe in next shock. No cleaning between shots. Time-seale 20 ysec/ 
major division; current scale 0-5 amp/major division 


between experiments produced no significant consistency 
and in many cases led to appreciable time delays between 
experiments in order to ensure initially similar clean 
vacuum conditions. 

It was apparent that a more effective technique of 
probe-cleaning in vacuum was essential, and to this end 
the probe geometry was changed from the more conven 
tional cylindrical, spherical or plane probe to a ‘hairpin 
probe’ as indicated in Fig. 3. In practice each hairpin 
is a unipotential surface when used as an element of 
a double probe, but can be electrically connected, out- 
side the vacuum system to enable a cleaning current to 
be passed through the probe wire between shocks. In 
general the probe is constructed from 0-008-in. tungsten 
wire and between shocks is flashed to white heat for a 
period of about 30 see with continuous vacuum pumping 
at a pressure of about 10 mm mercury. Experiments 
with this new arrangement give a high degree of consist- 
ency and this is clearly seen in Fig. 4. ° 


< 
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Fig, 1. A sequence of electron micrographs of a single crystal of lead hydroxide decom- 
posing in the electron beam. Some of the crystallographic cavities (C) and crystallo- 
graphic nuclei of decomposition product (N) are arrowed 








Fig. 2. Electron diffygction patterns of the same crystal as in Fig. 1 and corresponding 
to similar stages of decomposition 


1263 


appearance and diffraction pattern could be 
prepared from acid solutions of both lead 
acetate and lead nitrate. 


Behaviour in the Electron 
Beam 


The lead hydroxide crystals were fairly 
stable in the electron beam under normal 
operating conditions but decomposed as the 
beam current was increased. Fig. la shows 
the appearance of a single crystal containing 
a few flaws and cracks. Some slight local- 
ized decomposition has occurred in their 
vicinity and along edges. Fig. 1b shows the 
same crystal after some overall decomposi- 
tion has occurred. It should be noted that 
now some of the ‘holes’ previously visible 
have disappeared, and this may be taken as 
evidence for the mobility of the products of 
decomposition. The crystal is now mottled 
in appearance and there are some discrete 
nuclei of a decomposition product, pré- 
sumably metallic lead. The Bragg extinc- 
tion contours have disappeared. The next 
stage in the decomposition is particularly 
worthy of note, being characterized by the 
formation of crystallographic voids and 
nuclei as shown in Fig. Ic. These have a 
tendency to be triangular or hexagonal in 
shape as indicated by the arrows. At even 
higher beam currents decomposition to 
metallic lead is complete. The metal is 
highly mobile and aggregates as shown in 
Fig. ld. These aggregates are always con- 
fined to the region originally occupied by the 
erystal and they exhibit contrast effects 
which may be thickness fringes or due to 
stacking faults. - 

The corresponding diffraction patterns 
are shown in Fig. 2. As decomposition pro- 
ceeds the spots elongate and become double. 
Prior to the final stage of decomposition 
lead hydroxide is still present with the same 
lattice spacing (a=5-24 A), while the 
second series of spots has moved progres- 
sively inwards, the a spacing increasing to 
about 5-50 A. There are also additional 
spots due to randomly orientated lead and 
after complete decomposition only these 
remain. 


Discussion 


It would appear from the diffraction 
patterns that the decomposition of lead 
hydroxide to metallic lead and gaseous 
products involves the formation of an inter- 
mediate which is probably an oxide of lead. 
This intermediate is oriented with respect 
to the parent lattice and the crystallographic 
nuclei of Fig. 1c may be ascribed to it. The 
lead, shown as black specks in Figs. 16 and 
ic, seems to be more randomly oriented. 
The regions of light contrast which have 
crystallographic shapes may be attributed 
to voids or cavities within the crystal as in 
the case of lead iodide’. These cavities 
do not necessarily penetrate right through 
the thickness of the crystal. There are 
indications that the cavities enhance nuclea- 
tion as in lead iodide, but they do not now 
have the same degree of mobility. Similar 
behaviour has also been reported for silver 
cyanamide thermally decomposed in oxy- 


gen’. 
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Under these conditions an experimental measurement 
can be confidently reproduced after any arbitrary time- 
interval or intervening sequence of measurements. 
Furthermore, using this technique no traces have been 
obtained with the superimposed pattern of ‘hash’ which 
had previously been reported during probe measurements 
at low current densities*:™®, A typical double probe 
characteristic constructed from a series of measurements 
similar to those of Fig. 4 at identical shock velocities, but 
with the inter-probe voltage, Va, set at a different value 
in the range —6 V to +6 V, is shown in Fig. 5. 

3 [Lip — 1 ; 

The corresponding plot of In —— | is shown in 
Fig. 6 and from this the electron temperature is found in 
the conventional way’. In this case the measured electron 
temperature is 12,000° K and may be compared with the 
theoretically predicted temperature!® of 11,000° K for a 
Mach 14 shock propagating through argon at an initial 
pressure of 0-4 mm mercury. 

The corresponding measured electron concentration is 
2-1 x 10%/c.c. compared with the theoretical value!’ 
of 6-8 x 10" c.c. The latter measurement is strongly 
dependent on a correct estimate of the probe collecting 
area and this is being invesfigatea- at present. The 
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OOB’ TUNGSTEN PROBE SURFACES 
Fig. 3. Double-probe construction 





Fig. 4. a, Response of a tungsten ‘hairpin’ double 
same probe in next shock. 


robe. b, Response of 

Probes flashed to white heat before each 
shock 

Upper trace, double prgbe response; lower trace, response of photo- 


multiplier 2 cm downstream of probe. Time-scale 2 uwsec/major division; 
current scale 0-5 amp/major division; differential probe voltage, 1:15 V 
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Fig. 5. 


Typical double-probe characteristic initial shock-tube pressure, 
0-4 mm mercury; argon shock velocity, mach 14 
Points plotted represent mean of number of shots 
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Fig. 6. Plot of In [= = 1] versus differential probe voltage V p 
z 


measurements are now being extended by applying a 
fast sweep to the voltage to obtain the complete double 
probe characteristic during any one shock, 

Part of this work was supported by the Ministry of 
Aviation under contract number KM /2J/0103/0B 45 (b). 
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ELECTRON SPIN RESONANCE OF CHARGE CARRIERS IN IMPURE 
MOLYBDENUM DISULPHIDE 


By J. W. C. SPACKMAN 


Physics Branch, Royal Military College of Science, Shrivenham, Swindon, Wilts. 


N intense- electron spin resonance signal has been 

obtained from fine particle molybdenum disulphide. 

The modification of the line shape on compression of 

powdered, samples, and the variation in asymmetry with 

temperature, suggest very strongly that the signal is due 
to mobile charge carriers and not to free radical centres. 

The molybdenum disulphide used was a fine powder 
commercial. material of colloidal dimensions - (particle 
diameter ~ 5000 A) and no attempt was made at purifica- 
tion.: Samples were examined both as a crude mechanical 
dispersion of the powder in alumina, and as a compressed 
pellet of the unadulterated powder. It was found that for 
the dispersed samples a mixture of 30 per cent molyb- 
dénum  disulphide-70 per cent alumina gave a good 
compromise between sensitivity and avoidance of skin 
depth effects which tended to become noticeable at higher 
concentrations. 

The spectrometer used was a conventional X. band 
spectrometer with high-frequency (400 ke/s) modulation. 
Spectra ‘were displayed as the first derivative of the 
absorption signal. The samples were placed at the centre 
of an Hj), transmission cavity. It was necessary to limit 
the dimensions of the pelletized samples to cylinders of 
approximately 2. mm diameter by 5 mm height to avoid 
detuning of the. cavity and subsequent instrumental 
distortion. of the line shape. 

Resonance from dispersed samples. A resonance occurred 
at ag value of 2-0031, this value being recorded in vacuum, 
The line was of Lorentzian shape in the centre tending to 
Gaussian. in the wings (the analysis suggested by Tikho- 
mirova and Voevodskii was used'). Both spin concentra- 
tion. and™line width were sensitive to oxygen pressure. 
Spin concentrations (assuming a spin of $) and line widths 
in air and vacuum are shown in Table 1. 


Table 1. Line Wiptas AND SPIN CONCENTRATIONS IN AIR AND VACUUM 


Line width Spin concentration 
(gauss) (spins g-") 
In air T5 93x 10° 
In vacuum a8 2-7 x 10" 


Resonance from compressed samples. Undispersed 
samples tended to show marked signal distortion due to 
skin depth effects and progressive compression steadily 
increased the signal asymmetry. Increase of temperature 
also increased the asymmetry up to a limit. Fig. 1 shows 
the changes in line shape on progressive compression of 
the molybdenum disulphide sample. Spectra were 
recorded after release of pressure. If an asymmetry 
parameter (4/B) is defined as the maximum positive 
value of the derivative signal over the maximum negative 
value then, for example, a value of A/B of approximately 
10 ig obtained at 195° K and further increase in the 
pressure used to form the pellets does not increase the 
signal asymmetry. A similar limiting asymmetry is also 
found at higher temperature and lower pressure. The 
variation with temperature in the asymmetry parameter 
for a pellet formed at a given pressure follows an S-shaped 
curve where A/B has a lower limit of 1 and a higher limit 
of 19. Fig. 2 shows the variation of 4/B with temperature 
for a sample formed above the limiting pressure (that is, 


the pressure giving a maximum value of A/B at a given 
° 


. 
e 


temperature). Fig. 3 shows some actual signals obtained 
at various temperatures. The reproducibility of resulte 
for different:samples is not good but the general form of 
the curves is the same for all samples investigated, 

Discussion of results. Micro-wave radiation changes 
both in phase and amplitude as it penetrates a conducting 
medium and the total effective depth of penetration is 
referred to as the skin depth, For samples that are large 
compared with the skin depth the electron spin resonance 
signal of any. paramagnetic centre within the skin depth 
is considerably modificd Now for electricalt, ~inoiweu 
particles of molybdenum disulphide (that is, dispersed 
samples), the particle size is much less than the skin depth 
and thus the micro-wave radiation is at uniform intensity 
for all spins. In this case, as would be expected, the 
signal is the normal approximately Lorentzian function 
observed in a non-conducting sample. The particles come 
into electrical contact as the packing efficiency of the ` 
powder is increased and a stage is reached where the skin 
depth is less than the effective particle size, that is, the 
average size of conglomerates of individual. particles in 
good electrical contact, and the signal begins. to show 
asymmetry. 

Bloembergen? discussed the case of static spins in 
samples large compared with the skin depth and showed. 
that in this instance the resonance obtained is an equal 
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Fig. 1. Change in Hne shape on compression 
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Fig. 3... Variation of line shape with temperature 


mixture of the absorptive and. dispersive parts of the 
complex susceptibility giving an asymmetry parameter 
AJB of approximately 2-7. Dyson® extended this theory 
to cover the case of diffusing electrons in metal and 
showed that if a diffusion time Tp is defined as the time 
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taken for a spin centre to diffuse in and out of the skin 
depth, and a total relaxation time T, is defined as the 
inverse line width (that is, T,=1/Aw) then for slow 
diffusion (that is, T'p/T,~%©). A/B—-2-7 (that is, the 
Bloembergen case) while for fast diffusion (that is, 
Tp/T,>0), A/B-19. Any value of A/B > 2-7 is therefore 
evidence of a rapidly diffusing spin. 

The theory of Dyson was experimentally verified by 
Feher and Kip’, who showed that in a metal A/B is a 
decreasing function of rising temperature following an 
S-shaped curve between the limits of 2-7 and 19. Molyb- 
denum disulphide is, however, a semi-conductor and the 
conductivity increases with temperature. Thus the skin 
depth and hence Tp decrease with rising temperature, and 
since T, is approximately independent of temperature 
one would therefore expect an increasing value of A/B 
‘with rising temperature tending to the theoretical upper 
limit of 19. Note that as the conductivity of molybdenum 
disulphide falls rapidly with decreasing temperature the 
lower limit is set not. by the slow diffusion process 
(corresponding to AJB of 2-7) but by the fact that. the 
skin depth becomes greater than the particle size, corre- 
sponding to the non-conducting case of A/B=1. The 
signals obtained from molybdenum disulphide samples 
are therefore consistent with a fast diffusing paramagnetic 
centre, which is almost: certainly the species responsible 
for the conductivity of the substance. In the case of 
molybdenum disulphide the signal may be due to either 
conduction electrons or holes. - ' 

Several authors have recently obtained signals attributed 
to charge carriers in non-metallic substances, that. is, 
graphite®, polycrystalline graphite’, carbon black’, neutron- 
irradiated graphite’, and graphitic interlamellar com- 
pounds*®. This is the first instance, however, of the 
phenomenon. being observed in a non-carbonaceous, 
non-metallic substance. It is almost certainly significant 
that molybdenum disulphide has a similar layer plane 
lattice to graphite. but it is not possible on the basis of the 
present evidence to suggest the connexion between a 
layer plane structure and the observation of this form of 
resonance. 

It is concluded that the electron spin resonance 
absorption of impure molybdenum disulphide is almost 
certainly due to mobile charge carriers and not due to 
static free radical centres. 

I thank Prof. A. Charlesby for his advice. 
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~ SULPHUR-SELENIUM AND SULPHUR-TELLURIUM CYCLIC 
INTERCHALCOGEN COMPOUNDS 


By LORIN L. HAWES 


Department of Chemistry, Australian National University, Canberra 


“A. LTHOUGH phase relationships. in. the sulphur- 
of selenium system are obscure and difficult, to inter- 
pret!, the appearance and behaviour of fusion products 
prepared with varying proportions of these elements 
seem to suggest that molecules based on an eight- 
membered ring structure are present in some of the 
phases. This is confirmed by recent solid solution investi- 
‘gations’? of such fusion products, which show that a 
phase based on they-sulphur lattice can exist over a wide 
range of compositions, suggesting the possible presence of 


perhaps many different molecular species based on eight- 
membered ring structures. KRE 

Parallel research in this laboratory has been concerned 
with the identification and isolation of such compounds 
from sulphur-selenium and sulphur-tellurium fusion 
products, and indicates that while there are at least 
three well-defined members of the series SeaS,-n, 
namely Se,8,, SeS, and SeS, there appears. to be... 
only one member, TeS;, of the corresponding Teaia 
series. ; l 
. os è 

. 
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Preparation and isolation of compounds. All previous 
attempts recorded in. the literature at the isolation of 
such compounds from fusion products have been based on 
fractional crystallization from carbon disulphide solutions, 
and their failure to isolate stoichiometric compounds is 
due at least partly to the extremely high solubility of all 
such compounds, even. Ses, in this solvent. With benzene 
as a solvent, however, an excellent gradation in solubilities 
is observed which provides a ready basis for the separation 
of the more stable members of the series, and for the 
concentration of other compounds in an impure form. 

Sea If equiatomic proportions of selenium and 
sulphur are fused and refluxed in an evacuated tube at 
approximately. 450° C, the product which is formed on 
cooling ‘is generally similar to plastic sulphur, and like 
plastic sulphur it crystallizes on standing. The solidified 
fusion product is partly soluble in boiling benzene, and 
fractional crystallization of the soluble portion yields red 
crystals, tabular in shape, of Se,8, as the least-soluble 
fraction. The powder diffraction pattern of this substance 
is identical with that. listed in the A.S.T.M. Index for 
‘SeS (ref. 4). 

SeSe Fusion products obtained from initial mixtures 
containing from 10-20 atomic per cent selenium are similar 
to those: prepared with equiatomic proportions in going 
through a plastic stage before final solidification. On 
rapid extraction of the solidified product in boiling 
benzene, using 20 g/l. of solvent, it is found that light- 
orange-coloured needles of Se,S, separate on cooling. 
Although stable indefinitely in the solid state, Se,5, de- 
composes in solution, The decomposition is rapid at 
elevated temperatures, and prolonged boiling of solutions 
of Se,8, in benzene yields Se,S, and S, Solutions of 
Se,8, are moderately stable at room temperature but 
decompose. over the course of a few weeks to yield Se,S, 
and §,. 

SeS, and TeS,.. These are apparently too unstable to be 
isolated directly by recrystallization from fusion products, 
decomposing in solution to yield S, and Se,5, or tellurium, 
respectively. Their existence is shown by derivative 
compounds. containing SeS, and TeS, rings, discussed 
in a later section. 

Evidence for. the existence of SeS, and SeSe as discrete 
compounds. That Se,8, and Se,S, are distinct chemical 
compounds and not solid solutions of Se, and Sz, or of 
Se,8, and Sp, was indicated by chemical analysis, by their 
greatly differing solubilities in benzene, and by isopiestic 
molecular weight: determinations (Table 1) and confirmed 
by X-ray solid solution studies in «-sulphur. In these 
solid solution investigations, samples were prepared by 
grinding together varying amounts of Se, and Se, Se,S, 
and S, and Se,S, and S, in an agate mortar in the presence 
of carbon disulphide (in which all these molecular species 
are soluble) to produce extremely fine powders. The 
powder samples were mounted as thin layers (approxim- 
ately 0-002 em thick) on a ‘Mylar’ film, and the low angle 
diffraction pattern recorded with a 5-cm precision coaxial 
camera’. The lattice parameters and unit cell volumes 
were calculated. by the direct least. squares method applied 
to the reciprocal lattice’ using twelve specific low-angle 
lines which were well isolated on the diffraction patterns. 
The results of these investigations are illustrated in Fig. 1. 
It is seen that the limiting cell volume is greatest for 
Se,8,, that it is somewhat less for Se,S, due to reduced 
solubility, and that Se, is apparently insoluble in the 
«-sulphur lattice, hence that Se,S, and Se,S, are distinct 
molecular species. . 


Table 1. PHYSICAL CONSTANTS OF SE,S, AND SE:S 


Sample Se.8. Se,S, 
Melting point 118° C (dee) 121-5° C 
Specific. gravity 320 2-44 
Sol. in-C,H,, 20° € 0-4 g/l. 12 g/l. 
Chemical analysis 66% Se* 44% Se* 
Isopiestic mol. wt. 451 346 


* Chemical analyses by Australian Microanalytical Service. 
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Evidence for the existence of SeS;. It has been found 
recently that S, and SnI; form a stable addition compound, 
SnI,.28,, the crystal structure of which shows an unusual 
bonding of intact S, rings to iodine atoms’. 

In: this compound, the spatial environments surround- 
ing each atom of the S, ring are strikingly different, 
suggesting that if mixed sulphur-selenium rings could 
replace S, rings in the lattice, the larger selenium atoms 
would be forced to occupy specific positions, rather than 
the random positions they apparently occupy in the 
y-sulphur structure®, making it possible to locate them by 
X-ray means. 

All efforts to produce SnI,.2Se,8, and SnI,.2Se,8, were 
found to result only in the regeneration of the starting 
materials from solution, but it was found that red-coloured 
crystals of addition compound (SnI,.2S, is orange) were 
formed on the evaporation of solutions containing SnI; 
in the benzene mother liquor remaining after the isolation 
of SeS, from fusion products. These crystals were found 
to have a powder diffraction pattern very similar to that 
of SnI,.28;. 

As the mother liquor was suspected to contain primarily 
Sa SeS, and some Se,S,, and as no addition compound 
had been formed with Se,S,, it was inferred that SeS, rings 
had been incorporated into the SnI,.28, structure, and 
that the red crystals probably represented a solid solution, 
SnT,.2(SeS, + 85). 

Crystals of essentially pure SnI,.2SeS, were prepared by 
precipitating the compound using a minimal amount of 
SnI, with the mother liquor from the Se,S, separation. 
SeS, was found to be incorporated preferentially into the 
lattice of the addition compound, and subsequent con- 
sideration of the density and unit cell size showed that the 
proportion of 8, rings in the precipitation product was 
negligible. 

These crystals had a melting point of 98-0° C (3-5° lower 
than that of SnI,.28S,) and a density of 3-05 g/e.c. The 
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lattice parameters, determined by the coaxial camera- 
least squares technique were found to be a, = 20-94 A, 
by = 22-20 A, cy = 11-51 A, showing that most of the 
expansion in size from the parent cell of SnI,.28, had 
occurred along the b axis. (For SnI,.2S,, ay = 20-83 A, 
by = 21-76 A, cg = 11-41 Å.) 

A series of 10° oscillation photographs taken about the 
b axis showed that although the space group is the same 
as SnI,.28, (Fdd2), the two substances are not isostruc- 
tural in a strict sense. With SnI,.2S,, all observed even- 
numbered reflexions were of the type h + k + l= 4n, 
indicating the location of the iodine atoms in planes 
parallel to the glide planes of the space group and mid-way 
between them; with SnI,.2SeS, a large number of reflexions 
of the type h + k + l= án + 2 were observed, and it 
was found that they could not be accounted for on the 
basis of mere replacement of a sulphur atom by selenium. 
Investigations of the structure ultimately showed that the 
replacement of a sulphur atom by one of selenium has the 
effect of introducing a strain into the lattice which is 
partly relieved (but not entirely, as evidenced by the 
melting point) by an angular shift of the SnI,.2SeS, 
molecules around their two-fold axes, displacing the 
iodine atoms of the SnI, unit from their ‘semi-special’ 
positions, 

The shift is small, approximately 4 degrees, but it 
produces substantial changes in the atomic parameters 
in the cell, and affects the intensities primarily of the 
h + k + l= 4n + 2 reflexions, having little effect on 
the intensities of the h + k + l = 4n reflexions since 
the structure amplitudes of the former are based on sine 
term products of the x and y parameters and those of the 
latter on cosine products. 

Atomic co-ordinates were obtained by trial and error 
methods by postulating successive distortions to the 
parent SnI,.2S, structure on replacement by selenium of 
each of the sulphur atoms in turn, making final adjust- 
ments to obtain the best general agreement between 
calculated and observed intensities for the AkO net. 
The atomic co-ordinates so obtained are listed in Table 2; 
the observed and calculated intensities for all even- 
numbered reflexions with h and 1 indices up to 6 and 8, 
respectively, up to and including the fourth layer line, are 


No. 4887 
. 


Table 2. ATOMIC CO-ORDINATES IN SNI,.2SES, 
Atom x y z 
Sn 0 0 0 
IG) — 0-006 0-093 —@-125 
It) 0-099 0-007 0-125 
S(,) 0-080 0-007 0-284 
Sq) 0-170 0-030 0-354 
SG) 0-050 0:073 0354 
Se 0-160 — 0-031 O474 
S(s) — 0:003 0-055 O-474 
Sq) 0170 0-020 0-600 
St.) 0-050 0-073 0-600 
bith) 0-080 6-007 0-654 
Table 3, COMPARISON OF CALCULATED AND OBSERVED INTENSITIES 
Akl F’ x 10° Io Akl F? x 10° I, 
004 1,225 s 620 208 mw 
008 2,932 s 622- 47 nil 
-202 2 mw 624 1,089 8 
206 230 m 626 10 nil 
400 80 w 628 347 *(2) 
404 14 vw O44 103 vw 
408 107 w 048 305 vw 
662 3.570 8 240 54 vw 
606 850 > 242 719 s 
022 709 244 355 
026 1,155 (1) 246 91 *(3) 
220 1,394 248 28 vw 
vw 440 1,323 s 
224 47 442 55 vw 
226 *(1) 444 1,618 8 
432 mw 44 110 *(3) 
420 54 vw 448 397 
422 680 s 640 2 nil 
424 10 vw 642 779 
426 816 8 644 8 nil 
428 23 *(2) 646 192 w 
. 648 33 nil 


* Spots superimposed on each other during 10° oscillation. 
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Fig. 2. 


Packing model of Sn1,.SeS, 


shown in Table 3. A model illustrating the packing 
arrangemënt of the SeS; rings in the structure is shown in 
Fig. 2. 

Evidence for the existence of TeS,. With sulphur-tellur- 
ium fusions carried oub in the same manner as those of 
sulphur-selenium, it was found that the well-known 
compound TeS, is formed when large amounts of tellurium 
are present in the fusion mixture, but that when the 
tellurium content is approximately five atomic per cent, 
the product of fusion goes through a plastic stage on 
cooling, and solidifies in a manner similar to that observed 
with sulphur-selenium fusion products. 

After solidification, the fusion product is soluble in 
carbon disulphide and benzene, yielding coloured solutions 
which on evaporation form bright-red crystals having the 
-sulphur structure, but with an expanded cell size. 

Solutions of these crystals are unstable, decomposing 
in a few hours at room temperature, and all attempts to 
isolate stoichiometric compounds from them or to increase 
the tellurium content by fractional crystallization were 
uniformly unsuccessful. 

On addition of SnI, to such solutions followed by 
evaporation, however, deep red crystals of addition 
compound are formed. As the same steric considerations 
which prevent rings containing more than one selenium 
atom from being incorporated into the SnI,.28S, type 
lattice apply also to tellurium substitution, only more so, 
this indicates that molecules of TeS, had been present 
in the «-sulphur solid-solution phase used as starting 
material. 

The property of the SnI,.2S, type lattice of incorporat- 
ing only S, rings and mono-substituted sulphur rings 
provides a basis for estimating the fraction of tellurium 
present as TeS, in the original «-sulphur solid-solution, 
for by completely precipitating both the S, and TeS, 
by the addition of a large excess of SnI,, and by comparing 
the unit cell size and density of the «-sulphur phase with 
the unit cell size and density of the addition compound 
produced from it, it is possible to determine what fraction 
of the tellurium has been excluded from the lattice. The 
method is not capable of high accuracy because of its 
dependence on density measurements, but it was found 
that Te-in-«-sulphur crystals of density 2-10 g/e.c. with 
a unit cell volume of 3316 A* produced SnI,.2(TeS, + S,) 
crystals of density 2-97 g/c.c. and unit cell volume 
5252 Å». 

Calculations show that in the addition compound 
approximately 18 per cent of the sulphur rings have been 
replaced by TeS,. In the case of the «-sulphur phase, the 
results indicate a mol fraction of 15 per cent TeS, if it 
is assumed that this is the only Te compound present. As 
these two figures age nearly identical, within the limits 
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of accuracy of the density data, it appears that all the + Ringer, W. E., Z. Anorg. Chem., 82, 183 (1902). 


i è i aa ; : } nE 1 Wilkins, © J., J. Inorg. Nuet, 
tellurium present in the a-sulphur phase is indeed present "Ferguson, Ja, Frate, G. Rodley, G, ae WHkIgs Ea norg 


as TeS,. oe ; ; 3 DeHaan, Y. M., and Visser, M, P., Physica, 26, 127 (1960). 
A point of interest with regard to TeS, is that red- *4.S.T.M. Powder Index, card 2-0320. 

coloured sulphur crystals containing up to 2 per cent by  * Hawes, L. L., Amer. Min., 45. 1288 (1960). 

weight of tellurium are found in certain volcanic regions Hewes, L. L., Amer. Min., 45, 1285 (1960). 


i 3 : 7 Hawes, L. L., Nature, 196, 766 (1962). 
in Japans:* and it may therefore be that TeS, isa naturally. Piven. ee a : heen an 46; 984 Cased). 
occurring compound. ~ ; 


$ Chekashigi, M., Z. Anorg. Chem., 72, 109 (1813). 





NEW BENZIMIDAZOLE DERIVATIVES WITH POWERFUL PROTECTIVE 
ACTION ON TISSUE-CULTURE CELLS INFECTED WITH TYPES 
pees 1, 2 AND 3 POLIOVIRUS 


; -By Dr. D. G. O'SULLIVAN and A. K. WALLIS . 
~ Courtauld. Institute of Biochemistry, Middlesex Hospital Medical School, London, W.1 








FP HE antiviral activity of 2-(«-hydroxybenzyl)-benz- 
-Å imidazole (HBB) (I: R = H) was first reported by 0-6 
Hollinshead and Smith’. Tamm. et al.2 carried out. a > 
survey of the activities of promising benzimidazoles and 5 
benzotriazoles towards type 2 poliovirus and concluded = 
that HBB and its 6-chloro derivative possessed greater £ 
selective action than other compounds studied and that 3 
these two had clinical. potentialities. O’Sullivan and = = 
Sadler* showed that marked activity was also possessed == 
by 2-(o-hydroxybenzyl)-benzimidazole, but that the cor- E 
responding p-hydroxybenzyl derivative was inactive. © 
Further work in this laboratory has involved synthesizing 7 
and testing, in tissue-culture, compounds structurally Š 
_ related to HBB. These include N -substituted derivatives = 
(2, compounds substituted at the a-carbon atom (IT), k 
2-benzoylbenzimidazole (ITE) and its derivatives, deriva- : 
tives. with a substituent in a benzene ring (IV), bis- z 
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Log, (virus dilution) 


Fig. 2. Poliovirus type 2 assay. Legend to Fig. 1 applies, but refers to 
the type 2 virus 
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Fig. 1. Lines obtained in assay of protection given by HBB and its 
J-alkyt derivatives against cytopathic effects of poliovirus type 


Average of reciprocals of survival times (days) 


L 
(1) Control line (test-compounds absent) (circles); (2). HBB (100 4M) 
{squares}; (3) 1-Methy] derivative (80 7M) (dots); (4) 1-Ethyl deriva- 
tive (80 AM): (crosses); (5) 1+Propyl derivative (40 uM); (6). 1-Butyl o2 
derivative (20 uM) (triangles). Line 1 also represents the control line = 
when concentrations in column F (Table 1) were used in an assay and 
line. 2 corresponds closely fo the lines obtained for HBB and its 1-alkyl 





gerieatives mi theae concentrations. Fegions a, B iY and £ oe ee 1 2 3 

relative protective actions for type 1 virus quoted in the Tables. As : “nus diluti 

uninfected and untreated control cells rarely survive 6 days, horizontal Z TOA Logis iius dilution) , 

lines indicate complete protection in the assay. Examination of cells Fig. 3. Poliovirus type 3 assay. Legend to Fig. 1 applies, but refers to 
was usually terminated at the 5th dag after infection the type 3 virus. Plots for the l-propy! derivative (inverted triangles) 
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benzimidazoles (V), benzimidazolium salts and optical 
enantiomorphs of the above. The last two classes, both 
containing compounds with marked. protective action 
against poliovirus, are to be discussed in subsequent 
publications. Meanwhile, the recent paper by Wagner, 
Wittreich, Lusi and Folkers‘ describing the preparation 
of a number of compounds related to HBB for antiviral 
investigations makes this early publication of some of 
our findings necessary. 

Results obtained with N-substituted derivatives of 
HBB (I) arè summarized in Table 1 and in Figs. 1-3. 
Delay in the onset of (virus-induced) cytopathic changes 
in rabbit-embryo kidney cells, resulting from the presence 
of half the maximum tolerated concentration of com- 
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Table 3. 2-BENZOYLBENZIMIDAZOLE AND DERIVATIVES 
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Table 1, 1-ALKYL-2-(a-HY DROXYBENZYL)-BENZIMID AZOLES 










































































N 
PNZ N 
| | C—CHOH—Ph (I) 
WY YY 
N 
R 
acca ace a sah ees Wien Eres age cae 4 
| i Required | Found i 
| | vieta | | (percent) | (percent) | 
| R | Forme (per | Formula -~ f 1 oa 7 
i cent) | | © | H{N c HJN 
ie needles} 3i f | f | 
Et || prisms?) 10.) CisHisNeO | 76-3) 64 JILT 761 | 62 | 113) 
Pre | prisms. | 27 | CHNO |. 767 | 6-8.) 10-5.) 766°) 6-7 | 104) 
| Bur | prisms | 54¢ | CuHaN:0 (772| 72 100) 76:8 | 72 | 99] 
a AS So nar ye ve) vote ~~ i a T 
tot Max Protection afforded to cells infected 
$ Mp: tolerated with poliovirus 
R (CC) concentra- ~ 
i | tion GAD xa | Fe | 
p nA a : | 
Type | Type | Type Type | Type Type 
eka? 1 2 Í 3 1 | 2 3 
208-7 200 £ y | « |100 |100 | 100 
e | 158-0 160 e y e 80. | 70: | 70 
Bt | 170-1 160 X B X 35 35 40. | 
Pr | 141-2 “a | a 8 8 15 15 
Bur | 134-5 40 y | B | 8 | 10 | 10 | 15 
{ { i 




















Figs.). ; 


pa m ae 
| | Max Effectiveness | | | 
| | tolerated (54) ie” | Required | Found 
| Com- concen- e Formula | (percent) (percent) | 
| pound tration Type Type Type Sapnu aron aapon ap i 
| wM) | 1 3 | c uH] 
| ED 20 0 oje TIE 
| oxime 40 0 | e (CuHyNsO} 70-9 47 | 712 | 
! Thiosemi- | i i H | i 
| carbazone, 40 | 0 | 0 | o | CuBlaNsS | 610 | 44 | 598 | 44 | 
N. lee NS, AE NENE E an 
a, See Table 1, footnote 4, 4, Very slight protection shown. 
Table 4. BENZENE-RING SUBSTITUTED DERIVATIVES OF HBB 
A 
Ri | av) 
& 
ee ere Required (per cent) Found (per cent). | 
RG Rw Ry | Formula PAA DEEI ant 
c |ui x | ajc rey 
Me | H | p-cllCaHaN.0C) | 664 [£81103 |130 | 65-8 F 
H | H p-Cl Cfa NaOCl azo | 4i 95 | 24:1 | 56-7 
| | | | Max, r BS 
~ | Yield tolerated Effectiveness 
LR R | R| (per Mg conten- xe 
i cent} ec) tration [ee 
i (M) 
Hi5- H 25 201-3 40 è 
i | Me i 
Me H pca 9 191-2 40 0 
| “H! H jp-Ch 28 228-9 140 0 i 
H 4 














*, Data for the hydrochloride. +, See Table 1, footnote d. : : 
Compounds- were obtained as white prisms, the- bases from. aqueous 
methanol (after charcoal treatment) and the hydrochloride from ethanol 





ether. 


Table 5.. Bis-BENZIMIDAZOLE DERIVATIVES 























































































. Table 2. TERTIARY CARBINOLS RELATED TO HBB No x 
= N a 
ra Fors ONS 
a C--CHOH—CH--C ee (Vv) 
[| C—C(OH)—Ph (IL) J i E 
| VON Z R NAN 
N R N 1 N 
N i R R 
S al A N E a la lac Gib tere a, any | | i | 
| Re at y |- Teini t D fa e | ay E? | | Boautred | i Found., i 
; equire er cent) | ound (per cent) | orm P. j H per ceni per cent) | 
Formula — aad | i ~| | R | R, | (White); (C rat | Formula |- ——— j | 
| £ sje | HiN, | c jujo 
CoHaN,O | 76-8 E | 68 | H | H | Needies| > 320 [ | | | 
Cy HNO | 80-4 | 80-4 57! 89 | Me | H Needles) 211-12 | CuHisN.O |706 | 60 708 | 
eene tee : l H | OH | Prisms | 268-9 i | i 
j Effectiveness | Me | OH | Needles! 248-9 | C,,H\,N.O. | 67-2 | 56 675. | 
i Yield | in delaying f H ea | -į i- -—_ k i 
Form” | (per | M cytopathic | Dihydrochlorides 
{White} | cent) | effects i ‘ages acs e z, 
| ! (X$) i i i Max. Effectiveness | 
Sraa a an cee | TIR Yield | ” tolerated xà) 
ł i | type ype | Type | H f orm per Pp. CODEER- [memeprerim e 
| | Ptr is | R | R, | (White) cnt) CO | tration | Type] Type T 
! e aaa aa | | uM ie be ae 
needles | 15 2 ei 0 —— f l 
prisms | 11 | ie le | 0 H | H | Needles) a5 |>320 | 40 0 | 0 
prisms | 9 | 20 | 6 | z e | | Me|H_ | Prisms 36 | 39m2 | a0 | 8 | 8 | 
£ thick | 98 220-1 40 |e 00 |© | | OM | Needles, 34 [>320 ° | 80) |s 0 
plates | 90 | 255-6 | low solu- SE i i Me | OH | Needles) 42 | 243-4 low solu- l 0O 0 | 
| | | | | i | | | bilitye | i 
Hv eS i i Me TH EE ate Neate eh ok ee fe 
4, 1-Methyl-2-a-phenyl derivative obtained as white erystals from ethanol; $, Melt! with decomposition. 


other compounds were grystallized from aqueous methanol after treatment 
with charcoal if necesadty. >, See Table 1, footnoted, ¢, Tested in saturated 
solution because of its low solubility. 


4, Crystallized from aqueous methanol. 
e, First compound from methanol-ether and remainder from ethanol-ether 
(all after charcoal treatment). 4. See Table 1. footnote 4 ¢, Assayed in 
saturated solution. 
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pound, is indicated in columns X of Table 1. Concen- 
trations of the different compounds that produce 


approximately the same pattern of protective action in 
the same assay are given under column Y (Table 1) for 
each virus. Experimental results, summarized in Figs. 1, 
2 and 3, show the protective action of the most promising 
compounds against the cytopathic effects of poliovirus 
type 1 (strain Sc, 2 ab), type 2 (strain P 712, Ch, 2 ab) 
and type 3 (strain Leon 12.ab). The greater the displace- 
ment of the line from that of the control, the greater the 
protective action of the compound. ; 

Table 1 shows that toxicities to ERK cells increase as the 
alkyl chain lengthens and that the protective action (from 
cytopathic effects, produced by types 1, 2 and 3 polio- 
virus) increases from HBB to the 1-n-propyl derivative. 
At the same molar concentrations, the l-propyl and 
1-buty] compounds show similar protective activity; but 
as the toxicity of the butyl- is twice that of the propyl- 
compound, the selective protection afforded by the butyl- 
is less than that of the propyl-dorivative. 

HBB possesses marked protective activity against 
the type 2 virus? and similar protection is given by the 
l-methyl derivative (Table 1). The l-ethyl derivative 
shows a sharp improvement and this is even more pro- 
nounced with the 1-propyl compound. A similar trend 
exists with the type 1 and type 3 virus but the protection 
given by HBB and its l-methyl derivative, against the 
effects of these viruses, is now small. However, a con- 
siderable increase in potency occurs on passing to the 
l-ethyl compound, and the 1-propyl compound exhibits 
high protective activity in tissue-culture against the 
cytopathic effects of the viruses. Although the 
concentrations illustrating the trends in protectivity 
(Table 1, columns Y) do not represent relative activities, 
they do indicate that the protective effects of 10 micro- 
molar solutions of the l-propyl- and 1-butyl-compounds 
against types 1, 2 and 3 polioviruses are similar to those 
of 7-13 times their molar concentrations of HBB. 

Table 2 shows that some «-substituted HBB derivatives 
have slight protective activity, but the protection given 
to infected cells is less than that given by corresponding 
HBB derivatives not possessing the fourth substituent at 
the a-carbon atom. 

The influence of 2-benzoylbenzimidazole and its deriva- 
tives in relation to the type 1 and type 2 virus is negligible 
(Table 3). The oxime gives extremely small protection 
against type 1. virus, and slight activity of 2-benzoyl- 
benzimidazole against type 2 virus has been reported’, 
but is not demonstrated in our assay. However, those 
compounds give slight protection against the type 3 
virus (Table 3). Some benzene-ring-substituted deriva- 
tives (Table 4) and bis-benzimidazoles (Table 5) show 
either little or no protective action against the cytopathic 
effects of the viruses. However, high activity against 
type 2 poliovirus of the 6-chloro derivative of HBB? 
indicates that the effect. of substitution in the benzene 
rings may vary considerably with the nature and position 
of substituents. 

Condensation of o-phenylenediamine with mandelic 
acid in acidic solution gave HBB in 56 per cent yield. 
Monobenzimidazole derivatives were prepared by heating, 
under reflux for 8 h, the appropriate diamine (1 mole) and 
the carboxylic acid (1 mole) in M hydrochloric acid (2-5 
moles). Bis-benzimidazoles were prepared as described by 
Shriner and Upson’. Usually the base separated after 
cooling or after adding M sodium carbonate. However, 
the 1-butyl- and the p-chloro-derivatives of HBB and the 
bis-benzimidazoles separated as hydrochlorides and the 
free bases could then be obtained by dissolving in water, 
decolorizing with charcoal and adding M sodium carb- 
onate. Details are summarized in Tables 1-5. 

N-Methyl-o-phonylenediamine was obtained by reducing 
o-nitro-N -methylaniline® (1 mole) in methanol with hydro- 
gen at 1 atmosphere in the presence of Adams’s platinum 
oxide catalyst. After filtering, the methanol was evapor- 
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ated in nitrogen, leaving an oil which was immediately 
condensed with the appropriate mandelic acid derivative 
(1 mole). 

o-Nitro-N-ethylaniline was made by heating o-chloro- 
nitrobenzene (1 mole) with ethylamine (2 moles) in ethanol 
in a sealed tube at 150° for 5h. The cooled solution was 
diluted with ether, ethylamine hydrochloride removed by 
filtration, the filtrate washed with water, dried over 
anhydrous sodium sulphate and the solvent removed to 
give o-nitro-N-ethylaniline as an orange oil in 98 per cent 
yield. The oil was reduced by hydrogen to the diamine 
as previously deseribed. N-propyl- and N-butyl-o- 
phenylenediamine were similarly obtained from o-chloro- 
nitrobenzene. 

2-Benzoylbenzimidazole was obtained by stirring, at 
room temperature for 15 h, HBB (0-03 mole) with potas- 
sium dichromate (17-6 g), acetic acid (15 ml.), sulphuric 
acid (27 ml.) and water (90 ml.); then filtering, washing 
thoroughly with water and crystallizing from ethanol to 
give pale-yellow needles (2-5 g; yield, 38 per cent) of 
m.p. 212°-213°. The oxime (yield, 29 per cent), obtained 
as white prisms from aqueous ethanol, had m.p. 217°=219°, 
The thiosemicarbazone was prepared by heating under 
reflux for 5 h, 2-benzoylbenzimidazole (0-5 g), thiosemi- 
carbazide (0°23 g), sodium acetate (0-32 g) and M hydro- 
chloric acid (5 ml.). After cooling, filtering and washing 
with hot water, the pale-yellow needles (0-13 g; yield, 
18 per cent) were crystallized from aqueous methanol and 
had m.p. 227°-228°. 

The protection afforded to cells against cytopathic 
changes produced by types 1, 2 and 3 poliovirus was 
assayed using monolayers of ERK cells grown in a number 
of tubes containing ELP medium’. After three days the 
media were replaced by otherwise identical media (2 ml. 
per tube), but containing half the maximum tolerated 
concentration of test compound and infected with virus 
so that different sets of tubes initially contained virus 
concentrations differing by factors of 10. Test com- ` 
pounds were absent from sets of control tubes and other 
controls contained neither test compound nor virus. Tubes 
were rolled continuously at 37° and examined twice-daily 
for signs of cytopathic effects, the end-point being taken 
when half the cells were affected. Average of reciprocals 
of survival time (t-!) was plotted against the logarithm of 
the relative virus dilution (—log c). An indication of the 
relative protective activities of compounds is given by the 
displacement of the line from the control line 1 (Figs. 
1, 2 and 3). 

For those compounds which were found to be more 
effective than HBB, the results of the foregoing experi- 
ments were used to make an estimate of the micromolar 
concentrations that would produce the same delay in onset 
of cytopathic change as that produced by 100 uM HBB. 
Assays were set up as here for each virus comparing, 
under otherwise identical conditions, 100 uM HBB and 
the estimated equivalent concentrations of the other 
compounds (all l-alkyl derivatives of HBB). An almost 
identical pattern of results was obtained for the different 
compounds. Concentrations are given in Table 1 
(columns Y) and the plots of t-t against — log ¢ are almost 
identical with lines 2 of Figs. 1, 2 and 3. 

Thus, several derivatives of HBB possess protective 
activity against poliovirus and, of the compounds dis- 
cussed in this article, the l-alkyl derivatives have the 
greatest influence. 1-propyl-2-(a-hydroxybenzyl)-benz- 
imidazole is more powerful in its protective action against 
the effects of poliovirus (types 1, 2 and 3) than any other 
compound hitherto examined and, as its toxicity is fairly 
low, it shows considerable promise as a possible antiviral 
agent. The l-ethyl and 1-butyl derivatives of HBB also 
merit further study. More details, including the effect of 
test compounds on: (a) the rate of adsorption of polio- 
virus to ERK cell monolayers and on (6) the thermal 
inactivation of virus in the normal growth medium at 37°, 
are to be published elsewhere. ad 
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A DIRECT HISTOCHEMICAL METHOD FOR THE DEMONSTRATION 
OF SIALIC ACID 


By Dr. M. SHEAR* and Dr. A. G. E. PEARSE 
Postgraduate Medical School, London, W.12 


A DIRECT histochemical method for demonstrating 

the presence of sialic acid using Bial’s reagent was 
described by Diezel’. This method gives positive results 
in conventionally fixed tissues only when the histological 
dye orcein is substituted, as it sometimes inadvertently 
is, for the required orcinol. Indirect methods, using 
sialidase, have been reported by Spicer and Warren®’?, 
Warren and Spicer* and Quintarelli et al.. 

The method described in this article was developed in 
order to demonstrate sialic acid directly, using resorcinol 
in concentrated hydrochloric acid at room temperature 
for short periods. The procedure is based on the method 
described by Svennerholm for the quantitative estimation 
of sialic acids. Initial experiments were carried out on 
fresh-frozen cryostat sections (8) of pig submaxillary gland 
which, according to Svennerholm’, contains 659 mg of 
N-acetyl neuraminic acid per 100 g wet weight and 2-732 
mg per 100 g dry weight. 

Cryostat sections, mounted on albumin-coated glass 
slides, are exposed to formaldehyde vapour (formalde- 
hyde solution containing not less than 36 per cent, w/v, 
formaldehyde) in a closed desiccator for at least 72 h. 
The sections are then washed in running water for 2 min 
and allowed to dry. 

The t is made up as follows: 250 mg resorcinol are 
dissolved in 5 ml. distilled water. This is added to 40 ml. 
concentrated hydrochloric acid (sp. gr. 1-18) containing 
0-15 ml. of 0-1 M copper sulphate. The solution is gently 
stirred and allowed to stand for 2h. It deteriorates fairly 
rapidly and must be made up fresh on the day of use. 

The reaction is carried out by covering the section 
with a few drops of the reagent and leaving the slide in a 
horizontal position for 2 min at room temperature. 
Excess t is then shaken off and the section treated 
with a few drops of a 1 per cent solution of sodium nitrite 
in concentrated hydrochloric acid. Within a few seconds 
a red colour develops in sites where sialic acid is present. 
The intensity of staining varies with the concentration of 
sialic acid present, where this is known. When the 
maximum intensity has been reached, usually within 
}-1 min, the excess sodium nitrite is shaken off and as 
much as possible of what remains is absorbed with 
blotting paper. The section is allowed to dry thoroughly 
in air, cleared in xylene and mounted in a synthetic resin. 

This method has been applied to a number of tissues 
and their reactivity is detailed in Table 1. The reaction in 
human thyroid colloid is shown in Fig. 1, in the mucous 
cells of rat colon in Fig. 2, and in pig submaxillary gland 
in Fig. 3. 

The reaction has been carried out on solutions of purified 
N-acetyl neuraminic acid containing 36-61 pg/ml., on a 
l per cent aqueous solution of glycoprotein derived 
from bronchitic sputum. and on a solution of gangliosides 


* Supported by a grant from the South African Council for Scientific and 
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Faculty of Dentistry, University of Witwatersrand, Johannesburg. 





Fig. 1. 





Fig. 2. Rat colon (x 100) 





Fig. 3. Pig submaxillary gland (x 100) 
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1274 
Table 1... Static ACID ACTIVITY IN VARIOUS ‘TISSUES 
‘Tissue Activity 
Pig submaxillary gland eS 
Rat submaxillary gland—anucous acini ++ 
: — serous acini 0 
Rat Heum-—-goblet cells htt 
Rat eolon—-goblet.cells bit 
Rat trachea—cartilage +44 + 
Rat thyroid—colloid bE + 
Rat-vagina-—-glands + ++. 
Rat voluntary muscle + 
Human brain ++ 
“Amyloid deposits ehh 
Human thyroid—~colloid ttt 
Human liver + 
-= Human bronchus—vartilage bette 
Human pituitary—colloid a 
tee OUE) mucoid cells E 


(F eosinophil cells on 
(potassium salt from senile brains). (We thank Dr, L. 
Svennerholm for the gift of purified ganglioside.) An 
intense red precipitate forms following sodium. nitrite 
oxidation: In the case of sialic acid the first stage requires 
a few hours at room temperature but in the case of the 
-ganglioside the reaction. occurs at once. The maximum 
absorption of the colour developed is at 490 my. Control 
solutions omitting the neuraminic acid or other reacting 
compounds yield negative results. 
If formaldehyde is utilized for fixation its use as a 
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e 
-Loosely bound formaldehyde might; therefore, contribute 


to the positive reaction but available evidence suggests 
that itis largely removed by washing. The localization 
of the remaining bound formaldehyde, shown by Schiff’s 
reagent, is not the same as that of the product of the 
sialic acid reaction. The reaction is prevented by pre- 
treatment of the fixed sections with a molar solution of 
aniline in acetic acids. This indicates either. that the 
reactive group is removed by acetic acid, or that it is an 
aldehyde or a potential aldehyde. a 

The resorcinol reaction cannot be used as a Schiff 
reaction, however; this is indicated by the fact that 
periodic acid oxidation followed by aqueous solutions of 
resorcinol and sodium nitrite does not give a positive 
reaction. | 


H- NHAc 


























‘vapour is essential for the histochemical demonstration of H 
sialic acid with the method described; prior fixation in C 
aqueous formalin solutions produces negative results. If CH, o` 
< unfixed sections, or sections fixed in alcoholic lead nitrate, 6 H 
are protected by covering with a thin film of celloidin CH, H,NCH 
- subsequent diffusion of sialic acid is reduced and a positive o ; 
result is obtained. The celloidin film cannot be removed her of 
“without removal of the stain and the result is therefore Neuraminidase eee i Pe oe 
‘difficult to interpret. HOC CH 
-The action at formaldehyde vapour may be to fix the cone.HCl | | 
sialic acid molecules by cross-linkage(s) to an adjacent TAC 
protein molecule. The lack of fixation in aqueous formalin HOOC `O RCON 
may be the result of elution of the labile sialic acid mole- HCOH 
cule prior to fixation. Formalin itself, however, produces | 
an intense reaction when treated with the reagent followed CH,OH 
by sodium nitrite in concentrated hydrochloric acid. (I) 
OH: O O° 
4 d of 
H ` 3 ‘ 
HC CH+0=C HC CH CH; — HC CH 
N | | ee 
2 H | | | 
me | | 
i —2H,0 c O C H 
H = C—OH ¢ Qe 
ue $e: Ź SEZ 
N Z C 
Cc H H 
H 
Resorcinol 
|- 
18) oO 
|. i 
C Cc 
4 ‘a b 4 . aa 
H ‘ =H HC CH 
| | 
| i I 
Be. Coe ye 
. ra b 
SF Roy 
H H 
Resorcinol red 
reas) : 
e 


% 
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We suggest the following mechanism for the reaction: 
concentrated hydrochloric acid degrades the sialic acid 
molecule, revealing a potential aldehyde link in the 
2-position (I). This potential aldehyde is free to react 
with resorcinol (II). Condensation and dehydration to 
the anhydride are shown taking place in a single first 
stage. This is followed by oxidation of the methylene 
bridge with nitrite to produce a red dyestuff. This, which 
we have called resorcinol red, could be classified as a 
hydroxy-xanthene. Dyes of this type, for example 
pyronin G, are mostly red or pink, and fluorescent. The 
product of the resorcinol reaction fluoresces moderately 
strongly ultra-violet light (500-800 my). It appears to be 
sparingly soluble in water but soluble in organic solvents. 

The reaction in vitro is not specific for sialic acid, 
since it occurs also with fructose, ribose and ribose 
phosphate. It is considered, however, that under histo- 
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chemical conditions the method is more specific - since 
fructose is not present in most positive staining structures, 
and tissue components containing large amounts of RNA 
do not react. 

Little appears to be known about the mechanism by 
which sialic acid is attached to glycoproteins, or about the 
way in which it is removed. Further investigations with 
the new method may throw light on this problem. 
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INTRINSIC NON-PROTEIN SULPHYDRYL LEVELS AND CELLULAR 
RADIOSENSITIVITY 


By LASZLO REVESZ, HELENA BERGSTRAND and HANS MOD'G 


Department of Tumour Biology, Karolinska Institute Medical School, Stockholm 


HE non-protein sulphydryl (NP-SH) level differs 
widely in diverse normal and neoplastic tissues?. It 
is not known to what extent, if any, the intrinsic NP-SH 
content determines the innate radiosensitivity of a 
particular cell type. Considering the protective action of 
thiol compounds against the effects of X-radiation®, it is 
conceivable that inherent sulphydryl level may be of 
decisive importance with respect to the development of 
cellular radiation injury. In an attempt to approach the 
problem experimentally, the NP-SH level was measured 
in @ series of cell lines which had been derived from a 
common cell population, and which displayed differences 
in radiosensitivity. Possible differences in the NP-SH 
content of such lines may be related to their sensitivity 
differences. Such a relation would be less indicative if, in 
contrast, cell lines of diverse origin were compared. 
Besides differing in NP-SH content, unrelated cells may 
: differ also in many other respects, possibly relevant in 
influencing radiosensitivity. 

The source of the cell lines examined was an Ehrlich 
ascites tumour, denoted ELD. A sub-line of this tumour, 
ELT, was developed by immunoselection, followed by 
isolation and subsequent cloning of a single cell in vivo. 
Another sub-line, SHLD, was selected by fortnightly 
intraperitoneal transfers of HLD, irradiated with sub- 
lethal X-ray doses of 2,000 r. in vitro between the passages. 
Twenty-three serial irradiations, and the same treatment 
followed by 43 unirradiated serial transfers were used for 
the tumours examined (SHDD/,, and SELD/s3; 4s, respec- 
tively). A series of clonal populations (SHLD/,; clones) 
were further derived from SHLD/., by single cell isolations. 
The clones used were carried through not more than 10 
serial, intraperitoneal transfers, the accumulation of the 
animal passages having been avoided by frequent storing 
of the tumours in a tumour bank in the frozen state?. The 
methods used for the derivation of the sub-lines were 
described in detail in previous publications‘. In those and 
subsequent® reports, data were presented on several 
characteristics of the cell lines, including the growth 
characteristics in vivo, chromosomal variation, and relative 
sensitivity to X-radiation under aerobic and anoxic 
conditions. Pertinent data are included in Tables 1 and 2. 

Measurement of the NP-SH level, in duplicate, was 
made in I-ml. aliquots of the freshly withdrawn ascites, 
7-12 days after #he intraperitoneal transfer of 2--10 x 10° 


cells to hybrid mice. The procedures were carried out at 
4° C. After centrifuging at 500g, the cellular sediment of 
the ascites was resuspended in 6 volumes of 0-3 M trichloro- 
acetic acid, and extracted for 1 h. This suspension was 
afterwards centrifuged at 7,000g, and an aliquot of the 
clear supernatant adjusted to pH 8 by adding measured, 
volumes of phosphate buffer (M=0-1) and 0-2 M sodium 
hydroxide. The NP-SH content of the solution was 
estimated according to Ellman’s method by determining 
the absorbance at 412 my after the addition of an aromatic 
disulphide, DTNB’. From this estimate and the cell 
concentration in the ascites, determined with a Coulter 
cell counter in a separate aliquot, the average NP-SH 
level of the cells could be calculated. The standard error 
of @ single determination by this method, as calculated 
from the differences between a total of 20 duplicate 
measurements, was 1-87 per cent of the mean. Measure- 
ments carried out on cell-free ascites serum indicated that, 
on a volume basis, the NP-SH content of the cell-free fluid 
was less than 2 per cent of that in the cellular material. 
Complementary results on the average amount of DNA per 
cell and average cell volume were obtained by the method 
of Schneider and Burton’ and the hematocrit technique’, 
respectively, using aliquots of undiluted ascites of known 
cell concentration. The frequency of hyperdiploid cells 
versus the frequency of cells with a hypertetraploid 
chromosome set was estimated by scoring 200-300 well- 
spread metaphase plates in aceto-orcein squash prepara- 
tions from colchicine-treated tumours‘. 

Estimates of the average NP-SH content in ELD and 
in its sub-lines are presented in Table 1. The standard 
error of the means varied between 2 and 4 per cent. Thus, 
it was only slightly larger than the methodological error 
involved in the determinations, and indicated a consider- 
able constancy of the cellular NP-SH levels. Since cell 
concentration in the ascites is 1-2-5 x 108 cells/ml., on a 
wet weight basis the NP-SH level of the ascites tumours 
is of the same order of magnitude, around 0-3 uM/g, as 
that in a number of other neoplastic tissues’. 

With a single exception (clone a), the NP-SH content 
per cell of the sub-lines was significantly larger than that 
of the parental line (Table 2). Increased NP-SH content. 
per cell was, in general, associated with an increased 
average cell volume. In some of the sub-lines (HET, 
SELD], clones a and g) the volume increase was propor- 
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CHROMOSOME NUMBER OF THE ELD ASOIMES TUMOUR AND ITS SELEOTED SuB-LINES 
























































* Means calculated from 7—14 separate determinations. ° 
+ Data from ref. 5. 


ELD sub-lines 
Tumour lines ELD ELT SELD]23 | SELD/anes SELD], clones 
a g j m 

No. of separate determinations 46 47 10 48 82 28 24 
Average cell volume (4) 1,159 + 23 2,05514 1,325 74 1,320 + 34 1,250 + 30 1,370 + 36 1,887 + 36 1,987 + 58 
Average non-protein ~SH per cell 

(umole x 10-7) 1914006 | 3464011) 2344016] 2514007; 2164007 | 2-364005 | 2564012) 418+0-20 
Average DNA content per cell, 

(10-* xg) * 11-20 +0-20 | 20-50+0-80 | 10°95+0-29 | 11:5640-27 | 1099+015 | 11-82+0-28 | 10:96+0-18 | 19°67 + 0-32 
Modal chromosome No. t 46 92 45 44 45 45 90 














Table 2. RELATIONSHIP BETWEEN CELL VOLUME, AVERAGE AMOUNT OF DNA- AND NP-SH PER CELL, NP-SH CONOENTRATION AND RADIOSENSITIVITY. 
POPULATION SIZE REACHED BY THE DIFFERENT LINES IN DIFFUSION CHAMBERS AFTER 26 DAYS SUBSEQUENT TO THE [NOOULATION OF $ x 10° IRRADIATED 
OELLS WAS THE MEASURE OF THE LATTER, AND THE DATA HAVE BREN TAKEN FROM PREVIOUS PUBLICATIONS’. THE FIGURES INDICATE VALUES RELATIVE 


TO THE PARENTAL ELD LINE. ASTERISKS INDIOATH THE STATISTIOAL SIGNIFICANCE OF THE DEVIATION OF THE FIGURES FROM UNITY. 


(*5%>P>1%; 


**1%>P>01%; *** P<01%) 












































SELD/,; clones 
Tumour lines SELD/:,; | SELD!ss}43 - ELT 
a g j m 
Average cell volume 114** 1-14** 1-08 118** 1:20** L72%** 1-73 44+ 
Average DNA content per cell 0:97 1-03 0-98 1-01 0-98 1-75 *** 1:83 * ** 
Average non-protein- -SH content per cell 123%% 1-31%9* 113 1-24** 134** Z1ge** 13L*** 
Average non-protein- -SH content per unit cell 
volume 1:07 1-16** » 1:05 1-06 1:13* 1:29*** 1-03 
2,000 r. 235 ees 2618** 1-03 3-749 ** 3-8L*** 246*** Sarees 
Size of irradiated cell population in Na s 
after treatment with m —__-—— | rr 
450 r. in Oz 1-05 — _ 0-97 — _ 0-98 





tional to the increase in NP-SH content. In other cases 
(SELD/93; 43. clones j and m) the volume increase was 
proportionally less and, as a consequence, the concentra- 
tion per unit volume as well as the content of NP-SH per 
cell was higher than in ELD. A correlation between 
NP-SH content per cell and the DNA content or chromo- 
some number could be seen only in the case of the 
hypertetraploid sub-lines, HIT and clone m. In these, a 
duplication of the modal chromosome number was 
associated with a nearly doubled DNA and NP-SH 
content per cell. Although the DNA content of these 
two lines was closely similar, a significant difference 
(P <1 per cent) was found when the NP-SH content per 
cell of clone m, selected by serial irradiation, was compared 
with ELT, the tetraploid line selected without previous 
irradiation. The frequency of hypertetraploid cells in all 
hyperdiploid sub-lines was of the same order of magnitude 
as in EDD, that is, did not exceed 6 per cent. It could 
not, therefore, be related to the increased average NP-SH 
content per cell in the particular lines. 

Considering the results of radiosensitivity assays 
applying population size in diffusion chambers as the 
measure of the radiation damage‘, it appears (Table 2) 
that increased NP-SH level per cell is associated with 
increased resistance of the cells to anoxic radiation. Thus, 
with the exception of clone a, where the NP-SH level was 
not elevated, all other sub-lines containing an increased 
amount of NP-SH per cell were more resistant to the 
growth inhibitory offect of 2,000 r. in nitrogen than the 
parental ELD line. In contrast, irradiation in the presence 
of oxygen failed to demonstrate any differential sensitivity 
for the three sub-lines tested (SHLD/,,, HLT, clone g}. 
Thus, as indicated by tests after treatment with a dose of 
450 r. in oxygen, although the sensitivity of ELD and the 
three sub-lines examined was increased as compared with 
the sensitivity in nitrogen, their growth was prevented to 
approximately the same degree. This implies a differential 
enhancement by oxygen, that is, a comparatively larger 

e 

















effect on the sub-lines with increased NP-SH content 
than on ELD. Increased anoxic radioresistance in the 
presence of an increased amount of endogenous NP-SH, 
indicated by these results, is in harmony with the 
finding that increase in the anoxic radiosensitivity is 
due to the reduction in the level of the intracellular 
sulphydryl compounds". 

The results show that endogenous NP-SH lével may 
be a factor in determining cellular radiosensitivity, and 
that NP-SH probably acts as a physiological protector. 
In hypertetraploid cells, such as ELT and clone m, which 
arise by an endomitotic process from hyperdiploid cells*1, 
increased NP-SH level may be a consequence of the 
cellular changes associated with a doubled genome. In 
addition to the DNA content, the content of total 
nucleotides, dry mass, total cholesterol, lipid fatty acids 
and several enzymes have previously been found to be 
nearly doubled in such cells which also have a nearly 
doubled volume’. A different mechanism must be 
operative in the radioresistant sub-lines in which elevated 
NP-SH content per cell is not associated with any con- 
siderable change in the amount of genetic material. 
Such variant cells with an increased NP-SH concen- 
tration per DNA can be evidently induced and/or 
selected by sub-lethal X-radiations, a procedure pre- 
viously shown capable of leading to the development 
of radioresistant populations*. As indicated by the 
NP-SH content of SELD/,5; 45, a sub-line carried through 
several intraperitoneal passages without irradiation 
subsequent to the last sub-lethal irradiation, elevated 
NP-SH content per cell may represent a stable alteration. 
Since non-protein disulphide level, in general, amounts to 
only 0-5-2 per cent of the NP-SH level in tissues"4, it is 
not probable that increased NP-SH content is maintained 
at the expense of such disulphides, and new formation of 
NP-SH seems to be a more likely process in this case. 
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MITOCHONDRIA FROM THE CRAB, CARCINUS MAENAS 
By Dr. R. B. BEECHEY* and D. H. BURRIN l 


Department of Physiology and Biochemistry, University of Southampton 


AND 


MARGARET |. BAXTER l : 


Department of Physiology, Royal Veterinary College, London, N.W.1 


HE aim of this article is to collate the results of 
investigations on a ‘particulate fraction isolated from 
the hepatopancreas of the crab, Carcinus maenas. Examin- 
ation of the morphology, chemical composition and 
enzymatic properties of the particles has revealed a close 
resemblance to the mitochondria of mammalian tissues. 
The separation of mitochondria from the hepatopancreas 
involved preliminary disruption of the cells followed by 
differential centrifugation in 0-25 M sucrose according to 
Beechey!. Fig. 1 is an electron micrograph of an ultra-thin 


section of a preparation of mitochondria. The appearance ` 


of the isolated mitochondria may be compared with that 
of mitochondria in the intact cell shown in Fig. 2. The 
latter possess the usual outer and inner membranes with 
the inner membrane forming the cristæ mitochondriales?. 
The outer and inner membranes may be discerned in the 
isolated mitochondria but the overall structure differs 
from that of the intact mitochondria. In addition two 
types of particles are apparent (Fig. 1, A and B). The 
former consists of a mass of membranes and electron- 
dense matrix surrounded by an indistinct outer membrane 
which is widely separated from it. In contrast the B 
particles contain no electron-dense material and the 
outer and inner membranes are closely apposed. It has 
been suggested that A and B represent successive stages 
in the structural degeneration of the mitochondria under 
hypotonic conditions’. 

One of the characteristics of isolated mitochondria is 
their ability to maintain a relatively constant ionic com- 
position against a considerable osmotic gradient‘-*. 
The experimental results listed in Table 1 show that the 
hepatopancreas mitochondria which have been isolated 
in a non-ionic medium (0-25 M sucrose) contain a wide 
variety of ions.in constant proportions. It can be seen 
-that the high potassium to sodium ratio noted for mam- 
malian mitochondria‘ is also true for the hepatopancreas 
mitochondria. Apart from the calcium and phosphate 
contents, the chemical composition of the mitochondria 
isolated from the hepatopancreas shows no major variation 
from that of mammalian mitochondria. A search through 
the literature has not revealed information on other 
invertebrate material which was suitable for comparison. 
The calcium and phosphate contents of the hepatopancreas 
mitochondria are exceptionally high, and may be artefacts. 
The hepatopancreas is known to serve as a store for 
calcium'*, and dense crystalline structures which may 
have been deposits of calcium phosphate have been 
observed in electron micrographs of the intact tissue 
(M. I. Baxter, unpublished results). It is possible that 


* Present address: gShemical Enzymology Laboratory, ‘Shell’ Research. 
Ltd., Sittingbourne, Kent. 


when the ‘hepatopancreas ‘tissue ‘is disrupted the valcium 
phosphate becomes adsorbed on to the mitochondrial 
surface or absorbed into the mitochondrial matrix. Of 





Fig. 1. Electron micrograph of an ultra-thin section of mitochondria 
isolated from the hepatopancreas of Carcinus maenas. The A and B 
mitochondria represent two structurally different forms, thought to be 
successive stages in degeneration caused by hypotonicity. The mito- 
chondria were embedded in methacrylate; the bar represents 0-5z 


Fig. 2. Electron micrograph of mitochondria on the intact hepato- 

pancreas, Visible also are circular profiles of the granular endoplasmic 

reticulum. The tissue was embedded in ‘Araldite’ and stained with lead 
hydroxide; the bar represents 0-54 
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Table 1. COMPARISON OF THE COMPOSITION OF THE HEPATOPANCREAS 
MITOCHONDRIA WITH THAT OF RAT LIVER AND HEART MITOCHONDRIA 


Hepatopancreas Heart Liver 


Component mitochondria mitochondria mitochondria 
(umoles component/g mitochondrial protein) 
Sodium 18 507 15°, 48° 
Potassium 152 1507 275°, 998 
Calcium 1,078 991° 61°, 11°, 19° 
Magnesium 48 2907 68°, 38° 
Tron 11 22° 18°, 60° 
Copper 2 _ 48 
Total phosphate 1,317 500’ — 
e Free phosphate 991 647 = 
Total adenosine 36 381! — 
TP 6 20" gu 
Nicotinamide-adenine- 
dinucleotides 4t gre 57*, 2° 
Cytochrome as 0-24 0-24 — 
Ubiquinone 2- 4-0! 1-415 
‘Total lipid (mg/g protein) 443 380? — 
Phospholipid (mg/g protein) 320 3107 — 


* Quoted as nicotine adenine dinucleotide. 
{ Recalculated from the data in Table 1 of ref. 17. 


Table 2. COMPOBITION OF MITOCHONDRIAL RESPIRATORY CHAINS 
a. 
Flavo- NAD content 


e+e, protein and pmoles/g 
NADP protein 


Source of Component 
mitochondria as @ 6 
Carninus maenas 

hepatopancreas 

(ref. 1) 1-0 
Leptinotarsa decem- 

lineata sarcosomes 

(ref. 21), 2 
Locusta migratoria 

sarcosomes (ref. 20) 
Cod (ref, 19): 

Liver 


Heart 

Cormorant (ref. 19): 
Liver 
Heart 


Liver (ref. 18) . 
Heart (ref. 17) 1-0 


* Cytochrome ¢, not present. 
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particular interest is the fact that in mammalian mito- 
chondria the presence of a high concentration of calcium 
has been shown to be detrimental to the isolation of 
actively phosphorylating mitochondria and that calcium 
acts as an uncoupling agent?*. 

The composition of the respiratory chain present in the 
hepatopancreas mitochondria! is presented in Table 2 
and compared with similar data for other animals. The 
amounts of cytochromes a, a3, b and c + c, are approxim- 
ately equal and resemble closely the amounts present in 
other isolated mitochondria. They are also rich in 
flavoprotein and nicotinamide-adenine dinucleotide 
(NAD). All these pigments have been shown to undergo 
reduction at similar rates!. At least 81 per cent of the 
ubiquinone content of the hepatopancreas mitochondria 
becomes reduced at the onset of the anaerobic steady-state 
(D. H. Burrin, unpublished results). The oxidation of 
both flavoprotein and NAD-linked substrates is inhibited 
by antimycin A, hydrogen cyanide and carbon monoxide, 
the effect of the latter being reversed by light?*?. 5 mM 
amytal?* inhibits the oxidation of NAD-linked sub- 
strates. It has been shown by spectrophotometric experi- 
ments that all these inhibitors act at the same sites as in 
phosphorylating mammalian mitochondria (D. H. Burrin, 
unpublished results). 

The potential energy released during the operation of the 
hepatopancreas respiratory chain may be conserved by 
the synthesis of adenosine triphosphate**. The P/O 
ratios (ratio of the number of moles of phosphate esterified 
to the number of atoms of oxygen consumed) for mito- 
chondria, from the hepatopancreas are listed in Table 3, 
and compared with those of mitochondria from other 
tissues. It is seen that the values are higher than for other 
invertebrate mitochondria but are similar to those for 
mammalian mitochondria. The phosphorylation by the 
hepatopancreas mitochondria is uncoupled by dinitro- 
phenol?! and by dicoumarol. It has been shown that three 
sites of respiratory chain phosphorylation exist in the 
hepatopancreas mitochondria and that they are situated 
at sites similar to those in mammalian systems. Thus 
the mechanism of respiratory chain phosphorylation is 
almost identical to that in mammalian mitochondria. 
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The overall respiratory activity of the mitochondria 
from the hepatopancreas is not so great as that of mito- 
chondria from other animals (Table 3), although it should 
be emphasized that the conditions used for the assay of 
the P/O ratios were quite arbitrary. Munday and Thomp- 
son?’ have examined the optimal conditions for the oxida- 
tion of succinate and report a metabolic quotient of 55 pl. 
oxygen/h/mg protein. They haye shown that most of 
the intermediates of the tricarboxylic acid cycle are 
oxidized and that most of the individual enzymes of this 
cycle are present. «-Glycerophosphate®® and fatty acids 
of various chain-lengths**-** are also oxidized by these 
mitochondria. 


Table 3 P/O RATIOS AND METABOLIO QUOTIENTS* MEASURED WITH 
MITOCHONDRIA FROM HEPATOPANCREAS AND OTHER TISSUES 


Fumarate or Ascorbate + 


Source of a-Oxo- Succinate #-hydroxy- cyto- 
mitochondria glutarate butyrate chrome ¢ 
P/ QO: P/O Qos P/O Qo, P/O Qo: 


Carninus maenas 
hepatopancreas 
Leptinotarsa decem- 
lineata sarcosomes 
(ref. 21) 2-4 32 168 38 — — — ~ 
Lymnea 8i is 
albumin gland 
Gef. 33) — — ~= — 12 —- — = 
Liver (ref. 9) 31 30 15 175 2-6 82 08 ~ 


0-776 
Heart (ref. 9) 29 142 10 327 20 12 = gi 


* Metabolic quotients (Q0.) quoted in terms of ul. Os/h/mg protein. 


It has been suggested that certain swelling and shrinking 
phenomena of mitochondria are associated with the 
regulation of their metabolic activity®*.. Data have been 
published which show swelling in mitochondria from the 
hepatopancreas*!. However, this type of swelling is of 
great magnitude, occurs over comparatively long periods 
of time and is unaffected by anaerobiosis**:*!, In contrast, 
the autonomic swelling and shrinking described by Beechey 
and Holton®? wore of small magnitude, were reversed, by 
aneerobiosis and were completely inhibited by factors 
which affected respiratory control. On this basis it is 
concluded that the swolling of tho hepatopancreas mito- 
chondria represents degenorative changes rather than any 
phenomenon related to the control of the metabolic 
activity. of the organelle. 

In conclusion, tho outstanding result of these investiga- 
tions has been the close similarities between the mito- 
chondria isolated from the crab and other animals. Con- 
sidering the low metabolic rate at which invertebrate 
animals generally operate compared with mammals*4, 
possibly the most unexpected of these similarities is the 
high efficiency of the hepatopancreas mitochondria. Thus 
it would appear that the major difference between the 
metabolism of the crustacea and higher animals lies in the 
controlling processes rather than in the actual pathways of 
metabolism. 

One of us (D. H. B.) is in receipt of a studentship of the 
Department of Scientific and Industrial Research. This 
work was supported in part by U.S. Public Health Service 
grant R9 6489. 
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FREQUENCIES OF THE MELANIC FORMS OF THE MOTH BISTON 
BETULARIA (L.) ON DEESIDE AND IN ADJACENT AREAS 
By Dr. C. A. CLARKE 


Department of Medicine 


AND 


Pror. P. M. SHEPPARD 


Department of Genetics, University of Liverpool 


N 1959 and 1960, at the request of Dr. H. B. D. Kettle- 
well, we sampled by means of a mercury vapour lamp 
a population of Biston betularia L. from the garden of 
one of us (C. A. C.) situated next to the National Trust 
property of Caldy Common. This lies near the north-west 
corner of the Wirral peninsula. The vegetation on the 
Common consists chiefiy of birch trees, heather and gorse. 
The Common is about 10 miles west of Liverpool and the 
prevailing wind from the west blows straight in from the 
Trish Sea. It therefore seemed possible that the area might 
be less heavily polluted by smoke than would þe expected 
from its proximity to Liverpool. We had, however, noted 
that there was little lichen on the bark of the trees and 
the leaves were sooty when wiped with a handkerchief. 

The preliminary survey suggested that the frequency 
of the melanic form carbonaria is as high at Caldy as it is 
in Liverpool. We therefore decided to make a detailed 
survey of the frequencies of the melanics carbonaria and 
insularia in nearby districts; particularly in North Wales, 
in an attempt to find out how rapidly the proportion of the 
melanics changed as one moved away from an industrial 
area and to try and determine the factors that controlled 
the actual frequencies observed. 

Sampling. The wild population at each place was 
sampled, wherever possible, by means of a mercury vapour 
moth trap. This method of sampling is not random with 
respect to sex, since the vast majority of B. betularia 
caught in this way are males, though a few females are 
also obtained. In some areas it was impossible to use a 
mercury vapour moth trap because there was no available 
electricity supply. In these places we used assembling 
traps containing a virgin female moth which attracts the 
male moths flying in the vicinity. This method, of course, 
is also non-random with respect to sex since no females 
are caught by such a procedure. The assembling trap 
used was of a type designed by Kettlewell, but slightly 
modified to increase the efficiency with which B. betularia 
was caught. 

Breeding. The female moths caught in the mercury 
vapour trap and also those found in the wild were kept 
for breeding to see whether they were fertile, and, if 
possible, to determine their genotype and that of the male 
with which they-had mated. The offspring of these 
matings were also used in breeding experiments to see if 
there was any detectable difference in the viability of the 
various genotypes. The females were confined in pillboxes 
to lay eggs and the newly hatched larve were transferred 
to silk organza sleeves over cut twigs of the food plant 
standing in jars of water. When the larve reached an 
appropriate size they were either put into large nylon 
organza, sleeves on growing food plant in the garden, or 
reared in biscuit®tins on cut food plant. The pupæ were 


over-wintered either in a cool attic or in an outhouse, and 
in the spring, when the moths emerged, the proportions 
of the various phenotypes were recorded. 

Table 1 gives a list of the wild females caught from 
Meols and Caldy and their fertility. Table 2 gives the 
offspring reared from those females that proved to be 
fertile and Table 3 the breeding results from subsequent 
generations. The moths caught by mercury vapour and 
assembling traps at.the various places are given in Tables 
4 and 5 and a sketch map showing the localities, together 
with the proportions of the various forms of the moth in 
the samples, are given in Fig. 1, together with data taken 
from Kettlewell’s paper where it is relevant. 

Breeding results from wild females caught. From Table 1 
it will be seen that all three females found in the wild 
laid fertile eggs, whereas only five of the eighteen taken 
at mercury vapour traps did so. Thus, there is a significant 
difference (P = 0-04) between the proportion of females 
that laid fertile eggs among those found and those taken 
in the mercury vapour trap. This significant result could 
be explained by supposing that females in the Meols 
population had a greater probability of being mated than 
those at Caldy. However, this seems a rather unlikely 
assumption. The reason for the difference may be that 
females do not fly very readily unless they have remained 
unmated for a number of days. The likelihood of finding 
a female will not be very strongly rélated to whether it 
has flown previously or not, but the chances of catching 
it in a mercury vapour trap will be. One would therefore 
expect, on this hypothesis, more unmated females in a 
mercury vapour trap than among wild-found females. 

' The five wild females that have so far produced broods 
of reasonable size are recorded in Table 2 and it will be 
seen that’ two of the broods have shown segregation 
for carbonaria and typical, and one for carbonaria and 
insularia. Both the broods segregating for carbonaria 
and typical are clearly back-crosses. That segregating 
for carbonaria and insularia could be a back-cross or a 
cross between two heterozygotes. It is rather surprising 
in view of the frequency of the typical-form at Meols and 
at Caldy that we obtained three segregating broods, 
since with such a high frequency of carbonaria the chances 
of getting this is only slightly greater than 0-05 if the third 
cross was between two heterozygotes, and less than 0-02 
if all three segregating broods were back-crosses to non- 
carbonaria males. 

.Brood 5636 (Table 2) segregating for carbonaria and 
insularia is particularly interesting. The frequency of the 
insularia gene must be low (about 0-07) since of the non- 
carbonaria forms, insularia, which is controlled by a 
dominant gene, accounts for only about 14 per cent of the 
sample. In this brood, of the 12 non-carbonaria indivi- 
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Fig. 1. 
Deeside and in adjacent areas. 


duals, all are insularia. If carbonaria and this particular 
insularia are not controlled by allelomorphs then at least 
one of the parents is likely to have been a homozygote, 
since 12 to 0 is significantly different from a 3: 1 ratio. 
However, the probability of any one individual being 
homozygous for insularia at Caldy or Meols is very low, 
the percentage of this genotype only being about 0-5 
per cent. Thus, the most likely explanation is that this 
particular form of insularia is controlled by an allelo- 
morph of carbonaria and that one of the parents was a 
heterozygote for carbonaria and insularia. Kettlewell* 
reports that carbonaria and the form of insularia he bred 
are not allelomorphs. Thus it may well be that insularia 
is controlled by more than one major gene. Unfortunately, 
breeding work cannot be carried out on the offspring of 
our particular brood to investigate the matter further, 
since all the offspring produced by them died of disease. 
However, broods originating from 5516 and which have 
not yet (June 13, 1963) fully emerged show that this 
insularia behaves as an allelomorph of carbonaria. 
Frequency of melanics in different areas. From Fig. 1 
and Table 4 it will be seen that the frequency of carbonaria 
throughout the Wirral and in Liverpool is high and does 
not vary much from place to place, although there is 
almost certainly some small degree of variation as judged 
by the difference in the results from Caldy and Meols. 
However, across the Dee in North Wales the situation is 
quite different (Table 5). Not only is the frequency of the 
melanie carbonaria much lower just across the estuary, 
but it decreases rapidly as one moves west. This steep 
cline is in’ marked contrast to the situation found by 
Kettlewell? in eastern England. He showed that in places 
in Norfolk the frequency of carbonaria was as high as 70 
per cent. He concluded that this was due to the fact 
that the prevailing westerly winds in England carried 
pollution over many miles and consequently even the 
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extreme east of England was highly polluted by industrial 
areas to the west. We believe that the explanation is 
somewhat more complex than this, and Kettlewell? was 
also of this opinion. Examination of the wind directions 
in every month, kindly supplied to us by the Tidal 
Institute and Observatory situated on Bidston Hill 4 
miles from Caldy, shows that throughout the year the 
wind is blowing from the industrial areas of Liverpool 
and Manchester for about a third of the time. This would 
account for the high frequency of melanics at Caldy but 
can scarcely account for the rapid change in the frequency 
on the North Wales coast, unless one assumes that it is 
heavy pollution which is important in determining the 
frequency of the melanie and that much of this comes to 
earth before it reaches the Welsh coast. However, such 
an assumption is not compatible with the finding of 70 
per cent melanics in Norfolk, far from any industrial area. 

It seems likely that the great difference between the 
situation at Caldy and that at Mostyn, 5 miles across the 
Dee estuary, is due to a large extent to the Dee acting as 


Table 1. DATA ON FEMALES CAUGHT IN A MEROURY VAPOUR TRAP AND 


FOUND WILD AT MEOLS AND CALDY, 1959-62 


No. of Brood 
Year Phenotype moths Locality Fertility No. 
1959 Typical 1 Caldy (M.V.) No eggs — 
Carbonaria 1 Caldy Gry} Fertile eggs 4409 
1960 Carbonaria 1 Caldy (M.V.) No eggs = 
Carbonaria i Caldy (M.V.) No eggs* 884 
Carbonaria 1 Meols (found wild) Fertile eggs 5337B 
1961 Carbonaria 9 Caldy (M.V.) No eggs — 
Carbonaria 1 Caldy (M.V.) Fertile eggs 5539 
Carbonaria 1 Meols (found wi Fertile eggs 5636 
Carbonaria 1 Meols (found wild) Fertile eggs 5637 
1962 Carbonaria 1 Caldy (MLY.) No eggs — 
Carbonaria 1 Caldy (M.V.) Fertile eggs 5815 
Carbonaria 1 Caldy (M.V.) © Fertile eggs 5857 
Carbonaria 1 Caldy (M.V.) Fertile eggs 5858 


* Virgin ex M.V. trap. Assembled and mated with a #:rbonaria male later, 
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Table 2. OFFSPRING OF WILD B. betularia FEMALES, 1959-61 
Brood 


Year No. Type of female taal insularia Trpial 
¢ 
1959 409 carbonaria 31 28 — — 2 582 
1960 §337B carbonaria 12 19 = = 5 15 
1961 5539 carbonaria 48 31 — = pe = 
1961 5636 carbonaria 6 11 4 8 Sa ee 
1961 5637 carbonaria 19 6 a ae boas — 
Table 3. BREEDING RESULTS FROM THE OFFSPRING OF WILD-CAUGHT 
B. betularia FEMALES 
Offspring 
Brood carbonaria insularia Typical 
No. Year Female Male 8 g g g é 
4556 1959 4409 4409 2 — = — 1 1 
carb, typical 
4599 1960 4409 wild — — = — 1 
carb. typical 
4600 1960 4409 wild — — = — 1 
carb, typical 
5346 1961 4556 wild 1 1 — — 2, 5 
typical carb. 
5416 1961 5337B 5337B8 1 1 — — — — 
typical carb, 
5417 1961 5387B8 wild 2 — = — 2 2 
` rb. typical 
5419 1961 §337B wild 1 1 — — — 5 
rb. typical 
54204A 1961 5337B8 5337B* 4 1 — — 1 1 
carb, typical 
5421 1961 5337B 5837B8 2 2 — — 2 R 
carb. typical 
5516 1961 insularia 5337 B 17 12 7 9 9 J 
typical carb. 
ex 
Kettlewell 
6551 1961 insularia 55387 B 9 16 6 7 9 16 
typical ex carb 
Kettlewell 


* Or vice versa. 


Table 4. SAMPLES OF B. betularia FROM WIRRAL AND ADJACENT AREAS OF 
CHESHIRE AND LIVERPOOL 


Locality Year Trap Sex carbonaria insularia typical Total 
Caldy (C. A.C.) 1959 M.V. g ate 2 i 283 
” ” 1960 M.V. g 2 2 11 226 
a af 1961 M.V. $ ae 2 21 343 
‘a i 1961 A. g 78 4 1 83 
Js Gi: 1962 M.V. g er 6 33 564 
5 P 1982 A. 3 267 2 17 286 
Caldy (Thors 1962 A. é 116 2 18 126 
Wood) 
Meols (P. M. 8.) 1961 _ A. g 110 8 14 129 
Found 9 2 — — 
é » 1962 . A. $ 99 _ 9 108 
Birkenhead 1959 M.V 8 15 s — — 1A 
Birkenhead 
chool) 
j ” 1960 M.V g 11 _ _ 11 
+3 re 1961 MLV é 20 1 2 23 
Re #8 1962 M.V. ¢ 23 — 1 24 
Liverpool 1982 A. 8 89 — 3 92 
(Broadgreen 
Hospital) 7 
Delamere (C.G. 1961 M.V. ¢ 274 19 37 330 
Miller) 
a i 1962 M.V. ¢ 233 4 10 247 


M.V., mercury vapour; A, assembling trap as the method used for sampling 


Table 5. SAMPLES or B, betularia FROM NORTH WALES 
Locality Year Trap Sex carbonaria insularia typical ‘Total 

Mostyn 1961 M.V, Gi 12 1 7 20 
962 M.V. 3 17 — 9 26 
Holywell 1961 MV ő 25 1 11 37 
9862 MV. é 4 — 8 10 
Lixwm 1961" M.V. E 12 — 15 27 
962 MV g 68 1 65 137 

1 e= 2 
Cileain 1962 M.V g 15 1 24 44 

4 — — 
Caerwys 1962 A. g 9 — 16 25 


a barrier to migration of the moths and genes being 
introduced from a nearby population with a low frequency 
of melanics. The rapid change in frequency of the melanics 
as one moves west probably results from the presence of 
the hills which disturb the air flow, and the heavy rainfall 
washing the soot-pollution off the trees. Kettlewell} also 
found a very rapid decrease of the frequency of the 
melanics as one moved west from the area of Birmingham. 
Thus in the Wyre Forest about 23 miles south-west of 
Birmingham, thg proportion of melanics had fallen from 
87 per cent (in Birmingham) to 64 per cent, but he had 
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no information about the frequencies in intermediate 
localities. The slope of the cline‘is considerable but less 
marked than ours from Liverpool to Mostyn, but there is 
no barrier such as the Dee. 

An examination of the average rainfall in the districts 
we have studied certainly shows a relationship between 
the average rainfall and the distribution ‘of melanics. 
Moreover, the rainfall in the region of Cromer and Cam- 
bridge, where Kettlewell found as high a frequency as 
67 and 93 per cent melanics, respectively, is certainly less 
than in the Wirral and surrounding areas. We therefore 
suggest, as a working hypothesis, that the frequency of 
black melanics is influenced in the region of the Wirral 
by three interacting factors: the amount of pollution, 
the rainfall (both within the area studied and to the 
west of it) and the presence of barriers to free gene 
exchange between populations. 

Possible stability of the polymorphism. One other 
interesting piece of information revealed by the data is that 
the frequency of the melanic form has scarcely changed 
in the vicinity of Chester since 1900; whereas it must have 
increased very rapidly in the 40 years before then. This 
finding, shown by Kettlewell+ and confirmed by our 
figures, is in good agreement with the rest of his data, 
since in his extensive survey very few industrial areas 
show more than 94 per cent melanics in large samples. 
Of course, with selection against the recessive typical 
form the speed at which it is eliminated will decrease as its 
frequency decreases. However, this can scarcely explain 
the almost complete lack of change in gene-frequency in 
the region of Chester in the past 50 years. It seems more 
reasonable to suppose that in fact the carbonaria homo- 
zygote is at a slight physiological disadvantage to the 
heterozygote and that when the frequency of the melanic 
reaches very high values the polymorphism becomes 
stable. 

Breeding results and physiological selection. Kettlewell! 
gives evidence from some broods that carbonaria typical 
heterozygotes are at the present time at some physiological 
advantage to the typical homozygotes. He finds a 
deficiency of typicals in back-cross broods that should 
be segregating ata 1: lratio. To investigate these further 
we have examined the segregation in our eleven back- 
cross broods (Tables 2 and 3). When analysing this data 
we have combined the results from ten of the back-cross 
broods segregating carbonaria and typical, since each by 
itself is too small. We have, however, kept brood 4409 
separate since the number of insects among the offspring 
islarge. The analysis shows no deficiency of typical insects 
either in the single brood or in the combined small broods. 
However, it shows a significant difference in the segrega- 
tion ratio in the two sexes (yi = 11-936, P < 0-001), 
and the heterogeneity between the results from the single 
brood and the combined broods is small (xj = 0-00, 
P > 0-5.) We have excluded the broods in which insularia 
appeared since Kettlewell! also did this, and if there is 
any difference in viability this may be altered by the 
presence or absence of insularia. That this is so is sug- 
gested by a similar analysis including the three broods 
combined which segregated for insularia. If this is done 
there is still a significant difference between the carbonaria 
to non-carbonaria segregation ratio in the two sexes 
(x; = 6-599, P < 0-02), but there is also considerable, 
but not significant, heterogeneity (yi = 5-48, P > 0-05) 
between the broods. 

Kettlewell!, comparing his results with some broods 
bred early in the century, found that the early broods 
showed no excess of carbonaria, whereas his did, and he 
concluded that this meant that there was a physiological 
advantage in heterozygous carbonaria which had devel- 
oped in the past 50 years. However, neither his broods 
nor those produced early in the century are partitioned 
for sex and therefore the difference between them may 
have been due to a difference in the sex ratio in the two 
groups, a state of affairs not uncommon in bred broods 
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and having nothing to do with any genetic advantage 
having evolved within the past 50 years. 
It is difficult to assess the effect of a difference in the 
- frequency of carbonaria and typical in the two sexes in 
back-cross broods on the selective advantage of hetero- 
zygous carbonaria in the wild. However, it is possible 
that in certain circumstances this segregation discrep- 
ancy in the two sexes could put carbonaria hetero- 
. zygotes at a slight advantage. That there is a discrepancy 
also suggests that the homozygous carbonaria may well 
have a physiologically different selective value from the 
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heterozygote which could maintain the stability of the, 
polymorphism in areas of high frequencies of carbonaria. 
We thank Mr. G. Wynne and the boys of Holywell 
Grammar School for their help in collecting the North 
Wales samples, and Mr. C. G. Miller for the data from 
Delamere; Dr. H. B. D. Kettlewell for his constructive 
comments; and the Nuffield Foundation and the Univer- 
sity of Liverpool Joint Committee on Research for financial 
support. 


i Kettlewell, H. B. D., Heredity, 12, 51 (1958). 
3 Kettlewell, H. B. D., Ann. Rev. Ent., 6, 245 (1961). 


RESPONSES OF CROPPING APPLE TREES TO POST-HARVEST UREA SPRAYS 
By Dr. KRISTIAN OLAND 


Ullensvang Research Station, Lofthus, Hardanger, Norway 


N 1960 I suggested that apple trees' could be supplied 
with nitrogen by the application of a urea spray to 
the leaves in the late autumn?. Three main reasons were 
given: (1) strong solutions of urea could be applied 
(4-5 per cent), as some injury to the leaves in the late 
autumn seems unlikely to do any harm to the production 
of the tree; (2) the uptake of nitrogen by the leaves 
would be proportional to the concentration of the urea 
solution applied; (3) prior to abscission a large part of 
the nitrogen of the leaves migrates into the tree. Thus, 
an autumn spray with urea would increase the amount of 
nitrogenous reserves in the tree for the following growing 
season. 

A field trial to compare post-harvest urea sprays with 
ground application of nitrogen in the spring or no nitrogen 
was laid out in the autumn of 1960 in an orchard with 
25-year-old trees of the variety Gravenstein. 

Injury to the leaves would render a late application of 
urea, more favourable than earlier in the year. On the 
other hand, the late application might not allow sufficient 
time for the nitrogen uptake by the leaves and migration 
into the tree before the onset of leaf-fall. Therefore, two 
treatments with 4 per cent urea spray were carried out, 
one applied at the end of September (a week after the 
fruit had been picked), and the other applied in the middle 
of October. The ground treatment was 400 kg calcium 

` nitrate (15-5 per cent nitrogen) per hectare, administered 
during the latter part of April. The orchard where the 
experiment was conducted was under permanent sward. 
Under such conditions the amount of calcium nitrate 
may seem low. However, the amount of nitrogen given 
per tree would be much the same by the ground applica- 
tion of 400-kg calcium nitrate per hectare as by one 4 per 
cent urea spray. The heavy nitrogen dressings of 800 kg 
calcium nitrate or more per hectare, which have been 
recommended for orchards under grass*-*, was also for 
some time used in this district. But after some years of 
this practice, the quality of the apples suggested that 
smaller quantities should be applied‘. Therefore, the 
calcium nitrate treatment of this experiment would cor- 
respond to the present common practice in orchards. In this 
connexion, attention should be directed to the oceanic type 
of climate, with 1,630 mm normal annual precipitation. 

The trial was designed as a split-plot, block experiment, 
with two blocks. The main plots had two trees, one in its 
cropping year, ‘on year’, and the other in its ‘off-year’ 
which formed the sub-plots. 

Total organic nitrogen was determined by the Kjeldahl 
method. Leaves were taken from the middle of the 
terminal shoots and washed thoroughly in order to remove 
any urea remaining on the surface. The nitrogen content 
in the leaves of the variety Gravenstein is known to be 
higher in years with a- heavy crop than in years with 
negligible or no crop’. Therefore, the sub-plot means 
have been plotted on graphs. . 
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That nitrogen was taken up has been shown by determ- 
ining the nitrogen of the leaves two days after spraying. 
As Fig. 1 shows, this test has revealed that considerable 
amounts of nitrogen were always taken up by the sprayed 
leaves. The analyses during the late autumn show a loss 
of nitrogen during senescence of tho sprayed foliage in 
much the same way as from the foliage of unsprayed 
trees. In this connexion the figures obtained during 1961 
are particularly significant. That autumn a good sampling 
of abscised leaves was obtained by the fastening of strings 
with one end to the petiole and the other end to the shoot. 
These strings retained the falling leaves for later sampling. 

Fig. 2 shows the nitrogen content of spur buds (prob- 
ably fully developed flower buds) during the autumn and 
winter. The urea sprays had increased the nitrogen 
content of these buds. The difference in nitrogen content 
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Fig. 1. Nitrogen content of leaves from the middle of terminal shoots, 

A, trees with a heavy crop in 1960 and 1962 and a light crop in 1961; 

B. trees with a light crop in 1960 and 1962 and a heavy crop in 1961. 

Thick full line, 4 per cent spray in September; thin full line, 4 per;cent 

spray In October; -+ +, calcium isis added to tM ground; ~--, no 
rogen 
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thus obtained, between buds of sprayed and unsprayed 

trees, romained throughout the winter. 

The leaf is considered the best tissue for analysis to 
indicate the nutrient status of the plant’. Fig. 1 shows 
the nitrogen content of leaves during the summer to be 
higher in trees sprayed with urea in the previous autumn 
than in leaves from the no-nitrogen trees or those which 
had received ground application of calcium nitrate. With 
regard to the actual level of nitrogen found in the leaves, 
it should be noted that the petioles were included in the 
leaf samples. Without the inclusion of the petioles, the 
actual figures would have been 5-10 per cent higher than 
those presented. 

Table 1 gives results of yield and size of fruit. A yield 
increase of the order of magnitude of 50 per cent due to 
urea sprays is indicated, in comparison with no nitrogen 
or ground application of calcium nitrate. This is valid 
for the yields of both years taken separately and for the 
accumulated yields. The figures for accumulated yields 
indicate a significant increase due to application of the 
spray in the middle of October in comparison with appli- 
cation at the end of September. From the results at 
present available, no explanation can be offered why 
this should be so. 


Table 1. FRUIT YIELD AND MEAN FRUIT SIZE 
Fruit yield (kg per tree) Mean fruit size (g) 
Aceumu- 
Treatment lated 
1961 1962 1961+ 1961 1962 1961+ 
1962 1962 
No nitrogen 126 58 182 112 87 100 
Ground application of 
calcium nitrate in the 
spring à 114 74 187 116 94 105 
4 per cent urea spray in 
eptember 152 118 269 123 99 111 
4 per cent urea spray in 
October 188 124 311 125 101 113 
LSD, P < 0:05 37-6 27-8 30:7 nsd. 121 nsd. 


Trees receiving ground application of 400-kg calcium 
nitrate per hectare gave the same yield as the no- 
nitrogen trees during these two years. The explanation 
for this may be that the quantity of calcium nitrate 
administered was not sufficient to produce responses from 
trees in permanent sward. The vegetation under the trees 
was cut once or twice every summer and removed for 
ensilage. There was no apparent difference in vigour of 
the vegetation under the trees of the four treatments. 

The trial was designed to yield information on difference 
in response to the experimental treatments between trees 
in their ‘on year’ and ‘off year’. The statistical analysis 
gives no indication of any interaction between treatment 
and the cropping behaviour of the trees. 

Results of size of fruit (Table 1) show that very little 
of the yield increase after urea sprays can be attributed 
to larger individual fruits. It must mainly be due to 
larger number of fruits. 

This field experiment directs attention to the possi- 
bility of a practical application of nitrogen feeding to 


NATURE 











Nitrogen in dry matter (per cent) 








S O N 


N D Jan F 
1960 1961 1962 


Fig. 2. Nitrogen content of spur buds 
A, trees with a heavy crop in 1960 and a light crop in 1961; B, trees 
with a light crop in 1960 and a heavy crop in 1961 
See legend to Fig. 1 for identification of graphs 


apple trees by post-harvest urea sprays. The method 
seems to be reliable for feeding into the trees sufficiently 
large quantities of nitrogen to obtain good yields. An 
advantage of the method may be the consistent responses 
of the tree to the nitrogen applied, in contrast to the 
irregular responses which have been experienced with 
ground application of nitrogenous fertilizers®. According 
to the results of the leaf analyses and a standard of 2 per 
cent of nitrogen in the leaves for maximum yields, the 
nitrogenous status of the no-nitrogen and calcium nitrate 
trees in this experiment has been somewhat low. There- 
fore, no answer has been given to the important question 
of whether autumnal urea sprays give higher yields than 
a very successful nitrogen application to the ground. 
Unforeseen problems may arise during long-term experi- 
mentation or through the practical use of post-harvest 
nitrogen application to the foliage. The consistent, 
promising results for experiments so far would justify 
a, broadening of the investigations in order to reach a 
better evaluation of the merits and limitations of post- 
harvest urea sprays as a device in the fruit growing. 
This work was supported by grants from Det Videns- 
kaplige Forskningsfond av 1919 and the Agricultural 
Research Council of Norway. 
? Oland, K., Nature, 185, 857 (1960). 
* Rogers, W. S., e? al., J. Hort. Sci., 24, 228 (1948). 
3 Jepsen, H. M., et al., Tidskrift for Planteavl, 66, 29'(1962). 
t Oland, K., Forskning og Forsõk i Landbruket, 6, 161 (1955). 
5 Smith, P. F., Ann. Rev. Plant Physiol., 13, 81 (1962). 
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A NEW NATURAL AUXIN ISOLATED FROM ‘STALED’ ROOT 
CULTURE MEDIUM 


By ALAN WINTER and Pror. H. E. STREET 


Department of Botany, University of Swansea 


HE discovery of a new auxin arose from examination 
of ethyl acetate. extracts of modified White’s 
medium}? which had supported the growth of excised 
tomato roots (ope 10 mm root tip per 50 ml. medium) for 
28 days at 27° hd The ‘staled’ medium’ was concentrated 


to a twenty-fifth of its initial volume by evaporation under 

reduced pressure at 30° C, rendered acid (pH 3:0) by 

addition of hydrochloric acid and extracted four times 

with twice its volume of ethyl acetate. The bulked ethyl 

acetate extracts were washed with a small volume of 
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0-001 N hydrochloric acid and evaporated down to small 
volume under reduced pressure. The concentrate was then 
submitted to one-dimensional descending chromatography 
at room temperature on Whatman No. 1 paper, allowing 
the solvent front to move 25-30 em. Chromatographic 
solvents and location reagents were prepared according 
to Smith‘. The following solvents were used: isopropanol/ 
ammonia (sp. gr. 0-88)/water (100: 5:10); n-butanol/ 
acetic acid/water (60:15 : 25); sparen raat 
“water (80:5 15); n-butanol/pyridine/water (1:1: 1); 
benzene/acetic acid/water (125 : 72 : 3); sodium Pe 
formic acid (92 per cent w/v)/water (10 g:1: 200); 
potassium chloride (20 per cent w/v aqueous); phenol 
(500 g to 125 ml. water). Solvents were removed by 
evaporation at room temperature for bioassay or at 
appropriate temperatures prior to application of location 
reagents‘. The Hanovia ‘chromatolite’ was used to 
examine chromatograms for fluorescence. Chromato- 
grams were submitted to bioassay either by the Avena 
coleoptile straight growth testë or by the excised tomato 
root bioassay described below. 

Excised tomato root bioassay. This was carried out as 
follows: for the bioassay of chromatograms: Whatman 
No. 1 chromatography paper is immersed for 48 h in 
90 per cent ethanol (for destruction of fungal spores) 
and then air dried. The extract under test is spotted on 
to the paper as 10 spots, 3 cm apart. The chromatograms 
are simultaneously developed in the chosen solvent, the 
solvent removed and then, under aseptic conditions, each 
chromatogram cut into 20 equal segments, 3 cm wide, 
marked off from the starting line, plus one similar segment 
from before the starting line (blank test). Each paper 
segment is then transferred, under aseptic conditions, to a 
100 ml. plugged Erlenmeyer ‘Pyrex’ culture flask, previ- 
ously sterilized, and 10 ml. ‘AnalaR’ ether added and 
allowed to evaporate from the closed culture flask’ at 
room temperature. Then 20 ml. modified White’s medium 
(1-5 per cent sucrose) is added aseptically to each flask, 
followed by a 10-mm root tip excised from a 6-day stock 
‘sector culture’ of a clone of excised tomato roots (Sutton’s 
Best-of-All). The cultures (10 per treatment) are incu- 
bated at 27° C for 4 days after which the roots are gathered, 
their main axis lengths determined and the bulked roots 
blotted (fresh weight) and then dried at 65° C for 12 h 
(dry weight). For the bioassay of substances an aqueous 
solution of the substance at an appropriate concentration 
is sterilized by filtration through a ‘Pyrex’ sintered glass 


filter (porosity 5) and 10 ml. added aseptically to 10 ml.” 


of 2-0 x normal strength culture medium contained in 
the culture flasks. 

Bioassay of ‘staled’ medium. Isopropanol/ammonia/ 
water chromatograms, each equivalent to the ethyl acetate 
extract of 415 ml. culture medium, were prepared from 
‘fresh’ medium incubated for 28 days at 27° C and from 
‘staled’ medium which had supported excised tomato 
root growth during this period. The root bioassay results 
and the ultra-violet fluorescence and reactions to Ehrlich’s 
reagent of the media are shown in Fig. 1. The ‘staled’ 
medium chromatogram shows a zone (A) at Rr 0-5-0-7 
inhibitory to main axis growth and fresh weight and a 
zone (B) at Rr 0-8-1-0 which markedly enhances all 
aspects of root growth. The chromatogram showed three 
fluorescent zones, one (a blue fluorescence) corresponding 
in position to zone A. Ehrlich’s reagent revealed an 
elongated pink spot corresponding to zone B. 

Zone A: salicylic acid. Zone A was submitted to re- 
chromatography successively with isopropanol/ammonia/ 
water and n-butanol/acetic acid/water. The purified zone 
A so obtained was compared with salicylic acid in several 
solvents. Coincident Rr values as follows were obtained: 
isopropanol/ammonia/water, 0-64; benzene/acetic acid/ 
water, 0-96; sodium formate/formic acid/water, 0-66; 
n-butanol/pyridine/water, 0-48. Both A and salicylic 
acid gave a blue fluorescence in ultra-violet, reacted 
yellow to diazotized sulphanilic acid, orange to p-nitran- 
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Fig. 1. Root bioassay chromatograms of ‘fresh’ and ‘staled’ root culture 
medium. Equivalent of 415 ml. medium incorporated per 20 ml. test 
medium. Ultra-violet fluorescent spots and Ehrlich reaction of chromato- 
grams of ‘staled' medium. Extent of zones A and B indicated. Increases 
or decreases in extension growth of the main root axis expressed as + 
or — percentages of the control extension growth 
Extract from stale medium (——); fresh medium (....) 


iline and purple, fading in 5 min, to ferrie chloride. 
Edmax/Eimin ratios from the ultra-violet absorption 
spectra of A and salicylic acid were in water at pH 2:0, 
respectively 12-08 and 12:14 ; in water at pH 12, 12-10 
and 12-17; and in 10 per cent ethanol, 12-38 and 12-34. 
There was also correspondence between A and salicylic 
acid in the shift in ultra-violet absorption minimum and 
maximum with variation in pH from 260 my (Amin) 
and 298 (Amax) at pH 12-0 to 265 mu and 305 my, respec- 
tively, at pH 2-0. The biological activities of A and, 
salicylic acid have also been compared over a concentra- 
tion range in the Avena test and in the root bioassay 
(Fig. 2). 

Zone B: a new natural auxin, 5-hydroxytryptophan 
peptide. Zone B was submitted to rechromatography 
successively in isopropanol/ammonia/water and n-butanol} 
acetic acid/water and this purified zone B (afterwards 
referred to as B) used in subsequent work. When B was 
chromatographed in the foregoing two solvents or in water 
or in isobutanol/methanol/water the region reacting pink 
with Ehrlich’s reagent, and only this region, was active 
and promoted all aspects of growth in the root bio- 
assay. ` 

The indoles, ß-indolylacetonitrile (IAN), tryptamine 
and tryptophanol have published Rr values similar to B 
in isopropanol/ammonia/water. B has been compared 
with these compounds by determination of Rr values ina 
number of solvents and by reactivity with various chromo- 
genic reagents. The Rr values for B of 0-85 in n-butanol/ 


acetic acid/water; 0-84 in isobutanol/methanol/water ; ; 


0-70 in 20 per cent potassium chloride, and 0-78 in water 
served to differentiate it from these jndoles. These 
tests were all consistent with B being a single compound, 
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Fig. 2. Comparison of the activity of zone A with that of salicyclic 
acid (S) in the root bioassay and the Avena straight-growth test. Con- 
centrations of A in the test solutions expressed as multiples of its con~ 
centration in the ‘staled’ medium. Increases or decreases in the extension 
growth of the coleoptile segments expressed as + or — percentages of 
the control extension growth. Root growth erage as increase in 
main axis length (I.M.A. in mm) of the initial 10 mm root tip 
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stable in chromatographic solvents. B gave a pink reac- 
tion, fading rapidly with Ehrlich’s reagent, a weak purple 
with ninhydrin, a yellow-green fluorescence in ultra-violet 
following ninhydrin/acetic acid, a light brown with 
nitric-nitrite reagent, and a feeble brown colour with 
Salkowski reagent. 

B was sterilized in aqueous solution of pH 5-5 by auto- 
claving for 5 min at 15 Ib./in.?, the solution reduced to 
small volume under reduced pressure and chromato- 
graphed in isopropanol/ammonia/water. There was a 
single spot (Rr 0-8-1:0) reacting pink with Ehrlich’s 
reagent and this alone was biologically active. 

Submitted to paper electrophoresis in buffer solutions of 
pH ranging from 3-0 to 10-7, B migrated as a single Ebrlich 
and ninhydrin-positive spot towards the cathode. In 
boric acid-sodium borate buffer of pH 8-6 and under a 
voltage gradient of 7:35 V/em, B migrated 3 cm in 4h and 
8-6 em in 12h. 

Solutions of B (content of 10 1. ‘staled’ medium in 
20 ml.) adjusted, respectively, to pH 3-0 by hydrochloric 
acid and to pH. 7-0 by sodium bicarbonate were extracted 
by shaking with four successive 10 ml. volumes of ethyl 
acetate. The successive ethyl acetate layers were separ- 
ately evaporated to dryness, the residues taken up in 
5 ml. water (pH of solutions 5-4) and their absorptions 
in the Unicam spectrophotometer at 273 my recorded (see 
absorption spect#um of B in Fig. 3). The aqueous solutions, 
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after ethyl acetate extraction, were evaporated to dryness, 
the residues dissolved in water (adjusted to pH 5-5) and 
their absorptions similarly determined. B was found to 
be fully extracted by the ethyl acetate extractions at 
pH 7-0 and 84 per cent extracted at pH 3-0. The partition 
coefficients, ethyl acetate/water, were of the orders: at 
pu 7-0, 1: 0-4; at pH 3-0, 1: 13. Clearly, the greater 
part of B present in ‘staled’ medium will pass into the 
ethyl acetate by the extraction technique applied to the 
concentrated medium. 

The ultra-violet absorption spectrum of B in aqueous 
solution of pH 5:5 has been determined (Fig. 3). The 
maximum absorption at 273 my and the minimum at 
255 mu and the HAmax/H#Amin ratio of 1-91 enable B 
to be differentiated from all the indoles available to us. 

The evidence presented here strongly supports the 
view that B contains only a single biologically active 
indole compound although it does not, of course, exclude 
the possible presence of contaminating material. How- 
ever, when allowed to crystallize from water by slow 
evaporation the greater part of the white solid obtained 
is in the form of tree-like crystalline aggregates. These 
crystals slowly dissolve in acetone and, if the acetone 
solution is pipetted off and the acetone allowed to evapor- 
ate slowly, crystals as shown in Fig. 4 are obtained. 

The molecular weight of B was determined by the 
micro-method of Rast®. 1:8 mg B in pure ethanol was 
added to 24-8 mg camphor (m.p. 180°C) and the mixture 
dried and powdered. The mixed m.p. was 176:5° C 
from which the calculated mol. wt. is 848. B melted 
sharply at 242° Ç, carbonizing slightly above this tem- 
perature. : 

B was hydrolysed by refluxing in 6 N hydrochloric acid 
for 12h. The hydrochloric acid was removed by vacuum 
distillation, the hydrolysate taken up in ethanol and 
chromatographed in n-butanol/acetic acid/water. The 
chromatogram (Fig. 5a) showed 8 spots reacting either 
with ninhydrin or with Ehrlich reagent. Spots 1-7 were 
eluted with 80 per cent ethanol and submitted to one- 
dimensional chromatography in n-butanol/pyridine/water 
and phenol. The Rr values of these spots in all three 
solvents have been compared with the Rr of marker spots 
of amino-acids chromatographed simultaneously. Com- 
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Fig. 4. Crystals obtained from acetone solution of B 


plete correspondence was obtained between spot 1 and 
L-arginine, spot 2 (yellow with Ehrlich reagent) and DL- 
citrulline, spot 3 and L-glutamic acid, spot 4 and L-alanine, 
spot 5 and y-aminobutyric acid, spot 6 and pu-valine 
and spot 7 and pr-leucine. These spots have also been 
eluted and submitted to a further 6-h refluxing in 6 N 
hydrochloric acid. Spots 4, 5, 6 and 7 were stable. Spot 1 
yielded two spots, one corresponding to arginine and a 
second corresponding to citrulline. Spot 2 yielded three 
spots, one corresponding to citrulline, a second of Rr 0-04 
(ornithine) and a third reacting yellow with Ehrlich’s 
reagent and of Ry 0-51 (urea). Pure arginine when 
refluxed with 6 N hydrochloric acid underwent decom- 
position yielding citrulline and urea. Citrulline treated 
similarly yielded ornithine and urea. Spot 3 yielded a 
spot corresponding to glutamic acid and a fainter ninhy- 
drin spot of Rr 0:26 (Rr of y-aminobutyric acid = 
0-28). 

B was then hydrolysed by refluxing with 6 N hydro- 
chloric acid for 1 h and the hydrolysate chromatographed 
as already described (Fig. 5b). The ninhydrin-positive 
spots of a parallel chromatogram were eluted, further 
hydrolysed for 6 h and chromatographed in the same 
solvent. The double spot 1 and 2, on further hydrolysis, 
yielded 1 and 2 again plus urea (spot 12). Spots 1 and 2, 
therefore, seem to be arginine and citrulline. Spot 9 gave 
ninhydrin-positive spots corresponding in Rr values to 
arginine and glutamic acid, together with smaller amounts 
of citrulline and urea. It is interpreted as glutamylargin- 
ine. Spot 3, which was acidic and at the Rr of glutamic 
acid, gave spot 3 again plus a spot at Rr 0-28 (y-amino- 
butyric acid). 1-Glutamic acid was shown to yield some 
y-aminobutyrice acid on refluxing with 6 N hydrochloric 
acid, and, therefore, the y-aminobutyric acid detected on 
the hydrolysate chromatograms is regarded as arising 
from glutamic acid. Spot 11 (acidic) gave three ninhydrin 
spots corresponding in Rr values to arginine, alanine and 
valine and yellow Ehrlich reactions corresponding to 
citrulline and urea. The citrulline and urea arising from 
spots 9 and 11 are interpreted.as arising from arginine 
decomposition. We are not able to explain the acidic 
reaction of spot 11. Spot 13 gave three ninhydrin spots 
corresponding in Rp values to alanine, valine and leucine. 
Spot 14 gave spots corresponding in Rr to valine and 
leucine. Spot 12 at Rr 0-50 and which reacts yellow to 
Ehrlich’s reagent was completely destroyed on further 
acid hydrolysis. This spot corresponds in its properties 
to urea. 
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Spot 10 of the 1-h hydrolysate was fluorescent in uftra- 
violet, ninhydrin positive and gave, with Ehrlich’s 
reagent, a red-purple fading to dark grey. On further 
acid hydrolysis this spot gave a very feeble spot at its 
own Rr and a more intense fluorescent spot, negative to 
ninhydrin and reacting pink with Ehrlich’s reagent at Rr 
0-87. This second spot corresponded in Rr and reactions 
with spot 8 of both the 1-h and 12-h hydrolysates. Spots 
10 and 8 have been compared in Rr values in three solvents 
with 5-hydroxytryptophan (5-HTP) and 5-hydroxy- 
indolylacetic acid (5-HIAA) (Table 1). 5-HTP, on acid 
hydrolysis, yields 5-HIAA. On these findings, spot 10 is 
regarded as 5-HTP and spot 8 as 5-HIAA. 
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Table 1. Rp VALUE OF SPOTS 10 AND 8 OF FIG. 5b COMPARED WITH THOSE 
OF 5-HYDROXYTRYPTOPHAN (5-HTP) AND 5-HYDROXYINDOLYLACETIO 
AOW (5-HIAA) RUN IN PARALLEL 


Chromatographic solvent Ry values 


Spot 10 5-HTP Spot 8 5-HIAA 
n-Butanoljacetic acid/water 0:13 0-14 0:87 0-88 
n-Butanol/pyridine/water "47 0:47 0-82 0-84 
Phenol 0-44 0-45 0-52 0-52 


Aqueous solutions of B and of 5-HTP have been adjusted 
to pH 12 with sodium hydroxide, refluxed for 24 h, 
adjusted to pH 3-0 with hydrochloric acid and separately 
extracted with ethyl acetate. The ethyl acetate extracts 
were then chromatographed in n-butanol/acetic acid/ 
water, iso-butanol/methanol/water and isopropanol/ammo- 
nia/water, and JAA, 5-HIAA and 5-HTP used as marker 
spots. The chromatograms were then dipped in Ehrlich’s 
reagent to determine the Rr of any Ehrlich-positive pro- 
ducts of the alkaline hydrolysis of B and of 5-HTP. Both 
yielded a single spot corresponding in all three solvents to 
5-HIAA (Rr values in the respective solvents, 0-85, 0-79 
and 0-08). 

To determine the relative molar amounts of the hydro- 
lysis products of B, two samples (each = 20 1. ‘staled’ 
medium) were taken and one hydrolysed for 12 h and 


CH 


( 


) 





Fig. 5. N-butanol/acetic acid/water chromatograms of acid (6N.HCl) 
hydrolysates of B. (a) 12-h hydrolysis; (b) 1-h hydrolysis 
Spots 1-7, 9-11, 13 and 14 reacted with ninhydrin. Spots 3 and 11 
reacted acid to bromocresol green. Spots 8 and 10 were strongly fluor- 
escent in ultra-violet. Spots 2 and 12 (yellow), 8 gpink) and 10 (red- 
purple) following treatment with Ehrlich’s reagent 
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Fig. 6. Activity of B (5-hydroxytryptophan-peptide) in the Avena 
straight growth test and the root bioassay. Bosults expressed as in 


Fig. 2 
O, I.M.A.; @, dry wt. 


one for 1 h in 6 N hydrochloric acid. Spots 1-7 of the 
12-h hydrolysate and spot 10 of the l-h hydrolysate were 
determined by their ninhydrin reactions by the method of 
Giri et al.?. On the basis of conclusions previously stated, 
the. citrulline determined was added to the arginine 
value and the y-aminobutyric acid determined added to 
the glutamic acid value. The values obtained in moles 
were: arginine, 0-032; alanine, 0-032; glutamic acid, 0-034; 
leucine, 0-034; valine, 0-031; 5-HTP, 0-038. 

If, from the foregoing values, it is concluded that the 
amino-compounds are present in the molecule of B in 
equimolar amounts and if they are linked together through 
peptide bonds fhen the molecular weight corresponding 
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to one unit-of each residue is 789 (as against the experi- 
mentally determined mol. wt. of 848). It is therefore 
possible that some unit of the molecule has not been 
detected or that one recognized unit has been under- 
estimated. Study of the simple peptide units (Fig. 5b; 
spots 9, 11, 13, 14) detected on the chromatogram of the 
l-h acid hydrolysate of B suggests linkage of their con- 
stituent amino-acids in B in the following sequence: 
glutamic acid—arginine—alanine-valine-leucine. The posi- 
tion of the 5-HTP residue is not determined but its release ° 
as a single compound during l-h acid hydrolysis suggests 
it may be a terminal group. The positive charge on the 
molecule as revealed by electrophoresis suggests that acid 
groups are masked either by existing as amide groups or 
being involved in ring structures. From the data presented 
here, B is regarded as a peptide containing 5-HTP and 
hence will provisionally be referred to as 5-HTP-peptide. 

Biological activity of 5-hydroxytryptophan peptide. 5-HTP- 
peptide, at appropriate concentrations, enhances both the 
extension growth of Avena coleoptile segments and the 
growth in culture of excised tomato roots (Fig. 6). Opti- 
mum stimulation of Avena segment growth occurred at 
10-8 g/ml. and optimum stimulation in the root bioassay 
at 10-1° g/ml. 5-HTP-peptide is properly described as an 
auxin because it promotes coleoptile extension growth at 
hormonal concentrations. .At higher concentrations, 
5-HTP-peptide is inhibitory to growth in both bioassays. 
20 1. of ‘staled’ root culture medium adjusted to pH 7-0 
yielded, following exhaustive extraction with ethyl 
acetate, 2:2 mg 5-HTP-peptide so that such medium 
contains at ‘least 10-7 g/ml.; a concentration. slightly 
inhibitory to root growth (Fig. 6). ' 

The excised tomato roots as harvested after the 4 days’ 
incubation of the root bioassay from the control medium 
and from medium containing a stimulatory concentration 
of 5-HTP-peptide have been examined anatomically. 
Cell counts were made by the method of Brown and 
Rickless* as modified by Butcher and Street’. Exodermal 
cell lengths were determined by the method of Street and 
McGregor?*. Determinations of root and stelar diameters, 


- thickness of cortex and number of cell layers in the cortex 


were made by the study of transverse sections (10-y 
thick), 3 sections from each of 5 roots being examined 
per treatment. The data in Table 2 show that 5-HTP- 
peptide enhances root growth by increasing the rate of 
cell division and by increasing the length and transverse 
diameter of the cortical cells. At lower concentrations of 
sugar (0-75 against the 1-5 per cent used in the root 
bioassay) both l-naphthalene acetic acid (NAA) and 
gibberellic acid, at appropriate concentrations, enhance 


. cell division and cell elongation in the cultured tomato 
_ root®. NAA like 5-HTP-peptide also increases the trans-’ 


verse diameter of the cortical cells. There is, however, 
no evidence in the growth response to 5-HTP-peptide of 
the change in polarity of the meristematic cells which 
occurs in the presence of NAA (ref. 9), and which causes a 
marked increase in the number of cells in the transverse 
section. 


Table 2. ANATOMICAL EFFECTS OF A GROWTH-PROMOTING CONCENTRATION 
OF 5-HYDROXYTRYPTOPHAN-PEPTIDE IN THE ROOT BIOASSAY 


Control 5-HTP-peptide 

Increase in main axis length in - 

mmm. b 2441 $9 +2 
Increase in number of cells per 

root in 24h 29,300 41,860 

Exodermal cell length (x) 67:6 + 4:3 1108 + 3-5 
Root diameter (#) 270-4 + 17-6 390 + 26-4 
Stele diameter (x) 764 +13 733 + 1:5 
Cortex width («) 95-5 + 4:7 1551 + 8-6 
No. of cell layers in cortex 63 + 1-2 6-1 + 0-8 


The biological activities in the Avena and root tests of 
5-HTP and 5-HIAA have been compared with that of 
5-HTP-peptide. Both the indoles enhanced coleoptile 
extension growth at appropriate concentrations (5-HTP at 
10-8 and 10-7 g/ml.; 5-HIAA at 10- and 10~ g/ml.) and 
at higher concentrations were inhibitory. They failed to 
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enhance excised tomato root extension growth at any 
concentration. 5-HTP was inhibitory to dry weight 
increase at 10-'° g/ml., and at 10-® g/ml. or higher con- 
centrations inhibited root extension growth. 5-HIAA 
was inhibitory to root growth at 10-? g/ml. or higher 
concentrations. 5-HTP and 5-HIAA differed from 5- 
HTP-peptide and resembled IAA in being, according 
to the concentration used, either without effect or 
inhibitory to the growth of excised tomato roots". 

. 


Discussion 


5-HTP-peptide is a product of the metabolism of the 
excised tomato root but it has yet to be isolated from 
extracts of the root tissues. Meanwhile, it has earlier 
been shown that conjugates of IAA with aspartic and 
glutamic acids are formed in excised tomato roots in 
response to IAA feeding and are rapidly metabolized 
when the external supply of IAA is withdrawn” and that 
the ‘water fraction’ of excised tomato roots contains 
ninhydrin-positive auxins differing in Rr from known 
free amino-acids’. Sen! has reported the extraction from 
barley leaves of an auxin which stimulated the extension 
growth of pea root segments, was ninhydrin and Salkowski 
reagent positive and had an Rr of 0-87 in isopropanol/ 
ammonia/water. Fransson!‘ obtained a growth-active 
substance from wheat roots which was described as 
yielding IAA and in which the non-indole component 
appeared to be a peptide. 

The work of Jerchel and Staab-Miiller!’ has shown that 
synthetic indolylacetyl peptides have absorption spectra 
with minima in the range 250-260 my and maxima in the 
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range 270-285 mu. These synthetie peptides had activity 
in various auxin bioassays, the activities depending on 
the amino-acids linked to IAA. 

The 5-hydroxytryptophan peptide isolated in the 
present investigation is of particular interest because of its 
high activity in promoting both the extension growth of 
coleoptile segments and the expansion of root cells. It 
can clearly be obtained in sufficient purity and quantity 
to permit of its complete chemical characterization and 
determination of its activities in other auxin assays. The 
properties of 5-HTP-peptide are already sufficiently 
defined to promote studies of its natural distribution. 

We thank the Agricultural Research Council for a 
research studentship to one of us (A. W.), and Dr. E. G. 
Brown for helpful discussion. 
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PLANTS AT SUB-ATMOSPHERIC OXYGEN-LEVELS 
By S. M. SIEGEL, L. A. ROSEN and C. GIUMARRO 


Union Carbide Research Institute, Tarrytown, New York 


ECENTLY, it has been shown that a variety of pro- 
cesses in multicellular organisms can proceed at 
oxygen concentrations far below the atmospheric level 
(21 per cent). Included are demonstrations of molluscan 
behaviour!, the low oxygen optimum in avian hemoglobin 
synthesis? and development in amphibians and echino- 
derms*. Among vascular plants, processes associated 
with the youthful phases—germination, seedling growth— 
are unaffected by sub-atmospheric oxygen-levels, or are 
even enhanced, whereas processes of senescence—abscis- 
sion, lignification, ripening—are inhibited or suppressed 
(Table 1 and refs.). Furthermore, lowered ambient 
oxygen-levels enhance cold resistance, increase soluble 
sugars, and alter the activities of specific enzymes. 
The continued investigation of low oxygen environments 
in this laboratory has now disclosed a number of additional 


Table 1. SOME PLANT PROCESSES AFFECTED BY CULTIVATION AT REDUCED 


OXYGEN-LEVELS 




















Oxygen < 
Process concentration * | Representative} Ref. 
(per cent) specieg 

Enhanced germination 4-10 Typha 4 
Enhanced root elongation 5 Phaseolus 5 
Enhanced coleoptile elongation 5 Oryza 5 
Inhibited foliar abscission < 21 Citrus 6 

Coleus 7 
Reduced lignification 5 Phaseolus 8 
Retarded ripening < 21 Citrus — 9 
Enhanced cold resistance 2 Cucumis 10 
Increased soluble sugars 5 Phaseolus 8 
Altered enzyme activities 5 Phaseolus 8 
Induced CO formation <s 5 Cucumis 11 
* An erimental oxygen concentrations refer to a total pressure of 


1 atm. with argon or nitrogen serving as the diluent gas. 
e 
° 
° 


examples of favourable biological performance at sub- 
atmospheric oxygen-levels. 

Germination and growth responses. All germination and 
seedling growth trials were carried out under the usual 
laboratory conditions of temperature and light®. Each 
final figure for germination is based on triplicate tests, 
each of 40 seeds or more; differences of 7 per cent or more 
are significant (P < 0-05). Seedling data are based on 
50 or more plants, from duplicated or triplicated trials. 
Favourable responses differing significantly from the 
controls (21 per cent oxygen) are starred (Table 2). 

From the results given in Table 2, the following points 
are indicated: (1) The germination of some species is 
enhanced in 10 per cent oxygen, but no species is greatly 
retarded in 10 or 5 per cent oxygen. (2) There is good 
reason to examine the range 5-21 per cent oxygen in 
finer detail for optima lying on either side of 10 per cent 
oxygen. (3) The critical oxygen-level which separates 
slow or minimal from vigorous or near-normal germina- 
tion may lie at or near 0 per cent oxygen or at any point 
between 0 and 5 per cent oxygen. (4) Growth of turnip, 
Celosia, and cucumber seedlings was significantly increased 
in 5 or 10 per cent oxygen; tomato and peppermint 
seedlings also averaged more growth at reduced oxygen- 
levels, but the response has not been shown to be signifi- 
cant. (5) The optima observed at 6 or 10 per cent oxygen 
varied both with species (for example, Celosia root 
versus cucumber root) and with part measured (Celosia 
root length versus seedling fresh weight). (6) Seeds and 
seedlings of the same species do not necessarily share a 
common pattern of response to variations in oxygen-level. 
Compare, for example, germination of turnip or Celosia 
seed with their respective seedling growth*data. 
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Table 2. EFFECTS OF REDUCED OXYGEN-LEVEL ON GERMINATION AND GROWTH 
Percentage oxygen in atmosphere * 
Plant Germination or growth measurement ——; | 
0 2 5 10 21 (air) 
Beet Germination at 7 days 6 11 40 87 50 
Celosia Germination at 7 days 19 82 88 91 95 
Dianthus Germination at 7 days 0 0 50 Bi. 82 
Marigold (Tagetes sp.) Germination at 7 days 0 0 31 56 46 
Rice Germination at 7 days 68 72 78 76 67 
Tobacco Germination at 14 days 0 (y 69 84 86 
Tomato Germination at 6 days 0 5 60 88 83 
Turnip Germination at 3 days 0 12 69 98 87 
Celosia Whole seedling wt., 8 days (mg) _ 18 +01 71 +01 85 + 0-5* 64+ O4 
Root length, 8 days (cm) a L4 +04 3-6 + 0-4* 344 0-1 81+ 01 
Cucumber Root length, 14 days (em) — — 20 + 0-2 6-4 + 0-3* +9 + 0-3 
Peppermint Shoot growth, 14 days (ecm) 0 — 8-3 + 22 5711 404 11 
Tomato Shoot height at 20 days (em) 0 — 3'8 + 04 3:9 + 04 3'4 + 0-3 
Turnip Shoot height at 3 days (mm) 0 3-8 + 0-8 16-1 + 0-9* 99 + 0-7 89 + 0-9 











* All experimental oxygen concentrations refer to a total pressure of 1 atm. with argon or nitrogen serving as the diluent gas. 


Other species which are under examination in low 

, oxygen environments include peanut, which germinates 
anaerobically, and grows at least as well in 10 per cent 
oxygen as in air; barley, which produces a 30-40 per cent 
heavier seedling in 10 per cent oxygen than in air after 
5 days; and Mesembryanthemum and Ageratum, which 
germinate more rapidly in 10 per cent oxygen than in air. 

These experiments raise to 30 the number of species 
which have been examined for response to low oxygen 
environments. Although it is a small sample of the 
vascular plants, the recurrence of good or even heightened 
performance attests to the importance of oxygen con- 
centration as a significant variable in physiological and 
ecological research. Unlike light, temperature and water 
supply, oxygen-level is not known to suffer such obvious 
natural variations or periodicities as to bring it immedi- 
ately into experimental physiology and ecology. Never- 
theless, it is a factor to be reckoned with in the mountain 
macro- and micro-environment; in the low-altitude micro- 
environment; within diffusion-limited tissues and organs 
(such as seeds within fruit); and under natural and artificial 
extra-terrestrial conditions. 

Growth and pigmentation. Seeds of Coleus were sown 
in perlite~soil mixture in a 4-1. vessel and placed under 
5 per cent oxygen + 95 per cent argon. After about 
3 weeks, 85 per cent of the seeds had germinated, and 
after 6 weeks, seedlings 5-6 cm in height possessing 4-6 
pairs of leaves had grown. The oxygen-level had fallen 
by this time to 3-5 per cent, and carbon dioxide had risen 
to about 1 per cent. Save for purple specks in the largest 
leaves, all were bright green, and normal in shape, margins 
and vénation. The largest leaves were 1-7 cm in length 
and contrasted strikingly with air-grown leaves of com- 
parable size which exhibited & typical anthocyanin red of 
50 per cent or more of their upper surfaces. This low 
oxygen culture was maintained for an additional 5 months 
during which time no further change in plants, leaf num- 
ber, colour, or oxygen-level occurred, 

When Celosia (‘Forest Fire’) seed were germinated in 
air, after 5 days 1-2 per cent of their hypocotyls were 
green, the remainder being purple. In 5 per cent oxygen 
green seedlings were somewhat more numerous, making 
up about 10 per cent of the population. In a further 
experiment, seedlings grown in various atmospheres were 
gathered in groups of 15, placed in 5 ml. of distilled water 
in small tubes, and immersed in a boiling water-bath for 
5 min. After cooling, the extracted anthocyanin colour 
was determined colorimetrically at 540 my. Determina- 
tions were carried out on duplicate samples. 

Pigment formation is obviously aerobic and appears 
to be co-ordinated with growth as a function of oxygen 
up to a concentration of 10 per cent (Fig. 1). Thereafter, 
however, the pigment content increases although weight 
declines. Hence, it is possible to ‘uncouple’ growth and 
anthocyanin formation in these seedlings. 

Although anthocyanin formation is dependent on 
oxygen, chlorophyll formation in various seedlings does 
not appear to be®so®22, 


Modification of cereal diastatic power. Cereal grains were 
incubated for 3 days in various atmospheres; dried, 
ground; extracted according to standard procedure; and 
assayed after the method of Hill and Kessler’*. On a 
relative scale, diastatic activity in barley was increased 
at the lower oxygen-levels and was still comparable with 
air controls even when the barley was germinated under 
argon (Fig. 2). The starch-hydrolysing activity of winter 
rye was not affected by incubator atmosphere and that of 
winter wheat was markedly suppressed. Thus, for the 
first time, we have been enabled to define a limiting condi- 
tion for anaerobic germination. Both barley and rye, 
which are able to mobilize their starch reserves when 
incubated under argon, are capable of essentially 100 per 
cent germination anaerobically, whereas wheat shows no 
anaerobic capabilities at all. The existence of diastatic 
power in anaerobic conditions does not warrant the 
prediction of ability to germinate anaerobically, but the 
lack of starch mobilizing capacity clearly precludes 
anaerobiosis. It remains to be seen whether or not a 
single enzyme can be the deciding factor in anaerobiosis. 
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Fig. 1. Fresh weight increase and anthocyanin formation in relation fo 
environmental oxygen concentration in Celosia 
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A differential change in enzyme activities as a result of 
altered oxygen-level was previously encountered in bean 
plants grown in 5 per cent oxygen. In this instance, 
organs of the bean plant responded differently in their 
peroxidase, catalase, and lipoxidase activities®. 

A new role for oxygen in thermal damage. It is well 
known that .the rate of loss of viability in dry seeds and 
spores at elevated temperatures is markedly oxygen 
dependent#4-1*, whereas thermal death under wet condi- 


° tions is commonly described as hydrolytic and denatura- 


tivel4.15,17, Jn the present case, thermal damage to fresh 
beetroot tissue in aqueous media has been shown to 
be oxygen-sensitive. 

Fresh beetroot tissues were cut into cubes of approxim- 
ately 2-3 mm and washed 15-18 h in running tap water at 
10° C. Groups of 20 cubes (2°63 + 0:05 g on the basis of 
10 sample weighings) were placed in 6 ml. of M/15 phos- 
phate buffer, pH 6-6. Tissues so treated will lose pigment 
slowly at 25° C and rapidly at elevated temperatures. 
Pigment loss, hence damage to the plasma membrane, 
may be followed on a Klett colorimeter with a No. 54 
filter. After 3 h at 25° C, a Klett reading (K) of 10. + 4 
was found in 10 determinations; after 24 h, K = 56 + 16. 
To test oxygen-sensitivity, cubes in buffer were gassed 
with air or 5 per cent oxygen + 95 per cent argon starting 
1 h before and continuing through heat treatment. 

Although beet tissue increases in permeability at any 
temperature above 25° C, the effects of a reduced oxygen 
concentration only become definite at temperatures above 
40° C, becoming progressively more striking as the 
temperature is raised (Fig. 3). Even though processes of 
hydrolysis and denaturation must be operative under 
elevated temperature conditions, they make only a minor 
contribution to the direct and ‘rapid thermal effect being 
measured. Perhaps heat damage in intact, non-dormant 
organisms must be re-evaluated in terms of the possible 
contributions of oxygen to the process. 

Oxygen-level as an experimental variable. On the basis 
of the foregoing results and earlier findings it is reasonable 
to propose for oxygen a role in experimentation that it has 


not generally occupied. In contrast with conventional — 
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Fig. 2. Oxygen-dependence of diastatic activity in three cereals 
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Fig. 8. Effect of oxygen’ on thermal damage as measured by pigment 
release in the beetroot 


procedures in which physiological or biochemical processes 
are defined as ‘aerobic’ or ‘anaerobic’, oxygen here emerges 
as a quantitative tool with all the selectivity and differ- 
ential character of hormone or light action. 

Growing a plant in a sub-atmospheric oxygen environ- 
ment alters its normal sensitivities relative to other factors 
and stimuli which may be studied or applied, such as, 
for example, responses to hormones, red-far-red inter- 
actions, ionizing radiation, or mineral nutrition. Constitu- 
tional changes arising from biochemical modifications 
will in turn lead to altered sensitivities toward physical 
and chemical factors, and toward pathogenic or pacoemie 
organisms as well. 


Finally, changes noted in oxygen requirement from : 


seed to seedling evoke curiosity about still further differ- 
ences that might appear during ontogeny. Oxygen, 
therefore, may well become a significant tool in the hands 
of the developmental physiologist in his efforts to resolve 
the developmental process into its Conen phases 
and steps. 
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LETTERS TO THE EDITOR 


GEOPHYSICS 


Radioactivity of Sodium Carbonate Lava 
from Oldoinyo Lengai, Tanganyika 


Two papers on the chemical composition of the Oldoinyo 
Lengai sodium carbonate lavas have recently appeared in 
Nature'*. Oldoinyo Lengai is an active volcano situated 
about ten miles south of Lake Natron in the eastern or 
Gregory Rift Valley of Northern Tanganyika. It is the 
only active voleano in East Africa. The most significant 
feature of the chemistry of its carbonate lava is the 
virtual absence of silica and the very small amounts of 
alumina and iron combined with the very high amounts of 
alkaline and volatile substances. 

I became interested in the uranium and thorium contents 
of the lava, since the very low silica content of the lava 
suggested that the radioactive content of the lava should 
be very low, as it has been generally found that the more 
basic a rock the smaller its radioactive content. Through 
the kindness of the Commissioner, Geological Survey, 
Dodoma, Tanganyika, I obtained about 150 g of the lava. 
This amount was amply sufficient to measure the «-ray 
emission from the rock, but a larger amount would have 
been better for finding its thorium content. The lava, 
however, is difficult to collect, and I am very grateful to 
the Geological Survey, Tanganyika, for sending me nearly 
10 per cent of its stock. 

‘The uranium and thorium contents were determined 
from the a-ray emission of a powdered specimen of the 
lava and the y-ray emission of the 2:62 MeV y-ray pro- 
duced in the decay of Th” (ref.3). The results obtained were: 
thorium content, 4:3 parts per million; a-ray emission, 
19-8/em?/h; uranium content, 34-5 parts per million. 

These results are quite unexpected. The uranium con- 
tent is very high, corresponding to that of a very radio- 
active granite, while the thorium content as compared with 
the uranium content is very low. A similar result holds 
for some phosphatic deposits, which may be quite rich in 
uranium but contain very little thorium. This fact 
would, however, seem to have no bearing on the present 
problem, since the probable modes of production of the 
lava and the phosphatic deposits are so very different. 
In calculating the uranium content from the a-ray 
emission and the thorium content, it is assumed that both 
the radioactive families in question are in radioactive 
equilibrium. The lava contains about 1 per cent of 
barium oxide, and it seemed possible that preferential 
deposition of radium might have occurred, radium and 
barium being chemically very similar. Since the half- 
life of radium is only about 1,600 yr., it would mean that 
the preferential deposition of radium must have taken 
place very recently geologically speaking. It was found 
possible to check whether the uranium family was 
in equilibrium by comparing the low-energy y-ray 
spectrum of the lava with the spectrum of a specimen of 
uraninite, which was undoubtedly in equilibrium.’ UX, 
gives a y-ray of energy 0-091 MeV and RaB one of 0-35 
MeV. From the short half-lives involved, UX, must be 
in equilibrium with its parent uranium and RaB in 
equilibrium with radium. The peaks in the y-ray spectrum 
due to the two y-rays showed up well in both the spectrum 
of the lava and in that of the uraninite, and the ratio of 
the heights of the two peaks was practically identical in 
both cases. This fact would seem to show that the 
uranium and radium in the lava are in radioactive equilib- 
rium. To obtain the spectra a large sodium iodide crystal, 
a 5-in. E.M.I. photomultiplier, and a 50-channel Société 
d’Applications Industrielles de la Physique analyser were 
used. e 


In conclusion, no satisfactory explanation of why the 
lava is so rich in uranium can be offered, although the 
fact that a readily soluble complex uranyl carbonate, 
Na,UO,(CO,);, is produced when uranium compounds are 


leached with sodium carbonate solution may have some ° 


bearing on the problem. 
J. H. J. Poors 
Physical Laboratory, 
Trinity College, Dublin. 
1 Dawson, J. B., Nature, 196, 1076 (1962). 


2 Du Bois, C. Q. B., et al., Nature, 197, 445 (1963). 
$ Poole, J. H. J., and Byrne, F. N., Nature, 191, 62 (1961). 


GEOCHEMISTRY 


Synthesis of Uvarovite 


In previous investigations of the synthesis of the garnet, 
uvarovite (Ca;Cr.Si,O,,), various temperatures have been. 
given for the synthetic product to be obtained. These 
temperatures range from 855° to 1,490° C (ref. 1), with 
Glasser and Osborn? reporting the optimum temperature 
as 1,370° + 10°C. In all cases, however, this mineral was 
not tho sole reaction product, but was accompanied by 
the formation of «CaSiO, and Cr,O3. 

The geochemistry of uvarovite is at present being 
studied and its synthesis was therefore undertaken. 
Experimental temperatures were varied between 1,200° 
and 1,460° C, and the best results were obtained in the 
range 1,360°~-1,400° C, at one atmosphere pressure. Once 
again, in none of these experiments was uvarovite the only 
product; aCaSiO, and Cr,O; always were present. The 
X-ray powder patterns also indicated that there were 
structural distortions in the urodile: and it is entirely 
possible that a stoichiometric (3 : 1 : 3=CaO : Cr,0, : 
SiO,) garnet was not obtained. 

An examination of the solid solution series between 
uvarovite and its germanium analogue showed that. 
substitution of between 1 and 2 per cent germanium in the 
silicon position stabilized the garnet structure and resulted 
in the formation of garnet as the only phase. The same 
result was obtained when approximately 5 per cent Al,O, 
was substituted for Cr,Os. Non-random substitutions in 
the lattice positions is the probable explanation for these 
results, and crystallographic studies on single crystals 
should show where these atoms enter the structure, and. 
also enable us to understand the bonding forces affecting 
these substitutions. 

This work was carried out under grants from NATO and. 
the Leverhulme Fund. 
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PHYSICS 


A Spectroscopic Method of measuring 
Electron Temperatures in Plasmas 


THE measurement of electron temperature in high- 
temperature plasmas is an important but somewhat 
dificult problem particularly for temperatures above 
about 10 eV. Spectroscopic methods which have been 
used or suggested}~4 are subject to certain limitations and 
have been reviewed by Thonemann®. This communication 
presents a new method, based on the relative intensities 
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of spectral lines from the same species of Li-like ion, which 
is potentially powerful in its range and accuracy. 

For an optically thin plasma in thermodynamic 
equilibrium, spectral line intensities can be calculated 
using the Saha and Boltzmann equations. However, 
these equations do not hold in the high-temperature 
plasma produced for thermonuclear research or in the 
solar corona, and the intensities of spectral lines can be 
related to the electron temperature only by a consideration 
of the detailed atomic processes. A particularly simple 
case arises when the only excitation processes of impor- 
tance are excitation from the ground state by electron 
collision, followed by the emission of a photon. In this 
case, the excitation distributions are given by simple 
coronal type equations*, and the population ną of level g 
relative to the population n, of the ground-level is: 


Nafn, = Ne Syq/Agq (1) 


where ne (cem?) is the electron density, Ag (sec-1) the 
Einstein transition probability of level q, and Sg (cm? 
sec-1) is the electron collisional excitation function for 
electron temperature Te. The intensities of the spectral 
lines are therefore proportional to the collisional excitation 
function which is different for different levels. The ratio 
of spectral line intensities from two levels of the same ion 
depends only on atomic constants and the electron 
temperature. 

To obtain a ratio that is sensitive to Te, it is necessary 
to use upper levels that are widely separated in energy. 
The Li-like ions are particularly well suited to this and 
are also free of metastable levels which usually invalidate 
the use of the coronal equation. The theory was therefore 
applied to the transitions 2s3S,;,—2p?P%,. and 2s2S,,,— 
3p?P? a2 Both lines of the second multiplet are 
included since they are unresolved in practice. 

Using equation (1) and a collisional excitation function 
calculated using Seaton’s’ cross-section for allowed 
transitions in ions and also assuming a Maxwellian 
velocity distribution for the free electrons, the intensity 


ratio of the two transitions becomes: 


28S ua 2p Pu) Tie © 
1(28°S,, 2— 3p*P%, 23/ a) Ir 





Siak arg (Xag kT) : ‘ir — Xag 
Fakkar eTe) exp ( bT, ) (2) 


where f and X are the absorption oscillator strength and 
excitation potential of the relevant transitions and 
g(x/kTe) is a mean Kramers—Gaunt factor. Criteria for 
validity of equation 2, obtained from Wilson‘, are: 


Me < 10% X312 (kT)? (collisional depopulation 
i unimportant) 
and Dn, <20 Avp/fig 


where the ionization potential X; and kT, are in eV, 
D (em) is the depth of the plasma in the line of sight, and 
Avp is the Doppler width in frequency units. Equation 2 
is developed for a steady-state condition. However, even 
for the transient conditions usually encountered in 
laboratory plasmas, the equation is still valid. The 
reason for this is that the relaxation time (1/A,) for the 
excited state to come into equilibrium with the ground 
state is in the range 10-8 — 10-!° sec, which is short enough 
to maintain a quasi steady state in the excitation 
distribution. The intensity ratios were calculated, using 
equation (2), for several Li-like ions in the sequence 
CIV to Si XII and are plotted against kT, (eV) in Fig. 1. 
For: these computations, f was calculated by the method 
of Bates and Damgaard! and g (*/kT.) taken from the 
table given by Allen’. 

‘The method was applied to the high-temperature pinch 
discharge Zeta’ using a photoelectric grazing-incidence 
rocket: monochromator’»i2 which was designed for 
measurements of solar radiation in the extreme ultra- 


(optically thin) 


NATURE 


June 29, 1963 


VoL. 198 


1(287 Sapa — 2p? P%o49)/T(28°Sy7q = Bp? P x19, a19) 








20 40 60 80 100, 120 
Electron temperature (kTe) in eV 


Fig. 1. The theoretical spectral line intensity ratio for the transitions 

28°S1 a — 2p*P sg and 23°Sy;2 — 8p*P°y4,312 for several ions of the 

Li-like sequence. A measurement of the electron temperature (7c) 

in Zeta, obtained using the NV ion, and the estimated errors in the 

measurement of the intensity ratio and electron temperature are also 

given. The parameters of Zeta for this measurement were + m torr 
D, + 1 per cent Ny, 105 KV, and 6 = 2-0 


violet. The instrument was kindly loaned by the Air 
Force Cambridge Research Laboratories, U.S. Geophysics 
Research Directorate, and adapted for laboratory use on 
pulsed plasmas. The application of the method présents 
difficult experimental problems, namely, the relative 
photometric calibration of the instrument at widely differ- 
ent wave-lengths in the extreme ultra-violet and soft X-ray 
regions of the spectrum. This was accomplished by 
combining two methods. First, the instrument was 
previously calibrated by measuring the monochromatic 
transmission and using a tungsten reference cathode!.12, 


This gave a calibration over the range 470-1250 A with _ 


transmission data extending down to 256 A. Secondly, 
the branching ratio method developed at the Atomic 
Energy Research Establishment; Harwell, by Griffin and 
McWhirter! was applied to the HelII emission spectrum 
(using Zeta) to give a relative calibration at wave-lengths 
237 A and 1085 A. The combined calibration covered the 
range 237-1250 A. Since NV is the only Li-like ion for 
which the relevant transitions (at 209-3 A and 1238-3 A) 
lie in or near this range, the present measurements are 
limited to this ion and required a small extrapolation of 
the calibration data. 

Measurements of electron temperature were made for 
a variety of conditions in Zeta. One measurement is 
indicated in Fig. 1 for a gas pressure of 0-5 m torr D,+ 
1 per cent N., a particular value of the magnetic parameter 
(9=2-0) defined as the ratio of the pinch magnetic field: 
to the initial stabilizing axial field, and for a capacitor 
bank charged to 10-5 kV (5-6 x 10® joules). With these 
parameters the current pulse lasts about 3 msec and 
reaches a peak value.of about 300 k.amp. The measure- 
ment is limited to the time at which the NV ion appears. 
For the above parameters, the value of gas current at this 
time is about 200 k.amp. An extension of the measure- 
ment requires an extension of the photometric calibration 
to embrace the spectral lines emitted by other Li-like ions 
which appear at different times during the discharge’. 
This measurement of electron temperature (23+ 2-5 eV) 
is consistent with previous spectroscopic measurements 
made in Zeta under similar conditions; in particular the 
rough estimate of temperature by Burton and Wilson! 
from the rate of appearance of various spectral lines was 
20 eV. A summary of spectroscopic estingates of tempera- 
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ture in Zeta is given by Burton et al.45; these measurements 
range from about 15 eV to 35 eV when experimental 
errors are included. 

Accidental errors of measurement introduce a random 
error in kT, of +4 per cent. In addition to this, there are 
two possible sources of systematic error due to errors in 
the calibration and uncertainties in the cross-section used. 
The former is estimated as + 10 per cent kT, and an 
upper limit of the latter is estimated as + 30 per cent 
kTe. The estimated error in the measurement of the 
intensity ratio and the corresponding smaller error in 
electron temperature (kT) due to the. random error of 
measurement and the error in calibration are indicated 
in Fig. 1. 

I thank Dr. R. Wilson of the Plasma Spectroscopy 
Group, Experimental Division A, Culham Laboratory, for 
suggesting this problem and for his helpful advice. 
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Energy Spectrum of Primary Cosmic Rays in 
the Range 10!°~10'5 eV 


Aw examination has been made of the dependence of 
the energy spectra of cosmic ray muons and protons at 
sea-level on the primary cosmic ray spectrum assuming a 
particular model for the interaction of high-energy 
nucleons. This has enabled a new estimate to be made of 
the primary cosmic ray intensities over a wide range of 
energy. 

The energy spectrum of muons was taken from the work 
of Hayman et al. and the proton data are those of Brooke 
et al.*. The muon spectrum has been used to derive the 
production spectrum of the parent pions assuming that 
the majority of the sea-level muons come from pions. 

The form of analysis was to take a trial primary spec- 
trum and to determine the value of K, the fraction of 
energy lost by a high-energy nucleon in a collision with an 
air nucleus, necessary to give the sea-level proton 
spectrum, and the value of Kz, the fraction appearing as 
pions, required to give the pion production spectrum. 
The primary spectrum was then relaxed until values of 
K and Kz were achieved which satisfied certain conditions, 
as outlined here. 

The empirical relation of Cocconi et al.? has been used 
for the energy distribution of pions resulting from 
nucleon—light ncleus collisions: 
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N(EajdEz = A exp 
P 


where 4 =0-45 E$ is the multiplicity of pions of one sign 
emitted in the forward direction in the centre of mass 
system and Æp (GeV) isthe primary energy. Themeanpion 


energy, Tp, is given by AT, = 42 E Ep. The relation is 


based on the measured spectra ae the collisions of 
protons with aluminium and beryllium targets at 29-5 
GeV (ref. 4) and it is considered that a negligible error ig 
introduced by applying the results to the present case of 
the collisions of protons and neutrons with air nuclei. It, 
is assumed that the.model is applicable to the higher 
energies considered in the present analysis; the conclu- 
sions will not be affected, however, unless the form of the 
pion energy distribution changes very considerably at the 
higher nucleon energies. 

A more important assumption is that the difference 
between K and Kx is small. This follows from the evidence 
of other experiments that the number of created particles 
other than pions is small over a wide range of energies 
(for example, Powell®). We estimate from the published 
data that the difference K-K,;~0-15 over the range of 
energy in question. 

The primary spectrum was relaxed until the condition 
K-K; =0- 15 was satisfied. The resulting spectrum iş 
shown in Fig. 1, where the integral nucleon intensities 
are plotted as functions of the energy per nucleon. The 
corresponding values of K and Kx are 0-48 and 0-33 
respectively. An attempt has been made to estimate the 
accuracy of the primary spectrum and the ‘box’ represents 
one standard deviation limits. A variety of factors 
contribute to the uncertainty in the spectrum. For 
example, it has been assumed that there is no fluctuation 
in the values of K and Kz from one collision to the next, 
When fluctuations are allowed for, the same primary 
intensity yields mean values of K and Kz, which differ by 
slightly more than 0-15, and a further reduction in primary 
intensity is required to restore the condition that K~Kx= 
0-15 for the mean values. 

Also shown in Fig. 1 are other estimates of the 
primary spectrum. The ‘M.I.T.’ spectrum is that given by 
Linsley et al.° and is drawn through the intensities meas, 
ured by Lal’, Kaplon and Ritson®, Barrett et al. and tha 
early magnetic data. It is clear that the present estimate 
of the primary spectrum is systematically below thig 
spectrum in the range 104-5 x 10° eV and is in 
good agreement in the range 1014-10! eV. The more 
recent measurements of McDonald and Webber? anq 
Balasubrahmanyan et al. show a similar reduction in 
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the energy range 10-101 eV. Some confirmation of the 
present intensities comes from the measurements of 
Baradzei ¢¢ al., using ionization chambers in the upper 
levels of the atmosphere. These authors find intensities 
within the shaded ‘box’ of Fig. 1 for energies between 
2x10" and 2 x 10% eV. 

Taking the new measurements in the range 1010-108 
eV together with the present data, itis possible to derive 
a new relation for the primary spectrum between 101° 
*and 3 x 108 eV/nucleon where the slope of the spectrum is 
constant. This is, with E in GeV: 


I( > EB) =0-8720°52 2-158 em~sec-sterad-} 


It is interesting to note that the exponent of this 
spectrum is significantly less than the value of 2-1 found 
from measurements on extensive air showers in the range 
1045-10 eV. The existence of a rapid change in slope 
over only two decades of energy could have important 
cosmological implications. 

We thank Prof. G. D. Rochester for his encouragement 
and interest in the work. We also thank the Department 
of Scientific and Industrial Research for the award of 
several special research grants, studentships and a 
fellowship. 
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Analysis of Frequency Distribution Curves in 
Overlapping Gaussians 


In the evaluation of experimental data it is not unusual 
to find frequency distribution curves resulting from the 
overlap of two or more normal components. The problem 
in such cases is to determine the parameters of each com- 


` ponent in such a way as to give the best fit to the experi- 


mental results. 

The problem may be solved analytically, for example, 
by the moment method. The analytical treatment yields, 
however, even in the case of only two components, rather 
complicated equations, which can be solved only by 
means of an electronic computer. Furthermore, available 
experimental data are seldom complete enough (that is, 
experimental distribution curves are seldom known with 
sufficient accuracy) to merit the use of those methods. 

A determination of the required parameters may be 

obtained by graphical methods, either by trial and error, 
or by means of the probability paper, as described, for 
example, in ref. 1. While the first method is long and 
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tedious, the second one is rather simple; but it ane 
from the disadvantage of being based essentially on the 
detailed shape of the extreme portions of the experimental 
curve. In effect such portions are generally negligibly 
affected by the presence of other components, but it is 
also true that they are generally rather inaccurate. 

Here we wish to direct attention to a graphical pro- 
cedure elaborated by us, which gave good results in 
several cases. Tt isso simple that we wonder whether it is 
not already known, although we -could not find any 
reference to it in the literature we consulted. On the other 
hand, its very simplicity makes it attractive. We shall 
limit ourselves to describing the case in which there are 
reasons for believing that the observed distribution 
y=y(x) is due to the overlapping of only two normal 


distribution curves. It is then: 
ye) =G,+@, (1) 
where: 
_ (@—@,)? 
G,=G,(a; Tı dy, 0) =a, OXP T B 


g2 
Ga=0(L; La, Bg, 02) =Q exp| — eS | 


are the two Gaussian components, and X, @,, 01, Zos Ga, Oa 
are the unknown parameters to be determined. One can 
easily obtain first approximation values for these para- 
meters from the direct observation of the experimental 
curve. In some cases, independent pieces of information 
are available (concerning; for example, the position or the 
relative weight of the two components) which may be of 
help in the first choice. 
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Fig. 1. a, First approximation values, G and G4, for the two 

Gaussian components may be determined from direct observation 

of the curve y(x) which results from the overlapping of the two Gaussian 
curves, G, and Gs 

b, New approximations G, and Gy) are, obtained from the curve 
y(a) = y(z) — 26,0 Qa 

c, Curve y(t), obtained through equation a) using GD and G,(, 

makes the improved approximations @,( and G,'*) possible 
d, The smaller com: ponent may be better determined in some cases by 
subtracting the last approximation ores for g. from the initial 
curve yix 
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By inserting the first approximation values into the 
expression 2G,G,, one can calculate and plot the curve 
represented by: 


yi(@) = [y(a) PP —2 GG, (2) 


This new curve is also given by the sum of two Gaussian 
components. Indeed, by squaring equation (1), we 
obtain: 
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ylz) = G+ GF (3) 


Gi and Gj are Gaussian curves having the same centre as 
G, and G, respectively, but their standard deviation is 
reduced by a factor of V2, 2, so that the two components are 
now better resolved. Furthermore, if the maximum 
ordinates a, and a, are not equal, the smaller component 
will contribute much less to curve (2) than to curve (1). 
One can therefore obtain from the observation of the 
curve y(x) @ better approximation for the required 
parameters. 

Making use of the newly determined values, we can now 
calculate and plot the curve: 


yale) = {[y(w)]}? — 2 GG}? — 24143 (4) 


which is again given, by the sum of two Gaussians, as it 
ean be seen immediately by squaring equation (3). This 
yields: 

yaa) = Gi + GY (5) 

The new Gaussian components have still the same 
centres as the initial ones; but their standard deviation is 
now reduced by a factor 2. Furthermore if a,a,, the 
smaller Gaussian will give a still smaller contribution to 
y(x) than to y(x). 

By repeating this procedure one thus obtains the com- 
plete separation of the initially overlapping Gaussians. It 
is not infrequent to arrive in a rather short time to a 
situation in which the smaller Gaussian represents only a 
minor correction to the main one. In such cases the 
determination of the parameters from the direct observa- 
tion of the curve is rapid and accurate. 


Table 1 
ÉZ} ay a; Ts og as 
ay") 210 0-55 1:10 Gh 3:55 0-80 0-66 
G0?) 2-05 0-53 1-08 Gy) 3°50 0-62 0-66 
G8) 2-02 0°50 1-06 4) 45 0-64 0°69 
y(z)—G,?) 3°45 0-67 0-70 
Gi 2-00 0-50 1:00 G: 3-40 0-70 0-70 


Fig. 1 shows, as an example, a case in which the separa- 
tion is almost complete as the second step. In Table 1 
the values determined by successive approximations are 
reported, together with the true values, from which the 
initial distribution y(æ) (Fig. la) had been calculated. 
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Pre-breakdown Conduction Current Pulses 
in Liquid Dielectrics 

THE erratic nature of the conduction current which 
precedes the electrical breakdown of a liquid dielectric has 
been observed by several investigators!?. 

Most of the previous work on this important pre- 
breakdown phenomenon was by visual observation by 
means of C.R.Os. A detailed investigation is being carried 
out at present which has shown that these random fluctua- 
tions are more sensitive to variations of test conditions 
than the conventional current and breakdown measure- 
ments. 
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Fig. 1. Pulse magnitudes indicated on each curve refer to those values 

obtained after the record is a are | back a and fed to the pulse~height 

analyser via an amplifier, , Degassed transformer oil; 
—-~, transformer oll zi oxygen rgen (1 mm mercury) 


A novel feature of the analysis of the current fluctua- 
tions is the use of a magnetic tape as a memory device. 
It is possible in this way to make separate recordings for 
various test conditions which can afterwards be sub- 
jected at leisure to a number of statistical analyses. Both 
recording and playing back could be carried out at a 
high tape speed of 75 i.p.s. to allow for the presence of 
any high-frequency components and to achieve accurate 
reproduction. In view of the small value of the current 
fluctuations, which varied from 10-8 to 10-* amp, the 
whole measuring and recording system was carefully 
shielded to prevent external pick-up. The shielding was 
extended to the inside of the test cell so that the source 
of the fluctuations was confined to the highly stressed. 
portion of the test liquid between the test electrodes. 

As an illustration, the results are given for transformer 
oil which was degassed to a pressure 8 x 10-? mm mer- 
cury and filtered through a sintered glass filter of porosity 
No. 5. Before records were taken the liquid was stress- 
conditioned for at least 2 h, after which stable conditions 
resulted and it could reasonably be assumed that station- 
ary random fluctuations were recorded. 

The figure shows typical results of a pulse~height 
analysis of the conduction current fluctuations for both 
the degassed transformer oil and transformer oil containing 
oxygen at a partial pressure of 1 mm mercury. Spherical 
nickel electrodes with a gap spacing of 1254 were used 
in these tests. The curves show the number of pulses 
per second having a magnitude greater than a certain 
value (which is indicated on each curve) plotted against. 
the applied stress. 

It can be seen that for the degassed transformer oif 


the number of pulses of various magnitudes grows at am 
: e A 


° 
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increasing rate as the applied field is increased so that 
the newly generated pulses contribute to the general 
growth process/of the pre-breakdown current and ultim- 
ately bring about an instability and breakdown. 

With oxygen in solution, the threshold stress at which 
pulse activity could be observed increased from about 
380 kV/cm for the degassed transformer oil to 500 kV/cm. 
At this stress, large magnitude pulses were absent and 

e Only pulses of smaller amplitudes contributed to the con- 
duction current. Compared with the degassed oil the 
number of pulses of different magnitudes was now greatly 
reduced over the whole range of stress examined. More- 
over, with oxygen in solution there is a definite quenching 
effect, for as the electrical stress is increased the number 
of pulses ofdifferent magnitudes increases at a decreasing 
rate, whereas for the degassed liquid the pulse growth 
takes place at an increasing rate. The experiments show 
that the higher the stress the more beneficial is the 
effect of oxygen. 

It would appear that these results provide further 
evidence for suggested mechanism of electron trapping? 
which occurs when oxygen is present in the liquid. 

I thank Prof. Humphrey Davies for the provision of 
facilities, and Dr. H. Tropper for advice. 


A. Nosszm 
High Voltage Laboratory, 
Queen Mary College, 
Mile End Road, 
London, E.1. 

+House, H., Proc. Phys. Soc., B, 70, 913 (1957). 

*Sletton, A., Nature, 188, 311 (1959). 

* Tropper, H., J. Electrochem. Soc.. 108, 144 (1961). 


METALLURGY 


Electrocapillary Effect on the Modulus of 
Elasticity of Metals 


Tue effect of varying the electrical potential on the 
gnechanical’ properties of metals has been reported by 
Pfutzenreuter and Masing!. 

This communication discusses the effects of changing 
the interfacial energy of mill-finished, polycrystalline 
aluminium alloys and 99-99 per cent copper, by varying 
the make-up of the electrolytic double layer through 
application of an applied d.c. potential during static 
tensile loading of specimens. 

The modulus of elasticity as defined by the slope of the 
straight line portion of the stress-strain curve showed a 
significant dependence on applied potential. Solutions of 
0:25-1-75 N sodium sulphate were used as the electrolyte 
since specific absorption of any ions was to be avoided. 
Evaluation of the test equipment and data computation 
indicated a variation of not more than + 3 per cent or in 
terms of modulus of elasticity not more than + 0-30 x 10° 
Tb./in.* for aluminium alloys and + 0-50 x 10° lb./in.? for 
copper. In these variations are included the relatively 
small error in the test machine and extensometer fittings 
and. the comparatively large error in determining the 
slope of the straight line portion of the high magnification 
stress-strain curves. The average variations, however, 
were less than + 1-5 per cent. A loading rate of 0:0025 
in./in./min was applied on the tensile specimens using a 
‘Tinius—Olsen test machine. The copper specimens were 
tested in the negatively charged condition only, in order 
-to prevent dissolution. The static modulus of elasticity 
of aluminium was measured at both polarities. 

The elastic modulus versus the applied negative 
-potential for copper in Fig. 1 shows an increasing modulus 
up to a maximum value at —3-0 V potential and & 
gradual drop from the maximum at higher negative 
potentials. ` 

In Fig. 2 a minimum is shown for 6061-76 aluminium 
pt —1-5 V applied potential and at more neg&tive poten- 
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Fig. 1, Applied potential versus modulus of elasticity of 0-035 in. thick 
annealed polycrystalline copper sheet. A, Specimens tested in air, no 
potential applied; @, specimens tested in 1-75 N sodium sulphate 
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Fig. 2. Applied potential versus modulus of elasticity of 0:035 in. thick 
6061-76 aluminum alloy sheet. A, Specimens tested in air, no potential 
applied; @, specimens tested in 0-25 N sodium sulphate 


tials the static modulus increases as the negative potential 
is decreased. 

Measurement of dynamic modulus of elasticity by 
means of a torsion pendulum was also carried out on 
these metals. Since these indicated no variation in 
frequency (and therefore in modulus) on application of a 
potential, it is postulated that only the micro-yield 
components are varied by varying potential. This means 
that minute amounts of plastic deformation have occurred 
and that the ions in the double layer tend to influence 
pinning and unpinning of dislocations at the surface. 

The minima or maxima in the curves of modulus versus 
potential may be related to minima or maxima in electro- 
capillary curves of surface energy versus potential. The 
possibility exists of positive or negative ions acting -as 
adsorption-locking agents similar to the surface-active 
agents of Westwood’s? postulate for lithium fluoride 
crystals. This may offer an explanation of the phenomenon 
in the case of the copper. On the other hand, the minimum 
shown in the 6061 aluminium alloy curve could indicate an 
unpinning effect triggered by the adsorption of ions on 
areas affected by cold work or on surface impurities. 


STEVE EISNER 
ARTHUR À. OTTLYK 
Aero-Space Division, 
The Boeing Co., - 
Seattle, Washington. 


2 Pfutzenreuter, A., and Masing, G., Z. Metalikunde, 424861 (1951). 
2 Westwood, A. R. C., Phil. Mag., 5, 981 (1960). 


June 29, 1963 


CRYSTALLOGRAPHY 
Electron Density in Long Carbon-Carbon Bonds 


THe crystal structures of ammonium oxamate and 
lithium oxalate have been studied by X-ray diffraction 
methods. Three-dimensional intensity data were collec- 
ted with a xenon-filled proportional counter using copper 
Ke-radiation. Refinement of the three positional and six 
anisotropic vibrational parameters for each atom, includ- 
ing hydrogen, was carried out by the method of least 
squares; convergence occurred at R= 0-044 for ammonium 
oxamate and R= 0-060 for lithium oxalate. At this stage, 
three-dimensional /.—F, Fourier syntheses were com- 
puted. These are shown in the form of superimposed 
sections in Figs. la and b. Contours are drawn at intervals 
of 3c, where o is the root mean square deviation of electron 
density averaged over the whole unit cell. 

In each case an approximately spherical region of 
electron density, of height greater than 9c, is found at the 
centre of the carbon-carbon bond; no other peaks higher 
than 4-5c or regions lower than minus 50 are present. 
Although in the case of lithium oxalate the peak lies on a 
centre of symmetry, the two determinations together 
provide strong evidence that a significant region of electron 
density exists at the centre of these carbon-carbon bonds, 

The atomic scattering factors of Berghuis 
et al.1, which were used (modified for aniso- 
tropic vibrations) in the calculation of the 
structure factors, are apparently insufficient 
to describe exactly the electron density 
around the carbon atoms, although the 
valence state of the atom is considered. 
An exact fit of the electron density along the 
bond would be expected only if account 
were taken of the directional nature of the 
molecular orbital produced by the combina- 
tion of the atomic orbitals. 

In an attempt to remedy the discrepancy 
empirically, a correction was included, in 
the form of a fraction of a hydrogen atom 
placed at the mid-point of the carbon- 
carbon bond. The fractions of McWeeny’s 
scattering factor for hydrogen? which were 
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used were one-half for ammonium oxamate mbot 12 
(an underestimate because it proved in- 5 
sufficient to account for the whole of the Fig. 1 


electron density peak) and two-thirds in 
the case of lithium oxalate. Vibrational 
parameters were also applied to allow for the anisotropic 
rigid body motion of the ions. The ÈR factors decreased to 
0-043 and 0-057, with corresponding slight improvements in 
the estimated standard deviations of the atomic co-ordin- 
ates. 

The lengths of the carbon-carbon bonds found in these 
structures are considerably greater than the longest value 
(1-517 A) which has been postulated? for a single bond 
between trigonally hydridized carbon atoms. The lengths 
of the carbon-carbon bonds in A, corrected for vibrational 
motion, before and after allowance for the electron density 
at the centre of the bond are as follows: 


Ammonium oxamate Lithium oxalate 
Before allowance for electron 
density in bon 1-561 + 0-002 1:561 + 0-004 
After allowance for electron 
density’ in bond 1:564 + 0-002 1-561 + 0-004 


Although the bond electron density correction did not 
affect the bond-length in the case of lithium oxalate, a 
change occurred in the orientation of the vibration ellip- 
soid. These results indicate, as would be expected, that 
the parameters of the neighbouring atoms tend to ‘assimi- 
late’ the electron density in the bond during the least 
squares refinement. 

The tendency of the atomic parameters to ‘assimilate’ 
interatomic electron density will be greater if the atoms 
are closer together, particularly if the experimental struc- 
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Fo-Fo syntheses. 











(ù) 
(a) ammonium oxamate; (b) lithium oxalate. Zero contours 
omitted, negative contours dotted 


ture factor data are deficient in terms of sufficiently short 
spacing to give effective resolution. Long bonds between 
atoms of comparatively low scattering power are therefore 
favourable situations in which to observe interatomic 
electrons. 

B. BEAGLEY 

R. W. H. SMALL 


Department of Chemistry, 
University of Birmingham. 


1 Berghuis, J., Haanappel, I. M., Potters, M., Loopstra, B. O., MacGillavry, 
. H., and Veenendaal, A. L., Acta Cryst., 8, 478 (1955). 

2 McWeeny, R., Acta Cryst.. 4, 513 (1951). 

3 Coulson, C. A., and Skancke, P. N., J. Chem. Soc., 2775 {1962). 


Crystal Structure of Sinigrin 
SINIGRIN is a crystalline thioglucoside, extracted first by 


. Bussy? from the seeds of black mustard. It is the potas- 


sium salt of the anion [C,,.H,,0,NS,]-, also called the 
myronate ion, and the crystals contain one molecule of 
water per potassium ion. In 1897 Gadamer? proposed 
formula (I) for the myronate ion. Schneider and collabor- 
ators confirmed the thioglycoside linkage in 1914 (ref. 3) 
and in 1930 (ref. 4) established that sinigrin and analogous 
glucosides are 1-8-p-thio-glucosides. Important details of 
the Gadamer formula I were challenged recently by 
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Ettlinger and Lundeen’, who have advanced convincing 
arguments in favour of structure II, with the sugar in the 
B-gluco-pyranoside form. While Schultz and Wagner‘ cast 
some doubt on JI, on the basis of infra-red work, the 
synthesis by Ettlinger and Lundeen’ of the closely related 
glucotropaeolate ion (allyl replaced by benzyl) strongly 
affirmed the correctness of II. Ettlinger and Lundeen ad- 


vanced arguments based on reaction mechanisms that sug- . 


gest a syn configuration of sulphate and thioglucose relative 
*to the C=N double bond. However, these arguments were 
inconelusive®®, The chemistry of sinigrin and related 
compounds as well as their biological properties have been 
reviewed recently”. 


CH,OH CH, 

| 4 

pm CH CH 

a okon `o Ga, 
ox tie baox CH TEN o- 
C,H,,0,8 = Naba “No 9% 
o 
(I) (I1) 


We have now determined the crystal structure of sinigrin 
and found it to be in complete agreement with structure IT, 
establishing also with certainty the syn configuration 
between the sulphate group and the thioglucose ring 
around the C=N double bond. This also settles the 
essential aspects of the structures of the whole class of 
mustard oil glucosides of which sinigrin is the prototype. 

The structure was worked out from isomorphous 
crystals of potassium, ammonium, and thallous myronate’, 
grown from aqueous solutions containing small amounts 
of ethanol. They are orthorhombic, space group P2,2,2,, 
and contain 4 myronate anions, 4 cations and 4 water 
molecules in the unit cell. The cell dimensions for the 
potassium salt (sinigrin) are a= 8-26 A, b=11-44 A, c= 
17-82 A, leading to a calculated density of 1-639 g/cm 
(observed 1:61 g/cm’). Three-dimensional intensity data 
for crystals of all three salts were obtained from 
Weissenberg photographs by both photometric measure- 
ments and visual comparisons. The approximate positions 
of the cation and the two sulphur atoms were found by 
Patterson methods. The remaining atoms were located 
provisionally in three-dimensional Fourier maps with 
preliminary phases obtained by comparing reflexions of 
the isomorphous salts. Initial least-squares refinements 
were greatly aided by imposing subsidiary conditions on 
the positional parameters?!, which approximately enforced 
some of the geometrical relations between atom positions 
to be expected for an ion of structure I or II. These 
restrictions were removed in later refinement cycles. The 
present parameter values for the potassium salt are given 
in Table 1. The value of the customary R factor is 
about 0-14 for both the potassium and the ammonium 
data. (The thallium data were used only in the initial 
stages of the structure determination, being of lower 
quality than the data for the potassium and ammonium 
salts.) 


Table 1. ATOMIC PARAMETERS* YOR SINIGRIN 


Atom Atom 

No. £ Y z B No. £ Y z B 
1 0-787 O-614 0848 35 13 0:767 0835 0921 35 
2 0-674 0-521 0-817 21 14 0-907 0-796 0-973 45 
3 0-758 0-404 0-823 17 15 1-062 0-800 0-919 65 
4 0-925 0-411 0-781 3-0 16 1:146 0-891 0-924 75 
5 1-027 0-517 0814 33 17 0-706 0932 0940 41 
6 1181 0-530 0-769 4-1 18 0-573 0-965 0-804 29 
7 0-925 0-621 0-802 42 19 0-503 1-092 0-917 3-6 
8 0-529 0512 0:862 33 20 0-635 1170 0-913 4:3 
9 0-668 0-314 0-786 4-2 21 0-376 1115 0-867 59 

10 1-017 0-307 0-797 26 22 0-449 1081 0-994 40 

li 1:273 0-621 O-801 5-1 23 0-895 1:122 1:025 48 

12 0-680 0-753 0-847 3-0 24 0-635 1-271 1081 45 


* Atom 23 is the oxygen atom of the water molecule, atom 24 the K-ion, 
and the other atoms are numbered as in Fig. 1. B is the parameter in the 
temperature factor exp(—B sin?6/A*). 
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Fig. 1. Framework of the myronate ion 


Fig. 1 shows a top view of the framework of the myron- 
ate ion {without H-atoms), seen along the crystallographic 
c axis. Bond distances and angles are all normal, with 
some exceptions that are not significant at the present 
refinement stage. Atoms sulphur (12), carbon (13), 
carbon (14), nitrogen (17), and oxygen (18) are coplanar 
within the accuracy of the current parameters, as deman- 
ded by the double bond between carbon (13) and nitrogen 
(17). The glucopyranoside ring has the chair form, with 
all nitrogen atoms axial and the other groups equatorial. 

Refinements are being continued with anisotropic tem- 
perature parameters. 

We thank the Robert A. Welch Foundation of Houston, 
Texas, for support, Drs. M. G. Ettlinger and A. J. Lundeen 
for samples of crystals, Dr. Richard E. Marsh for advice, 
and Miss Lilian Casler for the drawing of the figure. 

Jtne WASER 
Division of Chemistry and Chemical Engineering, 
California Institute of Technology, 
Pasadena. 
Wurm H. WATSON 
Chemistry Department, 
Texas Christian University, 
Forth Worth, Texas. 
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CHEMISTRY 


X-ray Diffraction Identification of the Alpha- 
and Beta-forms of Calcium Sulphate 
Hemihydrate 

THE existence of «- and 8-forms of calcium sulphate 
hemihydrate has been the subject of much controversy. 
At present it is considered that the difference between the 


two forms is in the perfection of their crystallites!-*. -` 


These differences are manifested in their thermodynamic 
properties’, density?*, gauging water demand!-5, particle 
size and shape’, and more recently their differential 
thermal analysis exotherms*:?, Attempts to differentiate 
between the «- and 8-forms by X-ray diffraction have been 
unsuccessful?-1°, e 
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Fig. 1. a-Hemihydrate (copper Ka-radiation) 
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Fig. 2. p-Hemihydrate (copper Ka-radiation) 


The «- and -forms can, in fact, be differentiated using 
the X-ray diffraction patterns of the crystallographic hkl 
212 planes. The patterns for an a-hemihydrate and a ß- 
hemihydrate are shown in Figs. 1 and 2, respectively. 
‘These differences arise from stacking fault crystal imperfec- 
tions, and the resolution of the diffraction peaks is a 
measure of the crystal perfection or degree of stacking 
order in the crystal lattice. 

A quantitative determination of the degree of stacking 
order in the hemihydrate has been developed by comparing 
the areas of the satellite peaks to the total area as a 
measure of peak resolution. The value obtained from this 
determination $ called ‘stacking order index’ and is used 
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as a means of comparing hemihydrate samples having 
various degrees of crystal perfection. When gypsum. is 
calcined under wet conditions (autoclave or solution) the 

a-hemihydrate is formed and a typical stacking order 
index for this form is 18-3. The ß-form is produced under 
dry calcination conditions and the typical stacking order 
index is 3-8. Modifications of these processes produce 
hemihydrates with intermediate stacking order indices. 

Correlations exist between stacking order index and the 
density of the hemihydrate, rate of insoluble anhydrate* 
formation. at elevated temperatures, rate of hemihydrate 
hydration, and the other physico-chemical properties 
which differ between the «- and ®6-forms of the hemi- 
hydrate. - 

R. J. Morris 


United States Gypsum Co., 
1000 East Northwest Highway, 
Des Plaines, Ilinois. 
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Steric Effects in Simple Octahedral Complexes 


CONSIDERABLE interest has recently been shown in 
steric effects in simple octahedral complexes. Gloneck, 
Curran and Quagliano!, for example, observed that the 
octahedral complexes NiX,B, (X = a halogen, B = a 
heterocyclic base) could not be obtained with iodides or 
with 2-methylpyridine, the co-ordination number of the 
nickel then being restricted to four; analogous results 
have been obtained by Lever, Lewis and Nyholm for 
complexes of cobalt (II) halides with alkyl-substituted 
pyrazines?. Sacconi, Lombardo and Paoletti? report 
entropies for the addition of bases to diacetylbis(benzoyl- 
hydrazone) nickel (II), which are significantly different 
for 2-methylpyridine, 2,6-dimethylpyridine and quino- 
line as compared with pyridine and 3- or 4-methylpyri- 
dine, and Graddon and Watton‘ report equilibrium con- 
stants for the addition of bases to copper (II) 8-diketone 
complexes increasing in the order 2,6-dimethylpyridine 
< 2-methylpyridine < pyridine < 4-methylpyridine; 
they also observe considerable solvent effects, indicating 
that chloroform should not be regarded as inert in reactions 
of this sort. 

In a recent communication; King, Körös and Nelsonë 
show that the equilibrium constants for the reaction: 


CoX,B, + 2B = CoX.B, 


increase in the order X = I < Br < Cl < NCO <NCS 
(B = pyridine) and that the difference between thiocya- 
nate and the halogens is essentially due to the entropy 
term. This they interpret as indicating restricted rotation 
of the pyridine rings about the Co—N bond as a result of 
back co-ordination from the metal atom. Such restricted 
rotation could also be due to simple steric effects, particu- 
larly as the NCS group is effectively much smaller than 
chlorine at the distance from the cobalt atom where 
collision with the hydrogen atoms of the pyridine ring 
might occur. The authors discount this explanation 
because of the apparently anomalous position of the 
NCO group; as they put it “there is unlikely to be 
greater steric effect in Copy,(NCO), than in Copy,- 
(NC8),”’, but ‘this argument is much less convincing than 
it appears at first, when we remember that it is the 
A ; 
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nitrogen end of the NCO or NCS which is important 
sterically, not the oxygen or sulphur end. 

It thus seemed of interest to seek evidence for the extent 
of steric effects in simple octahedral complexes and we 
report here some preliminary observations on a variety 
of complexes with 2-methylpyridine, as compared with 
corresponding pyridine or 4-methylpyridine complexes. 

(1) Cobalt (IT) halide complexes, CoX,B,: 4-methyl- 
pyridine, like pyridine, gave pink complexes with mag- 
fetic moment about 5-18 (X = Cl, Br, I) or 4-68 (X = NCS), 
‘all presumably octahedral but the thiocyanate with an 
anomalous low moment; it is interesting to note that the 
iodide is stable, whereas Quagliano found the correspond- 
ing nickel compound unstable. The thiocyanate gave a 
pink solution in benzene, turned blue reversibly on 
warming or on addition of chloroform; the other com- 
pounds gave blue solutions in cold benzene in equilibrium 
with the sparingly soluble pink crystals, and the blue 
solution of CoCl,(4-mepy), had the same absorption 
spectrum as that of CoCl,(4-mepy), over a wide range of 
concentrations, indicating virtually complete dissociation 
of the octahedral complex. The stabilities of these 
octahedral complexes are thus qualitatively similar to the 
pyridine complexes studied by King et al. When heated 
all these compounds gave CoX,B;, blue with moment 
about 4:68 (X = Cl, Br, I) or violet-pink with moment 
5-08 (X = NCS). The only significant difference from the 
pyridine complexes is thus the preference of the chloride 
for the monomeric, tetrahedral form rather than the 
polymeric, octahedral. 

With 2-methylpyridine we have been unable to obtain 
any of the octahedral complexes. The compounds 
CoX.B, were all blue with moments about 4-58 being 
clearly tetrahedral monomers, even in the case of the 
thiocyanate. 2-Methylpyridine thus restricts the co- 
ordination number to four as in the nickel complexes. 

(2) Copper (II) complexes: OuCl,(4-mepy), and 
CuBr,(4-mepy), were readily obtained as deep blue 
erystals, losing base on exposure, heating, or treatment 
with acetone to give CuCl,(4-mepy)., light blue, and 
CuBr,(4-mepy),, light green; both the latter compounds 
were insoluble and presumably formed octahedral poly- 
mers as shown by Dunitz! for CuCl,py, by X-ray analysis. 
With 2-methylpyridine we could not obtain the 6-co- 
ordinated species and the compounds CuX,(2-mepy), 
had properties quite unlike those of the pyridine or 
4-methylpyridine complexes, being very deep in colour 
and soluble in acetone or ethanol in the presence of 
a small amount of free base; the solution and solid-state 
spectra showed broad absorption bands in the visible 
region, resolvable into components, in contrast to the 
single band of solid CuCl,py,. We conclude that these 
compounds are square planar monomers not octahedral 
polymers, again showing the restriction of co-ordination 
number in complexes of 2-methylpyridine. 

(3) Heterocyclic base adducts of zine B-diketone com- 
plexes: Zine #-diketones, Zná, (4 = acetylacetone, 
benzoylacetone or dibenzoylmethane) react with various 
donors, forming species of higher co-ordination number. 
Thus, water gives the 5-co-ordinated acetylacetonate, 
ZnA,-OH, (ref. 7), and pyridine gives ZnA,py,. We have 
found that 4-methylpyridine also gives -6-co-ordinated 
compounds, but that these and the pyridine compounds 
are partially dissociated in solution in benzene to 5-co- 
ordinated species. With 2-methylpyridine we have 
obtained only the 5-co-ordinated species, ZnA,(2-mepy), 
so that 2-methylpyridine apparently restricts the co- 
ordination number of zinc to five in this type of com- 
pound. 

(4) Heterocyclic base adducts of cobalt (II) and nickel 
(II) 8-diketone complexes: in contrast to zinc, cobalt 
and nickel were found to form complexes of the type 
MA,B, readily even with 2-methylpyridine; compounds 
of this type were also formed with cadmium. None of 
these octahedral complexes shows any tendency to dis- 

i e 
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sociate to species of lower co-ordination number in 
solution, but in the cobalt and nickel compounds steric 
interference between the chelate rings and 2-methyl- 
pyridine is indicated by a shift to longer wave-length of the 
ligand-field absorption bands as compared with the pyri- 
dine or 4-methylpyridine complexes. Thus di(2-methyl- 
pyridine)bis(acetylacetonato)nickel (II) showed absorption 
peaks at 602 and 1013 my whereas the corresponding 
pyridine and 4-methylpyridine complexes both showed 
peaks at 589 and 993 my. We were unable to prepare 
the 2,6-dimethylpyridine compound. 

Similar, but smaller, shifts in the absorption bands of 
2-methylpyridine complexes were observed jin the 
5-co-ordinate adducts of bases with copper (II) 6- 
diketone complexes and with copper (II) alkanoates. 

It is thus apparent that substitution of a methyl group 
in the 2-position in pyridine produces steric-effects which 
vary immensely and rather unpredictably from one series 
of compounds to another. This suggests that there may be 
similar steric interference by the «-H atoms of pyridine 
at least in those complexes where the effect of a methyl 
group is dramatic, as in the cobalt (II) halides and as 
indeed observed in the nickel (II)~pyridine-iodide system. 
With smaller co-ordination numbers the effect is likely 
to be far smaller and it is interesting to note that the 
formation constants of the species AgB+ and AgB,* in 
aqueous solution® do not differ significantly between 
2-methylpyridine (log k, = 2-27, log ke = 2-41) and 
4-methylpyridine (2-24, 2-46), both being greater than 
for pyridine (2-04, 2-18). 


D. P. Grappon 
R. Sconvurz 

E. C.. WATTON 
D. G. WEEDEN 
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Preparation of Rhenium Tetrachloride 


Previous attempts to prepare rhenium tetrachloride 
have failed’. Geilmann, Wrigge and Biltz? attempted to 
prepare the compound by heating silver hexachloro- 
rhenate (IV), but they obtained a mixture of the trichloride 
and pentachloride. Reduction of perrhenic acid with 
hydriodic and hydrobromic acids gave rhenium tetra- 
jodide? and tetrabromide‘ respectively, but the method was 
unsuccessful for the tetrachloride since the intermediate 
hexachlororhenic acid could not be decomposed’. More 
recently it has been found that rhenium hexachloride 
does not decompose thermally in nitrogen to give the 
tetrachloride‘ in sharp contrast to technetium hexachloride 
which readily gives technetium tetrachloride’. We now 
report the preparation of rhenium tetrachloride by the 
action of thionyl chloride on hydrated rhenium dioxide. 

It was found necessary to prepare the dioxide by 
hydrolysis of rhenium pentachloride in water since 


“hydrolysis of ammonium hexachlororhenate (IV) and 


other salts of this anion always gave dioxide containing 
large amounts of cationic impurities which in turn gave 
impure rhenium tetrachloride. The pure dioxide prepared 
in this way was centrifuged, washed with water and then 
acetone and finally vacuum dried. The dry oxide reacted 
slowly with thionyl chloride in the cold give a pale 
green supernatant solution, but refluxing was required to 
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obtain complete reaction in a reasonable time. After 
refluxing the supernatant was intensely coloured, but 
evaporation to dryness showed that in fact it contained 
very little rhenium and the bulk of the product was formed 
as a black solid. After centrifuging, the solid was vacuum 
dried and analysis showed the material to be rhenium 
tetrachloride. Found: Re, 56-7; Cl, 43-3; required for 
ReCl,: Re, 56-8; Cl, 43-2. 

Rhenium tetrachloride is a black solid which closely 
resembles the tetraiodide and tetrabromide.- It is readily 
hydrolysed in moist air and all manipulations have to be 
performed in a dry box. On hydrolysis the compound 
forms some hydrated dioxide, but, like technetium tetra- 
chloride, it does not completely hydrolyse to the dioxide 
since some colour remains in solution. Even on boiling 
with nitric acid and silver nitrate variable chlorine analyses 
were obtained, and it was found necessary to fuse the 
material with sodium hydroxide-sodium peroxide mixtures 
to obtain reproducible analytical results. 

Although rhenium tetrachloride appears to be crystalline 
we were unable to obtain an X-ray diffraction pattern by 
the Guinier technique. 

The magnetic properties of the compound are interest- 
ing; between 300° K and 220° K the Curie-Weiss law is 
obeyed but below 220° K the susceptibility rapidly 
increases. For the high-temperature points 0= 158° and 
vef=1-55 Bohr magnetons. This result may be com- 
pared with the value of 0-9 Bohr magnetons obtained for 
rhenium tetraiodide’ and probably indicates that the 
compounds are not magnetically dilute. 

Rhenium tetrachloride is thermally unstable; gentle 
heating in vacuum leads to evolution of rhenium hexa- 
chloride. Rhenium metal is the final product after heating 
at 400° under vacuum. 

These preliminary results show that rhenium tetra- 
chloride resembles rhenium tetraiodide and tetrabromide 
closely, but it is quite different from its technetium ana- 
logue which is thermally stable® and has quite different 
magnetic properties®. 

We thank Dr. K. W. Bagnall and Mr. F. Hudswell for 
their encouragement and one of us (R. C.) is indebted to, 
the Atomic Energy Authority for a Harwell fellowship 
supporting this work. 
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Shift of the Acceptor Absorption Spectrum 
in n-x Charge Transfer Complexes 


Ir has been well established! that in n-r charge 
transfer complexes with iodine as the acceptor the absorp- 
tion band of the free iodine at about 520 nm is shifted to 
shorter wave-lengths in the complexes. The magnitude of 
the shift can be roughly correlated with the heats of form- 
ation of the different iodine complexes’. It has also been 
shown that in n-z complexes with chloranil as the acceptor 
the absorption band of free chloranil at about 285 nm is 
shifted to longer wave-lengths in the complexes®:5. n—7 
complexes with chloranil in highly polar solvents exhibit 
the spectrum of the chloranil negative ion’. It has been 
suggested! that,jn these cases charge transfer is complete 


NATURE 


1301 


in the ground-state. The principal absorption bands of 
the chloranil negative ion lie to the long wave-length side 
of the absorption bands of the chloranil, while the absorp- 
tion bands of the I, negative ion lie to the short wave- 
length side of the band of the I, molecule. It has been 
shown that the I, negative ion has an absorption band 
at 400 nm®™10,. This appears to be the limit to which the 
‘Blue shift’ of iodine in n-m complexes goest. The spectra 
of some iodine complexes could well be interpreted as due 
to the presence of the I, negative ion stabilized by com 
plete charge transfer in the ground state. 

Mulliken! has interpreted the iodine ‘blue shift’ as 
being due to the increased exchange repulsion between the 
iodine molecule and the donor. 

A simpler explanation is suggested. In very weak 
complexes the acceptor molecule receives very little 
charge and thus exhibits the absorption bands of the free 
acceptor molecule. In very strong complexes charge 
transfer is complete in the ground-state and the acceptor 
is in fact a negative ion. In medium-strength complexes 
the acceptor has partial ionic character and thus its 
absorption represents an intermediate state between the 
molecule and the negative ion. The fractional shift of the 
acceptor band is thus a measure of the amount of charge 
transfer taking place. In terms of Mulliken’s representa- 
tion!* of the ground-state of the complex by the wave- 
function: 

by = a Mpa) + b poa 


where (pA) is the wave-function of the donor-acceptor 
pair without strong interaction and 4p+4-) is the wave- 
function of the donor-acceptor pair bound by ionic forces, 
the fraction of charge transfer corresponds to the ratio 
(b/a)?. 

I thank Dr. J. B. Birks for helpful discussions, and the 
Department of Scientific and Industrial Research for a 
research fellowship. 
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Labilization of the «-Hydrogen Atom of Generally 
Labelled Tritiated L-o-Amino-acids in the Presence 
of Renal p-Amino-acid Oxidase 


WE have found that the specific activity of L-amino- 
acids labelled with tritium, which were isolated after 
p-amino-acid oxidase treatment of the corresponding 
generally labelled Du-compound, was much lower than 
expected. The pi-amino-acids were labelled by exchange 
with tritiated water in the presence of a platinum catalyst’, 
and reverse isotope dilution analysis with both D- and 
u-carriers* showed that the tritiated amino-acids were 
labelled in the D- and ~-components to the same extent. 
Paper chromatographic analysis? confirmed the radio- 
chemical purity (>98 per cent) of the pL-amino-acids, 
which were afterwards treated with crude p-amino-acid 
oxidase (hog kidney extract) by well-established tech- 
niques’. The specific activity of the tritiated compounds 
was measured by combustion of the compounds in oxygen 
followed by §-liquid scintillation counting of the tritiated 
waiter produced’. The radiochemical purity of the isolated 
L-amino-acids was determined by paper chromatographic 
analysis and the optical purity by reverse isotope dilution 
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analysis with both L- and p-carriers. If no labilization of 
the tritium atoms had occurred, after the D-oxidase treat- 
ment the isolated t-isomer should thus have the same 
specific activity as the parent pi-compound. The results 
shown in Table 1 illustrate that this is not the case and 
that there is a substantial loss of tritium from the t-isomer. 


Table 1 


Specific L-Amino-acid 


DL-Amino-acid activity activity % Tritium lost 

i (me./mg) (me./mg) from e-position 
Alanine-T(G) 5-0 2-14 57 
Leucine-T(G) 1-3 0:73 44 
Leucine-2-T 0-063, 0-0017 97 
Methionine-T(G) 0-44 0-22 50 
Methionine-T(G) 0-78 0:26 64 
2-Phenylalanine-T(@) 5-0 3-4 32 
Tyrosine-T(G) -56 0:34 39 


The percentage of the total tritium in the amino-acid 
molecule which is lost from the u-isomer during the 
D-amino-acid oxidase treatment is shown in Table 1. We 
have shown (below) that this is the percentage tritium 
originally attached to the asymmetric «-carbon atom in 
the pi-compound. No loss of tritium from the compounds 
was observed under the same experimental conditions but 
in the absence of the enzyme*. Oxidation® of px-alanine- 
T(G) to acetic acid-(methyl-T) resulted in the same loss of 
tritium from the molecule as the loss observed on D-amino- 
acid oxidase treatment. This shows that, during the 
oxidase reaction, tritium is only lost from the «-position. 
This evidence was further substantiated by studying the 
conversion of p1i-leucine specifically labelled in the «-posi- 
tion (-2~—T) to u-leucine. As can be seen from Table I, 
97 per cent of the tritium was lost during the oxidase 
reaction and the remaining 3 per cent was shown to be in 
other parts of the molecule, by oxidation to isovaleric acid, 
which had the same specific activity as the t-leucine 
isolated. DL-Leucine-4 : 5-T (ref. 5) on treatment with 
the oxidase gave t-leucine-4 : 5-T with no loss of tritium 
from the molecule. Oxidation! of L-alanine-T, isolated 
from the oxidase reaction, gave acetic acid-(methyl-T) 
having the same specific activity, proving that no tritium 
remained attached to the a-carbon atom. 

It has usually been assumed that the L-isomer remains 
unaffected during the reaction of Di-amino-acids with 
renal D-amino-acid oxidase’. These experiments, how- 
ever, suggest that the «-hydrogen atom of the L-isomer may 
be involved in the oxidase process. Owing to the crude 
nature of the p-oxidase extract, we would hesitate to 
theorize on this point. Pure p-amino-acid oxidase would 
have. to be used to establish a true reaction mechanism. 
The lability of the «-hydrogen atom of «-amino-acids in 
the presence of transaminase has been reported’, and the 
labilization effect which we have observed may be due to 
such enzymes being present in the crude hog kidney 
extract. 

We publish this preliminary communication primarily 
for research workers using generally labelled tritiated 
amino-acids for biological investigations, under which 


conditions the «-hydrogen atom may be labilized with 


unexpected loss of tritium from the molecule. 
E. A. Evans 
R. H. Green 
J. A. SPANNER 
W. R. WaTERFIELD 
The Radiochemical Centre, 
Amersham, Bucks. 
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Counter-current Distribution of Lipids z 
from Hevea Latex 


LATEX of Hevea contains about 1 per cent of lipids which 
are assumed to be associated with proteins. These lipo- 
protein complexes, mainly adsorbed on and in the rabber 
phase, are responsible for the colloidal stability of fresh 
latex?-4. 

The purpose of the investigation reported here was to 
effect by counter-current distribution a separation of 
these lipids. This method of analysis will very likely 
reveal the true complexity of the lipids being examined. 

The lipids were extracted by a previously described 
The crude lipid material was purified from 
light petroleum ether solution by precipitation with a 
large excess of-cold acetone, saturated with carbon 
dioxide. ; 

The fractionation of the lipids was carried out in a 
Quickfit counter-current liquid/liquid extraction machine 
which operated semi-automatically and had 50 extraction 
tubes of 28-ml. phase capacity each. The distribution was 
extended over 49 tubes and analysed by dry-weight. The 
solvent systems used were after Cole et al.*: (A) carbon 
tetrachloride/methy! alcohol/water (62 : 35 : 3-15); (B) 
light petroleum ether/carbon tetrachloride/methy] aleohol/ 
water (31 : 31 : 35 : 3). The volume ratio of upper to 
lower phase used was 1: 1. The operation was carried out 
at room temperature (+ 27° C); later experiments were 
carried out in an air-conditioned room (approximately 
20° C). The phases were equilibrated by 50 inversions 
(3 min). The settling time was 2 min. After decantation, 
an aliquot of the upper phase was automatically fed into 
the first tube. . 

A representative weight distribution curve illustrating 
the fractionation of the crude lipids using solvent system A. 
is shown in Fig. 1. 
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Fig. 1. ‘Crude lipids’ from mixed clonal Jatex 


Four different fractions could be distinguished: I, II, 
TII and IV. These fractions were further analysed by 
paper chromatography. 

To this end the lipid material was previously hydrolysed 
with 6 N hydrochloric acid by heating in sealed tubes at 
110° ©. 

Inositol, galactose, glucose and glycerol were analysed 
by an ascending method, using the solvent system iso- 
propyl alcohol/acetic acid/water (3 : 1 : 1). The paper was 
stained by drawing it quickly through an aqueous acetone 
solution of silver nitrate, followed by spraying with 0-5 N 
sodium hydroxide solution in aqueous alcohol. 

Choline, ethanolamine and serine were chromatographed 
by a descending method using the solvent system n-butyl 
alcohol-acetic acid—water. Serine and ethanolamine were 
detected by spraying with ninhydrin solution. For locat- 
ing choline the paper was sprayed with 1 per cent phospho- 
molybdic acid solution in chloroform/ethyl alcohol (1 : 1), 
rinsed in running water, dried, followed by spraying with 
1 per cent stannous chloride solution in 3 N hydrochloric 
acid. 

Fatty acids were revealed by spraying with 0-2 per cent 
solution of bromocresol green in ethyl alcghol, adjusted to 
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blue with potassium hydroxide solution. Unhydrolysed 
lipids were detected by 5 min immersion of the chromato- 
grams in sudan black solution in 60 per cent ethyl alcohol, 
followed by rinsing in tap-water, blotting and drying. 
The phosphoric esters were stained by spraying the paper 
chromatograms with a reagent after Hanes and Isher- 
wood’. The sterols were qualitatively estimated by 
the Liebermann-Burchard test and the carbohydrates by 
the Molisch test. l 

The results are given in Table 1, together with the 
estimated nitrogen and phosphorus contents of the 
fractions. 
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Table 1. ANALYSIS OF FRACTIONS FROM ‘CRUDE LIPIDS’ 


Constituents Fractions Remarks 
analysed I Th naa IV 
Amino-acids ~ - - + 
Choline - ++ ttt ? 
Ethanolamine ~ ? + ? 
Serine ? + +++ +++ 
Sterols ++ +++ ++ + 
Carbohydrates - - + ++ 
Inositol - - +++ t ++ 
Galactose - ~ - - 
Glucose - _ - - E 
Glycerol - ~ - - Present as phos- 
phoric ester 
Nitrogen CA) 0-38 0-25 1-14 0-85 
Phosphorus (%) 0-04 0-38 2-47 2-09 
N/P ratio 20-10 1-41 1:02 1-17 


The number of plus signs denotes relative concentrations; ? denotes 
minor quantities or traces. 


After purification by acetone precipitation, when 
fractionated by counter-current distribution the lipids 
showed only two fractions, namely, ILI and IV. When 
using solvent system B a less-satisfactory separation of 
the fractions was obtained. 

By comparing the partition coefficients of substances 
which are normally lipid constituents with the partition 
coefficients corresponding with the tube numbers of peak, 
the components of the fractions may be estimated, and 
thus the results of Table 1 confirmed. 

From Table 1, and by comparing the partition coeffi- 
cients, it may be concluded that the estimated position 


of the lipid components in a 49-tube distribution, using 


solvent system A, is as shown in Table 2. 


Table 2. ESTIMATED POSITIONS OF THE LIPID COMPONENTS 


Calculated 
Liquid component Fraction Tube No. Tube No. partition 
of peak coefficient 
Neutral ae I 0-5 1-4 0-031-0-098 
Carotenes < 
Sterols II 5-16 10-13 0-263~0-290 
Lecithin 
Phosphatidyl ethanolamine m 16-35 22-26 0-810-1°128 
Phosphatidyl serine 
Phosphatidyl serine 
Phosphatidyl inositol IV 35-49 37-41 3:00-4:88 
Amino-acids 


A small amount of the sterols are also expanded over 
fractions I, ITI and even IV. Some carbohydrates seem to 
be associated with the phospholipids of fraction III. 
Amino-acids have been proved to be present in fraction IV, 
most likely as contaminants. 

My findings not only correspond with those of previous 
workers, but also extend them. Until now no report has 
been made of the presence of phosphatidyl serine in the 
lipids isolated from Hevea latex. No marked difference in 
the composition of the lipids extracted from mixed. clonal, 
PB 186 and Tjir. 16 lattices can be found. 

I thank Mrs. S. Nainggolan for her assistance in most of 
the experimental work. 
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An Acid-induced Transformation of 
o«-Conarachin 


TaoucsH for most proteins there is a characteristic pH. 
range of stability to irreversible changes, seed proteins 
in general are- particularly sensitive to mild conditions of 
acidity. Perhaps the classical example is the transforma- 
tion edestin undergoes at a pH of approximately 5, the . 
so-called edestin-edestan transformation’. Conarachin 
was reported to undergo irreversible changes when exposed 
to pH values below 4 (ref. 2). This communication 
reports the effect of mild acidity on «-conarachin which 
is separated from the conarachin fraction of peanut 
proteins by chromatography on DEAE cellulose*. It is 
part of an investigation of the effect of acid conditions as 
a means of elucidating some of the structural aspects 
of seed proteins. 

The many works of Johnson et al.*:4-§ have shown that 
the major globulins, arachin and conarachin; of the seed 
Arachis hypogaea take part in a reversible association— 
dissociation depending upon the pH and ionic strength. 
a-Conarathin also undergoes a reversible association— 
dissociation depending on the pH and ionic strength, 
elevated pH and ionic strength corresponding to the 
dissociated state. This association—dissociation is mani- 
fested merely in the form of changes in the sedimentation 
coefficient, only one peak appearing in the sedimentation 
pattern over the pH range 6-5-10 and ionic strength 
0-03-0-2. 

In Fig. la is shown a sedimentation diagram of «- 
At pH 7-9 the sedimentation 
coefficient is 12, while at pH 9 it is 9. Assuming a fric- 
tional ratio of 1-3 (ref. 2), these sedimentation coefficients 
correspond to molecular weights of approximately 190,000 
and 290,000, respectively. A photograph of the gel-electro- 
phoresis? pattern of the protein in phosphate buffer at 
pH 7-9, ionic strength 0-03, is shown in Fig. 16. The major , 
band of the electrophoretic pattern comprises about 85 
per cent of the total. 4 





a b 


Fig. 1. a, Sedimentation diagram of a-conarachin at pH 7-9 (phosphate- 

buffer, fonie strength, 0-03): ‘Spinco’ model Æ ultracentrifuge, 

59,780 r.p.m., direction of sedimentation from left to right; b, gel- 

electrophoretic pattern of a-conarachin on polyacrylamide gel at a 
voltage gradient of 17 V/cm for 180 min 
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Fig. 2. a, Sedimentation diagram of a-conarachin in phosphate buffer 

(pH 7:9, ionic strength, 0-03) after prior dialysis against distilled water 

of pH 5; direction of sedimentation from left to right at 69,780 r.p.m.; 

b, gel-electrophoretic pattern sailed material. Conditions as in 
ig. 


If a«-conarachin in phosphate buffer (pH 7-9, ionic 
strength 0-03) is dialysed against distilled water the pH of 
í which is approximately 5, total precipitation of the protein 
occurs. - However, on dialysis back into phosphate 
buffer, complete solubilization is effected, though now 
the sedimentation diagram shows two discrete peaks 
(Fig. 2a) with sedimentation coefficients of 12-4 and 19-6, 
respectively. These values correspond to molecular 
weights of 290,000 and 560,000, if again a frictional ratio 
of 1-3 is assumed. The corresponding gel-electrophoretic 
(Fig. 26) pattern also shows an additional slower moving 
band which is undoubtedly this new higher molecular 
weight species (Fig. 2b). This ‘dimerization’ can also be 
effected by dialysing the protein against various buffers, 
acetate and iris among others, the pH of which has been 
adjusted to 5. Once this ‘dimerization’ had occurred we 
were unable to reverse it by raising the pH or the ionic 
strength. : 

In order to see if this transformation was more or less 
unique as regards «-conarachin, we treated several well- 
characterized proteins, bovine serum albumin, B-lacto- 
globulin, to name a few, in a similar manner. None of 
these proteins exhibited this transformation on being 
dialysed to pH 5 then,back into phosphate buffer of pH. 7-9 
and ionic strength 0-03. Moreover, the original conarachin 
complex does not undergo this phenomenon. Thus it 
appears this transformation is indeed unique to «-conara- 
chin, at least among the proteins we have so far studied. 

It has been suggested that the reversible association- 
dissociation which the conarachin complex undergoes with 
‘changes in pH and ionic strength is due mainly to electro- 
static forces with perhaps van der Waals’ forces and 
hydrogen bonds also playing a part?. It is difficult to 
conceive that simple electrostatic forces are mainly respon- 
sible for the apparently irreversible dimerization g- 
conarachin undergoes when it is brought to a pH of 5, 
especially since elevated pH and ionic strength do not 
effect a reversal of this transformation. - 
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One possible explanation might lie in the mode of 
preparation of a-conarachin. This material is separated 
from the conarachin complex by means of DEAE cellulose 
chromatography which depends for its operation on acid- 
base equilibria plus adsorption. Though the situation is 
far too involved to offer any simple explanation, perhaps 
the two factors, acid-base equilibria and adsorption, 
operating on such a highly interacting protein mixture 
have removed either some peptide components or metal 
ions, thus, in effect, modifying the material so as to make 
it susceptible to re-arrangement under mild acid condi- 
tions. Indeed, we have recently obtained evidence which 
strongly suggests that DEAE cellulose induces a dissocia- 
tion of the conarachin complex. 

We are now attempting to prepare a-conarachin by 
zone electrophoresis in buffer of low ionic strength. It is 
hoped in this manner that some of the factors which 
affect this highly interacting system will thereby be 
clarified. 
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Comparison of the Peptides released from 
Human and Rabbit y.-Globulins by Enzymatic 
Digestion 

Hsiao and Putnam!, following the work of Porter? on 
rabbit antibody y-globulins, examined the effects of 
papain on human y-globulins and the y-globulins from 
various species of animals. These authors observed that 
the y-globulins from various species were cleaved by 
papain at different rates, though in the case of human and 
rabbit y-globulins the relative rate of degradation to 3-5 S 
fragments was approximately equal. p 

Since the peptides released during enzymatic hydrolysis 
bear a reference to the primary structure of a protein, it 
seemed of interest to compare the peptides obtained when 
human and rabbit y-globulins were digested with trypsin, 
chymotrypsin and subtilisin. To minimize the contribu- 
tion of the tertiary structure of the molecule to the variety 
of peptides found after enzymatic digestion, the y-globulins 
were oxidized with performic acid. While it is known that 
performic acid is not specific for the oxidation of disulphide 
bonds, side oxidation can be decreased by conducting the 
reaction in the cold (— 15° C) and in the absence of salt. 
In the work recorded here, human y,-globulin was obtained 
from pooled plasma of normal adults by low-temperature 
ethanol—water fractionation (Squibb No. 330-2). Approx- 
imately 95 per cent of this material sedimented in the 
ultracentrifuge with an Sw,2 of 6-8 at a protein concen- 
tration of 1 per cent. Less than 4 per cent of the protein 
sedimented with an Sw,2 of 9-11 and no material with an 
S'w,29 Of 19 could be detected. The rabbit -y,-globulin used 
in this investigation was obtained by ammonium sulphate 
fractionation from an antipneumococcal antiserum pre- 
pared by immunization of rabbits with formalin-killed 
pneumococci? and was kindly supplied by Dr. H. D. 
Piersma of Lederle Laboratories. The rabbit y.-globulin 
preparations sedimented in the ultracentrifuge as a single 
peak with an Sw,..=6-6 at a protein concentration of 
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Fig. 1. Peptide patterns of trypsin (A and B), ch 
of aman (4, O dad E) and rabit B, D and F) y-glob i" 
atography with collidine, lutidine and water (1 : 1 : 1) was in vertical 


1 per cent. Enzymatic digestion and separation of the 
peptides on paper by electrophoresis in one direction 
followed by solvent chromatography in the second direc- 
tion was carried out as previously reported’. The peptide 
patterns for the two species of y,-globulins digested with 
the different enzymes are shown in Fig. 1. The number of 
umoles of sodium hydroxide used per umole of protein to 
keep the pH constant during enzymatic hydrolysis and 
the number of peptide spots distinguished in the different 
patterns are recorded in Table 1. While the distribution 
of peptides for the two y,-globulins for each enzyme used 
occurred in similar areas of the patterns, it is interesting 
that practically no superimposable spots were found 
when human and rabbit y-globulins were compared in 
parallel experiments. Thus, the amino-acid distribution, 
or primary structure, in analogous parts of the peptide 
chain would indeed appear to be quite different for the 
two species. In view of this observation, it is interesting 
to speculate that the antibody combining sites of rabbit 
7S y-globulin antibodies may also differ in primary 
structure from those of human 7S y,-globulins. 


Table 1 
Enzyme wmoles NaOH/xmole _ No. of peptides 
m protein found on patterns 
jde lobulin 140 70 
Pe arsed bulin 110 50 
in 
uman 180 85 
Rabbit ae 150 60 
Subtilisin 
Human ka m 240 120 
Rabbit lobulin 210 110 


The difference between the number of umoles of sodium 
hydroxide used per umole of human y-globulin to keep 
PH constant during enzymatic hydrolysis and the number 
of peptides distinguishable on the chromatographic 
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otrypsin (C and D) and subtilisin (Æ and F) hydrolysates 
ulins. T : the 


n each figure the anode was to right and chrom- 
direction 
pattern of human y-globulin suggested that similar or 
identical peptides were released from different parts of the 
same molecule of human 7S y,-globulin as was reported 
earlier for rabbit y,-globulin‘. 
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Stimulation of Carotenogenesis in Blakeslea 
trispora by Essential Citrus Oils 


Durinc the course of experiments on the replacement 
of B-ionone in the fermentative production of 8-carotene 
by mated cultures of Blakeslea trispora, N.R.R.L. 9216( +) 
and N.R.R.L. 9159(—), we found that various essential 
citrus oils considerably enhanced production of carotene’. 
It was uncertain whether the moulds were utilizing pre- 
formed carotenes present in citrus oils as an enhancing 
factor or whether some other fractions were being used to 
accelerate the synthesis. 

Three essential oils were investigated—tangerine, grape- 
fruit and orange. Each oil was first passed through an 
MgO / ‘Celite’ column (1 : 1), where it was washed with 
several litres of pentane-hexane (b.p. 35°-54° C). The 
washings from each column were combined and concen- 
trated in vacuo to remove the solvent, leaving a colourless 
oil. This fraction constituted 80-85 per cent of the crude 
essential oils. After the oil fraction was removed, the 
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MgO / ‘Celite’ columns were extruded and washed succes- 
sively with acetone and absolute ethanol. These washings 
were also concentrated in vacuo to give an oily pigmented 
fraction. We were unable to purify this fraction further 
and, hence, tested it per se. The two fractions obtained 
from the crude essential oils were added to fermentations 
in concentrations approximately equivalent to their con- 
centration in the unfractionated oil. Procedures for con- 
ducting the fermentation in shaken-flasks have been 
e Previously described?. Results of a typical fermentation 
with essential orange oil and fractions derived from it are 
shown in Table 1. 


Tablel. STIMULATION OF CAROTENE SYNTHESIS BY ESSENTIAL ORANGE OIL 


Adjuvant Dry Carotene yield 
Adjuvant* _ concentration mycelium in solids To volume 
(mi./100 ml.) (g/100 mi.) (mg/g) G@mg/100 ml.) 
None —_ 644 10-5 67-5 
Orange oil l 5-98 18-7 HE8 
Orange oil O83 610 165 945 
Colourless-oil fraction Olt 5:81 193 112-0 
Colourless-oil fraction 0-8 5-70 160 91-1 
Pigment fraction 024 5-86 TLO 64-5 
Pigment fraction 0-1 581 10:3 59-8 


*The fermentation medium contained, in addition to the adjuvant, 
cotton-seed embryo meal (Pharmamedia}, 5%; corn, 25%; cottonseed oil, 
5%; deodorized. kerosene (Deobase), 5%; non-ionic detergent, 012%; 
thiamin hydrochloride, 0-2 mg %; tap water; pH not adjusted. 

* These volumes are equivalent to the amount of material found in 
F ml. of crude essential oil, 


Because the enhancing factor appeared predominantly 
in the colourless-oil fraction and because no enhancement 
resulted from addition of the pigmented fraction, the 
colourless-oil fraction was further analysed to determine 
its composition. 

Gas chromatographs revealed that each sample of the 
unknown colourless oils separated from the three essential 
oils emerged from the column at the same timeas limonene, 
a cyclic monoterpene. In addition, data obtained from 
carbon and hydrogen analyses, refractive indices, and 
boiling ranges also indicated that the colourless oils were 
predominantly limonene (Table 2). 


Table 2. CHEMICAL AND PHYSICAL ANALYSES OF COLOURLESS-OIL FRAC- 
TIONS DERIVED FROM ESSENTIAL CITRUS OILS 
M Analytical method 
as 
Sample chromatograph * Carbon and Refractive boiling 
Limonene hydrogen index range ° C 
per sample ` Np 23-24 (ancorr.) 
(%) (%) (%) 
Orange colour- 
less-oil B51 878 11-8 1-4702 176-177 
Grapefruit 
colourless-oil 99-6 87-1 11-7 1-4715 177-5-178 
Tangerine 
colourless-oil 93-2 88-1 11-9 14711 176-5 
Limonene * 99-5 88-2 118 1:4705 177-5 


* These analyses were made by L. T. Black, of this Laboratory. 


Afterwards, limonene was found to enhance carotene 
synthesis to about the same extent as did the crude 
essential citrus oils or the colourless-oil fraction from these 
oils. Typical results are presented in Table 3. 


Table 3. STIMULATION OF CAROTENE SYNTHESIS BY LIMONENE AND BY 
COLOURLESS-OIL FRACTIONS DERIVED FROM ESSENTIAL CrrRvUs OILS 


i Dry Carotene yield 

Adjuvant * mycelium in solids per vohime 

(g/100 ml.) (mg/g) (mg/100 ml.) 
None 5-88 103 60-5 
Orange colourless-oil fraction 6-59 14-9 98-0 
Grapefruit. colourless-oil fraction 6-45 14-0 90-3 
Tangerine colourless-oil fraction 6-61 13-7 90-5 
Limonene 614 13-9 853 


* The concentration of all adjuvants was 0-1 ml./100 ml.; the remainder 
of the medium was as listed in Table 1. 


Although the results do not completely exclude the 
possibility that other compounds present in essential citrus 
oils may also, to some extent, enhance carotene synthesis 
by mated strains of Blakeslea trispora, the predominance 
of the stimulation appears to be due to the presence of 
limonene. It is not known as to how much, if any, of the 
limonene structure is incorporated into the carotene 
molecule. §-Ionone, a compound having the structure of 
the terminal moieties in 8-carotene, has also been investi- 
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gated as a precursor in the biosynthesis of B-carof%ne. 
The results of both Mackinney et al? and Engel et al.* 
indicate that only a part of the B-ionone molecule is incor- 
porated into the product. Hence, the ability of a number 
of isoprenoid compounds to stimulate carotenogenesis in 
B. trispora* would seem to point to the utilization, as in 
the case of the B-ionone, of only some part of the struc- 
ture of the stimulating substance. 
ALEX CIEGLER 
GEORGE E:N. NELSON 
Harrow H. Haru 
Northern Regional Research Laboratory, 
U.S. Department of Agriculture, 
Peoria, Illinois. 
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Gibberellin-like Substances in Bamboo Shoots 


Errorts have been made to investigate the growth 
substances in the bamboo, which is known as a plant of 
very speedy growth... In previous work, indolyl-3-acetic 
acid was shown to occur in the bamboo shoots!:?. “Recently, 
Kato? showed preliminary evidence of gibberellin-like 
substances in the shoots. This communication. describes 
occurrences of gibberellin-like substances in both the 
main stems and leaf sheaths of bamboo shoots (Phyllo- 
stachys edulis). . 

The method of extraction followed that of MacMillan 
et al.* with some minor modifications. The. top of the 
main stems (32 kg), separated from the leaf sheaths, was 
deep-frozen with dry ice and broken down to coarse 
powder, which was then extracted with ethanol (2 x 64 1.) 
for 24 h at room temperature. The filtered extract was 
concentrated at 40° and aqueous concentrate, after 
adjustment to pH 3 with 2 N sulphuric acid, was extracted 
with ethyl acetate (6x 31.). Ethyl acetate mother liquors 
were then extracted with phosphate buffer (6x 500 mil., 
pH 8-0). After adjustment to pH 3 with 2 N hydrochloric 
acid the buffer extract. was extracted. with ethyl acetate 
(6x2 1.). The ethyl acetate extract was washed with 
water, dried, and concentrated. The concentrated ethyl 
acetate solution was put on a charcoal column: (‘Darco 
G-60, 550 g), and the column was washed with ethyl 
acetate (5 1.) and acetone (10 1.). The washings were 
combined, and the recovery of the solvents gave a gum 
(9-62 g), which is referred to here as acidic fraction of the 
main stem. The leaf sheaths (20 kg) were cut into small 
tips and extracted in the same way as above, and 
this gives the acidic fraction of the leaf sheath (1-14 g). 
Both acidic fractions were chromatographed on Whatman 
No. 1 papers (10x 45 cm), using the following solvent 
systems; (a) n-butanol/1-5 N ammonia, 3:1, descending; 
(b) isopropancl/7 N ammonia, 5:1, ascending; 
(c) isopropanol/water, 4:1, ascending’. After running the 
solvent for about 25 cm, the air-dried chromatogram 
was cut into 10 pieces and eluted with distilled water 
for bioassay. The assay was performed on three monogenic 
dwarf mutants of the maize (Zea mays L.), d-1, d-3 and 
d-5 (ref. 6), and on rice seedlings’. 

Both acidic fractions on this purification stage produced 
little or no response in the rice seedling assay due to their 
strong germination inhibition. Gibberellin-like activities 
tested on the three maize mutants are shown in Fig. 1. 
Evidently there is a zone of gibberellin-like activities at 
the Rr 0-0-1 on the chromatograms developed with the 
solvent system (a) in the acidic fraction of the main stem 
as well as in that of the leaf sheath, while activities 
are much more pronounced on the d-3 and d-5 mutants 


than in the d-1 test. ` 











Elongation (%) 


Elongation (%) 
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Sme minor indications of this kind of activity is also 
found in other regions of the chromatograms. Fig. 2, 
A-D show the patterns of activities on the chromatograms 
developed with the other solvent systems (b) and (c), 
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Fig. 1. Histogram of extracts from bamboo shoots, tested for gibberellin- 
like activities on d-1, d-3 and d-5 dwarf maize. A, Ç and Æ, acidic 
fraction of main stem. B, D and F, acidic fraction of leaf sheath. 
Ordinate, elongation at second leaf sheaths as percentage of controls. 
A , Rp value in solvent system (a), n-butanol/1-5 N X H,OH,3: 1, 
*, 0-01 ug gibberellin As; ----, 0-1 pg gibberellin 


descending, ++- à 
A;; ———, 1 ug gibberellin A, 


160 


200 


100 





0 05 10 0 05 10 0 0-5 10 
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Fig. 2. Gibberollin-like activities on chromatograms, tested on d-5 


dwarf maize. A, C and Æ, acidic fraction of main stem. B, D and F, 
acidic fraction of leaf sheath. Ordinate, elongation at second leaf 
sheaths as percen of controls. Abscissa in A and B, Rp value in 
solvent system (b), isopropanol/7 N NH,OH, 5 : 1, ascending. 
Abscissa in C-F, Ry value in solvent system (c), isopropanol/water, 
4:1, ascending. E and F, assayed after zones 0-1-02 on A and B 
respectively, had been eluted and rechromatographed in solvent 
pe ta (e). ++ ++, COL wg gibberellin A,; ~- -, 0-1 ug gibberellin As; 


om 1 wg gibberellin A, 
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tested on the d-5. In the solvent system (b) the active 
zone is located on the Rr 0-1-0-2 (Fig. 2A and 2B); but 
in (c) it moves high up to the Rp regions of 0-8-1-0 (Fig. 
2C and 2D). Since the chromatographic behaviour of this 
active component is quite different from any of those of all 
hitherto reported gibberellins A,—A, (ref. 5), the following 
experiment was carried out to ascertain it. After develop- 
ing the acidic fractions with the solvent system (b), the 
active zone on the Rr 0-1-0-2 was cut from the chromato- 
gram and eluted with 0-1 N hydrochloric acid. The eluate e 
and residual paper were extracted with ethyl acetate 
successively. The extract was then rechromatographed 
in the solvent system (c), and tested on the d-5. The 
results, as shown in Fig. 24 and 2F, represent clearly the 
characteristic behaviour of gibberellin-like substances in 
the acidic fraction of the main stem and leaf sheath on the 
chromatograms. 

The relative activity of all known gibberellins has been 
determined by Brian et al.* on a number of bioassay 
procedures. Among them gibberellin A, is highly effective 
on the d-3 and d-5 dwarf maize, but almost without effect 
on the d-1. The Rr values of A, obtained by MacMillan 
et al.® are 0-725 in the solvent system (a), 0-78 in (b), and 
0-77 in (c). Thus, one of the gibberellin-like substances in 
the bamboo shoots seems to resemble closely gibberellin 
A, in its relative activities on the three dwarf maize 
mutants, but the difference of the Rr values in the solvent 
systems (a) and (b) may suggest that they are not identical. 

Further investigation on the purification and chemical 
properties of the active component is in progress. 

We thank Prof. S. Imamura, Department of Applied 
Botany, Kyoto University, for his advice, and D. B. O. 
Phinney, University of California, Los Angeles, for supply- 
ing seeds of these three maize mutants. A sample of 
gibberellin A, was provided by Kyowa Fermentation 
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Mangiferin and other Glycophenolics in 
Iris Species ; 


A YELLOW phenolic pigment, which appears on paper 
chromatograms under ultra-violet light as an apricot- 
coloured or dull-brown spot changing to a fluorescent 
yellow-green in ammonia, was first recognized as being 
present in petals of bearded iris cultivars in 1958. It is 
probably one of the major co-pigments in Iris flowers, 
producing, by interaction with the anthocyanin (a delphin- 
idin glycoside), a range of purple, mauve and blue shades. 
In an earlier survey of leaf material, the same or a similar 
substance was observed on chromatograms of all species 
belonging to the section Pogoniris (which includes the 
bearded cultivars), of I. pseudacorus Fischer in the 
Laevigata group of the section Apogon, and of T. dichotoma 
Pallas in the section Pardanthopsis. ‘This pigment differed 
in its spectral, chromatographic and colour properties 
from all the commonly occurring phenolics, such as the 
flavonoids, and has now been identified as the glycoxan- 


thone, mangiferin (2-glucosyl-1,3,6,7-tetrahydroxyxan- 
e . 
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thone) (I), by direct comparison with authentic material. 
Identification was by means of m.p. and mixed m.p. 
(268°-270°, decomp.); of the ultra-violet spectra (maxima 
at 242, 258, 316 and 364 my, undergoing characteristic 
bathochromic shifts in the presence of alkali, aluminium 
chloride, sodium acetate and sodium acetate—boric acid); 
of the colour reactions and of co-chromatography in eight 
different solvent systems. The constituent in the leaves 
of I. pseudacorus has been examined chromatographically 
and spectrophotometrically, and appears to be identical 
with that in the bearded iris. The constituent in J. 
dichotoma has not been examined in detail. 


Glu ose 
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Mangiferin was originally isolated from the mango, 
Mangifera indica L. (Anacardiaceae), and has more 
recently been found in the leaves of Hedysarum obscurum 
L. (Leguminosae)? and in the wood of Madhuca utilis 
(Ridley) Lam. (Sapotaceae)t. As a class, xanthones are 
rare in higher plants* and have only been found in two other 
families (the Guttiferae and the Gentianaceae) besides the 
four already mentioned. Mangiferin (Rr 0-33 in butanol- 
acetic acid—water, 0-20 in 2 per cent acetic acid) is accom- 
panied in the leaves of the bearded iris cultivars by at least 
three related xanthones; one of these (Rr’s 0:25, 0-13) may 
be an isomer of mangiferin (compare the vitexin-sapona- 
retin relationship in the glycoflavone series*) and another 
(Rr’s 0-20, 0-44) may be an O-glycoside of mangiferin. 
Further work on these compounds is in progress. 

Mangiferin, although present in the species already 
named, is absent from all other Jris species so far examined 
(21 spp. from 7 sections). The same or a similar glyco- 
xanthone appears, however, to be present in Belamcanda 
chinensis (L.) Leman, also.a member of the Tridaceae. 

We have found that glycoflavones, similar to, if not 
identical with, orientin (glycoluteolin) (II) and vitexin 
(glycoapigenin) are present in the leaves and flowers of 
species in one of the sections of Iris that lacks mangiferin, 
that is, the section Evansia. Members of the sections 
Pogoniris and Evansia are notable® for the presence in 
their rhizomes of the isoflavones, iridin and tectoridin, 
respectively. One or both of these isoflavones also occurs 
in Belamcanda chinensis. It seems remarkable that so 
many species having glycophenolics in the leaves and 
flowers should be further characterized by the presence of 
isoflavones in the rhizomes. The occurrence of glyco- 
phenolics in this family is thus of very considerable 
taxonomic interest and this aspect of the work is being 
further explored. 

We thank Dr. H. Wagner for pointing out the probable 
xanthone nature of the Iris substance and, with Dr. 
J. W. W. Morgan, for specimens of mangiferin and its 
trimethyl ether. We also thank the Directors of the Royal 
Botanic Gardens, Kew, and the University Botanic 
Garden, Cambridge, for supplies of Iris material. 
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Antiserum to Human Pituitary Follicle- 
stimulating Hormone 


Previous investigations have shown that an antiserum 
raised against human pituitary follicle-stimulating hor- 
mone (HPFSH) purified by electrophoresis on starch gel 
reacted fairly specifically with HPFSH and showed only a 
minor cross-reaction with human chorionic gonadotrophin 
(HCG)!*. This communication describes further work on 
the properties of an antiserum to the same purified 
HPFSH. 

The antiserum was prepared in mice as supplies of the 
antigen were scarce. It was first investigated by the 
double-diffusion technique in agar gel. A single precipitin 
line was obtained with solutions of a preparation of 
HPFSH called CP 1 by Butt, Crooke and ingham*. 
Tt was removed if the antiserum was absorbed with CP 1. 
But if the antiserum was absorbed with HCG containing 
up to 200 pg/ml. the precipitin line remained (Fig. 1). 
Immunoelectrophoretic investigations revealed that there 
were actually two precipitin lines and that only one 
was removed by absorption with HCG (Fig. 2). 





Fig. 1. Double-diffusion in agar gel. A, Human pituitary FSH (CP 1) 
1 mg/ml.; B, antiserum to starch-gel fraction of CP 1 absor with 
0-2 mg/ml. human chorionic gonadotrophin; C, neat antiserum; 
D, antiserum absorbed with 1 mg/ml. human pituitary FSH (CP 1) 





Antiserum to the starch-gel fraction 


x Immunoelectrophoresis. 
of HPFSH assayed with HPFSH (CP 1). The neat antiserum in the 


Fig. 2. 


lower trough shows two precipitin lines, The antiserum in the upper 
trough is absorbed with HCG and the precipitin line nearer to the origin 
of the antigen is removed 


The antiserum was then examined using the hæmag- 
glutination method. Its behaviour was compared with 
that of antiserum to the parent substance, CP 1, and with 
that of antiserum to HCG (Leo Pharmaceutical Products). 
Cells were coated with HCG or CP 1 or a fraction of CP 1 
purified by partitioning between solvents (unpublished 
method of Dr. W. R. Butt) and each antiserum was 
titrated against each batch of cells. The three antisera 
were then absorbed with HCG (0-25 per cent w/v in anti- 
serum diluted 1 : 50 v/v) and each absorbed antiserum 
was again titrated against each batch of cells. The results 
are given in Fig. 3. The absorbed antiserum to HCG 
failed to agglutinate any of the cells. The absorbed anti- 
serum to CP 1 had a titre only against cells coated with 
its own antigen, but absorbed antiserum to the starch- 
gel fraction of CP 1 showed an increasing titre against cells 
coated with HCG, with CP 1 and with the partition frac- 
tion of CP 1 respectively. It retained half its agglutinat- 
ing potency against the more specifie preparation of 
HPFSH compared with the unabsorbed antiserum. In 
the hemagglutination inhibition reaction the absorbed 
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Hóa: s Hemagglutination titres of antisera, White, antiserum to 
vent, age to CP 1; black, antiserum to the starch: el 
CCP 1, Titres shown against ce lls coated with HC 
Ti tittes shown atat cells coated with C CP 1; LI, titres shown against 
cells coated with the partition of CP 1. A, Neat antisera; B, antisera 
absorbed with HCG 





antiserum could be used to detect down to 0-07 pg/ml. 
HPFSH, but it was not affected by up to 200 ug/ml. HCG, 
When urinary preparations of human menopausal gonado- 
trophin (HMG) were tested in the same system the end- 
points were not very satisfactory but some preparations 
showed fairly good correlation with their biological 
activities. These results will be published in full elsewhere. 

The biological effect. of this antiserum was next investi- 
gated in immature hypophysectomized female mice. The 
growth of follicles induced by 1 ug of the partition fraction 
of CP 1 was almost completely suppressed by 0-025 ml. of 
antiserum (Figs. 4 and 5). However, the action of 100 r.v. 
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Fig. 4, Section of the ovary of a hypo 
with 1 wg of the partition fraai fnt 





Fig. 6 Section of the ovary of a h; orem ysectomized mouse injected 
1 wg of > roi gone of CF 1 and 0-025 ml. antiserum to 
st€rch-gel fraction of CP 1. (x 75) 
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of HCG on the repair of the interstitial tissue was scarcely 
inhibited by 0-175 ml. of this antiserum whereas 0-1 ml. 
of antiserum to HCG clearly showed an inhibiting effect. 

The evidence suggests, therefore, that the antiserum to 
the most purified preparation of HPFSH contains at least 
one antibody which does not cross-react with HCG and 
which may be specific to FSH. 

This work was supported by a grant of the Medical 
Research Council. 


ANNELIESE WOLF 


United Birmingham Hospitals, 
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Birmingham, 11. 
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Temporary Connexions in Guinea Pig 
Embryos 


Very little work has been reported on temporary con- 
nexions in embryos, and the results are not always con- 
vincing. Recently, Sedláček? published his results with 
chick embryos in which he was able to elaborate tem- 
porary connexions several days before hatching. 

The question arose whether the same would apply to 
mammals. 

Thirty-two guinea pig embryos aged 55-66 days were 
used, A conditioned avoidance reflex was used. The 
signal stimulus was the sound of bell, the unconditioned 
stimulus an electric current of supra-threshold intensity 
applied via an electrode to the skin of the back. The 
motor response was recorded actographically. Connex- 
ions were elaborated at 60-90-sec intervals with 5 sec 
during which the signal stimulus only was applied. 

The mother animal was immersed up to the thorax in a 
bath filled with saline at 38° C. Electronarcosis only was 
applied and no drugs were used. The embryo with the 
umbilical cord connected to the placenta was extracted 
through an incision in the abdominal wall and uterus and 
the membranes were opened. It was then placed into a 
wire mesh actograph and immersed in the saline up to its 
ear. Care was taken not to impair the placental circula- 
tion. 

In the second series of experiments the foetuses were 
placed in the actograph in a thermostat after cutting and 
ligating the umbilical cord. 

It was never possible to elaborate a conditioned con- 
nexion in foetuses connected to the mother and not breath- 
ing (Fig. 1A). If, however, the cord was tied in the same 
animals and they started to breathe then it was always 
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possible to elaborate such a conditioned reflex 1-3 h later 
(Fig. 1B). The signal stimuli evoked 50-60 per cent 
positive responses, that is, the same as in 1-day-old guinea 
pigs’. 

After tying the cord animals also showed increased 
motor activity and a strong reaction to indifferent 
external stimuli. 

Independent rhythmic respiratory movements appear 
only in foetuses shortly before term. Only animals aged 
60--66 days survived. 

The inability of foetuses with an intact placental circu- 
lation to form temporary connexions is interesting in view 
of the fact that guinea pigs are born with a nearly com- 
pletely differentiated cortex both morphologically? and 
enzymatically* and bioelectrically®, Probably the start 
of respiration is particularly important. 

I thank Dr. J. Sedláček for his help in this work. 


Vu. HLAVÁČKOVÁ * 
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$ Flees D B., Tyler, D. B., and Gallant, L. J., J. Neurophysiol., 18, 427 


Hormonal Dependence of Oxidative Enzymes 
in the Testis of the Rat 


Prrurrary and chorionic gonadotrophins accelerate the 
synthesis of testosterone from acetate in dog testes in vivo! 
and in rabbit testes in vitro®. It is known that reduced 
triphosphopyridine nucleotide (TPNH) is required for 


steroid synthesis*, and there is some evidence indicating 


that gonadotrophic hormones influence dehydrogenase 
Thus, Samuels* showed stimu- 


in rat testis and Niemi® examined histochemically hor- 
monal influences on d-1-8-hydroxybutyric and hydroxy- 
steroid dehydrogenases. 

In previous work’, one of us found that addition of 
Q-hydroxybutyrate brought about a marked increase in 
oxygen consumption in testis homogenates of post- 
puberal but not of pre-puberal rats. These changes 
coincide with the onset of testosterone synthesis. 

In a series of experiments designed to elucidate the 
effect of gonadotrophins at the cellular level, we have 
examined various metabolic steps endeavouring to find 
the pathways concerned in the production and supply of 
energy for steroid synthesis. The experiments reported 
here concern the effect of chorionic gonadotrophin on 
isocitrie, glucose-6-phosphate and lactic dehydrogenases 

Immature A x C male rats inbred weighing 23-25 g at the 
onset of the experiment were injected with chorionic 
gonadotrophin for 5 days, after which the rats were 
decapitated. Effectiveness of treatment was checked by 
the weight of the testes and seminal vesicles (Table 1). 
The testes were dissected free of their capsule, 100 mg of 


Table 1. Ervrct OF GONADOTROPHIC HORMONE ON ORGAN WEIGHT AND 
“ON SPECIFIC ACTIVITY OF DEHYDROGENASE 


Total Glucose-6- Isocitric Lactic 
No. of dose Testis Seminal phosphate de- dehydro- dehydro- 
animals 5days weight vesicle hydrogenase genase genase 
(U.) weight neltivity activity activity 
12 500 79 715 141 67 0 
12 100 43 570 123 61 8 
6 1 38 430 132 44 8t 
§ 25 30° 295 85 31 14* 


* Not statistically significant. 

All figures are expressed as peroentage increase over those of untreated 
controls of the ad age. Weights of organs were computed relative to 
100 g body-wei; ight 

Aconitase aci ivity was not modified. 
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tissue were homogenized in 0-25 M sucrose in a motor- 
driven Potter-Elvehjem homogenizer at 2,000 r.p.m. for 
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-90 sec in ice, and then centrifuged for 30 min at 14. £0009, 


under refrigeration. The oxidative enzymes examined’ 
here were located mainly in the post-mitochondrial 
fraction remaining in the supernatant. 

Isocitric dehydrogenase was determined by the method 
of Ochoa’, glucose-6-phosphate dehydrogenase by the 
method of Kornberg and Horecker*, aconitase by 
Anfinsen’s® and lactic dehydrogenase by Neilands’s!° 
procedure. Proteins were estimated by the biuret method 
as described by Layne?!. 

Chorionic gonadotrophin caused a significant increase 
in the specific activity of testis isocitric and glucose-6- 
phosphate dehydrogenases (Table 1). Lactic dehydro- 
genase activity was not increased. All figures were well 
beyond statistical error at a probability-level of 0-001 by 
Student’s ¢ test, except the lowest figure for isocitric 
dehydrogenase which was in the limit between, P=0-05 
and 0-1. 

Doses as small as 0-5 u a day were effective; smaller 
doses have not been tried. The effect appears to be organ- 
specific since it could not be obtained in liver homo- 
genates. Our results also showed that in rat testis these 
enzymes are TPN dependent. No reduction of DPN 
could be obtained with testis homogenates using isocitrate 
and glucose-6-phosphate as substrates. 

These findings provide evidence that enzymes belonging 
to the respiratory system and to the hexose monophos- 
phate shunt are stimulated in the testis by chorionic 
gonadotrophin; but we cannot say at the moment 
whether the specific action. of the hormone is mediated 
by these systems. The gonadotrophic stimulation of 
dehydrogenases may be indirect, since Field’? found no 
stimulation in vitro of glucose oxidation by luteinizing 
hormone or human chorionic gonadotrophin. 

If the hexose monophosphate shunt is involved in 
steroid synthesis in the testis it may be stimulated by a | 
different. mechanism from that postulated by Haynes? 
in adrenal cortex, since cyclic adenosine monophosphate, 
which mediates the action of ACTH on phosphorylase i in 
the adrenal cortex, does not stimulate the conversion of 
u4C-acetate to “C-testosterone in vitro, according to Brinck- 
Johnsen and Eik-Ness?. 

Further experiments are in progress. to elucidate some 
of the points raised here and to investigate other systems 
in rat testis which may be influenced by gonadotrophie 
hormones. 

One of us (N. A. 8.) received financial support from the 
Consejo Nacional de Investigaciones Cientificas y Técnicas, 
Argentina. 
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Enzyme Dissolution of the Nucleus 
Pulposus 


Tuomas showed the surprising susceptibility of cartilage 
to the action of papain when he produced collapse of the 
ears of young rabbits by injecting the enzyme intra- 
venously’?, All cartilaginous tissue of the body was 
affected; the epiphyseal cartilages appeared to be par- 
ticularly sensitive. Larger doses caused softening of 
tracheal cartilage to such a degree that some animals 
died from respiratory obstruction. The changes occurring 
in cartilage after intravenous papain were the result of 
a widespread breakdown of chondromucoprotein. 

This apparent selectivo action of papain on cartilage 
suggested the interesting possibility of using such an 
enzyme locally for the ‘chemical removal’ of the nucleus 
pulposus of protruded or extruded intervertebral disks. 
Obviously, to be a feasible method of treatment, dissolu- 
tion of the nucleus must be accomplished by enzyme- 
levels which are completely innocuous to the surrounding 
tissues, such as bone, ligaments, nerve roots, skeletal 
muscle and dura mater. Inasmuch as the clinical signs 
and symptoms associated with herniated disks can be 
relieved by the surgical removal of as little as 10 por 
cent of the total disk cartilage, only small quantities of 
a highly specifie enzyme would be needed. Whether 
papain or any related enzyme exhibits this required degree 
of specificity was the basis for this investigation. 

In vitro assays of activated papain protease (Worthing- 
ton Biochemical Corp., Freehold, New Jersey—twice 
crystallized papain), activated chymopapain (a fraction 
from Papaya latex prepared by Dr. Adaline Mather, 
Baxter Laboratories, and Dr. T. Cayle, Wallerstein Co., 
division of the Baxter Laboratories: the preparation 
contained about 600,000 chymopapain-tyrosine equiva- 
lents per gram), and lysozyme were performed based on 
colorimetric and turbidimetric determination of the 
amounts of acid polysaccharide and solubilized protein 
released from enzyme-treated cartilage powder®-*, Papain 
protease was found to be the most active, being several 
times more so than chymopapain. Lysozyme was essen- 
tially inactive. 

In vivo dose-ranging and toxicity investigations were 
carried out in 57 adolescent albino rabbits weighing 2-3 kg. 
The intervertebral disks at levels between L-1 and L-7 
were injected with graded doses (0-0156-10 mg/disk) of 
papain protease or chymopapain in 0-05 ml. of 0-85 per 
cont saline. Activation of these enzymes was found to 
be unnecessary. The animals were first anesthetized 
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with sodium pentobarbital and the intervertebral disks 
were injected anteriorly through a laparotomy incision 
using a tuberculin syringe with a }-in. 27-gauge needle. 
The degree of enzyme effect on the disk cartilage was 
assessed in several ways. In some rabbits, pre-treatment 
and post-treatment disk spaces were compared by moans 
of X-ray. The animals were killed 5-6 days aftor treat- 
ment, the spinal columns removed, and in some the 
treated and non-injected intervertebral disks were opened 
by a transverse incision for gross examination. Other 
spinal columns were decalcified and longitudinal sections 
made through the treated and control disk spaces for 
microscopic evaluation. 

The results have been striking. Initial comparative 
investigations of papain protease and chymopapain failed 
to differentiate between the in vivo activities of these 
two enzymes. Chymopapain was subjected to furthor 
evaluation. Doses of chymopapain of 0-05 mg/disk or 
greater produced definite narrowing of the disk space as 
visualized by X-ray within 24 h (Fig. 1). The degree 
of nucleus pulposus dissolution 6 days after injection 
observed grossly (Fig. 2) or microscopically was related to 
the dose. The nucleus pulposus was completely removed 
by doses of 0-156 mg/disk or greater; the interior disk 
space was dry with only a small amount of residue. 
Higher doses of about 5 mg/disk were required to cause 
a partial or complete dissolution of the annulus fibrosus. 
At the highest dosages (5-10 mg/disk), the nucleus and 
annulus were frequently removed to the extent that 
only the end-plate of the vertebral body and the longi- 
tudinal ligamonts remained. The degroe of cartilage 
removal was also correlated with a greater degree of 
mobility of the spinal column at the level of the injected 
disk. 

Maximum total dose of enzyme injected into the inter- 
vertebral disks in those doso-ranging investigations was 
18-75 mg. All animals appeared to be normal during 
the 5-6-day post-treatment period. At autopsy. there 
were no significant gross findings other than the loss of 
disk cartilage. The anterior and posterior longitudinal 
ligaments, the dura and spinal cord were unaffected in 
all cases. Higher total doses administered intervertobrally 
(10 mg/disk, 30-40 mg total dose) were lethal, producing 
systemie toxicity consisting of hemorrhage into the 
gastro-intestinal tract, abdominal cavity and lungs. 

Chymopapain was found to be highly toxic in rabbits 
when injected intrathecally. Doses of 0-0625 mg/kg in a 
volume of 1 ml. produced paralysis and death, associated 
with extensive hemorrhage of the meni This 
intrathecal toxicity was presumably due to proteolytic 
dissolution of the poorly supported capillaries of the 





Fig. 1. X-ray of adolescent rabbit injected intervertebrally 24 h previously as follows (left to right): non-injected control UL), sali 
injected contra, 5 mg chymopapain, 0-5 mg fpr Spire moa 0-05 = ehymopapain, non-injected control (L,—L,). ! 


disks are mar 


The chymopapain-trea’ 
y narrowed as compared with the controls 
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Fig. 2. 
the nucleus pul 
removed and the cortical bone of the vertebral plate is exposed; 


Transverse section through lumbar intervertebral disks of adolescent rabbit injected 5 days previously: left, non-injected control disks— 
us is gelatinous; centre, 5 mg of chymopapain—the a pa 


sus and part of the annulus fibrosus ħave been completely 


ri mg of chymopapain—most of the nucleus pulposus has 


been removed 


arachnoid and pia mater. Chymopapain had no effect 
on the conductivity of electrical impulses by nervous 
tissue as shown by investigations in which frog and rabbit 
sciatic nerves were exposed in situ to chymopapain con- 
centrations up to 40 per cent for periods of 1 h. Neither 
functional nor histological alterations were observed. 

These results indicate that chymopapain can effectively 
remove nucleus pulposus when injected into intervertebral 
disks of adolescent rabbits, and that its action appears to 
have some degree of specificity. Its longer term effects 
are at present being investigated. Other enzymes are also 
being evaluated to determine if a more selective agent 
can be found. In addition, clinical therapeutic investiga- 
tions are being carried out in dogs. Herniation of nuclous 
pulposus causing hind quarter paralysis is common in 
some breeds, particularly the dachshund’:*. A few such 
paralysed animals have been treated by the injection of 
1-2 mg of chymopapain into the involved intervertebral 
disk space. Initial results have been favourable and will 
be the subject of a further report. 

We thank Dr. K. Nishie, Mrs. P. Seagraves, Mrs. J. 
Merubia, Mr. R. Hunt, Mr. R. Willard and Mr. M. Salazar 
for help in this work. 
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HÆMATOLOGY 


Glycolysis in Young and Mature Normal Human 
Erythrocytes 

CONSIDERABLE data exist concerning the decline of 
metabolic activity which occurs during the normal ageing 
of human erythrocytes. In particular, several of the 
glycolytic enzymes are present in higher concentration in 
younger cells (that is, reticulocytes). This is true of 
phosphohexoisomerase**, triosephosphate dehydrogenase*, 
aldolase*, glucose-6-phosphate dehydrogenase and 6-phos- 
phogluconic dehydrogenase’*. However, in the assay 
methods used the maximum activity of these enzymes is 
measured at their optimum pH in dilute hemolysates 
containing added excess of substrate, coenzyme and 
activator; these are conditions which do not obtain in 
intact erythrocytes. Indeed, the results of Chapman 
et al. demonstrate that glucose consumption in normal 
intact erythrocytes proceeds at a rate less than that 
calculable from the concentrations of Embden—Meyerhof 
pathway enzymes that are present. It does not follow, 
therefore, that the presence of higher concentrations of 
glycolytic enzymes, as in reticulocytes, produces an 
increased rate of glycolysis. However, Bernstein? showed 
that glucose consumption and lactate production in intact 
erythrocytes were, in fact, increased in proportion to the 
reticulocyte concentration of the samples. 

Human erythrocytes contain both the Embden- 
Meyerhof and hexose monophosphate pathways, the latter 
accounting for up to 11 per cent of glucose metabolized*-*. 
In the absence of an intact Krebs cycle, the rate of anaero- 
bie glycolysis may be measured by glucose consumption 
and lactate production, while the contribution of the 
hexose monophosphate pathway may be assessed by 
measurement of “CO, production from erythrocytes 
incubated with [1-"C]-p-glucose. Data are lacking 
on the activity of these two pathways measured 
simultaneously in erythrocytes containing appreciable 
proportions of reticulocytes and young cells. The present 
communication demonstrates that the hexose monophos- 
phate pathway is more active in younger intact erythro- 
cytes and also confirms the finding of an increased activity 
of the Embden—Meyerhof pathway in these cells. In 
addition it is shown that the ratio of activity of the two 
pathways is a constant which is independent of the propor- 
tion of young cells present. The reticulocyte rich samples 
used were from subjects recovering from megaloblastic 
anemia; it was shown in separate experiments that 
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erythrocytes in untreated megaloblastic anemia give 
normal values for both anaerobic glycolysis and the 
hexose monophosphate pathway. Thus, blood obtained 
from treated subjects contained a variable mixture of 
pre-treatment erythrocytes and post-treatment reticulo- 
eytes or young cells. 

Fresh heparinized venous whole blood was centrifuged 
at 2° C and the erythrocytes were isolated and washed at 
least twice, also at 2° C, in volumes of Krebs-Ringer 
phosphate buffer (pH 7-4) equal to the original plasma. 
The buffer contained p-glucose (8-2 mM). The washed 
leucocyte-free erythrocytes were suspended in glucose- 
buffer solution to give 20-30 per cent by volume of cells. 
Aliquots (3 ml.) of this suspension were incubated in air 
at 37° C for. 2 h with shaking (40 ¢/min) in wide glass tubes 
fitted with a side-arm and capped with rubber seals’, 
Glucose and lactate!!! were determined on samples both 
before and after incubation. For the measurement of 
hexose monophosphate pathway activity the erythro- 
eyte-glucose—buffer suspension contained also [1-!4C]-p- 
glucose (0-36 ue. per 3 ml. incubation mixture) and each 
reaction vessel contained a glass cup fixed to the under- 
side of the rubber cap’. Several minutes before comple- 
tion of the incubation, 1 ml. of hyamine hydroxide (1 M 
solution in methanol (Nuclear Enterprises (G.B.), Ltd.)) 
was injected into the cup through the seal and simul- 
taneously approximately 3 ml. of air were withdrawn 
from the vessel. At the end of the incubation period 0-5 
ml. of 0-2 per cent sodium carbonate (w/v) was injected 
through the side-arm and the reaction was stopped by the 
addition of 1 ml. of 50 per cent trichloroacetic acid (w/v), 
also injected through the side-arm. The vessels were 
shaken for 3 h to allow complete trapping of “CO, in the 
hyamine solution. The cups and contents were then 
removed and the exterior surfaces of the cups were washed 
earefully and dried before placing them in capped vials 
containing 10 ml. of liquid scintillation solution having 
the same composition as that described by Szeinberg and 
Marks’. Radioactivity was assayed in a liquid scintilla- 
tion counter with a 70 per cent efficiency for carbon-14. 
Results for glucose consumption, lactate and “CO, pro- 
duction are expressed as millimoles of glucose consumed or 
produced per litre of packed erythrocytes per hour. The 
difference between the total glucose consumed and that 
converted to “CQ, is taken to be the glucose metabolized 
via the Embden—Meyerhof route. The average value of 
lactate production to glucose consumption was found to 
be in the ratio of 2-00 in erythrocyte samples from seven 
subjects, and the data on lactate production are not 
considered here. 

In erythrocytes samples containing raised reticulocyte 
levels the activity of both anaerobic glycolysis and the 
hexose monophosphate pathway was increased above the 
values found for samples of normal blood. There was no 
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close correlation between the reticulocyte count (expressed 
as a percentage of total erythrocytes) and the activity of 
either pathway. This is probably because in some samples 
of blood, which were taken from subjects late in their 
reticulocytoses, many young cells had matured beyond the 
reticulocyte stage while retaining increased glycolytic 
activity. However, if the results are presented as shown 
in Fig. 1 it can be seen that the pathway for anaerobic 
glycolysis and the hexose monophosphate pathway have 
activities which are in constant proportion to each other 
whatever the proportion of young erythrocytes present. 
It appears, therefore, that the glycolytic activity of young 
human erythrocytes declines in a manner that maintains 
a constant ratio of activity between the two pathways. 

This work was supported by a grant from the Medical 
Research Council to Prof. J. V. Dacie. I thank him 
for his interest, and Drs. G. Wetherley-Mein, J. G. Selwyn, 
G. Hamilton-Fairley and G. Harris for blood samples 
from their patients. 
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In vivo Action of Phytohemagglutinin in 
Severe Human Aplastic Anemia 


PHYTOH2MAGGLUTININ, an extract containing muco- 
protein obtained from the bean, Phaseolus vulgaris, has 
been shown to cause active transformation of lympho- 
cytes in human peripheral blood tissue cultures. These 
cells enlarge, actively synthesize DNA and. then show 
considerable mitotic activity+?. However, injection of the 
Difco M form of phytohemagglutinin by various routes 
into young female Wistar rats did not produce unequivocal 
evidence of lymphoproliferation’. 

It is considered by many observers that the small 
lymphocytes of the blood normally enter the bone marrow 
and become transformed into precursor cells of the red 
cell, granulocyte and platelet producing cell lines. These 
views are summarized by Yoffey‘. In severe cases of 
aplastic anemia in the human being the predominating 
cell in the peripheral blood and the bone marrow is the 
small lymphocyte. 

Phytohemagglutinin (‘Wellcome’ brand, Burroughs 
Wellcome and Co.) was given intravenously to four cases 
of severe human aplastic anemia. 5 ml. of the reconsti- 
tuted freeze-dried extract containing 50 mg of material was 
given daily up to a total of seven injections. Minor 
allergic phenomena only were encountered, readily 
controlled by small doses of chlorprophenpyridamine 
maleate (‘Piriton’). The patients all complained of pains 
in the bones of the thorax and legs coming ‘on suddenly 
about 8-10 days after the first injections. Signs of 
hematological improvement were seen in the first case by a 
slow steady improvement in the pertpheral blood which is 
being maintained. The second case, which had previously 
been given 90 mg of ‘Prednisone’ a day, which was con- 
tinued, showed marked peripheral blood activity. Five 
days after the first injection of phytohamagglutinin, the 
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lymphocytes enlarged and a mitotic figure was found in a 
blood film (Fig. 1). This was followed by the appearance 
of cells with nuclei of lymphocyte configuration but a 
faintly granular cytoplasm which gave the positive 
peroxidase stain characteristic of neutrophil granulocytes 
(Figs. 2 and 3). Case 3 showed a marked increase of 
marrow cellularity to a more normal pattern but no 
peripheral blood changes. Splenectomy was then 
performed; the blood lymphocytes then underwent the 
changes seen in Case 2. This was followed by a rapid 
increase of the blood elements with persistent reticulocytes 
between 1-2 per cent. Case 4 showed a transformation of 
the marrow only. Splenectomy was not considered as the 
patient had an underlying lymphosarcoma, but the spleen 





Fig. 1 Lymphocyte in mitosis. (x 2,000) 





Fig. 2. Lymphocyte with granulocyte cytoplasm. (x 2,000) 
: . 
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Fig. 3. Positive peroxidase reaction in granular type lymphocyte 
(arrow). (x 2.000) 


was enlarged. It was considered that the injection intra- 
venously of phytohemagglutinin in these cases initiated 
the changes described. There was also evidence of an 
inhibitory process which was modified in Case 2 by the 
large dose of cortico-steroid and by the splenectomy in 
Case 3. 

I thank Dr. C. J. Gavey, Dr. F. D. Hart and Prof. 
M. D. Milne for permission to study cases under their 
care, and to thank Mr. J. A. Haynes, who took the micro- 
photographs. I also acknowledge a generous grant from 
the British Empire Cancer Campaign. 
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PATHOLOGY 


Cytotoxic Action of Anti-urine Sera on Mouse 
Tumour Cells 


Serum proteins have been found repeatedly and identi- 
fied immunologically in human urinet. The presence of 
‘tumour antigens’ in urine of carcinoma patients was 
indicated by Sakuma’. In previous work by gel-precipi- 
tation’, we demonstrated the presence of 3 antigens, 
immunologically identical with those of a mouse mammary 
carcinoma, in urines of mice bearing such tumours. One 
of these antigens was found in a much higher concentra- 
tion in mammary tumours than in several normal tissues*. 
Spleen contained less.of this antigen than other organs. 
It was also found in a higher amount in sera of tumour- 
bearing than in sera of normal mice of the same strain. 
This antigen was not detectable in urines of normal mice*. 
Since there are no data on the action of anti-urine sera on 
tumour cells, a study was made with the view of compar- 
ing the cytotoxic activity of the antisera against urine of 
tumour-bearing (AUST) and of normal mice (AUSN) with 
that of anti-tumour serum (ATS). e 
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The urines were collected, the extracts of lyophilized 
tumours were prepared and the antisera were produced 
in rabbits as described previously*. The antisera diluted 
1 : 4 (with exception of titration experiments) were 
incubated for 1 h with the suspension of (1) solid mouse 
mammary tumours, (2) ascites tumour cells of a similar 
antigenic composition, as established by gel precipitation. 
The cell suspensions in Earle’s saline contained 10-12 
million cells per ml. The same individual cell suspensions 
were used for comparing the action of different sera in 
each experimental series. The percentage of cells stained 
by trypan blue was counted in a hemocytometer and the 
cytological changes occurring during the incubation were 
followed by phase contrast microscopy. 

There was a clear similarity in the effect produced by 
AUST and ATS. After incubation with either of these 
sera, the tumour cells were swollen and stained with 
trypan blue. A large amount of cells underwent different 
degrees of disintegration and were surrounded by clumps 
of very coarse granules. The following changes were 
recorded in the ascites cells during incubation with these 
antisera. After 12 min most of the cells became 
swollen, and in the cytoplasm of a large number of cells 
coarse granules appeared and accumulated progressively. 
This was followed by a gradual disintegration of these cells 
and liberation of the granules, which formed clumps 
around the remnants of the cells (Figs. 1, 2). 

Identical characteristic granular clumps also appeared 
when the same antisera were incubated with cell-free 
extracts of lyophilized tumours, or with unconcentrated 
urines of tumour-bearing mice. This may indicate that a 
precipitation has occurred in fluids containing a certain 
tumour antigen(s) and may also have occurred within the 
tumour cells. 

By comparison, when the same tumour cell suspensions 
were incubated with the antisera to urines of normal mice a 
different, though also cytotoxic, effect was produced. The 
cells incubated with this antiserum were also swollen 
and stained by trypan blue, but neither an appearance of 
granules in the cytoplasm nor any sign of disintegration 
was observed (Fig. 3). 

Since it is known that a precipitin to a certain tumour 
antigen is present in the ATS and in the AUST but is 
absent in the AUSN, the difference in the effect produced 
by those antisera may be explained by the presence or 
absence of this precipitin. 

It can be assumed that the effects produced by the two 
anti-urine sera may be due to the action of at least two 
different types of antibodies; one, present in both anti- 
urine sera, as well as in the antiserum against soluble 
tumour antigens, has an effect on the cell surface 
resulting in the swelling of the cells and changes in 
permeability to the vital dye; the other type of antibody, 
a precipitin which is not present in the antiserum to 
normal urines, can penetrate a cell with previously 
damaged or modified surface and produce a precipitation 
of a cytoplasmic antigen followed by disintegration of the 
cell. The following observations support this assumption. 
In the suspensions of solid tumours, in which 30-50 per 
cent of cells were permeable for trypan blue before 
exposure to the ATS and AUST, the cell disintegration 
after serum treatment was drastic. Up to 80 per cent of 
cells were disrupted and the field was crowded with the 
granular clumps, However, in the ascites cell suspension 
where only 3-6 per cent of cells stained before treatment, 
not more than 40-60 per cent of cells disintegrated after 
exposure to the same antisera. 

The antisera to tumour extracts and to urines of 
tumour-bearing mice, which were absorbed with spleen 
extract and produced only one precipitation line on agar, 
had no effect on ascites tumour cells. They induced, 
however, the production of granules in the cytoplasm and 
disintegration of those 30-50 per cent of cells in suspension 
of solid mammary tumour which were permeable to 
trypan blue befSre exposure to serum. Apparently, the 
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Figs. 1-3. aia effect of tumour cells in 


various antisera 
cation in phase 
1, Incubated with anti- 


to urine of tumour-bearing 
; urines of normal mice 


on ascites 

x ¢. 375) 

2, incubated with antiserum 
bated with antiserum to 


precipitating antibody is not cytotoxic when acting on an 
intact cell and can produce the specific reaction in the 
cytoplasm only in a cell with a previously 

surface. This reaction could be produced also by inacti- 
vatedsera. On the other hand, the swelling of the cells and 
their staining by trypan blue could occur only in the 
presence of complement. 

There is thus an indication that the mechanism of cell 
destruction by antiserum may be the combined action of 
at least two antibodies—one complement dependent, 
modifying the cell surface, and the other not complement 
dependent, producing the precipitation within the 
damaged cell. 

The variety of cytotoxic effects produced by antisera was 
discussed by Horn‘, who also assumed that “we are dealing 
with at least two cytotoxie entities in the A.S.”. The 
swelling of the cells and their ability to stain by trypan 
blue after contact with iso- and hetero-antisera were 
repeatedly reported, but there are only a few clear indi- 
cations of cytoplasmic reactions. The appearance of 
cytoplasmic coarse granules in Yoshida sarcoma cells 
exposed to antiserum was described by Matsumoto’. A 
cytoplasmic reaction in ascites cells was revealed through 
the use of histochemical methods by Dumonde’. 

Our observation of the cytoplasmic reaction produced by 
ATS may have been due to the use for immunization of 
soluble antigens extracted from lyophilized tumours, which 
resulted in the elicitation of antibodies to the cell surface 
as well as to the cytoplasmic antigens. Apparently one of 
these antibodies which was also present in the AUST was 
responsible for the intracellular reaction and the destruc- 
tion of the cells. 

Experiments in vivo carried out on a small number (ten 
in a group) of C3H mice with spontaneous tumours also. 
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showed a similarity in the action of the antisera against 
tumour extracts and urine of tumour-bearing mice. Intra- 
peritoneal injections of either of those antisera into C3H 
mice bearing spontaneéous tumours showed an arrest of 
tumour growth during 3-5 weeks in 8/10 mice. However, 
the tumours resumed progressive growth when the treat- 
ment was stopped, and also in one case when the injections 
were continued for more than 5 weeks. This effect was 
not produced by injections of antisera against normal 
urines. The tumours in the non-treated mice of this strain 
also grew progressively (Fig. 4). 


cm] RATE OF GROWTH OF SPONTANEOUS TUMORS IN C,H MICE. 









A CONTROL (NON INJECTED MICE) 


@ INJECTED WITH ANTISERUM AGAINST 
URINE OF TUMOR BEARING MICE 


@ INJECTED WITH ANTISERUM ASAINST 
URINE OF NORMAL MICE 


5 7 Weeks 





4 
inj started ity stopped 


Fig. 4. Effect of antisera on tumour growth. Each curve represents 
the mean sizes of five tumours 


It is also interesting to note that in non-treated mice, 
as well as in those injected with AUSN, the appearance of 
the first tumour was soon followed by 1, 2 or more tumours 
of the mammary glands in 60 per cent (12/20) of mice. 
However, in mice injected with ATS or AUST no second 
tumour appeared, so long as the injections were given, 
with the exception of one mouse, where a second tumour 
appeared after 5 weeks of injections. 

A correlation is thus indicated between the presence of 
precipitating antibodies in antisera against tumours and 
urines of tumour-bearing mice and their activity in vitro 
as well as in vivo. 

This work was supported by a contribution from Mrs. 
Sol Allen, Toronto. 
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Immunofluorescent Test for Infectious 
Mononucleosis 


Tue laboratory diagnosis of infectious mononucleosis 
is based on the demonstration in the patient’s serum of 
atypical mononuclear cells often accompanied by a rise in 
titre of heterophile agglutinins for sheep red blood cells')*. 
Tt has been shown by Stuart et al.* that these agglutinins 
may be differentiated from Forssman antibody and from 
naturally occurring sheep cell agglutinins by agglutination- 
inhibition tests, the antibody associated with glandular 
fever being absorbed by treated ox cells but not by an 
emulsion of guinea pig kidney. 

In the course of carrying out routine testing of human 
sera for antinuclear factor by an immunofluorescent tech- 
nique utilizing sections of calf thyroid as the source of 
nuclei*, we have observed a characteristic staining pattern 
with certain sera from cases of glandular fever. Although 
these did not (with one exception) show affinity for 
nuclei, they gave bright staining of vascular endothelium 
(Fig. 1), and of erythrocytes present in vessels. Twenty- 
four eases of glandular fever associated with atypical cells 
and specific sheep cell agglutinins so far examined have 
all shown this staining pattern. Human tissues are not 
stained, and the staining of calf tissue can be inhibited by 
absorption of the serum with ox red cells and sheep red 
cells but not with an emulsion of guinea pig kidney. On 
the other hand, 14 cases of suspected glandular fever 
with atypical cells, but in which the Paul—Bunnell test was 
negative, failed to stain the calf tissue. It therefore 
appears that the endothelial cell staining of calf tissue is 
due to the factor responsible for the positive sheep cell 
agglutination test in glandular fever. 





Fig. 1. Cryostat section of calf thyroid treated with serum from a 

sero-positive case of glandular fever and stained with fluorescein-con- 

jugated anti-human serum, showing specific staining of capillary 
endothelium. (x c. 230) 


In the staining procedure, cryostat sections of snap- 
frozen calf thyroid were treated with patient’s serum 
diluted 1 : 10 with 0-15 M sodium chloride solution. After 
30 min at room temperature the sections were washed and 
stained with fluorescein-conjugated horse antiserum 
(supplied by Central Laboratory of the Netherlands Red 
Cross Blood Transfusion Service) to whole human serum 
prior to examination under the ultra-violet microscope. 
Tt was found that the staining with this conjugate could 
not be inhibited by pre-treating it with an excess of human 
Cohn Fraction II (L. Light and Co., Ltd., Colnbrook, 
Bucks), and, furthermore. that conjugated rabbit anti- 
serum to human Fraction TI failed to give staining of the 
endothelium in sections treated with glandular fever 
serum, although this antiserum was shown by gel diffusion 
to react with normal macroglobulin. It & known that the 
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specific sheep cell agglutinin of glandular fever behaves 
as a macroglobulin*, but these findings suggest that it may 
not carry all the antigenic determinants of normal human 
macroglobulin®. 

The demonstration of glandular fever antibodies by 
immunofluorescence affords a convenient method of 
examining large numbers of sera, and will therefore be of 
value in epidemiological studies. 

The nature of the suspected abnormality of the antibody 
globulin in glandular fever is being further investigated. 

The specimens from sero-negative cases were kindly 
provided by Dr. R. G. Macfarlane, Radcliffe Infirmary, 
ys and other sera by Dr. R. Barnes, Guy’s Hospital. 
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Metabolism of Radioactive Methylcholanthrene 
in the Rat 


Ir has long been known that the administration of 
methylcholanthrene by the alimentary tract can produce 
mammary tumours in certain strains of mice and rats. 
Prohaska, Brunschwig and Wilson? first reported four 
mammary tumours in 15 mice fed 1-2 mg methylcholan- 
threne three times weekly for up to six weeks. Orr? 
produced mammary carcinoma in mice to which methyl- 
cholanthrene was administered via the nares. Shay, 
Aegerter, Gruenstein and Komarov? produced mammary 
tumours in Wistar rats givén methylcholanthrene by 
gavage. Huggins, Briziarelli and Sutton‘ reported on a 
large series of female Sprague-Dawley rats fed on methyl- 
cholanthrene 10 mg daily, who developed breast tumours 
in almost all cases. Dao and Sunderland® confirmed that 
high incidence. 

The development of radioactive methylcholanthrene has 
allowed the investigation of its metabolism in rats of the 
Sprague-Dawley strain. Six rats were used. These were 
females of the Sprague—Dawley strain of Dr. Huggins or of 
a Sprague—Dawley strain established in Britain at the 
A.S.L. Farms, Ltd., North Finchley. They were each 
given 10 mg of 3-methylcholanthrene-6-“C by stomach 
tube and killed at intervals thereafter. The methyl- 
cholanthrene was obtained from the New England Nuclear 
Corporation and its activity was 2-55 me./mM. The 
animals were killed 1, 3, 5, 8 and 14 days after adminis- 
tration of the labelled carcinogen. Immediately after 
death, specimens were taken of: cesophagus, stomach at 
3 levels, small intestine, large intestine, rectum, liver, 
pancreas, spleen, kidney, bladder, heart, aorta, lung, 
trachea, thyroid, ovary, brain and skin with subcutaneous 
tissue along the mammary lines. Urine and fæces speci- 
mens were also collected at known time-intervals. 

The tissues were fixed in alcoholic formalin, dehydrated 
and paraffin embedded. 

The tissue sections of 6 were assayed for radioactivity 
in a ‘Tracerlab SC-16’ windowless gas flow counter and 
then autoradiographed to determine the site of the 
activity. For autoradiography both Kodak <A.R.10 
stripping film and Ilford G.5 nuclear research emulsion 
were used. The radioactivity of the urine and feces was 
assessed by meaguring the activity of standard aliquots of 
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Fig. 1. Autoradiograph of cortex of kidney. Image intensity is maximal 
in the glomeruli (Ilford @.5 nuclear emulsion, x ¢. 188) 





Fig. 2. Autoradiograph of liver showing the light diffuse image. 


(Uford @.6 nuclear emulsion, x e. 185) 


the collected specimens in the windowless gas-flow counter. 
In each animal the excretion rate of labelled material was 
determined. 

For animals killed after 1-5 days the highest activity was 
in stomach with maximal activity at the cardiac end. The 
uptake was also high in kidney and decreased in liver, 
large intestine, rectum and small intestine, in that order. 
Skin and other tissue including mammary glands showed 
no significant radioactivity. 

The tissues from the animals killed after 8 and 14 days 
also showed no significant radioactivity. 

On average the fæces showed high activity initially, 
reaching a peak 48 h after administration of labelled 
carcinogen and diminishing rapidly for subsequent speci- 
mens to almost zero at 93 h. 

The urines showed high initial activity, the peak being 
at 24 h after administration of labelled carcinogen and 
diminishing, as in the fæces, to almost zero at the same 
time interval. Each animal varied considerably in 
urinary output and activity. 

Autoradiographs of kidney gave a strong image which 
was mainly cortical, in tubules and glomeruli, in general 
the latter being more intense. The images in liver were 
diffuse and less intense. The difference in the distribution 
and intensity of the image in these two organs can be seen 
in Figs. 1 and 2. In the stomach the image was most 
intense in the lumen and mucosa and was also present in 
muscle. The large intestine, rectum and small intestine 
had light images, decreasing in intensity from lumen 
through mucosa to muscle, as in stomach. No activity was 
detected by autoradiography in the other tissues examined, 
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The histology of the tissues processed: showed no signifi- 
cant abnormalities. In particular, mammary tissues were 
normal... 2 ; pied 5 

For this experiment the basic supposition was that an 
important factor in tissue susceptibility is the maintenance 
of an adequate concentration of the carcinogen in contact 
with the target tissue. However, the results have indicated 
that neither labelled carcinogen nor a labelled metabolite 
was localized in the mammary tissues. 

The sites of localization suggest. that the carcinogen was 
absorbed by the stomach and intestines and, by the 
normal pattern of metabolism through liver and kidney, 
was excreted in urine and fæces. 

A. L. GOODALL 
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` RADIOBIOLOGY 


Effect of Chlorination of Drinking Water on 
Mortality after Whole-body X-irradiation 
Ixy the course of investigations of X-irradiation of mice, 
we noted during the past year large variations in the LD 99/ 
30 days under identical conditions of radiation. We have 
tried a number of antibiotics and found, finally, in chlorin- 
ation of the drinking water an efficient means of controlling 


these. variations. 
< The mice (inbred strains C57BL/6,AK,CBA,C+),12-14 
weeks old, were exposed to a single dose of X-rays from a 
. General Electric ‘Maxitron 300° (200-300 kV, 20 m.amp, 
half-value layer 1mm copper, dose rate 50-100 r./min, 
target distance 50 cm). Dosimetry was carried out with a 
Philips dosimeter type No.. 37.470. Mortality was 
recorded twice daily. Chliortetracyclin (4 mg/g food!) or 
‘Nitrofurazone’ (n-5-nitrofurfurylidino-3-amino-2-oxyazo- 
lidone, kindly. given by Socophy, Brussels) (100 mg in 
1:8]. drinking water) was administered for 15 days after 
exposure. Automatic chlorination of the tap water was 
provided by a Wallace~Tiernan metering pump (Wallace— 
Tiernan, Gunzburg, Germany) connected to a closed supply 
of sodium hypochloride.. The concentration of chlorine 
in the drinking water as determined by iodometric titra- 
tion was 10 p.p.m. immediately and about 5 p.p.m. 3 days 
later. Thus, with a semi-weekly change of the drink- 
ing water, efficient concentration of chlorine can be 
maintained. 


Mortality (per cent) 





Days after irradiation 
@—@, 10 CBA (10-62); O-—O, 20 C57 BE(12-61); O-- O, 


Fig. 1. 
10 CS7BL + nitrofurazone (12-61); x--x, 20 C+(8-62); x ~~x, 
$ C+ $ chiortetracycline (8-62); + — +, 21 C57BL (1-63) 
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Mortality (per cent) 





Days after irradiation l 
Fig. 2. @—@, 10 AK (8-62); O—O, 12 057BL (10-62), O-- O, 10 
CS7BL (4-63), x — x, 22 C+ (3-62); +.-~ +, 10 CBA (1-03) 


Infection probably accounted for the very high mortality 
which we observed, in 1962, for different mouse strains 
after total-body irradiation (Figs. 1 and 2) since bacterio- 
logical examination of heart blood revealed Pseudomonas 
or Proteus bacteria. : 

Antibiotics in food or in drinking water afford some 
protection mainly by lengthening the life-span or, in some 
cases, by lowering the lethality ; the results were, however, 
not constant and the procedure was cumbersome for large: 
experimental series. ; z ; 

Chlorination of the drinking water alone results:in an 
increase of the LDjo, to 975 r. for C57BL and 1,050 r. for 
OBA at an average survival time of 15 days. ` 

Similar observations were made in. irradiated rats, 
Whereas before chlorination, all rats irradiated with 900 r. 
died within a week, only 80 per. cent of the irradiated 
animals died within 30 days when the drinking. water was 
chlorinated. 

A. Sassen 


F. KENNES 
J. R. MAISIN. 
Department of Radiobiology, 
Centre d’Etude de l'Énergie Nucléaire, 
Mol, Belgium. : 
2 Van Bekkum, D., and Vos, O., Intern. J. Rad. Biol., 8, 173 (1901). 


Absorbed Dose Calibration of an lon Chamber 


Since 1953 the official unit for the absorbed dose of 
X- and other ionizing radiation received by biological 
material has been the rad, defined as “ . . . the energy 
imparted to matter by ionizing particles per unit mags of 
irradiated material at the place of interest . . . ”, 1 rad 
being 100 ergs/gm (ref. 1). Use of the roentgen was not 
approved for quantum energies above 3 MeV. Neverthe- 
less, absorbed doses of megavoltage X-rays are usually 
estimated by instruments calibrated in roentgens using 
ionization chambers, This method is indirect and involves 
three uncertainties: (1) the proper value of W, the mean 
energy per ion pair in air; (2) the value of the stopping 
power ratio for the wall to the gas (this includes the 
polarization correction at high energies); (3) the correction 
for attenuation of the radiation in the wall. 

In order to overcome these difficulties several workers 
have measured the absorbed dose in materials of low 
atomic number by calorimetric methods, and have 
compared the energy absorption with ionization*, with 
the response of a chemical dosimeter®:* or with the 
darkening of transparent plastic”. However, in the 
comparisons of energy absorption with ionization, no 
single technique has been used over a wide range of 
energies. Also the methods used involved troublesome 
corrections for attenuation of the radiation in chamber 
walls and calorimeter baffles and for scattering by the 
chamber stem. . 
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These corrections can be avoided in the following way. 
In practice the absorbed dose is usually needed at a 
point surrounded by a mass of material sufficient to give 
transient electronic equilibrium. The energy absorption 
can be measured at such a point, and compared with the 
ionization in a small chamber inserted into the medium at 
the same point. In the experiments reported here a 
calorimeter was used which consisted of a cylindrical 
block of carbon 6 cm in diameter by 5-8 cm high. The 
energy absorption was measured in a central disk 3 cm in 
diameter by 0-8 cm thick which was thermally insulated 
by an evacuated gap 2 mm wide. The ionization was 
measured in a disk-shaped cavity 3 cm in diameter by 
4 mm thick at the centre of a similar block of carbon. 
Both these are nearly equal approximations to measure- 
ments at a point at the centres of the blocks. During 
measurements the whole of each block was included in the 
field of radiation. 

No corrections for attenuation are needed because they 
are the same in both cases. An electric heater in the 
-calorimeter enabled the absorbed energy to be measured 
in absolute terms. The energy absorption in carbon was 
also compared with the ionization in a Baldwin-Farmer 
chamber. exposed at an equivalent depth in ‘Perspex’, 
equivalent depths being defined as equal in terms of 
electrons per em*. The chambers. were placed at the same 
focal distance, and were therefore exposed to almost 
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equal primary and secondary fluxes in spite of the 
difference of material. 

The calorimeter, carbon chamber and Baldwin—Farmer 
chamber have been exposed to beams of X-radiation from 
machines operating at 4, 7-5, 14 and 20 MV and to y-rays 
from cobalt-60. Fig. 1 shows the relation between the 
absorbed dose in carbon and the ionization in a cavity at 
the same position. The steady fall with rising energy is 
an expression of the polarization correction®. 

The result with cobalt-60 can be compared directly with 
that of Reid and Johns*. The work recorded here gives 
34:11+0-21 eV in carbon per ion pair in air at 0° C, 
760 mm mercury, compared with the value of 34-15 + 0:12 
of Reid and Johns?. The agreement is remarkably close 
in spite of the different methods used. With the values of 
the relative stopping power of carbon to air recommended 
by the International Commission on Radiological Units 
and Measurements (I.C.R.U.)*, this figure gives W = 
33:97 + 0-21 eV per ion pair in air. 

The results of the comparison of the calorimeter and 
the Baldwin~Farmer chamber are shown in Fig. 2. The 
absorbed dose in water was derived from that in carbon 
by the ratio of the real absorption coefficients of the. two 
materials. The chamber has also been calibrated’ in 
roentgens by the National. Physical Laboratory using 
2-MV X-rays. The graph shows the absorbed. dose in 
water when the chamber is exposed in a ‘Perspex’ block. 
The point of measurement is at the focal distance of the 
chamber, the depth of water is the same as that of the 
centre of the chamber in electrons per em*, and the 
diameter of the field is that of the ‘Perspex’ block multiplied 
by the relative electronic density. of ‘Perspex’. The 
figures should apply to any chamber of the same design. 

These measurements show that account must be taken 
of the polarization correction when considering the 
relative biological efficiency of megavoltage: radiations. 
For example, the apparently lower biological effectiveness 
of 20-MV compared with 4-MV X-rays’ can be explained’ 
by the influence of the polarization. correction on. the 
response of the ionization chamber, which was. of the 
same type as that referred to in Fig. 2. The constancy 
of relative biological efficiency in this region of X-ray 
energy has also been noted by Sinclair", after allowing for 
the polarization correction. 
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BIOLOGY 


Male Skin Isograft Acceptance in Female Mice 
of the C57BL/I Strain after Repeated 
Injections of Disrupted Spleen Cells 


ACQUIRED immunological tolerance of tissue grafts has 
been induced in adult mice of sevetal strains either by 
single intravenous injection of large numbers of viable 
lympho-reticular cells or by repeated administration of 
large numbers of these cells intravenously and intra- 
peritoneally over a prolonged period?-*, Thg number of 
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cells injected as well as the length of time during which 
treatment must be maintained to achieve tolerance 
appeared to vary with the degree of difference in histo- 
compatibility between the host and the donor involved. 
For example, while tolerance of male skin isografts was 
obtained in adult female mice of the C57BL/1 and A 
strains by a single intravenous injection of 20-30 million 
spleen cells taken from male donors, a total of 1,500 million 
viable homologous cells administered over a period of 7 
weeks was necessary to induce tolerance in C3H/Bi mice 
to (A x 03H)F, hybrid skin homografts. In the former 
instance the histocompatibility difference between male 
and female mice is considered to be ‘weak’* while, in the 
latter, donor and host differed at the ‘stronger’ H-2 
histocompatibility genetic locus. 

So far all instances of immunological tolerance of tissue 
homografts induced either at birth or in adult animals 
have involved the administration of viable cells, particu- 
larly of lymphoid origin. Recent studies by Linder®-* 
demonstrate that tolerance in adult mice may be achieved 
in non-H-2 systems by repeated injections of spleen, liver 
and kidney extracts or by transplantation of ovarian 
tissue. Further, Brent*® has confirmed our earlier observa- 
tions that immunological tolerance can be obtained in 
adult life by repeated intravenous administration of spleen 
cells even in systems involving rigid histocompatibility 
barriers such as those represented in the H-2 genetic locus. 

In the present experiments this series of findings con- 
cerning the possibility of producing tolerance during adult 
life has been significantly extended in that we have now 
been able to produce a state of immunological tolerance of 
male skin isografts in female mice by the injection of non- 
viable, male spleen cells thoroughly disrupted by repeated 
freezing and thawing. It will be shown in this communica- 
tion that prolonged and apparently permanent acceptance 
of male skin isografts can be obtained in females of the 
C57BL/1 strain repeatedly injected with male spleen cells 
disrupted by freezing and thawing. 

Male and female mice of the C57BL/1 strain were used. 
Mice of this strain exhibit the Eichwald and Silmser 
phenomenon of sex-linked histo-incompatibility’. Thus 
skin isografts performed from female to female, male to 
male or female to male are always successful while those 
performed from male to female regularly slough after 
several weeks with a tissue reaction similar to the classical 
homograft reaction. The immunological nature of this 
phenomenon formerly suggested by Eichwald et al., 
Snell! and Hauschka" has been supported by the obser- 
vation that tolerance of male skin isografts is obtained in 
the females on intravenous injection of viable male 
spleen cells at birth!*"*, Mariani et al. afterwards demon- 
strated that entirely comparable tolerance was achieved 
when a sufficiently large inoculum of spleen cells was given 
during adult life. 

In the experiments recorded here, female mice of the 
C57BL/1 of approximately 75 days of age were used. 
Male donors were approximately of the same age. 

Spleen suspension. Male donors were killed with an 
overdose of ether and the spleen removed and reduced to a 
paste in a glass homogenizer, containing 2 or 3 ml. of 
lactate—Ringer’s saline solution. The suspension was then 
subjected to rapid freezing and thawing using dry ice and 
absolute alcohol for freezing and warm (37° C) tap water 
for thawing. Four cycles of freezing and thawing were 
employed. After the last thawing the spleen suspension 
was brought to a concentration of 1 spleen per ml. and 
strained through four layers of surgical gauze. After this 
treatment the spleen suspension was checked under the 
microscope for the presence of intact cells following stain- 
ing with trypan blue. Tn no instance could intact cells be 
detected in the spleen suspensions treated in this manner. 

Spleen injection schedule. In one group of experiments 
female mice received a single intravenous injection of 

1 spleen equivalent and 7 days later injected mice were 
submitted go male skin isograft using the technique 
° . 
. . < 
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previously described’. In another group, similar female 
mice received an initial injection of 1 spleen equivalent by 
the intravenous route and this was followed 3 days later 
by a series of intraperitoneal injections of the same dose of 
spleen repeated 3 times a week. Mice of this second 
group were skin grafted after the third intraperitoneal 
injection and then similar injections were continued for 
an additional 4 weeks. At this time injections were 
discontinued in 3 animals whereas in the remaining mice 
of the group injections were continued in the same manner 
as before up to the time this report was written (two 
months later). 

Control groups of non-injected females of the C57BL/1 
strain were prepared by grafting them with skin taken 
from male donors of the same strain. 

The results of these experiments summarized in Table 1 
indicate that in the group of female mice receiving a 
single intravenous injection of freeze-thawed spleen sus- 
pension taken from male donors most of the animals 
rejected the male skin graft as in the group of non-injected 
controls. Similar failure to induce tolerance across the 
sex-linked histocompatibility barrier after administration 
of a single dose of semi-purified transplantation antigens 
was reported by Billingham and Silvers**. 


Table 1. Male skin i ft acceptance in adult female mice the 
C57BL]1 strain submit to the repeated administration of non-living 


lympho-reticular cells derived from isologous males 
No. of female mice 


Host strain Donor strain No. of accepting male skin, 
injections* No. of mice i tied 
C57BL/1 females C57BL/1 males if 1/10 
C57 BL/1 females C57BL/1 males 24 9/11 
C57BL/1 females C57BL/1 males None 2/19 
* Each injection consisted of one spleen equivalent per mouse, 
Intravenous]; 


“3 
The first injection was intravenous. The remaining were given intra- 
peritoneally. 


By contrast, most of the females (9 of 11) injected 
repeatedly with freeze-thawed suspensions of male splenic 
tissue accepted the grafts and have shown no signs of 
rejection up to the time of reporting. Fig. 1 shows 3 
animals showing tolerance of male skin isografts 2 months 
after grafting. 

It seems, therefore, that the histocompatibility barrier 
observed in adult female mice of the C57BL/1 strain with 
respect to male isografts can be overcome by repeated 
administration of male spleen cell suspensions previously 
disrupted by multiple cycles of freezing and thawing. On 
the other hand, it is interesting to note that the few mice 
among the injected group in which frozen—thawed spleen 
treatment was discontinued after 4 weeks still maintained 





Fig. 1. Female of the C57BL/1 strain bearing successful male skin 
isografts after repeated administration of disrupted male spleen sus- 
pensions. Note the upward direction of hair po on the skin graft 
as compared with the downward direction of hair in the host’s skin 


No. 4887 June 29, 1963 


< 
the male isografts in excellent condition although they 
were not receiving further treatment. 

With these results it may be concluded that it is 
possible to induce lasting tolerance in adult female mice 
to male isografts by treating these animals by repeated 
injections of high doses of male tissue antigens in a non- 
living, presumably non-replicating form. 

This observation is in keeping with previous arguments 
presented from these laboratories insisting that tolerance 
of skin homografts is not a unique phenomenon but is 
essentially the same process as immunological paralysis” 
and protein antigen overloading!*-**. AH these processes 
which have as their basis specific central immunological 
failure are probably initially the function of antigenic 
overloading, establishing in an as yet unknown manner 
the central immunological failure and then perpetuating 
the specific negativity, by failure of metabolism of antigen 
in immunological paralysis, repeated injection of antigen 
in the unresponsiveness to protein antigens, and replica- 
tion of the transplanted lympho-reticular cell with release 
of the transplantation antigens in immunological tolerance 
produced either in newly born or adult animals. In the 
experiments reported here we submit that the same state 
of immunological negativity permitting skin homotrans- 
plantation has been produced by the repeated injection of 
non-viable cellular materials presumably in the form of 
transplantation antigens. In addition, the possibility 
also exists that the permission of transplantation made 
possible by these manipulations is operating through the 
mechanism of enhancement?! dependent upon production 
of circulating antibody. This possibility has not been 
excluded and will be investigated. 

Further experiments to test our hypothesis in other 
non-H-2 as well as H-2 systems are in progress. > 

Note added in proof. Medawar?? has reported pro- 
longation of homograft survival in mice treated with 
a cell-free preparation combined with X-irradiation, 
amothopterin or homologous isoantibody. 

(This work was supported by grants from the U.S. 
Public Health Service, National Foundation and the 
American Cancer Society). 
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Difference in the Metabolic Fate of Acetate 
_ and Ethanol fed to Higher Plant Tissues 


ETHANOL is known to be one of the end-products of 
sugar metabolism under fermentative conditions. It is 
also known that under certain conditions it can be 
utilized by plant tissues’-*. A number of enzymes have 
been described from various sources which can catalyse 
the oxidation of ethanol to acetaldehyde (alcohol dehydro- 
genase, catalase) and of acetaldehyde to acetate (aldehyde 
dehydrogenase, xanthine oxidase)‘. Some. of these 
enzymes are rather widely distributed in living tissues. 

This investigation started from the working hypothesis 
that the utilization of ethanol by higher plant tissues may 
proceed through the oxidation of ethanol to acetate, 
which is then activated and metabolized by established 
pathways. 

Two. experimental tissues were used: potato. tuber 
slices activated for 48 h by aeration in distilled water and 
sub-apical segments of pea seedlings germinated in the 
dark for eight days. Nine potato disks, 1 em in diameter, 
weighed approximately 600 mg; 15 pea segments, 6 mm 
in length, weighed approximately 300 mg. In either case 
the plant material was shaken in 2-0 ml. of 0-05 M 
phosphate buffer pH 5-0 containing 1 pmole of radioactive 
and I umole of unlabelled substrate. Thus the media with 
radioactive acetate had also unlabelled ethanol and vice 
versa; this was done in order to avoid specifie effects due 
to variations in the composition of the medium. In the 
case of the pea segments 10-* M auxin was also added. 

The fractionation of the tissue was carried out as 
follows: (a) repeated maceration in absolute ethanol and 
evaporation on the steam bath to remove tissue water and 
radioactive substrates; (b) extraction of the dry powder 
with petroleum ether and washing of the ether extract 
with water; (c) extraction of the residue with ethanol/ 
water/acetic acid, 80 : 18 : 2. Two soluble fractions 
were thus obtained: fraction 1, petroleum-ether soluble, 
containing lipids; fraction 2, 80 per cent ethanol soluble, 
containing organic acids, amino-acids, simple sugars, etc. 
The final insoluble residue contained proteins, nucleic 
acids, storage polysaccharides, cell wall materials, etc. 
Since the planchets were dried thoroughly before counting, 
the unchanged radioactive substrates ethanol and. acetic 
acid were removed by evaporation. Acetaldehyde and 
other volatile metabolites were also lost. 

Table 1 summarizes the experimental observations. 
Each entry represents the mean of three samples run 
simultaneously, the replicates deviating less than 10 per 
cent from their mean. The most significant features in 
Table 1 are the values for the lipid/carbon dioxide ratio. 
With both tissues this ratio is much higher for ethanol-1- 
uC than for acetate-1-“C; but when the substrates are 
labelled in the methyl carbon the difference in this ratio 
is less striking. In the pea segments, the lipid/earbon 
dioxide ratio is 14 times greater for ethanol-1-“C than 
for acetate-1-“C, but 4 times greater for ethanol-2-“C 
than for acetate-2-“C. In the potato slices, the lipid/ 
carbon dioxide ratio is approximately 3 times greater for 
ethanol-1-“C than for acetate-1-“C, but essentially the 
same for ethanol-2-“C and acetate-2-4C, Therefore it 
appears that ethanol tends to go into lipids in comparison 
with acetate which tends to go into carbon dioxide, and 
that this affect is more pronounced for carbon 1 than for 
carbon 2. Furthermore, ethanol-1-“C marks the lipids to 
a greater extent than ethanol-2-C while the reverse is 
true for labelled acetate. On the basis of these observations 
we feel that the metabolic fates of exogenous ethanol and 
acetate fed to higher plant tissues are quite different. 
This difference could come about in three ways: (1) all or 
part of the ethanol could be funnelled into a sequence of 
biochemical transformations which does not involve free 
acetate as an intermediate; (2) all or part of the acetate 
formed by the oxidation of ethanol could find its way into 
a different pool from the exogenous acetate; Pod) finally, 
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Table 1. DISTRIBUTION OF CARBON-14 IN VARIOUS Fractions oF POTATO AND Pea TissvE 
| l 1C recovered, as mumoles of substrate utilized : 
i H AA anniren naermere et tet mina i i eia i ae a e tte il 
| | Potato tuber slices ! Pea segments . i 
| | | Lipid | 80% ETOH Lipid | 80% ETOH 
eee _. CO, | Lipid | CO, | soluble | co, Lipid čO, | soluble i 
| Ethanol-1-4C 0-50 | iy | a4 i 1-10 | 70 | 79 | ` 73 | 
| Acetate-1.¢ 1 30 | oa | 143 EE es | oœ | 91 | 
| 22 i 7 24-2 i | 
| Ethanol-2-"¢ 028 | 23 ia | oiz | 29 24 7 
| Acetate-20¢ otg 39 | 3 | ; i 5 i 
| Acetate-2. 2:52 27 i 21-9 i 163 | WO | bd | 118 | 
268 | š | 192 | | | l 
l i l | 











The tissue was incubated for 30 min at 25°C in a Warburg respirometer. Respiratory carbon dioxide was collected as barium carbonate. The 
tissue was washed and fractionated; the radioactivities in each tissue fraction and in the barium carbonate were determined with a gas-flow counter, 
Experiments A, B and C were run on separate days with different batches of potato tuber slices. 


since both potato tuber and pea stems contain more than 
one type of cells, acetate and ethanol could be metabolized 
preferentially by different types of cells; we do not 
consider this alternative as very likely, but it cannot be 
excluded on the basis of the available evidence. 

A possible implication of our results is that ethanol may 
participate more directly than acetate in the biosynthesis 
of some compound or compounds of physiological impor- 
tance. Future work will be directed toward the evaluation 
of this hypothesis. 

This work was supported in part by Public Health 
Service fellowship GS P-7747-01 from the Division of 
General Medical Sciences, U.S. Public Health Service. 
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Occurrence of a Heat-resistant Species of 
-Aspergillus in Canned Strawberries 


Two earlier records exist of heat-resistant moulds 
causing spoilage in canned and bottled fruits: Bysso- 
chlamys fulvat?, which produces ascospores capable of 
withstanding relatively high temperatures (94° © for 
2 min), and a species of Penicillium the sclerotia of which 
are reported® to survive exposure to 93-3° C for 9 min. 
We wish to record the isolation from canned strawberries 
of a fungus showing an even greater degree of heat resis- 
tance than these. 

In September 1958, mycelium was observed growing 
on the contents of opened cans of strawberries after an 
incubation period of 5 days at 25°C. The fruits, however, 
appeared intact and, apart from the presence of a small 
amount of mycelium, no obvious signs of spoilage were 
noticed. The spores of the fungus had apparently sur- 
vived the heat processing of 12 min at 100° C, which was the 
cannery’s usual treatment for this product and had proved 
adequate on previous occasions. 

The fungus on isolation was found to be an ascosporic 
species of Aspergillus belonging to the A. fischeri series, 
which includes the perithecial members of the A. fumi- 
gatus group. A detailed examination of this fungus 
has shown it to be similar to an isolate made by Smith 
from soil, recorded by Yuill‘ and identified as Aspergillus 
malignus Lindt. 

The ascospores have been found to be unusually heat- 
resistant, some surviving a temperature of 100° C for 
more than 60 min when suspended in distilled water. 
Factors such as age of spores, pH and sugar concentra- 
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tion of the strawberry syrup have been shown to affect 
the degree of heat resistance shown by such spores. 

The mould was readily isolated from soil samples taken 
from farms where the strawberries had been grown. 
Suspensions of samples in sterile water were treated at 
80° C for 30 min prior to plating out. All were heavily 
contaminated with the fungus. It appears most probable 
that the strawberries had spores deposited on them in the 
field before harvesting, either by direct contact with the 
soil or from splashings of rain. water. 

The very few records of the isolation of Aspergillus 
malignus to be found in the literature would suggest 
that it is of rare occurrence. It is therefore of interest 
to mention that using the foregoing heat treatment 
method of isolation, this fungus, together with the closely 
related species Aspergillus fischeri, have been. isolated 
from a number of soils other than those collected from the 
strawberry farms. 
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Penetration of Tracheid Walls of Pinus 
sylvestris L, (Scots Pine) by Chaetomium 
globosum Kunz. 


In the course of investigation of the induction of soft 
rot in pure culture in this laboratory it has been found that 
in wood of Pinus sylvestris L. mildly infected by the soft 
rot fungus, Chaetomium globosum Kunz.}, it is possible to 
observe the early stages of hyphal penetration of the 
tracheid wall which precedes the formation of cavities. 

Blocks of P. sylvestris sapwood (lem x lem x 1 em) 
were sterilized by exposure to an atmosphere of propylene 
oxide for 24 h then placed on cultures of C. globosum on 
malt agar in Petri dishes. After 6 weeks the blocks were 
removed, placed in formalin acetic acid for several days 
then washed in running tap water for 48 h before section- 
ing. Sections (5u-20u) were cut directly from these 
blocks on a sledge microtome, then stained with saffranin 
and picro-aniline blue?, Photomicrographs of the initial 
stages of hyphal penetration of tracheid walls which were 
observed in radial longitudinal sections are shown in 
Figs. 1-5. 

Chains of cavities were observed in tracheids near the 
faces of the block which had been exposed to the fungus 
and also in tracheids adjoining medullary rays. Observa- 
tions made in areas in the vicinity of these cavities sugges- 
ted that the stages of hyphal penetration of the tracheid 
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Initial stages of cavity formation in trachsid walls of Pinus sylvestris 


tr 


Figs. 1-5. 
and 5(* c. 550). 


wall occur in the following sequence. Hyphæ in the 
tracheid lumen align themselves parallel to the long axis 
of the tracheid, usually contiguous with the wall, and 
develop lateral branches which penetrate the wall (Fig. 1). 
Within the wall each penetrating hypha is extremely fine 
and forms a bore-hole very little wider than itself at right 
angles to the long axis of the tracheid (Fig. 2). Many 
lateral hyphe pass completely through the walls of two 
adjoining tracheids into the lumen of the second, where 
the hypha resumes its original form. Other lateral hyphe 
branch vertically on reaching the S, layer of the wall of the 
second tracheid (Fig. 3), the upper and lower branches 
growing at approximately the same rate. Afterwards, 
the rate of vertical penetration decreases and the hyphæ 
enlarge the cavity in a lateral direction within the S, 
layer. At this stage the tips of the cavity begin to taper 
(Fig. 4), giving rise to the sharply defined constrictions or 
conical ends so characteristic of the later stages (Fig. 5). 
Further cavities may be initiated by fine hyphal branches 
originating from hyphe in existing cavities. 

There are two interesting features of the observations 
recorded here. (1) In the early stages of soft rot the 
hyphe pass laterally across the tracheid walls from one 
lumen to the next in a manner similar to that of staining 
fungi. Moreover, the description of the process of the 
invasion of coniferous tracheid walls by blue-stain fungi 
as given by Krapivina‘ has several points in common with 
that given here for the mode of penetration by C. 
globosum. It therefore seems likely that some fungi may 
have the ability to act as both staining and soft rot fungi 
in wood. (2) The lateral penetrating hyphæ consistently 
branch vertically in the second but not in the first: tracheid 
wall entered. No satisfactory interpretation of this effect 
can be given at present. 


NANETTE H. CORBETT 
J. F. Levy 
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Polospores from Jurassics of Rajasthan, India 


RAJASTHAN (western India) provides almost a virgin 
field for palynological investigations. The results recorded 
here are based on samples from the two wells drilled by 
the Exploratory Tube-Well Organization in the Jaisalmer 
area. The first well (26° 54’ 30” N.; 70° 57’E.) reachinga 
depth of 1,257 ft. passed through the Jaisalmer Limestone 
Formation (Oxfordian-Callovian age), underlying the 
Lathi Formation (Lower—Middle Jurassic age). The other 
well (26° 51’ 30” N.; 71° 11’ E.) reached a depth of 965 ft. 
and passed through the Lathi Formation only. 
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4 ; 5 
Explanation in text. 


Figs. 1, 4 


by Chastomium globosum, 
(x e. 810) 


Among important forms, 15 genera and 21 species have 
been identified. These are: Cyathidites cf. C. australis 
rimalis Balme, C. australis Couper (Fig. 1), O. minor 
Couper ; Osmundacites cf. O. wellamanii Couper; 
Ischyosporites cf. I. crateris Balme; Cingulatisporites sp. ; 
Trilobozonosporites cf. T. verrucatus Lantz; Triangulati- 
sporites sp.; Polypodisporites sp.; Ginkgocycadophytus cf. 
G. deterius var. majus Sukhdev (Fig. 4), Entylissa nitidus 
Balme; Monosulcites cf. M. couperi Sukhdev; Cupress- 
acites sp.; Araucariacites cf. A. indicus Sukhdev; Inaper- 
turopollenites cf. I. turbatus Balme (Fig. 2); Callialasporites 
ef. C. dampieri Sukhdev (Fig. 3), C. trilobatus Sukhdev, 
C. segmentatus (Balme) comb. nov.; Podocarpidites sp. 
(Fig. 5); Classopollis cf. C. classoides Pflug emend. 
Pocock and Jansonius (Figs. 6-9) and Classopollis sp. 
nov. (Fig. 10). 

The plant groups represented include pteridophytes, 
cycads, and conifers. Pteridophytes are represented by 
spore types having affinity with Selaginellaceae, Osmund- 
aceae, Cyatheaceae, Schizaeaceae (Lygodium), Dickson- 
iaceae and Polypodiaceae but are poor in quantity. 
Ginkgocycadophytus, Callialasporites which have affinities 
with Cycadales and Bennettitales are comparatively more 





10 


Figs. 1-10, 1, Cyathidites of. C. australis Couper; 2, Inaperturopollenitee 
cf. I. turbatus Balme; 3, Callialasporites cf. C. dampieri Sukhdev; 
4, Ginkgocycadophytus cf. G. deterius var, majus Sukhdev; 5, Podocar- 
pidites sp.; 6-9, Classopollis cf. C. classoides Pflug emend. Jansonius 
and Pocock; 10, Classopollis sp. nov. (All x e. 
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frequent. Disaccate grains referable to Podocarpidites are 
very rare. . Classopollis grains which have been related! 
with genera like Cheirolepis, Brachyphyllum and Pagio- 
phyllum are dominantly present, constituting about 80 
per cent of the polospores recovered. 

The microfloral assemblage is indicative of Lower—Middle 
Jurassi¢ age and suggests that the deposition occurred in a 
coastal or deltaic region under dry climatic conditions. 

A striking similarity has been observed with the flora of 
the Jurassics.of Western Australia?, western Siberia’ and 
Madhya Pradesh, India‘ (Jabalpur Series). This micro- 
flora has also striking similarity with the Mesozoic of 
South Africa’; some of the forms are also comparable with 
Jurassic of Andigama, Ceylon‘, and Salt Range, West 
Pakistan’. 

Mchedlishvili and Samoilovich* have noted the similarity 
in the Mesozoic and Cenozoic microflora of western 
Siberia and Australia. They have suggested some inter- 
mediate tropical region whence the dipolar migration of 
elements of floras might have taken place. The striking 
similarity of the microflora of Lathi Formation with that 
of ‘Western Australia and Siberia supports such a 
possibility. 

I thank Mr. A. K. Ghosh, palynologist, Dr. D. K. 
Chandra, superintending geologist, and Dr. B. G. 
Deshpande, director of geology, for advice. I also thank 
Mr. J. §. Misra and Mr. B. N. Srivastava, geologists, Oil 
and Natural Gas Commission, for collection of the samples. 
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ENTOMOLOGY 


Steroid Biosynthesis in the Silkworm 


Ir has already been established in the silkworm 
(Bombyx mori L.) that sterol is one of the biologically 
vital active principles in the ‘brain’ hormone! and an 
important nutrient in artificial diet*. 

Generally, sterol is synthesized from the acetate in the 
mammal, even though some insects, such as Dermestes 
vulpinus® and Musca domesticat, cannot synthesize sterol 
from acetate labelled. with carbon-14. On the contrary, 
Casida et.al. reported that Periplaneta americana is able 
to-incorporate about 0-08 per cent of administered acetate 
into. digitonide. 

Tt is not: yet known, however, whether in Bombyx mori 
sterol is biosynthesized from the acetate of the same 
precursor as in mammals, or whether the sterol biosyn- 
thesis has an intimate relation to.a stage in post-embryonic 
development: Therefore, we have investigated this 
problem by injection of 2-C-acetate into silkworm larve, 
pups, and “Dauer pupz!. 

The silkworms of the F, hybrid between two races, J. 
122 and C. 115, at eight stages were used (Table 1). 

The injection of 2-“C-sodium acetate into larve was 
carried ‘out under anesthetization with ether and the 
procedure of both pupx and ‘Dauer’ pups» was facilitated 
by immobilization @ 5° ©. After 20 h at 25° C following 
the injection of dosages presented in Table 1, animals 
injected in each stage were homogenized in methanol 
respectively and centrifuged, and this procedure was 
repeated tgree times. Each residue was extracted with 
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Table 1. INJECTION OF 2-“C-ACETATE INTO THE SILEWORM 
No.of Totallive Dose* C.p.m. of 
Stage of silkworm specimens weight (ral /silk- total dose 
E worm) tat 
IY instar (3 days) 25 20-0 0-010 FB x 10° 
V instar (3 days) 13 21-8 0-025 12-71 x 10 
V instar (8 days) i 
(mature larva} 8 17-6 0-025 7-82 x 10% 
Pre-pupa 12 12-0 0-020. 941 x 105 
Pupa (0 h) 12 15-5 0-020. 9-41 x 10° 
Pupa (6 days) 16 24-0 0-025 16-64 x 10% 
Brainless pupa (0 h, im- 
mediately after pupation 
and extirpation of brain) 18 23-2 0-020 14-12 x 10% 
‘Dauer’ pupa (30 days) 12 17-3 0-020 O41 x 108 


*2 ue of 2-C-sodium acetate in 0-025 ml. of solution, 
{See Table 2. 


ether. Both extracts, methanol and ether, were mixed and 
saponified. Ether was evaporated from eight unsaponi- 
fiable fractions, after each fraction was extracted with 
ether, respectively. 

The unsaponifiable fractions were dissolved in 90 per 
cent alcohol, and 1 per cent digitonin in 90 per cent alcohol 
was added to those fractions. At 24h after the foregoing 
treatments, digitonide was filtered from each fraction 
and washed three times with absolute ether respectively. 
The resulting. precipitates as digitonide were dried, 
weighed, and counted by Nuclear-Chicago model D47 
gas-flow counter (Table 2). The radioactivity of digitonide ` 
scarcely changed with the recrystallization. According 
to Saito et al.*, moreover, digitonide obtained from non- 
injected larve and pup consists of three sterols without 
other substances. From this evidence, it seems that a 
major component of radioactive digitonide mentioned 
here is sterol. 


Table 2. INCORPORATION OF 2-C-ACRTATE INTO DIGITONIDE LN. THE 
SILKWORM 
Weight of Totalact- C.p.m.per Percen' of 
Stage of silkworm digitonide — ivity (C) mg incorporation 

(B) (mg) (e.p.m.) (CIB) (CfA)* 

TV instar (3 days) 39-1 307 T85 0-03 

V instar (3 days) 38:7 160 413. O01 

V instar (8 days) 

(mature larva) 413 7 1-69 0-01 
Pre-pupa 47-6 1,079 22-67 O11 
Pupa (0 h) 57-3 2,92 51-06 0-31 
Pupa (6 days) 20:6 3,232 156-89 0-21 
Brainless pupa (0h, 

immediately after 

pupation and extir- 

pation of brain) 100-9 2,023 0-05, O14 
‘Dauer’ pupa (30 days) 105-3 180 71 0-02 


* A is presented in Table 1. 


As shown in Table 2, incorporation of 4C-acetate into 
digitonide is very weak, if it is present at the larval stage, 
while the incorporation of that is conspicuous in both 
pre-pupal and pupal stages. Therefore, we are inclined to 
believe that 'C-acetate is a precursor of sterol in the silk- 
worm pupa as in mammals. The ‘Dauer’ pupa, 30 days 
old, however, cannot synthesize sterol from C-acetate, 
or, if the system is present, it is very weak. This fact 
may suggest that the brain takes part in the sterol 
metabolism in the silkworm. . 

In view of this, we are investigating sterol biosynthesis 
from various precursors and the sterol metabolism in the 
silkworm. 

We thank Drs. J. Kirimura, M. Shimizu, T. Fukuda, 
G. Tamura, J. Kawata and H. Endo for advice. We also 
thank Miss E. Akaike for_assistance. 
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MICROBIOLOGY 


Nucleoprotein Layer of the Yeast Cell 


ELECTRON microscopy of yeast has revealed nucleic 
acid in a space between the cell-wall and the plasma- 
membrane. Fig. 1 shows: (a) the thin, double-walled, 
convoluted, nucleic acid-free, plasma-membrane; (b) a 
region (occupying almost one-tenth the total cell volume) 
rich in nucleic acid which lies outside the plasma-mem- 
brane directly beneath the cell-wall. The dark stain of 
this layer, due to the uranyl acetate treatment, following 
permanganate fixation, shows that the layer contains 
nucleoprotein. 





Fig. 1. An electron micrograph, made by Dr. Tadashi Hirano, of a thin 
section of a yeast cell fixed with perma: te and treated after fixa- 
tion with uranyl acetate, showing the double-walled, highly convoluted 
plasma-membrane. Outside the plasma-membrane and inside the cell- 


the plasma-membrane is clearly defined, the nucleoprotein layer always 
stands out clearly after uranyl acetate staining 


Pfeffer, Molisch and, especially, Osterhout taught that 
the principal difference between the living and the non- 
living state was the viable, selectively semipermeable 
membrane which controlled ingress into and egress from 
the cytoplasm of the living organism. Damage to the 
membrane was lethal, and, in Osterhout’s mind, vital 
activity was almost synonymous with ‘membrane’ 
activity. In the cells of the red cabbage epidermis, 
examined by Molisch, plasmolysis permitted the plasma- 
membrane to withdraw smoothly without rupture from 
the inner surface of the cell. But in yeast cells which 
change greatly in volume with changes in osmotic pressure, 
the plasma-membrane almost never pulls away from the 
cell-wall. When yeast cells are plasmolysed, the cell-wall 
shrinks too. Either the cell-wall is very elastic, or the 
cell-wall and the plasma-membrane are integrated, or both 
conditions hold. Since the nucleic acids, in the nucleo- 
protein layer, outside the plasma-membrane could only 
have arisen from inside the plasma-membrane, cytoplasm 
must have escaped into the extra-membranal region 
between the cell-wall and the plasma-membrane. If the 
cell-wall and the membrane are closely integrated, slight 
changes in volumæ, in response to osmotic change, might 
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produce fissures in the plasma-membrane (which later 
heal) through which cytoplasm could be released into the 
region between the cell-wall and the plasma-membrane, 
producing the effect observed by electron microscopy. 

There are many considerations which make the existence 
of the nucleoprotein layer in yeasts a matter of interest. 
Yeasts are Gram-positive, and the phenomenon of Gram- 
positiveness has been ascribed by Bartholomew and 
Umbreit! to the presence of nucleic acid in the cell-wall. 
Rothstein? has shown that cell-permeability is reduced by 
uranium poisoning. One would expect uranium to coagu- 
late the nucleoprotein layer, both inactivating the enzymes 
and destroying the permeability of the cell to a variety of 
substances. 

Permeability analyses (Lindegren and Cirillo, unpub- 
lished results) have shown that the coarse cellulose net- 
work of the cell-wall is readily permeable to large mole- 
cules like dextran but the nucleoprotein space comprises a 
barrier through which they cannot pass. Yeasts are 
available which readily ferment starch, glycogen, dextrin, 
inulin and other large carbohydrate molecules which are 
not able to penetrate the plasma-membrane at all. Super- 
natant fluids collected from cells possessing these capaci- 
ties are not able to hydrolyse any of the foregoing carbo- 
hydrates. In those yeasts which ferment inulin, starch, 
glycogen and dextrin the enzymes in the nucleoprotein 
layer are presumably exposed to the large-moleculed 
carbohydrate at the outer surface of the nucleoprotein 
layer. 

Friis and Ottolenghi? and Burger, Bacon and Bacon‘ 
established the presence of invertase in the isolated cell 
walls of yeast cells. Sutton and Lampen® and Islam and 
Lampen’ examined the activity of protoplasts of a bakers’ 
yeast, Saccharomyces cerevisiae, strain LK2G@12, against 
glucose, sucrose and maltose and other glucosides. This 
culture was isolated by me many years ago from the 
Lallemand Canadian bakers’ yeast, and its intact cells are 
characterized by the ability to ferment sucrose without 
lag and to adapt rather quickly to maltose—characteristics 
which have not changed over the long period that the 
yeast has been in culture. Lampen et al. found that 
washed protoplasts, unlike the intact cells, were incapable 
of fermenting sucrose although they contained intra- 
cellular invertase. This observation shows that sucrose 
cannot pass through the plasma-membrane. They found 
that maltose was readily fermented by washed protoplasts 
made from maltose-adapted cells, suggesting that maltose, 
unlike sucrose, may penetrate the plasma-membrane. 
Since protoplasts would be expanded in a manner which 
should not permit folding of the plasma-membrane, 
ruptures in the plasma-membranes of protoplasts and 
leakage of nucleoprotein and cytoplasm might not be 
expected to occur. After several hours protoplasts 
exposed to glucose became capable of fermenting sucrose, 
and they inferred that glucose had induced the ‘secretion’ 
of invertase by the protoplasts, but it may be more 
reasonable to suppose that the e ded plasma-mem- 
brane cannot ‘secrete’ and that the delayed fermentation 
was due to the disruption of a fraction of the fragile proto- 
plasts. 

All gluecose-grown bakers’ yeasts ferment sucrose 
without lag to produce large amounts of glucose and 
fructose outside the cell almost immediately on exposure 
to sucrose. But this does not mean that $-fructofurano- 
sidaso is a constitutive enzyme. Lampen et al. have shown 
that glucose leads to increased sucrase production, and it is 
inferred that glucose is an inductor of §-fructosidase 
while sucrose is not. Although glucose or alcohol, or 
some other energy source either exogenous or endogenous, 
is always essential as a source of energy for the induction 
of adaptive enzymes which hydrolyse otherwise unavail- 
able carbohydrates, the function of glucose in the induction 
of §-fructofuranosidase is inferred to supply the tem- 
plate required to activate the gene system in addition to 
supplying energy necessary to bring about 7 ani of 
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the enzyme. There is a llel in the fermentation of 
melibiose: S. S. Park (unpublished results) has found that 
galactose is a potent inducer of «-galactosidase while 
the «-galactosides, melibiose or raffinose either induce the 
enzyme very slowly or not at all. 

This work was supported by grant H-125D from the 
American Cancer Society. 
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VIROLOGY 


Chemical Nature of Substances forming 
the Surface of the Influenza Virus 


By means of sodium phosphotungstanate (SPT) negative 
contrast it has been shown that the influenza virus 
nucleocapsid is surrounded by a complex membrane with 
projections or so-called ‘spikes’ on its external surface’. 

On the other hand it is well known that a certain section 
of the surface of the influenza virus is made up of hamag- 
glutinins and neuraminidase, which, according to the 
latest results, have quite different structural formations*. 
The third group of results gives a chemical analysis 
showing that the membrane surrounding the nucleocapsid 
which is subject to disintegration by ether consists of 
proteins, lipids and polysaccharides’. 

The question arises as to the structural and chemical 
relationships existing between the particles and substances. 
To solve this problem we subjected influenza virus to the 
action of reagents specific for the given chemical func- 
tional groups in combination with electronic microscopic 
examination of the reaction results. 

Proceeding from this we examined the action of p- 
chloro-mercuribenzoate (PCMB) and sodium periodate 
specific reagents for the SH-groups of proteins and 
earbohydrates respectively, on the surface structure of 
the influenza virus. 

The virus of influenza A strain PR8 obtained from 
allantois fluid was first concentrated and purified in two 
cycles of differential centrifugation producing a virus 
suspension in 1 per cent solution of CH,;COONH,, pH 
7-0-7-2. The hemagglutinin titre of the suspensions was 
~10*. PCMB was added to the suspension to bring its 
concentration to 2x 10-2 M. This solution was incubated 
for 90 min at room temperature. The hemagglutination 
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Fig. 2. Virus influenza A strain PR 8 (x c. 240,000). Negative con- 
trasting with sodium phosphotungstanate. A, Native virus; B, virus 
oxidized with sodium periodate 


titre did not undergo any essential change under these 
conditions. 

In the second group of experiments a solution of sodium 
periodate was added to the virus suspension to bring its 
concentration to 2x 10-* M (pH 7-0). The solution was 
incubated at room temperature for 15-60 min, after which 
a 10 per cent solution of glucose was added for the reduc- 
tion of the non-reacted sodium periodate. 

It was shown that under these conditions sodium 
periodate oxidized only polysaccharides and practically 
does not react with proteins‘. To remove the low- 
molecular components the solution was dialysed against 
a 1 per cent solution of ammonium acetate. As a result the 
hemagglutinin titre dropped from 1 : 32,000-1 : 16,000 to 
1:32-1:8. Tho virus treated as outlined here was 
examined through an electron microscope. x 

The ability of scattering electrons, that is, visibility in 
an electron microscope, is proportional to the element's 
atomic weight. Since mercury is a heavy metal, we 
assumed that parts of virus surface made up of proteins 
containing SH-groups would be visible in an electronic 
microscope without additional contrasting. Proceeding 
from this we examined in an electron microscope the 
virus which had reacted with PCMB. The controls were 
preparations of a native virus and preparations of a virus 
acted on by 0:01 M sodium monoiodacetate to block the 
SH-groups (Fig. 1). 

A comparison of the preparations demonstrates dark 
and clear regions on the surface of the influenza virus 
located at a definite periodicity. The properties of PCMB 
permit us to assume that the dark regions on the virus 
surface are those which consist of proteins containing 
SH-groups*. The question arises about the nature of the 
substances of the clear regions. Judging from the 
chemical analysis these regions may consist of poly- 
saccharides, lipids or proteins not containing SH-groups. 

The results of experiments with periodate oxidation 
(Fig. 2) permit us to assume that these sections of the 
surface consist of polysaccharides. Symbol 
A (Fig. 2) indicates a preparation of virus 
PR 8 contrasted with SPT. The complex 
membrane and spikes can be seen. Symbol 
B shows the PR8 virus previously oxidized 
with sodium periodate. One can see that 
as a result of the action of sodium periodate 
the external part of the membrane is 
partially destroyed and additional 5-10 my. 
zone was formed on the periphery of the 
virus. Since under the said conditions 
sodium periodate can react only with poly- 
saccharides we may consider that the 
formation of this zone was stimulated by the 
oxidation of polysaccharide on the surface 
of the virus. 

A comparison of the results obtained 
by the two methods suggests that the 
surface of the influenza virus may be a 
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mosaic. consisting of polysaccharides and proteins. 
The polysaccharide and protein components are pro- 
bably connected by lipids. The fact that periodic oxida- 
tion brings about an almost complete disappearance 
of hemagglutination indicated that hemagglutinin has a 
carbohydrate prosthetic group. 

The examination of the structure of the virus surface 
may also throw light on the antigenic structure of the 
influenza virus and the chemical nature of its antigenic 
determinants. Since the surface of the influenza virus is 
chemically heterogenic, in other words, consists of proteins, 
polysaccharides and possibly lipids, the influenza virus 
may probably contain three groups of antigenic determ- 
inants-——a polysaccharide, a protein and a lipid, resem- 
bling in this respect cocci salmonellae and other micro- 
organisms. 
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Raki, K., and Mester, L., Biophys. Acta, 57, 152 (1962). 
* Allison, A. C., Virology, 17, 176 (1962). 


A Virus Disease of Crotalaria spp. 
Transmissible to Abaca 


In the course of investigations here of abacá mosaic 
virus, a mosaic disease of Crotalaria was successfully 
transmitted to abacá (Musa textilis Nee). 

Several species of Crotalaria were used extensively in the 
past to provide temporary shade for young abacé plants 

cin the field. Crotalaria mosaic is prevalent wherever 

Crotalaria is grown in the province of Davao, Philippines. 
- The infection may range from 80 to 100 per cent in a 
-mature stand of Crotalaria. Leaflets of infected plants are 

usually severely mottled and are sometimes reduced in 
size. Severe infections cause the leaf margins to be 
_ wrinkled and the leaflets curl downwards. 
“The virus can be transmitted. from Crotalaria to abacé 
by the aphids Rhopalosiphum maidis (Fitch) and Aphis 
: gossypii Glever. The symptoms caused by Crotalaria 
virus in abacd are distinct from those caused by abacd 
mosaic virus. In young abaca seedlings, the first leaf to 
develop symptoms of infection is almost completely 
chlorotic as though it had been etiolated. Only a small 
portion at the base and rarely at the tip appears greenish. 
In the succeeding leaves, the yellowing becomes less 
intense, the area affected is reduced. The yellowing may 
range from a few to numerous patches, and assumes no 
regular pattern. In many plants the yellow portions can 
resemble the damage caused by thrips or mites. 

The over-all effect of the disease on abaca is not so 
severe as infection with abacá mosaic virus and infected 
plants are not markedly stunted. 

The virus has also been transmitted to Canna indica, 
Maranta arundinacea, Commelina sp. and Nicotiana 
tabacum in the laboratory. The most striking feature of 
the Crotalaria virus infection is the absence of regularly 
shaped streaks on abacdé leaves so typical of abacd mosaic 
virus infection. The abacá mosaic virus produces spindle- 
shaped streaks on the leaves, petioles and even on the 
pseudostem of infected abacé. In addition, the abaca 
mosaic virus does not infect tobacco or Crotalaria, both of 
which are susceptible to the virus from Crotalaria. 

It is feared that the virus from Crotalaria, if given the 
chance to spread, may become a serious disease of abact. 
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However, no natural infection has so far been recorded on 
abacá in the field. 


G. N. Narr 
A. L. Erosa 


Bureau of Plant Industry, 
Davao Experiment Station, 
Davao City, 
The Philippines. 


GENETICS 


Some Cytogenetic Properties of 
Autotetraploid Varieties of Sugar-Beet 


ARTIFICIALLY induced autotetrapleid sugar-beet (Beta 
vulgaris L.) is widely used for the commercial production 
of triploid sugar-beet. The triploid hybrids of sugar- 
beets were found to exceed the tetraploid varieties in 
many respects!, such as yield, sugar content and greater 
uniformity in morphological structure. 

An attempt was made to evaluate two autotetraploid 
varieties of sugar-beet on account of their somatic chromo- 
some numbers. The exact number of chromosomes in 
tetraploid sugar-beet seems difficult to determine for the 
size of the chromosomes and the difficulties to spread them 
well enough for counting. When introducing some 
modifications of the orcein—acetic acid method described 
by Tjio and Levan’, the chromosomes were found to 
stain deeply and to separate easily, making chromosome 
counts possible on a larger scale. 

The procedure used was as follows: very small leaves of 
sugar-beet were collected from plants growing in indi- 
vidual pots or in the field at any time of their vegetative 
growth. To shorten the chromosomes the leaves were 
put either into a 0-002 mol/l. solution of oxiquinoline and 
kept at room temperature or placed in water and the 
tubes chilled in ice-water in a refrigerator for 3-4 h. 
After this pretreatment the material was fixed in 
Farmer’s solution, containing 3 parts of absolute alcohol: 
1 part of glacial acetic acid, and left in the fixative for 
at least 24 h. For maceration and staining, the leaves 
were transferred to tubes filled with a solution of 10 parts 
of 2 per cent orcein in 45 per cent acetic acid : 1 part 
of N hydrochloric acid. The tubes were left at room tem- 
perature for 24-28 h. Squash preparations were made, 
cutting a very small part of a leaf and mounting it in 45 
per cent acetic acid. The coverslip was tapped with a 
rubber pencil, and, finally, moderate pressure was applied. 

Four hundred plants of two different varieties of sugar- 
beet were analysed (Table 1). 


Table 1 
Total 
Variety Qn = No. of 
32 33 34 35 36 37 38 plants 
Busezynki No. of 
tetraploid plants 1 6 26 115 40 12 200 
In% 05 30 130 575 200 60 
Ebro tetra- No. of 
ploid plants 2 3 45 109 88 3 200 
n% 10 #15 225 545 190 15 


The results indicate that the number of aneuploids in 
artificially induced autotetraploid varieties of sugar-beet 
is rather high. As aneuploids in general are known to be 
inferior to euploids these findings offer some explanation 
for the unequal performance of tetraploid beet. Further- 
more, the occurrence of aneuploids in tetraploid varieties 
used for the production of triploids will reflect in the form- 
ation of aneuploid triploid plants, because, as Mochizuki? 
demonstrated, in sugar-beet male and, female aneuploid 
gametes with n = 18 + 1 or 2 chromosomes are as fune- 
tional as euploid gametes with n=18. But while in 
tetraploids both parents furnish euploid and aneuploid 
gametes, the diploid parent of the triploid hytid will 
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supply euploid gametes only, thus producing always less 
aneuploids among the triploids than the tetraploids 
produce among themselves. 
MECHTILD ROMMEL 
Estacion Experimental de Aula Dei, 
Zaragoza, 
Spain. 

1 Matsumura, 8., and Mochizuki, A., Jap. J, Genet., 28, 47 (1953). 
*Tjio, J. H., and Levan, A., Anales Estacion Exp. Aula Dei, 2, 21 (1950). 


3 Mochizuki, A., Reprint with English summary from . Hokkaidô Sugar 
Beet Prod. Pyom, Assoc., 3, 14 (1953). wep ” 


AGRICULTURE 


A ‘New Cultivation Technique in Tropical 
Africa 


Tux factors limiting production of a cotton crop on the 
loessial soils in Northern Nigeria have been discussed 
previously, These soils form a ‘cap’ under the impact 
of heavy rain and the surface so formed has a low infiltra- 
tion rate. The problem is to conserve sufficient rainfall to 
produce a good erop, yet to provide adequate soil aeration 
which may be prevented by standing water. Yields of all 
crops are depressed by lack of water, and yields of some, 
notably cotton, are depressed by inadequate soil aeration. 
Under irrigation conditions the timing and placement of 
watering can be fully controlled, but under rainfall con- 
ditions control is more difficult. 

In the Samaru area, these soils are ridged for the 
growing of all crops, and rainfall retention can be ensured 
by ‘tying’ the ridges with small bunds at intervals along 
the furrows. Complete cross-tying may cause standing 
water during wet spells. The use of a technique to maintain 
a good infiltration rate through the furrow bottom has 
paid dividends in the past. Thus, the application of a 

urrow mulch has enabled yields of seed cotton of the 
order of 2,000 Ib. per acre to be produced annually. The 
level of local. farming, where the average seed cotton 
yield is 260 Ib. per acre, makes the use of expensive 
techniques. such as furrow mulching inapplicable at 
present. It was previously suggested? that the tying of 
alternate ridges only may be a useful compromise on 
fields of even gradient to restrict standing water to every 
other furrow, so improving aeration. 

Experiments carried out during 1958-61 with this 
technique gave promising results; but since these years 
had average or below-average rainfall only, no general 
recommendation could be made. In 1962, rainfall was 
above average with 51:3 in. compared with tho 39-year 
mean of 44-1 in. More important rainfall in September, 
the month when cotton plants are most susceptible to 
damage from standing water, was 15-0 in. compared with 
the 39-year mean of 9-2 in. 

The results. of a 1962. cotton-growing experiment, 
designed to test cultivation techniques at a high level of 
fertility with protection against insects by insecticide 
application, were as follows: 


Ib. seed cotton 

per acre 

All furrows cross-tied 1,622 
‘All furrows cross-tied and mulched 1,064 
Alternate furrows only croas-tied 1,905 

Alternate furrows only cross-tied 

and mulched 1,961 
- Open free draining furrows 1,550 

S.E. +675 


The tying of alternate furrows without the use of a 
mulch, which is economically practicable for the farmer on 
a large scale, gave yields of the same order as the mulched 
treatments. Tho technique can only apply to areas where 
the rainfall is suffeiently in excess of evapotranspiration 
. during the growing period to permit some loss by runoff. 

It may be expected to be of value in other parts of the 
world with soils of poor infiltration and a similar rainfall 
régime Mgavy rainfall in a short season). 

' S , . hag 
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Tobacco is another crop which may respond to such a 
technique. 2 


D. A. Lawes 
(Empire Cotton Growing Corporation) 


Institute for Agricultural Research, 
Ahmadu Bello University, 
Samaru, Zaria, 
Northern Nigeria. 
1 Engledow, F. L., Nature, 192, 1248 (1961). 
> Lawes, D. A., Emp. J. Exp. Agrie., 29, 116 (1961). 


SOIL SCIENCE 


Synthetic lon-exchange Resins as a Medium for 
Plant Growth 


SeveRAL authors have examined the utilization of 
exchange resins as sources of plant nutrients'-§. The 
method genérally used was to provide the required 
quantity of each nutrient in the exchanger phase without 
considering the resulting concentrations or ratios of these `. 
nutrients in the bulk solution. In all cases, severe. defi- 
ciencies of the divalent nutrient ions, particularly calcium ` 
and magnesium, were reported. ne 

An ion-exchange resin system must provide at least three 
basic requirements to function as a suitable medium for: | 
plants. First, the physical conditions of a desirable growth 
medium must be provided. Secondly, the cation and anion |. 
resins used must be compatible at the desired pH of > 
the system, that is, their nutrient contents should remain | _ 
near maximum at the pH of the mixture of the two resins 
to prevent nutrient stripping. Thirdly, the nutrients must 
be released in amounts and ratios to provide a proper =. 
nutrient medium for plant absorption. ; Da 

The physical requirements of the system can be pro- 
vided by mixing resins with an inert material of suitable- 
physical conditions, or by selecting resins of such dimen- 
sions that they will themselves provide a proper. physical 
medium. TERRE 

The compatibility and buffering capacity of two resins 
in a mixed-resin medium depends on the chemical charac- _ 
teristics of the resins. Kunin and Myers® illustrate | 
the titration curve for a weakly acidic carboxylic acid 
resin, which indicates that it has a large exchange capacity 
and that it is well buffered over a pH range suitable for 
plant growth. Furthermore, this resin exhibits a greater — 
affinity for hydrogen ions than for the alkali or alkaline 
earth cations, providing increased availability of the | 
nutrient ions. For these reasons a carboxylic acid type 
eation exchange resin was selected for use in the work 
recorded here. 

The anion exchange resin selected for use in conjunction 
with this cation resin should exhibit near maximum 
nutrient capacity over the pH range of maximum buffering _ 
by the cation resin. As seen from a titration curve for, 
such a resin’, a strongly basic quaternary-amine type - 
anion exchange resin provides this requirement. The 
amount of anions required in the resin phase is very much 
less than the amount of cations; therefore, only a small 
relative quantity of the anion resins is required. 

To fulfil the third requirement listed here, it is necessary 
to know: (a) the ratios and concentrations of the various 
nutrients in solution which will support adequate plant 
growth; (b) the ratios of these nutrients in the exchanger 
phase that will impart these conditions to the bulk solu- 
tion. Resins exhibit a homogeneously distributed volume 
charge; therefore, the relationship between the. ratio of a 
divalent and a monovalent ion in a resin system can be 
derived from the Donnan equilibrium’, giving the 
following equation: 
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in which the brackets refer to concentrations in the 
exchanger (exch) and solution (soln) phases. With the 
use of equation’, a resin which is saturated with the 
desired ratios of nutrients can be p : 

From previous knowledge of desirable calcium satura- 
tion percentages of soil colloids, a value of 70 per cent of 
exchange capacity was selected for the calcium saturation 
of the resin phase. This value in me/g was expressed as a 
molarity by dividing it by the Donnan exclusion volume 
(50 per cent water by weight), which results in a concen- 
tration of 5-46 M. [Ca*+]som was taken as 0-0023 M from 
the carbonate equilibrium as described by Cole’. [K*]soin 
was estimated as 0-05 mM/l. from Olsen’s results!, in 
which soils with solution dialysates of this potassium con- 
centration supported 3-4 per cent potassium in rye-grass 
and ladino clover. Substituting these three values into 
equation (1) allows the calculation of [K*]excn, 

The amounts of other nutrients, both cation and anion, 
required in the exchanger phase were calculated with 
calcium as the standard for comparison and assuming that 
the desired ratios of nutrients in the bulk solution was the 
same as the ratio of nutrients in Hoagland’s nutrient 
solution". 

The resins in the H+ or OH- form were first thoroughly 
degassed under water. Carbonates or hydroxides of 
calcium, magnesium, potassium, iron, manganese and 
zine were added to the cation resin to give a final total 
base saturation of 80 per cent. Nitrate, sulphate and 
phosphate were added (as acids) to the anion resin to give 
about 90 per cent nutrient saturation. Adequate copper 
and boron were found to be present in the system. Fol- 
lowing the addition of all nutrients, the resins were 
thoroughly washed to eliminate excess solution and then 
air-dried. The resins were mixed at a ratio of 4 : 1 (cation: 
anion) on an air-dry weight basis. 

Seeds were placed in 100-g portions of this resin mixture 
in ‘Lucite’ containers with a 4-in. diameter and a height 
of 2 in. Wheat was seeded at the rate of 50 seeds per 
container and soy-beans and sunflowers at 35 seeds per 
container. A fibreglass wick embedded in the resin dipped 

into a container of distilled water, with 14 in. between the 
top of the water and the bottom of the resin container. 
This provided proper moisture and aeration relations in 
the resin, which was 16-50 mesh in size. The resin was 
then thoroughly wetted with distilled water to initiate 
germination. 

Seed germination and growth rate were very satisfactory 
with wheat and sunflowers, while those of soy-beans were 
considerably less. Fig. 1 shows the growth of plants in 
100 g of resin, 21 days after ing. They were grown 
in a controlled climate chamber at 72° F, 16 h photo- 





Fig. 1. Sunflowers 
‘heat (right) in 1 pe 


g of resin medium 2 after 


), Soybeans (middle) and hard red 
1 days 
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Table 1. Dry WEIGHT YIELD AND NUTRIENT STATUS OF PLANTS GROWN 
IN 100 G OF RESIN MEDIUM FoR 21 Days 


Analysis of tops Sunflower 


Yield (g/container) 8-20 2-00 4°86 
Ca (% 2:33 1-04 0-44 
Mg go 092 0-35 0-24 
K (%) 1-59 3-24 1-48 
P (3 031 0-45 O14 
N (%) 3-40 510 2-55 
Fe (p.p.m.) 114 76 54 
Mn (p.p.m.) 143 58 48 
a 2 gq 
.p.m. 
Cu (p.p.m.) 27 21 16 
period and 1,500 ft.-candles illumination. The dry- 


weight yield and nutrient status of these plants are 
presented in Table 1. The nutrient content varies depend- 
ing on species, but in all cases it would appear that no 
severe nutrient deficiencies are present. 

A separate pot of resin was seeded with 6 wheat seeds 
and grown to maturity. From these 6 plants which 
originated from a seed weight of 0-17 g, 1:95 g of seed 
was gathered. These seeds were afterwards seeded and 
they germinated and grew well, indicating that this 
system will support plants through a complete life-cycle. 

The applications of a resin-system for plant research 
are innumerable, with its many inherent advantages over 
the conventional methods of growing plants for scientific 
research. Not only does it allow the study of a single ion 
species without other accompanying variables, but also 
it is a system which can be more fully characterized and 
controlled than soils or similar heterogeneous media. 
Furthermore, it may be considerably more stable in 
composition than the nutrient solutions commonly used 
for growth of terrestrial plants. It is highly useful for 
support of aquatic plant growth investigations. A resin- 
system will also provide conditions which will allow the 
separation of plant roots from the medium in investiga- 
tions where this may be required. 

E. O. SKOGLEY* 
J. E. Dawson 
Department of Agronomy, 
Cornell University, 
Ithaca, New York. 

* Present address: Degeenent of Plant and Soil Science, Montana 
State College, Bozeman, Montana. 

t Welch, jun., H. V., Wallace, A., and Mueller, R. T., Soil Sci. Soc. Amer 

Proc., 18, 137 (1954). 

* Arnon, D, I., and Grossenbacher, K. A., Soil Sci., 68, 159 (1947). 

* Arnon, D. I., and Meagher, W. R., Soil Sci., 64, 213 (1947). 

x Bower, O. A., and Wadleigh, C. H., Soil Sci. Soc. Amer. Proc., 18, 218 

. Converse; C. D., Gammon, N., and Sayer, J. D., Plant Physiol., 18, 114 

oe Koo urn E J., Ion Exchange Resins (John Wiley and Sons, 

Naa a R., Colloid Science (Elsevier Publishing Co., Inc., New York, 

* Peech, M., and Scott, A. D., Soil Sci. Soc. Amer. Proe., 15, 115 (1951) 

* Cole, C. V., Soil Sci., 88, 141 (1947). 

'* Olsen, R. A., Ph.D. dissertation, Cornell Univ. (1953). 
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What is Soil Structure? 


THE investigation of soil falls naturally into two 
divisions: (1) pedology, the scientific investigation of the 
soil as a natural body; (2) edaphology, the investigation 
of the soil as a medium for the growing of plants, particu- 
larly plants of economic importance. 

In soil science, as in all sciences, terms have been 
introduced to denote properties. Confusion has arisen 
when the same term has been used in each of the divisions 
to denote properties which are different. An outstanding 
example is soil structure. 

Soil structure is defined by the ©.S. Department of 


Agriculture Soil Manual (1951) as “the aggregation of 7 


primary soil particles into compound particles or clusters 


of primary particles, which are separated from gslfoining 
aggregates by surfaces of weakness”. 3 $ 
e . ` = : 
o 


3 r Pe r 


1330 


This is the pedological definition of soil structure. 

Soil is a porous body. There will be voids both within 
and between the structural aggregates. These voids 
govern infiltration, permeability, drainage, aeration and 
availability of water to plants. They are of paramount 
edaphic importance. When the edaphologist uses the 
term ‘soil structure’ he is commonly referring to the nature 
of the voids rather than to the nature of the peds or 
aggregates. Thus the term ‘soil structure’ is used for two 
very different properties. ' 

To the pedologist, a well-structured soil has well- 
developed peds; to the edaphologist, a well-structured 
gai suitable size, distribution and stability of 
voids. 

The-edaphologist associates three soil characteristics 
with soil structure, none of them identical with the 
pedological definition. Furthermore, it is wrong to assume 
that aggregation is identified with suitable 
void characteristics. A structureless soil, 
one composed of single-grain particles, may 
have a very favourable void distribution 
and, in this sense, would be well structured. 
On the other hand, there is no known means 
of assessing void distribution in terms of 
aggrogate size distribution. 

It is proposed that the term ‘soil structure’ 
be confined to the present usage by pedolo- 
gists. It should describe the size, shape and 
arrangement of the peds in the soil. 

It is further proposed that the term ‘void 
structure’ be used when reference is made to 
the nature of the voids. The term ‘void 
structure’ is defined as the amount and 
size distribution of the soil voids. 

The inclusion of the word ‘void’ is intended 
to direct attention to the soil property 
being examined, to prevent identification 
of void arrangement with aggregation and 
to prevent soils described as structureless 
being necessarily condemned by the agri- 
culturist. 

The word ‘structure’ is retained because it 
means ‘way parts are put together’. When 
qualified by the adjective ‘void’, confusion 
is removed, and acceptance into soil nomenclature should 
be made easy. 


Fig. 2. 


Wriuiam E. Fox 
L. J. H. TEAKLE 
Department of Agriculture, | 
University of Queensland, Brisbane. 


MISCELLANEOUS 


Conical Paper Chromatography 


THE need to scan chromatographically the composition 
of natural oils and bacteriostatic extracts from rocks 
under precisely similar solvent-extraction conditions has 
led to the use of filter papers folded into cones. Many 
other fields of research require similar conditions, and it 
is suggested that this type of paper chromatography may 
have wider applications. From Fig. 1 it will be seen 
how simple is the equipment needed for this technique. 
Moréover, the apparatus enables one to obtain a solvent- 
saturated atmosphere very rapidly and even to work at 
reduced pressures. As a result of this the developing 
solvent rises rapidly, and at a remarkably uniform rate, 
so that the ingredients separate effectively into ever- 
narrowing zones as they ascend towards the apex of the 
cone (Fig. 2). Thgse features of the technique have also 
proved particularly useful in concentrating antibacterial 
ingredients extracted from coal. The ever-narrowing 
front of the ascending column of ingredients results in 


the deX&Jopment of highly concentrated zones of the 

*bacterios®tic substances, collectively known as ‘vitricin’!. 
E T g . 
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Five natural oils from Ecuador and Venezuela illustrating the fluorescence of their 

ingredient ee men fk 

usual to illustrate the linear nature of ae ascending chromatograms under 
conditions 
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Spring-loaded filter 
paper clamp., 
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Screw operated head 
for raising or lowering 
filter paper 
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by acetone. The initial ‘spots’ were four times larger than 
extreme 


The apparatus, as shown in Fig. 1, was constructe 
from a sawn-off cone of a glass filter funnel, to the to 
of which was attached a spring-load clamp to hold the 
paper cone. The glass funnel rests in a channel fo 
the rim of a metal dish. This enables the conical chamber 
to be made air-tight by filling it with water or by a layer 
of ‘Plasticine’. A Petri dish was placed inside to hold 
the developing solvents, into which the paper is lowered 
by turning the screw inserted into the clamping device. 
As many as 15 oil samples have been extracted on one 


semicircle of Whatman No. 1 paper of 24 cm diameter | 


folded into a cone. In the example shown in Fig. 2, the 
initial spots were deliberately overloaded to illustrate 
the effect of the reduced pressures and saturation of the 
atmosphere. From these it will be seen that the paraffinic 
and aromatic ingredients of the oils have separated to a 
much greater extent than is usually found when using 
strips or sheets of paper. Another aspect of this type of 
conical paper chromatography which is being developed 
is the scanning of such papers for absorption and fluor- 
escence properties of the substances. The ability to follow 
the path of a great circle from each chromatogram to 
another separated by clear zones of paper which have 
been subjected to the same degree of solvent alteration 
removes one of the main obstacles to this type of | 
instrumentation. i 
It is also proposed to modify this equipment to take 
advantage of thin film chromatographic separations. 
Department of Geology, W. D. Evans 
University of Nottingham. ò 
+ Evans, W. D., Trans, Inst. Min. Metall., 65, 13 (1955). 
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FORTHCOMING EVENTS 
Tuesday, July 2 


ROYAL SocreTy oF MEDIGINE (at 1 Winipole Street, London, W.1), at 
0 p.m.—Annual Meeting. 





Wednesday, July 3—Thursday, July 4 


BOROUGH POLYTECHNIC, DIVISION OF METAL SCIENCE (at Borough Road, 
naon, §.E.1), at 10 a.m-daily—Symposium on “Quality Control in Metal 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before 
e dates mentioned: 

JUNIOR RESEARCH FELLOW IN GEOGRAPHY-—The Registrar, The Univer- 
sity, Sheffield (July 3). 

RESRAROH ASSISTANT, to work on ecology of British primulas—The 
drainistrator, Department of Botany, The University, Oxford (July 3). 

| ASSISTANT LECTURER IN THE DEPARTMENT OF BoTANy-—The Secretary, 
The University, Aberdeen (July 5). 

ASSISTANT LECTURERS (men or women graduates) IN PHYSICAL AND 
INORGANIC CHEMISTRY —The College Secretary, Westfield College (Univer- 
sity of London), Kidderpore Avenue, London, N.W.3 (July 5). 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER (with a pass 
degree, or equivalent, in biological sciences) IN THE PATHOLOGY SECTION, 
for research work on fungal pathogens of cereals—The Secretary, Plant 
Breeding Institute, Trumpington, Cambridge (July 6). 

ACADEMIC REGISTRAR (university graduate with appropriate experience 
of administration in a university or similar institution)—Secretary and 
Clerk to the Governors, Chelsea College of Science and Technology, Manresa 
Road, London, 8.W.3 (July 10). 

LECTURER or ASSISTANT LECTURER, Grade B (prepared to undertake a 
substantial amount of teaching in one or more of the following fields: 
statistics, numerical analysis, or mechanics of continuous media) IN MATHE- 
Ae ee Clerk to the Governors, Woolwich Polytechnic, London, 8.B.18 
uly 10). 
LECTURER or ASSISTANT LECTURER (with a special interest in economic 
statisties and econometrics) IN THE DEPARTMENT OF SrTaTisTICs-——The 
Secretary, The University, Aberdeen (July 12). 
SENIOR LECTORER (with the degree of Doctor of Philosophy or higher 











rough House, Pall Mall, London, 8.W.1 (London and Brisbane, July 12). 
ASSISTANT LIBRARIAN (with a good honours degree and preferably pro- 
sional diplomas and experience)—-The Secretary to the Executive Council 
the O ined of Lancaster, P.O. Box 78, County Hall, Preston, Lanca- 
re (July 13). 
LECTURER or ASSISTANT LECTURER IN INORGANIC CHEMISTRY—The 
Registrar, The University, Hull (July 13). 
ENIOR LECTURER IN THE DEPARTMENT OF PSYCHOLOGY; and TUTORIAL 
: SISTANTS IN THE DEPARTMENT OF Socto.oGy~-The Registrar, The 
University, Leicester (July 13), 
ASSISTANT LECTURER IN GEOGRAPHY-—The Secretary, University College, 
ower Street, London, W.C.1 (July 15). 
HCTURER (preferably interested in some aspects of reaction mechanisms 
solution or related topics) IN CHEMISTRY, to assist in the teaching of 
hysical chemistry——-The istrar and Secretary, Durham Colleges in the 
miversity of Durham, 38 North Bailey, Durham (July 15). 
LECTURER (with an interest in the general field of cell biology) IN 
e Durham Colleges in the Univer- 













y 19). 
urgh— 
The Private Secretary, Secretary of State for Scotland, Room 505, St. 
Andrew's House, Edinburgh 1 (July 19). i 
SECOND CHAIR OF CHEMICAL ENGINEERING—E, M. Bettenson, Secretary 
to University Senate Registrar and Secretary, King’s College (University 
of Durham), 6 Kensington Terrace, Newcastle upon Tyne 2 (July 20). 
RESEARCH ASSISTANT (with a degree or similar qualifications in physics 
na preferably experience in electronics) to operate and maintain an electron 
tobe X-ray Microanalyser—The Reader in Mineralogy, Department of 
[feology and Mineralogy, The University, Oxford (July 22). 
SENIOR LECTURER/LECTURER IN ZOOLOGY; and a SENIOR LECTURER/ 
KCTURER IN MicROBIOLOGY-—~The Registrar, Dept. 64/1, Bradford Institute 
Technology, Bradford 7 (July 22). g 
DEMONSTRATOR (graduate in science, veterinary science, rural science 
‘or agricultural science) IN THE DEPARTMENT OF PHYSIOLOGY, University of 
New England—The Registrar, University of New England, Armidale, New 
South Wales, Australia; and The Secretary, Association of Universities 
of the British Commonwealth (Branch Office), Marlborough House, Pall 
Mall, London, §.W.1 (July 26). 
CHAIR or PsycHoLoay—The Secretary, The Royal College of Science and 
Technology, George Street, Glasgow, C.1 (July 31). 

LECTURER (with a higher degree and interested in modern aspects of 
organic chemistry, or in the application of physical methods to organic 
chemistry) IN ORGANIC CHEMISTRY at the University of New South Wales, 
Sydney—The Agent-General for New South Wales, 56 Strand, London, 
W.C.2; and The Appointments Section, The University of New South 

© Wales, Box 1, Post Office, Kensington, New South Wales, Australia (July 31). 

SENIOR LECTURER IN PHYsICS at the University of Hong Kong—The 
Secretary, Association of Universities of the British Commonwealth (Branch 
Office), Marlborough House, Pall Mall, London, §.W.1 (Hong Kong and 
London, July 31). E 

READER IN PHILOSOPHY at the University of Queensland, Australia— 
The Secretary, Association of Universities of the British Commonwealth 
< (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (London 
© and Brisbane, August 9). 
» SENIOR RESEARCH FELLQW or RESEARCH FELLOW IN THE DEPARTMENT 
OF GEOGRAPHY, Research School of Pacific Studies, Institute of Advanced 
© Studies, Australian National University—-The Secretary, Association of 
Universities of the tish Commonwealth (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, August 9). 
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LECTURER (graduate in medicine or science) IN NEUROPHYSIOLOGY IN 
THE DEPARTMENT OF PHYSIOLOGY—The Registrar, Medical School, The 
University, Birmingham 15 (August 15). 

SENIOR LECTURER (with qualifications in either pure or applied mathe- 
matics) IN MATHEMATICS; and a LECTURER (with qualifications in either 

ure or applied mathematics) IN MATHEMATICS at the University of Canter- 

, Christchurch, New Zealand—-The Secretary, Association of Univer- 

sities of thes British Commonwealth (Branch Offce), Marlborough House, 
Pall Mall, London, §.W.1 (New Zealand and London (August 16). 

ANALYTICAL CHEMIST (with a first- or second-class honours degree), to 
join a group carrying out a programme of fundamental work on the bio- 
chemistry and microbiology of bacon—-The Secretary, Low Temperature 
Research Station, Downing Street, Cambridge. 5 

ASSISTANT LECTURER (preferably with special interests or experience in 
any of the following fields: electron microscopy, comparative physiology, 
cytology or histology) IN ZooLoa@y, to assist in the teaching of zoology in 
courses leading to the Diploma in Technology in Applied Biology-—The 
Secretary and istrar, Bristol College of Science and Technology, Ashley 
Down, Bristol, quoting Ref. CST 63/44. 

BIOCHEMIST (preferably with previous research experience with isotopes), 
to work on retinal metabolism in diabetes—The Secretary, University 
College Hospital Medical School, University Street, London, W.C.1. 

DEMONSTRATOR or TEACHING FELLOW IN THE DEPARTMENT OF PHYSICAL 
CHEMISTRY-——The Registrar, The University, Leeds 2. 3 

ELECTRON MICROSCOPE RESEARCH ASSISTANT (with a_firat degree in 
zoology, physiology, or some related subject) IN THE DEPARTMENT OF 
PHYSIOLOGY AND BIOCHEMISTRY —Theë Secretary and Registrar, The Univer- 
sity, Southampton. : X 

ENGLISH ELECTRIC RESEARCH FELLOW (with high academic qualifications 


and considerable experience in research) IN THE DEPARTMENT OF ELECTRICAL "yyy 


AND CONTROL ENGINEERING, for research in any branch of electrical, elec- 
tronic or control engineering, or an associated branch of physics, which has 
application in aeronautics or space-—-The Registrar, The College of Aero- 
nautics, Cranfield, Bletchley, Bucks. 

ENTOMOLOGIST (with a degree in science or agricultural science preferably 
with honours in zoology, and experience in agricultural entomology) wit 
the Government of Fiji, for work which includes biological control, experi- 
mental and advisory services—The Director of Recruitment, Department of 
Technical Co-operation, Sanctuary Buildings, London, S.W.1, quoting 
Ref. T/RC213/50/05. 

HOSPITAL Brocnemist, Basic Grade (with a degree or equivalent quall- 
fications in chemistry or biochemistry) IN THE CHEMICAL PATHOLOGY 
le Pathologist, West Middlesex Hospital, Isleworth, 

iddlesex. 

INSTRUCTOR or ASSISTANT PROFESSOR IN CHEMICAL OCEANOGRAPHY, for 
duties which will include presenting introductory and advanced conrses in 
chemical oceanography, and the supervision of graduate students—Director, 
Tostitnte n Oceanography, University of British Columbia, Vancouver, 8, 

©., Canada. n 

LECTURER (with good academie qualifications, and preferably previous- 
experience of teaching, research or industry) IN MaTHEMATICS—~The Academic 
Registrar, Loughborough College of Technology, Loughborough, Leicester- 
shire, quoting Ref. 11/2/AF. 

LECTURERS, DEMONSTRATORS and RESEARCH ASSISTANTS IN THE DEPART- 
Kant or HUMAN BIOLOGY AND ANATOMY—Prof. R. Barer, The University, 

effield. 

LIBRARIAN (professionally qualified with appropriate 
fields of science and technology)}—Clerk to the Governing 
Polytechnic, Borough Road, London, 8.E.1. 

MASTER TO TEACH PHYSICS at all levels—The Head Master, Scarborough 
College, Yorkshire. 

READER (with considerable research experience in a suitable field) IN 
MATERIALS SCIENCE IN THE DEPARTMENT OF Puysics, to direct research, 
initiate and guide studies at postgraduate and under; uate levels, and 
pian and develop the Materials Science Laboratories—The Registrar, Dept. 

1/K, Bradford Institute of Technology, Bradford 7. 

RESEARCH FELLOW (recent or prospective Ph.D. graduate with interests 
in chemistry and biochemistry) IN THE DEPARTMENT OF BIOCHEMISTRY-— 
The trar, University College of South Wales and Monmouthshire, 
Cathays Park, Cardiff. 

RESEARCH FELLOWS (2) (preferably with a Ph.D. degree in engineering 
or physics, or equivalent research experience) IN THE DEPARTMENT OF 
ELECTRICAL ENGINEERING, under Prof. A. L. Cullen, in the field of microwave 
electronices—The Registrar, The University, Sheffield. 

SENIOR LECTURER or LECTURER (with appropriate experience in scientific 
programming) IN COMPUTER PROGRAMMING IN THE DEPARTMENT OF 

THEMATICS—The Clerk to the Governing Body, Battersea College of 
Technology, London, 8.W.11. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Royal Observatory Bulletins. No. 60: Photoheliographic Results 1958. 
Pp. C187-C292. 14s. net. No. 67: Star Formation. By W. A. Fowler and 
F. Hoyle. Pp. E301-E320. 3, 6d. net. (London: H.M. Stationery Office, 
1962 and 1963.) {75 

Building Research Station Digest, (Second Series). No. 84: Design 

pP. 6 (London: H.M. Stationery omeo, 


or saa and Rainwater Pipes. 

4 3 > 9, 

The Fighting Fish of Siam (Betta splendens). By Dr. F. N. athaialiy, 

(An Ae oar ie Pp. vi+34, (Brentford, Middx.: Buckley ec 
o -) 8s. 6d. 

Freshwater Biological Association. Scientific Publication No. 21: Some 
Methods of Water Analysis for Limnologists. By F. J. H, Mackereth. Pp. 
71, (Ambleside: Freshwater Biolo Association, 1963.) 5s. 6d. [95 

The Royal Institute of Chemistry. Index of Chemistry Films : a Com- 
prehensive List of Films and Filmstrips on Chemistry and Related Topics. 
Third etitlon. Fp. xix+225. (London: The Royal Institute of Chemistry, 


1963.) 7e. 6d, ; [95 
The International Nickel Company. (Mond.), “Ltd. 70-30 Cupro-Nleket 
16. (London: The International Nickel Come” 


for Condenser Tubing. Pp. 
pany (Mond.), Ltd., 1963.) or 
New Development in University Extramural Work: Bepo of the 
Universities Council for Adult Education. 1961-1962. Pp. 28, iverpool ¢ 
on. Seeretary, Universities Council for Adult Education, © e Univer- 
sity, 1963.) [95 
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The Grassland Research Institute. Experiments in Progress, No. 15: 
Annual Report for 1961-62. Pp, 88. (Hurley, Near Maidenhead: The 
Grassland Research Institute, 1963.) 10s, {96 
The British Iron and Steel Research Association, Annual Report for 
(London: The sala 


the year ending December 31, 1962. Pp. 193. 
Iron and Steel Research Association, 1963.) 

Schools of English and Contemporary Society. By Prof. Richard Hoggart. 
‘. ¢ Tnaugural ture delivered in the University of Birmingham on 8th 
February 1963.) Pp. 18. (Birmingham: The University, 1963.) 28. ad, [95 
British Flame Research Committee. Annual Report, 1962. Pp. iii+30, 
(London: British Flame Research Committee, 1963.) [95 
Edwards High Vacuum International Ltd. Annual Report and Accounts 
for the year ended 81st December, 1962. Pp. 16. (Crawley: Edwards 
High Vacuum International, 1963.) 95 
. Department of Scientific and Industrial Research and Fire Offices’ Com- 
mittee Joint Fire Research Organisation., References to Scientific Literature 
on Fire, Part XII, 1958-60. By Miss E. M. Shakeshaft and Mrs. B. F. W. 
Rogowski. Pp, 263. (Library Bibliography No. 5/Part XID. 

: Wood, Herts: Fire Research Station, 1983.) 
i The International Nickel Company (Mond.) Ltd. Precision in Production. 
g Pp 12, (London: The International Nickel Company (Mond.), Bi, 
> 


Natiotial Economie Development Council. Conditions Favourable to 
Taster, Growth. Pp. v+54. (London: H.M. Stationery Office, 1963.) 
> be vo 
Atomic Energy Authority Act, 1954. Accounts 1961-1962: Balance 
Sheet of the United Kingdom Atomic Energy Authority as at 31st March 
A 1962, and Accounts for the year ended 31 March 1962; together with the 
wwf Report of the Comptroller and Auditor General thereon. Pp. 14. (House 
d of Commons Paper No. 187). (London: H.M. Stationery Office, 1903.) 


ls. 6d. net, f 
Some Particles Are More Elementary Than Others. By Prof. P. T. 
Matthews. (Inaugural Lecture delivered on 20th November 1962). Pp.16+1 
plate, (London: Imperial College of Science and Technology, 1962. Dis- 
tributed by The Modern Book Co., Ltd., 19 Praed Street, W.2). 58. 6d. [145 
The British Gelatine and Glue Research Association. Fourteenth Annual 
Report for the year October 1961 to September 1962. Pp. 16. í 
The British Gelatine and Glue Research Association, 1963.) [145 


Eighteenth Annual Report, 1962-1963. Pp. 26. (Ymwich Fawr, Criccieth : 
Leslie Bonnet, Acting Hon. Secretary, Council for the Preservation of Rural 
Wales, Caernarvonshire Branch, 1963.) (145 

The Kent Incorporated Society for Promoting Experiments in Horti- 
culture. East Malling Research Station—Annual Report 1962, (1st October 
1961 to 30th September 1962). Pp. xxix-+144. (East Malling, Maidstone : 
East Malling Research Station, 1963.) 17s. 6d.; 2.50 dollars. [145 

Ministry of Health and General Register Office. Report on Hospital 
In-Patient Enquiry for the year 1959. Part 2: Detailed Tables and Com- 
mentary, Pp. vii +397. (London: H.M. Stationery Office, 1963.) ae 
net. 

Ministry of Agriculture, Fisheries and Food. Chemicals for the Gardener 
for the Control of Plant Pests, Diseases and Weeds. Pp. iv+34. (London : 
H.M. Stationery Office, 1963.) 18. 3d. net. (148 

The Teaching of Biochemistry to Medical Students. Edited by G. E. 
Francis. Pp. 51. (London: Biochemical Society, 1963.) 2s. 6d. p5 

Bulletin of the -British Museum (Natural History). Zoology. Vol. 9, 

` No, 8: A Revision of the Genus Qordiodrilus Beddard (Oligochaeta : Mega- 
acolecidae), By Barrie G. M. Jamieson. Pp. 297-823. (London: British 
Museum (Natural History), 1963.) 108. 145 

Westminster Press Provincial Newspapers Limited. Report of the Direc- 
tors and. Accounts, year ended 31st December, 1962. Pp, 11. (London: 
Westminster Press Provincial Newspapers Limited, 1963. (145 

Institution of Electrical Engineers. Annual Report, 1962-1963. Pp. 16 
(London: Institution of Electrical Engineers. 1963.) 145 

Science Museum, South Kensington. Science Library Bibliographical 
Series. No. 782: Lipids in Lungs—a Literature Search on Lipids in the 
Lungs of Vertebrates, including Man. Pp, 5. 18. No. 783: Vibration— 
Selected References on the Response of Human Beings to Vibration and Its 
Clinical Effects. Pp. 4. 1s. No. 784: Tropical Rain Forests. Pp. 7. 
1s, 6d. (London: Science Museum, 1963.) [145 

Admiralty, London. Index to Oceanic Plotting Sheets prepared by the 
Hydrographic Dept. of the Admiralty showing Echo Sounding Cover to 
September 1962, including a brief deseription of the Series and instructions 
for demanding copies. Pp. 7+5 Index Sheets. (H.D. 521. N.P. 377). 
(London: Hydrographic Dept., Admiralty, 1962.) [145 

Application of Spectroscopy to the Study of High-Temperature Gases. 
By Prof. A. G. Gaydon. (Inaugural Lecture delivered 22nd January 1963). 
Pp. 17-29 +3 plates, (London : Imperial College of Science and Technology, 
ie Distributed by The Modern Book Co., Ltd., 19 Praed Street, wal 


$. 6d. [145 
British Museum (Natural History). Man the Tool-Maker. By Kenneth 
P. Oakley. Fifth edition (reprinted), Pp. v+98+2 plates. (London : 
British Museum (Natural History), 1963.) 48. [165 
Bulletin of the British Museum (Natural History). Vol. 
13, No. 7: Revisonal Notes on African Charazes (Lepidoptera : Nymphali- 
dae). By V. G, L. van Someren. Pp. 195-242+19 plates, 46s. Vol. 13, 
No.8: The Acridiodea (Orthoptera) of Madagascar H : Acrididae, Acridinae. 
By V. M. Dirsh. Pp. 243-286, 16s. (London: British Museum (Natural 
History), 1963.) {165 
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Canada.: Geuiogical 





vey of Canada. Map 49-1962: Whitehorse Copper Belt, Yukon Terri- 
V aaey. Map 1-1963: Quesnel Lake, British Columbia, (Ottawa: Director, 
* Geological Survey of Canada, 1962 and 1963). {65 


. Central Food Technological Research Institute, Mysore. 
1961-1962. Pp. ix+153. (Mysore: 
Institute, 1963.) {95 

India : Comneil of Scientific and Industrial Research. National Chemical 
Laboratory, Poona, 1950-1960. Pp. vili+101. Poona: National Chemical 
Laboratory, 1962.) {95 

New Zealand Forest Service: Forest Research Institute. -Forestry 
Research Notes No. 26: A Statistical Approach to Permanent-Sample- 
Plot Computation. By Stephen. Technical Paper No. 


BH. Spurr. Pp. 15. 
42: The Redistribution Sf W. orne Preservatives in Timber During 


Annual Report, 
Central Food Technological Resdarch 












wi g. By J. A. Kininmonth. 2.16. (Wellington: Government Printe, 
.1963. 5 
T ntt for Atomenergi, Kjeller Research Establishment. Kjeller 
Rep 39: Mild Steel in Primary Circuits in Water Cooled Power 
; Reactors. Ketil Videm and Steinar Aas. Pp. tii+18. (Kjeller: fn- 
; agitutt for A energi, Kjeller Research Establishment, 1963.) [95 
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i United States Department of the Interior: 


Supply Paper 1539-V: Availability of Groun 
Valley, Wyoming. By Charles J. Robinove and Delmar W. Berry. l 
a section on Chemical Quality of the Water by John G. Connor. Pp. iv+44+ 
2 plates. eae y Paper 1544-F: A Field Method of Measurement ot 
Infiltration, By A. L Johnson. Pp, iti+27. Water-Supply Paper 161%- 

Geology and Ground-Water Features of Point Arguello Naval Missile Facili 
Santa Barbara County, California. By R. E. Evenson and. G. Av Miller, 
Pp. iv+85+2 plates. Water-Supply Paper 1619-W : Chemical Quality: o! 
Surface Water in Pennsylvania. By Charles N. Durfor and P. W. Anderson. 
Pp. iv+50. Water-Supply Paper 1657-A: Geology and Ground-Wate 
Conditions in the Gila Bend Indian Reservation, Maricopa County, Arizona, 
By L. A. Heind! and C. A. Armstrong. Pp. iv+48. (Washington, D.C, 
Government Printing Office, 1963.) i [9 
United States Department of the Interlor: Geological Survey. Profes 


Tome 22, Fascicule 1: 
Pesanteur au Pavillon de Breteuil, Par A. Thulin, Pp. 91. 
Gauthier-Villars et Cie., 1961.) 

e Weizmann Institute of Science, Rehovoth. Report of Scient 
Activities 1960-1961. Pp. 151. (Rehovoth, Israel: The Weizman 
Institute of Science, 1963.) {4 

Biophysik, Band 1, Heft 1. Herausgegeben von B, Rajewsky. (6 iss 
annually), Pp.iv+1-72, (Berlin : Springer-Verlag, 1963.) 14.80 D.M, [1 
Annals of the New York Academy of Sciences. Vol. 106, Article 
Mucous Secretions.. By Sophie Jakowska, Ward Pigman and 95 ot 
authors. Pp, 157-809. (New York: New York Academy of Solon 


963. 

United States Department of the Interior: Geological Survey. Bulle 
1108-C: Geo of the Freshwater Bay Area, Chichagof Island, Alas 
By Robert A. Loney, William H. Condon, and J. Thomas Dutro, Jr. Pp 
dv+54+plates 1 and 2. Bulletin 1121-K : Geology of the Eastern Par 
of the Mount Fairweather Quadrangle, Glacier Bay, Alaska. By Darwin 

n., Pp. iv+57+plate 1. Water-Supply Paper 1652-B: Floods 
April-June 1957 in Texas and Adjacent States, By I. D. Yost. Pp, viii +3 
Water-Supply Paper 16687-A : Chemical Equilibria and Rates of Mangan 
Oxidation. By John D. Hem. Pp. iv+64, Water-Supply Paper 169 
Evaporation Control Research, 1959-60. By Gordon E. Koberg, Robert 
Cruse, and Charles L. Shrewsbury. Pp. iv+53. (Washington, D, 
Government Printing Office, 1963.) {14 

: Department of Northern Affairs and National Resources. Na» 
tional Museum of Canada, Bulletin No. 187 : Fossil Vertebrates and thi 
Late Palaeozoic Red Beds of Prince Edward Island. By W. Langston, Jr 
Pp. iii+36 (2 plates). 50 cents. Bulletin No. 191: A Revision of the’ 
Smelt Family, Osmeridae. By D. E. McAllister. Pp. iv+53. llar 
Natural History Papers, No. 18, (April 3, 1963): New Fresh-Water Amphipod 
Crustaceans from Florida. By E. L. Bousfield. Pp. 9. (Ottawa: Queen’ 
Printer, 1963.) 14: 
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